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INTRODUCTION 

This HP-41 C Solutions book was written to help you get the most from your calculator. The programs were chosen to 
provide useful calculations for many of the common problems encountered. 

They will provide you with immediate capabilities in your everyday calculations and you will find them useful as guides to 
programming techniques for writing your own customized software. The comments on each program listing describe the approach 
used to reach the solution and help you follow the programmer's logic as you become and expert on your HP calculator. 

KEYING A PROGRAM INTO THE HP-41 C 
There are several things that you should keep in mind while you are keying in programs from the program listings provided 

in this book. The output from the HP 82143A printer provides a convenient way of listing and an easily understood method of 
keying in programs without showing every keystroke. This type of output is what appears in this handbook. Once you understand 
the procedure for keying programs in from the printed listings, you will find this method simple and fast. Here is the procedure: 

1. At the end of each program listing is a listing of status information required to properly execute that program. Included is 
the SIZE allocation required. Before you begin keying in the program, press 1 XEa I! ALPHA I SIZE ! ALPHA I and specify the allo­
cation (three digits; e.g., 10 should be specified as 010). 

Also included in the status information is the display format and status of flags important to the program. To ensure proper 
execution, check to see that the display status of the HP-41 C is set as specified and check to see that all applicable flags 
are set or clear as specified. 

2. Set the HP-41 C to PRGM mode (press the IPRGM I key) and press .1 GTol 8 8 to prepare the calculatorfor the new 
program. 

3. Begin keying in the program. Following is a list of hints that will help you when you key in your programs from the program 
listings in this handbook. 

a. When you see" (quote marks) around a character or group of characters in the program listing, those characters are 
ALPHA. To key them in, simply press I ALPHA I, key in the characters, then press I ALPHA I again. So "SAMPLE" would 
be keyed in as I ALPHA I"SAMPLE" I ALPHA I. 

b. The diamond in front of each LBL instruction is only a visual aid to help you locate labels in the program listings. 
When you key in a program, ignore the diamond. 

c. The printer indication of divide sign is /. When you see / in the program listing, press G. 
d. The printer indication of the multiply sign is :+: . When you see :f. in the program listing, press 0. 
e. The r character in the ..£!.ogram listi ng is an indication of the IAPPENDI function. When you see r, press .'APPENDI in 

ALPHA mode (press. and the K key). 

f. All operations requiring register addresses accept those addresses in these forms: 

nn (a two-digit number) 
IND nn (INDIRECT: • ,followed fy a two-digit number) 
X, Y, Z, T, or L (a STACK address: 8 followed by X, Y, Z, T, or L) 
IND X, Y, Z, Tor L (INDIRECT stack: .8 followed by X, Y, Z, T, or L) 

Indirect addresses are specified by pressing. and then the indirect address. Stack addresses are specified by 
pressing 8 followed by X, Y, Z, T, or L. Indirect stack addresses are specified by pressing .8 and X, Y, Z, T, or L. 

Printer Listing Keystrokes Display 

01+LBL "SI=IM .1 LBL II ALPHA I SAMPLE I ALPHA I 01 LBLTSAMPLE 
PLE" I ALPHA I THIS IS A ! ALPHA I 02

T
TH/S IS A 02 "THIS IS 

R .. [ ALPHA I.IAPPENDI SAMPLE 03T rSAMPLE 
03 ..... SRMPLE 

• AVIEW I ALPHA 1 04 AVIEW 
04 RVIEW 6 056 
0S 6 IENTERtl 06 ENTER l' 06 ENTER'!' 
07 -2 21cH51 07 -2 
08 / G 08 I 
09 RSS I XEa 1 I ALPHA 1 ABS I ALPHA 1 09ABS 10 STO IND 

L 15TOI.8 L 10STO IND L 
11 "R3=" 

I ALPHA 1 R3= .1 ARCL 1 03 11TR3= 12 RRCL 03 
13 RVIEW • 1 AVIEW 1 12 ARCL 03 
14 RTN I ALPHA 1 13 AVIEW 

.IRTHI 14RTN 
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RC TIMING 

This program computes anyone of the six variables shown, provided the 
other five are known. 

r-- V2 
VI ~ (after) 

(before) 

Voltage before step 

V2 = Voltage after step 

R Resistance 

Vi (instantaneous) 

C = Capacitance 

Vi Instantaneous voltage 

t = Time 

All solutions are algebraically derived from this basic formula: 

NOTE: For voltages across the resistor, remember that VR + Vc = V applies 
at all times. 

Example: 

A 555 type of integrated circuit timer uses an external RC configuration for 
time determination. t{hen used as a one-shot its output pulse terminates when 
the capacitor charges to 2/3 of the supply voltage. Until the pulse starts, 
the capacitor is shorted so VI = O. Given a supply voltage of l2V, a 47~F 
capacitor, and you need a 1 second pulse, what size resistor should you use? 

Keystrokes: 

[XEQ] [ALPHA] SIZE [ALPHA] 007 

[XEQ] [ALPHA] RC [ALPHA] 

o [RIS] 

12 [RIS] 

8 [RIS] 

47 [EEX] 6 [CRS] [RIS] 

[RIS] 

1 [RIS] 

[XEQ] [ALPHA] R [ALPHA] 

Display: 

VI? 

V2? 

VI? 

C? 

R? 

T? 

1. 000 00 

R=19.37E3 
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User Instructions 
SIZE: 007 

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY 

1 Load program 

2 Begin execution and enter data. skip [XEOl RC VI? 

unknown by pressing [R/8] • Vl rRlsl V2? 

V? rR/81 VI? 

Vi rRIsl C? 

C [R/8] R? 

R [R/8] T? 

t [RIS] 

3 Execute for desired output: 

VI rXEOl VI Vl= 

V2 [XEQ] V2 V2= 

Vi [XEQ] VI VI= 

C [XEQ] C C= 

R [XEOl R R= 

t rXEOl T T-

4 To vary one or more parameters simply 

place the new value in the appropriate 

register V, [8TO] 01 

V? [8TO] 02 

Vi [8T01 03 

C [8TO] 04 

R [8TO] 05 

t [8TO] 06 

Go to step 3 
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PrograUl Listings 

~31 +LBL .. RI::" 52 :;::EQ €Ie 
e2 ENG 3 53 RCL €I2 
e3 CF €Ie 54 :>f-; VI 
~34 "'·,"1~' •. 55 F.:CL 03 
e5 PROt'lPT Initialize 56 x·:·· )'-,.' ... 
~36 STO 01 registers 57 
e7 .. ' ... 12~'·' 58 STO €I .. ;:1 
e8 PROt'lPT 59 >~EI] 03 
e9 STO 0--' c.. 6€1 RCL €Ie 
Ie "',,'I-?" 61 :x:-( > ..... 
11 PROt'lPT 62 • __ J' 

12 STO '213 ·-7 0_, STO €II 
13 ·'C:-? .. 64 "\,'1= II 
14 PROl'lPT 65 GTO €I5 
15 STO e4 66+LBL C ---------
lE. "R?" 67 >::EQ €II 
17 PROI'1PT 68 RCL €I5 C 
18 STO a5 69 :+: 
19 'IT-?" 7a RCL a6 
2a PROt'lPT 71 :x:< ""--' ... I 

21 STO €I6 ~"-. 
i'::' . ,,--

22 STOP 73 STO a4 
23+LBL II '.~'2 II 1--------- 74 "C=" 
24 XEQ a3 75 GTO a5 

€II ---------25 RCL V2 76+LBL "R" 
.-, - 77 :::<E(~ €II c..b :+: 
-":Jo "7 RCL 03 78- RCL €14 R "'- . 
28 X~· --". )' ... ' 79 *: 
29 - 80 RCL €IE. 
3'21 STO €Ie 81 x/ . '. ,' .. ' ." I 

31 XEQ 013 82 .. ---
32 RCL €Ie 83 STO '215 
-:'7--" ~. 

IV .. _" .-, -... )'·t 84 .. ~~= II 
34 .or"" 85 GTO as 

e2 ----------0::- STO 86+LBL II T I' ~.-' 

36 '1 -VI 2= .. 87 :",:EQ el 
37 GTO e5 88 RCL a4 t 
38+LBL "VI .. 1---------

89 RCL e5 
39 XEQ a-~ 9€1 *' 4e RCL a1 Vi 91 :+: 
41 >I< 92 STO €IE. 
42 STO €Ie Q7 

-- -' "T= '1 

43 :"~EQ 0e 94+LBL €15 
44 RCL €I2 95 I=IRCL X 
45 *' 96 1=1 V lEW 
46 RCL a0 Q"7 - . STOP ---------47 + 98+LBL €II 
48 STO €I3 99 1 
49 ····lI=" laa RCL 03 
50 GTO a5 leI RCL 131 

"Vl 1--------- le2 51+LBL .. -
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Program Listings 

103 RCL €I2 51 
1 €I 4 RCL €II 
105 - -In [1 Vj - Vl..] 
leE. -.. -.-- V2 - VI 
107 -
108 Lt·~ 

1"39 CH:::: 
110 RTN --------
111*LBL €Ie 
112 SF e5 60 
113 1 -y, 1 - e -YRC i e RC or 
114*LBL 03 
115 RCL €IE. i 

116 F-:CL €I5 
117 RCL 04 
118 >I< 

119 .-.. --
121Zt CHS 
121 Et-:v.: 
1 --=-.~ FS?C 1215 '-'- 70 
123 -
124 F-:TN i 
I--=-l:" '-~. • ENII. I 

30 80 

.. 

. 

40 90 

50 00 
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS 

DATA REGISTERS STATUS 

00 Temporary Storage 50 SIZE OOZ TOT. REG. 37 USER MODE 
VI ENG 3 FIX-_ SCI-_ ON __ OFF_X_ 
V2 DEG RAD __ GRAD 
Vi 
C FLAGS 05 R 55 INIT 
t # SIC SET INDICATES CLEAR INDICATES 

--.~ 

05 To calculate To calculate e.Y..c 

1 - eY.c 

10 60 

15 65 

20 70 

;25 75 
I 

i 

, 

I -------30 80 t--------.-.-.-.-.. -.-
- -_._-_._--
- ----

---~---

- ----. ---------_._-
35 85 .. -- I- -.-----~~~- - ----.. ----~-

-
ASSIGNMENTS 

FUNCTION KEY FUNCTION KEY 
40 90 

45 95 

-
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RC TIMING 

PROGRAM REGISTERS NEEDED: 31 

HEWLETT PACKARD 
SOLUTION BOOK: 
ELECTRICAL ENGINEERING 

liflillililillilliilllllllllllllllllllllllllllllllllllill111111111111111111111111111111111111111111111111111111111111111111111111111 

limilillillilllll11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

lii~lill(jlillllliil)IIIIIIIII~1111111111111II1111111111111111111111111111111111111111111111111111 111111111111111111111111 

~flillilillilljlmillllllllllllllllllllllllllllllllllllill1111111111111111111111111111111111111111111111111111111I1111111111111111 
lirlilflllllll~l~iilllllllllllllllllllllllllllllllllll1IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIImii11111111111111111111 
liflllilllililfllllllllllllllllllllllllllllllllllllllllll111111111111111111111111111111111111111111111111111111111111111111111111111 

limlflillillll!lillllllllllllllllllllllllllllllllllllllll1111111111111111111111111111111111111111111111111111111111111111111111111 

liiij Ii Illiill III iii m 111111111111111111111111111111111111111111 111111111111111111111111111111111111111111111111111111111 

lilllil illl jill jllilll 11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

lim II Illlilll Illilil 11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

lim 1II11I ill I III iliilllllllllllllllllllllllllllllllllllllllllllllllllllllill11111111111111111111 11111111111111111111111 

lilll I I fill ~i I~ lif 1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

Ii i~ II illl~ilill~i illlllllllllllllllllllllllllllllllllllllllllllllllllllill111111111111111111111111 1111111111111111 

lim II iii II iilll Iliiillllllllllllllllllllllllllllllllllllllllllllllllll1111111111111111111111111111 111111111111111111111 

lilllilli I -Ii jill 1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

liml j ilII! iii III j I 111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

~1~lliflllimllllljli~11111111111111111111111111111111111111111111111111 



FREQUENCY RESPONSE OF A TRANSFER FUNCTION 

For transfer function of the form: 

the program computes LG (jw), I G(jw) I and log I G(jw) I for any input frequency w. 

Parameters Kl, Z2, N3, Z4, Z5, Z6 and w7 are stored in registers 01, 02, 03, 04, 
05, 06, and 07 respectively. 

NOTE: For type 0 systems, enter N3 = O. Z2, Z4 and/or Z5 can be entered as O. 
If there is no quadratic term, enter Z6 as 0 and W7 very large compared 

1 to 25' where Z5 is the smallest first order term used (other than zero). 

Example: 

I I L I I 12 (S + 0.6) 
Find G(jw) , G(jw) and log G(jw) for G(S) = S(S + l)(SZ + 6S + 36) 
frequency 0.01 rad/sec. 

First put G(S) into proper form: G(S) 

Keystrokes: 

[XEQ] [ALPHA] SIZE [ALPHA] 010 

[XEQ] [ALPHA] FREQ [ALPHA] 

.2 [R/S] 

1.67 [R/S] 

1 [R/S] 

1 [R/S] 

o [R/S] 

.5 [R/S] 

6 [R/S] 

.01 [R/S] 

[R/S] 

[R/S] 

.2(1.67S + 1) 

S(S + 1) [(~)2 + (~) + 1] 

Display: 

Kl=? 

Z2=? 

N3=? 

Z4=? 

Z5=? 

Z6=? 

WI=? 

W=? 

GLJWl=20.00 

.(GlJW~=-89. 71 

LOG G=1.30 

7 
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User Instructions 
SIZE: 010 

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY 

l. Load program. 

2. Begin Execution, enter data. [XEO] FREO Kl=? 

Kl [R/S] Z2=? 

Z2 [R/S] N3=? 

N3 rR/S 1 Z4=? 

Z4 [R/S] Z5=? 

Z5 [R/S] Z6=? 

Z6 rR/S] W7=? 

w
7 rR/S 1 W=? 

3. Answer is automatic. w fR/S 1 G(JW)= 

rRls 1 .:iG<JTtl)= 

[R/S] LOG G <JW) = 

4. For another frequency [XEQ] W2 W=? 

5. Repeat step 3 with w2 • 
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ProgralD Listings 

01+LBL "FRE 
1 

51 1 
G! " 52 R-P 

02 FI :~:: ~, 

.::. c:"7 
-J-_' :x:EG! 01 -- - - - - - - --

03 "K 1 =? .. Store data 54 RCL 121:::: 
04 PF-:Ot'lPT 55 RCL £13 SN3 
1215 STO 1211 r= ~ 

-JO Y1->:: 
06 I. 7 -;:. = ~::I I' -- - i 57 :+: 

1217 PF.~Ot'lPT 
, £:"'.-. 

-JC' 
X'; "' ........ 
• '." I 

08 STO £12 59 F-~CL €13 
09 .. t.f3=?" 6€1 9€1 
1€1 PF-:Ot1PT I 61 *: 
11 STO €I3 62 + 
1 --:-"- "Z4=?" 63 CHS 
13 PF-:Ot1PT 64 :3-::-:~ ) ....... 
14 STO 04 -- c:" 

o~· 1 -----:~:: 

15 "Z5=?" 66 RCL 02 ----------

16 PROMPT -- ...,. 
Oi RCL €I8 

17 STO €I5 6'-' '* Kl (2 2S 1) c, + 
18 I' Z6=-!-." ~Q RCL €11 o~ 

19 PF.~OMPT 7€1 '* 20 STO €I6 71 RCL €I1 
21 "W7=?" 72 R-P 
22 PROt'lPT 73 XEQ €I1 
23 STO €I7 74 "G<:"lJW)=u ---------
24+LBL "W2 .. 75 i=iRCL '~l 01". 

25 "l-l = --;: ... ....,. ~ 
~"'l I El-l Display iO 

26 PROt'lPT ....,.....,. STOP f i 

2""" .. STO 1218 78 STO €I9 ---------28 RCL €ItS -:;.oQ . ~ ~JI"" ....... ,-" ./ ( 

29 RCL €I7 80 ., e:.G< Jl-l:>= 
30 .... or- .~+ 22 6J+ .. 
31 2 1 81 i=iRCL >~ w7 W7 
32 '* 82 ~VIEW 
77---'-' RCL €I'-' 0 83 STOP 
34 '* 84 RCL €I9 
~r= 

j._1 1 85 LOG 
36 RCL €I8 86 "LOG G=" 
37 RCL 07 87 i=iRCL X 
38 .---- 88 ~VIEW 
"7Q 
....... -- >::1'2 89 STOP ---------40 - ge+LBL e1 
41 R-P 

I 

91 >=:_( ).1.", i :---------
42 RCL 1215 I 92 RDN Multiply 
43 RCL 08 ! 2 sS + 1 93 '* complex 
44 >I< 94 RDN numbers 
45 1 95 + 
46 R-P 96 R1' 
47 ;-::EQ €I1 g'7 - . RTN ---------48 F.~CL €I4 98 • ENII. 
49 RCL 88 24S + 1 I I 
5A '* 001 I 
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS 

DATA REGISTERS STATUS 

00 50 SIZE Q1Q TOT. REG. 3~ USER MODE 
Kl ENG FIX _2_ SCI ON __ OFF_X_ 
22 DEG X RAD_ GRAD 
N::l 
24 

FLAGS 05 25 55 INIT 
2h # SIC SET INDICATES CLEAR INDICATES 
w7 
w 
IG(jw) I 

10 60 

15 65 

20 70 

25 75 -

30 80 -------
---~-~--~-

.. - -------------
" -.. -----

._._.---- .. -.-----. 
35 85 ----- ._-----

._ .. _&. 

- ASSIGNMENTS 
-. 

FUNCTION KEY FUNCTION KEY 
40 90 

I 

I 

45 95 



. FREQUENCY RESPONSE OF 
A TRANSFER FUNCTION 
PROGRAM REGISTERS NEEDED: 25 

HEWLETT PACKARD 
SOLUTION BOOK: 
ELECTRICAL ENGINEERING 

~llilliliillilli~1111111111111111111I1111111111111111111I1111111111111111111111111111111111111111111111111111111111111111111111111 
limilililillillillllllllllllllllllllllllllllllllllllill111111111111111111111111111111111111111111111111111111111111111111111111111 

r' -111111111111111111111111111111111111111111111111 11111111111111111111111111111111111111111111111111111111111II 

liml~jll[llfllilllllllllllllllllllllllllllllllllllllll111111111111111111111111111111111111111111111111111111111111111111111111111 
ililliliilllllilli 11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

ruillilii [II~I f~1111111111111111111111111111111111I111111111II1111111111111111111111111111111111111111111111111111111111111111111 
~mlfllll111 j Iii 111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

lill~lillli III i 111 i~1II1II1I1I11II1I1I111I11I11I1I1111II111I1I11II111II1111I11I1II11I1II1I1I1I11II1II1I11I111I1II11111111111111111 
. lillillill ~ il~ lIiilllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll1111111111111111111111111111111111111111111 

limililill iillflillillllllllllllllllllllllllllllllllllllllllllllllllllllllill 1111111111111111111111111111111111111111111111 

lil~lijlllililfllmillllllllllllllllllllllllllllllllllllllllllllll1111111111111111111111111111111111111111111111111111111111111111 
lillill! 111~11 III il~11111I111II1I111111111I1111111I11I1111111II111II111II11111I111111111111111111111111111111111111111111111111111 
limlllfllliil~lIiilllllllllllllllllllllllllllllllllllllllllllllllll11111111111111111111111111111111111111111111111111111111111111 
lililililil ilililli~llllllllllllllllllllllllllllllllllllill 

i 
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TRANSISTOR AMPLIFIER PERFORMANCE 

This program computes certain small-signal properties of a transistor 
amplifier given the h-parameter matrix and the source and load impedances. 
Properties computed are: current and voltage gains, and input and output 
impedances. 

~ 

[H] 
+1 

Vs V2 

I 
zin 

Equations: 

Definition of h-parameter matrix 

Current gain 

Ai = i2 = __ -_h ...... f __ 

il 1 + hOZl 

Voltage gain 

Voltage gain with source resistor 

Input impedance 

Output impedance 

Zl 

Zout 

i 



Example: 

What are the small-signal properties of a transistor which has the 
following h-parameter matrix and has source and load impedances of 
1000 and 10,000 ohms, respectively? 

__ [1100 
[h] 

50 

250E-6] 

25E-6 

Keystrokes: Display: 

[USER] (set USER mode) 

[J / /] [FIX] 2 

[XEQ] [ALPHA] SIZE [ALPHA] 023 

o [ENTER t] 1l 00 [ENTERt] 11 

[XEQ][ALPHA] HP [ALPHA] 

o [ENTERt] 250 [EEX] 6 [CHS] 

[ENTERt] 12 [XEQ] [ALPHA] HP [ALPHA] 

o [ENTERt] 50 [ENTERt] 

21 [XEQ] [ALPHA] HP [ALPHA] 

o [ENTERt] 25 [EEX] 6 [CHS] 

[ENTERt] 22 [XEQ] [ALPHA] HP [ALPHA] 

o [ENTERt] 1000 [ENTER] 

o [ENTERt] 10000 [XEQ] [ALPHA] Z [ALPHA] 

[AJ MAG=-40.00 (Ai) 

[R/SJ i:L=O.OO 

[B] MAG=-400.00 (A ) v 
[R/S] ~=O.OO 

[C] MAG=-200.00 (Avs) 
[R/S] 1L=0.00 

[D] MAG=l,OOO.OO (Z. ) 
~n 

[R/S] .L=O.OO 

[E] MAG=52~500.00 (Z ) out 
[R/S] L=O.OO 

13 
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User Instructions 
SIZE: 023 

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY 
o. 

1 Load program and set USER mode [USER] 

2 Input h-parameters 

- Angle Gj j ,deg [ENTERt] 

- Magnitude h jj [ENTERt] 

- Designation (row, column) ii [XEQ] HP 

Repeat for all 4 parameters 

3 Input termination impedances 

- Angle of Zs Gs,deg [ENTERt] 

- Magnitude of Zs IZsl [ENTERt] 

- Angle of ZL Gl,deg [ENTERt] 

- Magnitude of Zl IZII [XEQ] Z 

4 Compute: 

- Current gain [Al MAG= 

[R/S] .4= 

- VoltaQ:e Q:ain [Bl MAG= 

[R/S] ~= 

- Voltage gain with source resistor [C] MAG= 

[R/S] b= 

- Input impedance [D] MAG= 

[R/S] ~= 

- Output impedance [E] MAG= 

[R/S] A= 
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ProgralD Listings 

01*LBL ooHP .. ..... 1 -RCL 17 
02 STO 130 S2 RCL 16 
03 3 53 XEQ 02 
04 - Store matrix S4 RCL 03 
05 STO 131 55 RCL 02 
06 RDN S6 R-P 
07 STO IND 57 I/X 

00 58 X<>Y 
08 RDN 59 CHS 
09 STO IND 613 x< )',-

01 61 XEQ 01 
10 STOP 62 GTO 20 
II*LBL .. Z'I -------- 63*LBL B 
12 STO 14 64 XEQ b 1---------
13 RDN Store 65 I/X 
14 STO 15 impedances 66 X<>Y Voltage gain 15 RDN 67 CHS 
16 STO 16 68 X<>Y 
17 RDN 69 RCL 03 
18 STO 17 70 RCL 02 
19 CF 05 71 XEQ 01 
20 STOP 72 GTO 20 
21*LBL E -------- 73*LBL C 
22 RCL 19 74 XEQ b ---------
23 RCL 22 75 RCL 17 
24 RCL 98 

Zout 
76 RCL 16 Voltage gain 2S RCL 11 77 XEQ 132 with source 26 XEQ 131 78 I/X 

resistor 27 P-R 79 X<>Y 
28 STO 92 80 CHS 
29 X<>Y 81 X<>Y 
39 STO 93 82 RCL 93 
31 RCL 19 83 RCL 02 
32 RCL 22 84 XEQ 01 
33 RCL 17 85 GTO 20 
34 RCL 16 86*LBL D 
35 XEQ 01 87 CF 94 1----------
36 P-R 88*LBL 03 
37 ST+ 02 89 SF 05 
38 X<>Y 99 XEQ 00 Z . l.n 
39 ST+ 03 91 RCL 15 
40 RCL 18 92 RCL 14 
41 RCL 21 93 XEQ 91 
42 RCL 99 94 RCL 99 
43 RCL 12 9S RCL 12 
44 XEQ 91 96 XEQ 01 
45 P-R 97 RCL 08 
46 ST- 02 98 RCL 11 
47 X<>Y 99 XEQ 132 
48 ST- 03 1130 FS? 134 
49 RCL 138 1131 RTN 
50 RCL 11 192 GTO 20 
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H 
05 

00 
19 
22 
15 
14 
01 

18 

21 

01 

- 05 

20 
01 

Y 

02 

y 

20 
G=" 

01 

-I --103*LBC 
104 CF 
105*LBL 
106 RCL 
107 RCL 
108 RCL 
109 RCL 
110 XEQ 
111 P-R 
112 1 
113 + 
114 R-P 
115 RCL 
116 CHS 
117 RCL 
118 l/X 
119 XEQ 
120 l/X 
121 CHS 
122 FS? 
123 RTN 
124 GTO 
125*LBL 
126 X<> 
127 RDN 
128 * 
129 RDN 
130 + 
131 R1'" 
132 RTN 
133*LBL 
134 P-R 
135 RDN 
136 RDN 
137 P-R 
138 R1'" 
139 R1'" 
140 X<> 
141 RDN 
142 + 
143 RDN 
144 + 
145 R1'" 
146 R-P 
147 RTN 
148*LBL 
149 ""MA 
150 XEQ 
151 X< 
152 "4.= 
153*LBL 
154 RRC 

>y .. 
01 

L X 

ii 

PrograDl Listings 

! 155 RVIEW 
156 STOP 1---------- 157 RTN 
158*LBL b 

Current gain 159 SF 05 
160 XEQ 00 t=---------161 RCL 15 
162 RCL 14 
163 XEQ 01 
164 STO 02 
165 X<>Y 
166 STO 03 
167 SF 04 
168 XEQ 03 
169 RTN 
170 .END. 

70 

1----------

Multiply complex -~ 

numbers 

80 

t---------

Add complex 
numbers 

90 

1"---------

Display 
00 



i 
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS 

DATA REGISTERS STATUS 

00 Used 50 SIZE 023 TOT. REG. 62 USER MODE 
Used ENG FIX _- SCI ON~OFF __ 

DEG X RAD_ GRAD 

FLAGS 05 55 INIT 
# SIC SET INDICATES CLEAR INDICATES 

llif_ Return _CQ~tinue 

.lh· ill "Rpt"llrn Continue 
i.h 

10 60 

Ih· I 
IhxJ 

IRLI 
15 ARI 65 

IRsl 
4Rs 
6.hf 
4 ho 

20 70 
Ih-.f.J 
Ihnl 

25 75 ._-
.. -
--

... _-
-~.~ 

30 80 .. - --------_ ... 

- . -
---- -- - .--.--... 

- - -. -.. -
- .. - ---_._------r-- --

35 85 
.0.-

- .. 

ASSIGNMENTS 
FUNCTION KEY FUNCTION KEY 

40 
-:--

90 

45 95 
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TRANSISTOR AMPLIFIER 
PERFORMANCE 
PROGRAM REGISTERS NEEDED: 40 

ROW 1 (1 - 7) 

HEWLETT PACKARD 
SOLUTION BOOK: 
ELECTRICAL ENGINEERING 

111111111111111111111111111111111111111111111111111111111111111111111111 1111111 

limll! 1111 I! Iliillllllllllllllllllllllllllllllll 1111111111111111111111111 
ROW 3 (16 - 23) 

1111111111111111111111111111 1111111111111 II III 
ROW 4 - 32) 

1111111111111111111 111111111111111111111111111 111111111111111111111111 

ROW 6 (39 - 46) 
11111111111111111111111111111111 1I1111 

11111111111111111111111111111111111111 11111111 

ROW 7 1IIIl1ililllllllllllllllllllllllllllllllllllllllllllili11111111111111 111111111111111111111 

II ~Iiillllllllllllllill 11111 1111111111111111111111111111111111111111111 
- 71 

1111111111111111111111111111 111111111 1111111111 

111111111111 

liWlillliii I~ 111111111111111111111111111 111111111111111111111111111111111111111111111 

ROW 15 (107 - 115) 

111111111111111111111111111111111111111111111 
ROW 16 116 - 1 

III 1111111111111111 

11111111111111111111111111111111 

11111 

11111111111111111111111111 

III 

111111111111111 

I1I1 

111111111111111 1111111 

11111111111111111111111111111111111111111 

1111111111111111111111111111111111111111 

i 



TRANSISTOR AMPLIFIER 
PERFORMANCE 

HEWLETT PACKARD 
SOLUTION BOOK: 
ELECTRICAL ENGINEERING 

lililliillilliilllilifliilllllllllllllllllllllllllllllllill1111111111111111111111111111111111111111111111111111111111111111111111111 

lil~l~llillillllllilillllllllllllllllllllllllllllllllllll1111111111111111111111111111111111111111111111111111111111111111111111111 
~mllilllllliill~lllillilllllllllllllllllllllllllllllllllllllll111111111111111111111111111111111111111111111111111111111111111111 
ROW 22 (169 - 170) 

111111111111111111111111111111111111111111111111111111111III 

19 
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CLASS "A" TRANSISTOR AMPLIFIER BIAS OPTIMIZATION 

This program is an automation of the method of bias optimization de­
scribed in "Designing Class "A" Amplifiers to Meet Specified Tolerances," 
by Ward J. Helms (Electronics, August 8, 1974). The program requires 
the user to specify a set of parameters from which it determines, by 
an iterative technique, the optimum values for R1 , R2 , ~, and~. The 
minimum power gain is also computed. 

~----------~----~~ 
RL 

"'-~OUT 

RE 

Equations: 

First, vaiues are specified for the following parameters: 

6Ica = maximum desired percentage variation of quiescent current 

TAmax = maximum ambient temperature (use the maximum cast temperature 
for a transistor mounted on a heat sink) 

TAmin = minimum ambient temperature 

TJmax maximum junction temperature rating 

Po maximum rated power dissipation at 25°C 

11 collector current, usually selected for convenience so that II 
and 10 II bracket the expected operating point 

6VSE = typical base-emitter voltage change over the range of II to 
10 II at 25°C 

VSE1min minimum base-emitter voltage at II , 25°C 

VSE1max maximum base-emitter voltage at II, 25°C 

The transistor's thermal resistance is calculated: 



and the minimum load resistance and emitter resistance are estimated: 

Next, the quiescent, maximum, and minimum collector currents are calculated: 

Ica 
Vce 

ICmax 

From these, we can calculate the base-emitter voltage under hot, high-current 
conditions (VBEX ) and under cold, low-current conditions (VSEN ). 

e .Ykc. T max = JA Ica 2 + TAmax 

Tmin 

V -V + AVBE log ICm;o 0 0022 (T BEN - BE1max Ll -. min 11 

Now, a better estimate for the emitter resistance can be made: 

RE(n+1) 
_ -2 (VeEX - VBEN) 
- ICmax - ICm"in 

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(o+l\ - RED < 5% R

En 
• •• If at any time the condition Tmax > TJmax occurs, RL is 

increased by 10%. 

When the iterative procedure is complete, Tmax, ICmax, Tmin , and I Cmin are dis~ 
played. 

Then values for 

hFEmax maximum worst-cast current gain at Tmax or Tmin and ICmax or I Cmin 

and 

hFEmio = minimum worst-cast current gain at Tmax or Tmin and ICmax or I Cmin 

21 
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are determined from the transistor's data sheet and the Thevenin-equivalent 
resistance (RB) and voltage (VBB ) of the amplifier's bias network are calculated: 

_ .hE.E.ma..x.l!.r.Emin [REln;t.l) (Icmax - ICmin) + VBEX - V BENl 
RB -

hFEmax I Cmin - hFEmin ICmax 

V V + I . ( RB + R ) 
BB BEN Cmln hFEmin E(n+l) 

Now the bias resistors Rl and R2 are calculated: 

Finally, the minimum power gain and minimum signal power are calculated: 

Example: 

A single-stage class "A" amplifier is connected to a 30-V 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%. 

From the tranSistor's data sheet: 

T Jmax 150°C 

PD 0.36 W 

L\V
BE = 0.10 v from 3 to 30 mA 

VBElmin = 0.52 v at 3 mA at 25°C 

V = 0.72 v at 3mA at 25°C BElmax 

II 0.001 A 

i 



Keystrokes: 

[XEQ] [ALPHA] SIZE [ALPHA] 017 

30 [STO] 00 

.2 [STO] 01 

70 [STO] 02 

o [STO] 03 

150 [STO] 04 

.36 [STO] 05 

.001 [STO] 06 

.1 [STO] 07 

.52 [STO] 08 

.72 [STO] 09 

[XEQ] [ALPHA] BIAS [ALPHA] 

[R/S] 

[R/S] 

[R/S] 

[R/S] 

600 [R/S] 

100 [R/S] 

[R/S] 

[R/S] 

[R/S] 

[R/S] 

Display: 

T=148.EO 

1=18.0E-3 

T=74.8EO 

I=12.0E-3 

H MAX? 

H MIN? 

RE=115.EO 

RL=888.EO 

R2=4.18E3 

R1=45.0E3 

AP=22.9EO 

23 
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User Instructions 
SIZE: 017 

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY 

1 Load program 

2 Store data 

Vr.r. [STO] 00 

lIIc:O [STO] 01 

T Amax °c [STO] 02 

TAm" 1n °c [STO] 03 

TJmax [STO] 04 

Pn [STO] 05 

r, [STO] 06 

lIVTl.F. rSTOl 07 

VTl.Elmin rSTol 08 

VRRlm;:l"\{ [STO] 09 

3 Compute maximum and minimum temperatures 

and currents [XEQ] BIAS T= (max) 

[R/S] 1= (max) 

[R/S] T= (min) 

[R/S] 1= (min) 

[R/S] H MAX? 

J± Inout maximum and minimum hk'k' to compute hFEmax [R/S] H MIN? 

resistor valves hFEmin [R/S] RE-

[R/S] RL-

rRISl R2-

rRlsl Rl-

and minimum power gain rR IS 1 AP-



=::; 

Program Listings 

~::51 *L.E:L .. 
(1 .:.... ~ t-i i~ 
t3 '3 .-. 

f". C L 
(i 4 2 5 
id 5 
i2; t=, F:: c" I 

'-" L 

1;::1 7 .' 

~;:'f '" .-. T Ci ~=. .=. 
{3 ~3 F-: i __ ! 

1-

1 13 >:: "1"- --:, . ~ 
• :1-: i ~ 

1 :2 ;:~ ~== L 
1 ..::= F.- ,-. , 

l.. 

14 -
~ 5 4 .:t .t . 
1 E. :+: 

1- 7 --_.-

1 !=: :::; T D ... 
.I. '~1 G 1 
c~ ~"3 :f: 

2 1 ~=; T I] " 

23 ~"";:--, 

fC.J._-l-

24 c: 

30 + 

., r:1 -r- ' < 
~. J.. if·~ 

--:. 
,'-

'3 4 

r:-... = .::..1 '-' 

(1 0::: 
"-: 

(. ~:::-: 

~~ :} 

;,1 .-, .:.:' 

3. -4 
€I ~~) 
f:::tCi 

32 :=;TCt 1 t-~~ 
33 F::CL !~5 
34 :+: 

35 :+: 

37 + 
"'? 
"-' ;=i ~. 

I"" 

3 .~ :~...:: 

4· 12: ':.~ 

4 ~ G .L ... .-. ::-:; ,. .::: 
4- "3 C-
4 4 .-. 

f". 

4 c-
"-' 1 

4- 6 + 
4 ~ ::-:: ,. 
A .-., ~. 

""1- t::... r-:. 
4 .~ + 
c::-
--' £1 '=~ 

i:: L ~:::1 4 
<: >- •.. ( 
". 'I' .. -;, .-:-

T ;] 1"3 c::-, ._' 
Co ~~; 0 3 
• I 
H ~=: 

L (1 i 
1_" .!. 

..-- G! ?~i 4 i:_ 

C~: L ~-::, ;=! .:-~ 

... r-, 1 r::: i '-' '-' 

---------

1\1 

F---------
REI 

i---------

Loop 

51 ~ 
.!. 

52 ~:~::L iJ 1 

54 -
55 2 

5:::: =+= 

62 :+: 

64 + 

t:.7 1 

72 -(.-

~ .-
j" t::. GTi] 02 
77 , t 

:::~5 

~=~ f~. 

~-., ~::H 

C'" . ._' 

;::: '3 F .-. "-:::. ~J 1 
9Ci GTO !31 
'31 '::;F 01 
13 2 C; T iJ J.::i ~~ 

93*LBL CI:i 
94 CF 01 

96 PRONPT 
97 "H NIH?" 
'7:3 t=';';:~OtelPT 

99 STO 12 

11-'31 STet 11 

25 

End Loop 
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103 2 
104 *' 
1 ~]5 RCL 11) 

1 !~) 6 :+: 

107 F-:CL 14 

109 RCL 
11 (I + 
111 EeL 
1 • .-, J.':' -

113 F.:CL 
114 ;t; 

.. C" 

.1. ._' 

16 

115 PC:L 11 
116 *' 
117 1 
11:3 RCL t;:11 

121 ;;-.: 
122 1 
123 RCL €H 
124 + 
1 ·-.co 

.:.:' --' 
12£. * 
127 -
l:C~B ..... 

130 ./ 

1 .;-~-

131 STO ;212 
132 F:CL 12 
133 ./ 
134 r'I:.-'" 

f"'. '_.L.. 

+ 

137 :.;.: 
1 ~3:3 1 

.1 4-

139 RCL ;:;:1 i 
140 
141 :+: 

143 + 

145 RC~L (~!;:i 

1 4 E. i-:: < ). I_.J-

147 ./ 

15~3 RCL ~J2 
151 RCL 00 
152 * 

ProgralD Listings 

---------

---------

...... --------

1 5:3 U:; !::; T >~ 
154 RCL '213 
155 -
156 ./ 
157 
is:=: 

1- -:;' ._' 

RCL 14 
159 "RE=" 
1 E. (1 ~:< E c:! ~:~ 2 
161 "RL=" 
1 Es 2 ::-:: E I:;:! €1 :2 
lE:3 "F.~2=u 

164 ;'::EG! :32 
lE,5 uRi=" 
1 E.6 ::<Ef;! 02 
1 E. 7 ~-

17f1 ;:;;:CL 
171 ::t; 

... -. 

.i. a:.:' 

173 RCL 14 
174 RCL 
175 :+: 
176 + 
177 ..... 
17E: LiJI:1 
179 10 

of .-. 
.1.':::' 

.. :-~,.-.. - .. Hr _ .. 

1 ::::4 i'=!' .... I EH 
1 E:5 STOP 
186 F::DH 

F-:TH 
1 :;:; ~=: * L E: L ~::1 3 
1 E~'3 F ::::";=' 01 
1 '~ (1 :~,: E id fl 
191 25 
1 ·~-::· -_. ~ 

1'34 * 
1 .:;,:=; r.: T H 
196*LBL ::; 
1'37 uT=" 
19:::: GTO D 
199+LBL ~34 
2f.'tO RCL 1 €1 
291 ::+: 

---------

Display 

Power gain 

.... --------

Temperature 
calculations 

f---------



c~05 --_.-
L

,-,,~ 

~_. I ... :l 

2 !-::1 7 F.~ :=: L ~) 7 
2~;::i;=: *= 
2(19 + 

211.LBL I 
212 uI==u 
213*LE;L II 
214 riF~[:L >;: 
215 R\"IEi~~ 
2 1 i;. ~=; T ~:! F· 
2:1. 7 RT!"'I 

219 ~) 

.•. -: .-. 1. 1 .t::.. .. __ s-:" .I.. ~ 

225 • Et·';J) • 

30 

40 

ProgralU Listings 

Current 
calculations 

51 

I- - - - - - - - - I---+---------~ 

Display 60 

I- - - - - - - - - 1--_+-_______ --1 

70 

80 

--
-- --

--
--
... -

90 

50 00 

27 
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS 

DATA REGISTERS STATUS 

00 Vee 50 SIZE 017 TOT. REG. 63 USER MODE 
lHca ENG 2 FIX __ SCI ON __ OFF_X_ 
TAmin DEG X RAD __ GRAD 
TAmax 
TJmax FLAGS 05 Po 9JA 55 INIT 
II # SIC SET INDICATES CLEAR INDICATES 
lIVBF 01 Branch No-Branch 
VSElmax --_.-
VSElmin ._-

10 Ica 60 
h FEmax 
hFEmin 
RLl 
REI 

15 Used 65 
Used 

20 70 

--
25 75 

-"C".~ __ 

30 80 
---.~-.-

- ..... _-
- - __ U',' .r'~_ 

- -- .. -~.--
•.. ----- - . ' .... ---~--

35 85 
.. -.'--

--
ASSIGNMENTS 

-.--- -. 
FUNCTION KEY FUNCTION KEY 

40 90 ----

45 95 



CLASS "A" TRANSISTOR AMPLIFIER 
BIAS OPTIMIZATION 
PROGRAM REGISTERS NEEDED: 46 

ru~lilllilli Ilmlllllllll 111111 11111111111 111111111111111 1111111111111111 1111 III 

HEWLETT PACKARD 
SOLUTION BOOK: 
ELECTRICAL ENGINEERING 

ROW 2 (5 - 15) 

11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 1I1f11ll1l1l1l11 

~mllilillillillilji IIIIIIIIIIIII~IIIIIIIIIIIIIII~IIIIIIIIIIIIIIIIIIIIIIIIII~IIIIIIIIIIIIIIIIIIIIII 1111111 

liml~lili~rll ir~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII~11111I1111111IIIIIIIIIIIII~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 
lirnlilliiil- II 
ROW 6 (49 - 61) 

1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 1111111 
ROW 7 (62 - 70) 

11111111111111111111111 11111111111111 
ROW 8 (71 - 81) 

1IIIIIIIIIIIIIIIIIIIIIIIImi 111111111 

liUlillli~lill~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII~11I111111111 
iljflilillli~iliilil 111111111111111111II1I11111~llllllllllllllIIllIllllllImllllllIIIIIIIII~IIIIIIIIIIIIIIIIIIIII 
il~~lif~illi~lillllllllllllllllllllllllllllllllllllllllll~IIIIIIIIIIIIII~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 

111111111111111111111111111111 

11111111111111111111111111111111111 

ru~liil~llil~lll~iillllllllllllllllllll~IIIIIIII~11I111I111II 1111 1IIIIIIImllllllllllllllllllllllllili 11111111 1111 III 111111 

ili~llllillfllllrllillllllllmllllll~lllllllllllIlImllllllllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII~IIIII111111 
iljillllrnllllli~III~lllm~IIIIIIII~IIIIIIIIII~IIIII~1111111111111111111111111111111111111111111111111111111111111111111 

. lii~j~llililllilllliifllllllllllllllllllllllllllllllllllII 1111111111 1111111111111111111 

~mlllilll~lil ~ljli~IIIIIIIIIIIIII~11I11111111111111I1111111111II11111111111IIIIIIIIIIIII~IIIIIIIIIIIIII~IIIIIIIIIIIIIIIIIII 

29 
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CLASS "A" TRANSISTOR AMPLIFIER 
BIAS OPTIMIZATION 

HEWLETT PACKARD 
SOLUTION BOOK: 
ELECTRICAL ENGINEERING 

i~ilililil Illjl ~II I~ , 1111111111111111111111111111111111111111111111111 111111 

Ij(ij 11111111 il jl~1 j lilllllllill 11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
ROW 21 (190 - 195) 

1111111111111111111111111111111111111111 1111111111111111111111111111111111111111 11111111 
ROW 22 (196 -

11111111111111111111111 111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
ROW 23 (203 - 212) 

111111111111111111111111111111111111111111111111 11111111111111111111111111111 11111111 
ROW 24 (212 - 221) 

1111111111111111111111111111 1111111111111111111111111111111111111111 
ROW 25 (222 - 225) 

111111111111111111111111111111111 III 



ACTIVE FILTER DESIGN 

This program computes element values for the standard active filter circuits 
shown. The user selects corner frequency fo or center frequency fo, midband 
gain A, peaking factor a, and a capacitor C. The program then prints out a 
list of elements which form the desired filter. 

Equations: 

1 a=-
Q 

Low pass filter 

High pass filter 

2~, where Q is quality factor and ~ is damping factor. 

C2 

Cs = C 

4C(A + 1) 
a Z 

a 
4AnfoC 

a 
A + 1 Rl 

A 
4nfoC(A + 1) 

C C4 =­
A 

+ 

Vo 

31 



32 

Bandpass filter 

Example: 

Rs 
2A + 1 
a 2iTf oC 

~~ __ --~r--'-~ 
+ C1 

Vi 

+ 

1 
R 1 = -:-::~~­

A2iTf oCa 

1 
2 

(-:7 - A) 2iTf oCa a 

Rs 
2 

a2iTfoC 

+ 

+ 

Design a high-pass active filter with the following parameters: 

fo = 10 Hz 

A = 10 

0'.=1 

C 1 'j..IF 

i 



Keystrokes: 

[XEQ] [ALPHA] SIZE [ALPHA] 006 

[XEQ] [ALPHA] AF [ALPHA] 

10 [RIS] 

10 [RIS] 

1 [RIS] 

1 [EEX] 6 [CRS] [RIS] 

[XEQ] [ALPHA] RP [ALPHA] 

[RIS] 

[RIS] 

[RIS] 

Display: 

FO? 

A? 

PF? 

C? 

1.000 -06 

C1=C3=1.000E-6 

C4=100.0E-9 

R2=7.579E3 

R5=334.2E3 

33 
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User Instructions 
SIZE: 006 

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY 

1 Load Program 

2 Begin execution [XEQ] AF FO? 

3 Input design specifications: 

- Corner or center frequency fo [R/S] A? 

- Midband gain A [R/S] PF? 

- Peaking factor a [R/S] C? 

- Capacitor value C [R/S] 

4 Select desired filter characteristic: 

- Low pass [XEQ] LP Rl= 

[R/S] C2= 

rR/sl R3= 

[R/S] R4= 

rR/sl C5= 

- His;rh pass rXEOl HP Cl=C3= 

rR/sl C4:-

[R/S] R2= 

[R/S] R5= 

- Band pass [XEQ] BP Rl= 

rR/sl R2= 

rR/Sl C3=C4= 

[R/S] R5= 



PrograDl Listings 

c~c.: Er·~G :: 
03 "FO?" 
[14 PFOt-1PT 
05 :;;;TO 00 

07 ppor'lPT 
0::;: ~3TO Ct 1 
09 .. PF·?" 
1 [1 PF.:Of'1PT 
11 ~=:TCl [12 
1:: .. C"? .. 
1 3 PPOt'1PT 
14 :;:;TO 03 
15 STOP 
16.·LBL "LP" 
17 RCL 02 
1 ~=; 2 
1 . ~ .. ... 

:2 1::1 RCL 0 1 
.-. 1 .--" .:::. 

22 :-:-::E~;! R .---_." oJ 

"':-"--' .' 

::::4 ::3TI:! ~-:. E::'" 
~l._! 

.-, r:::-
';::-_1: 

.. R 1 = " 
26 i·::EO 05 
-I~ 

..::." RCL :'::13 
'-1.1 .:::..=. 4 
2~3 =f: 

3ft ~:i::L 0 i 
31 1 
32 + --~ . . _1-_' :f: 

34 F.:CL 02 
35 ;:·::-t-2 
3E. .-.--
"7? 
'-' . .. C2== .. 
"7'::-__ 1.1_- :··::EG! 05 
39 RCL €12 
40 .-. .::: 
4 ~ .----.l 

42 RCi... 0 1 
4·3 1 
44 of 

·47 .. " 

51-3 peL e 1 
"____ 51 F.~r:L 171C" 

Initialization 

Low pass 

Rl 
! 

f--------
I 
I 

R3 

1 
1 
1 

S3 .. F.:4=" 
54 ::-=:EQ 05 
55 F.:C:L 03 
56 n (:5= "2 

57 i::;TCi ~i5 

58*LBL "!-IF''' 
59 PCL 03 
60 "C1=C3=" 
61 ::·::EG! 1]5 

62 RCL 131 
E.3 .0'-

65 ::-::E(.! 05 
66 ~~::E(! H 
67 RCL 02 

69 ..... 
70 2 
71 RCL 01 
72 1/"::-:: 
73 + 
74 ... 
75 u F-:2= u 

?6 ~':~EQ ;.35 
77 RCL 03 
7~: RCL 01 
79 2 

i=~ 1 1 
~32 + 
83 RCL 

:35 F::CL 04 

:=~7 u F.~5=- =~ 

8f= ,:;TC! 05 
e9*LBL "sp" 
9 0 ::.,: E G! i=! 
91 F.:CL 01 
·=.r2 :f: 

93 F.:CL fi.2 
94 :+: 

'35 1 ..... ::.:: 
'3E, .. F-: ; = " ... 
1?7 ::<EG! 1-35 
9:=~ 2 
99 RCL p'-=:' -'I~ 

00 >::1-2 
e 1 .. ..• ... 
(12 RCL =-3 1 

35 

High pass 

Band pass 
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40 

50 

Progratn Listings 

11.::.13 --
104 F.~CL 04 
105 *' 
1 ~3E. F.:CL 02 
107 :+: 

110 ;:'::EG! 05 
111 RCL 03 
112 "C3=(:4=" 
113 ;-::EG! 

.-:' .:.. 

RCL 
~.-~ .. 

peL 

114 
115 
l1E. 
117 
118 ...-

05 

02 

04 

119 ··F.:5=:" 
12t.3+LBL j.:15 
121 I=IRCL ;:-:; 
122 ~"'.I I E~·l 
123 STOP 
1 ~:4 RTH 
125*LBL A 
12E. 2 
1 --·~ .::-( F'T 

~ 

1 _··--.c...::-
130 * 
131 RCL 03 
132 :-!-: 

133 STO 34 
134 F.:TH 
135 • END. 

51 

60 

I- - - - - - - - - ~--I~---------l 

Display 

k~; -----r--

7

_

0

-t-_______ -l 

80 

r--~~-----------

90 

00 

i 
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS 

DATA REGISTERS STATUS 

00 fn 50 SIZE 006 TOT. REG. 40 USER MODE 
A ENG 3 FIX-_ SCI ON __ OFF_X_ 
a DEG X RAD __ GRAD 
C 
27Tf nC 

FLAGS 05 Rl (LP only) 55 INIT 
# SIC SET INDICATES CLEAR INDICATES 

10 60 

15 65 

20 70 

I 

---
25 75 - -~.~-. 

... -. 

-----
---
---

3D 80 _. ---'---'--
-- - . .- -----.-... -

- . _-- '-~'- -- ......... -.--... -.... 

. -------- ---... --~ . __ ....... _ ..... __ • __ • ·~r 

- -. -.. _,- ---~- _._- - ..-.-. --
35 85 ----- -~ .... ---

-
--~- ASSIGNMENTS 

---.-
FUNCTION KEY FUNCTION KEY._ 

40 90 

45 95 
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ACTIVE FILTER DESIGN 

PROGRAM REGISTERS NEEDED: 35 

HEWLETT PACKARD 
SOLUTION BOOK: 
ELECTRICAL ENGINEERING 

~mlli lilll~llil 111111111111111111111 1111111111111111111111 1111111111111111111111111 11111111 

lim 1I111 ~I ~llii 11111111111111111111111111111111111111111111111111111111111111111111111111111111 11111111111111111111111 

lim 1111111111111 iillllllllllllill 11111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
ROW 4 (19 - 26) 

11111111111111111111111111111 1111111111111111111111111111111111111111111 1111111111111111111111111111111111111 
ROW 5 (26 - 37) 

1111111111111111111111111111111111111111111111111111111111111111111111 1111111111111111111111111111111111111111111111111111 
ROW 6 (37 -

1111111111111111 111111111111111111111111111111111111111 11111111111111111111111111111 II 1111II1111 

iml~lj~illjl~ifil 1111111111 111111111111111111111111111111111111 1111111111111111111111111111111 II 111111111111 

RO' 8 IIfllll 1111111111111111111111 111111111111111111111111111 1111111111111111111111111111111111 

1111111111 11111111111 

11111111 

ililililii IIjllj~ 11111111111111111111111 1111111111111111111111111111111111 

~mlilill~i I~I ilillill I 1111111111 11111 III 1111 1111111111111111111111111 1111111111111111 
ROW 13 (85 -

11111111111111 11111111111111111111111111111111111111 
ROW 14 - 96) 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
- 1 

1111111111111111111111111111111111111111111111 11111111111111111111111111111111111111111111 

~lllillll [111111 i~llllil III 111111 111111 111111111111111111111111111111111111111111111111111111111111111111111111111 

RO. , 

7 

, '2 - 'I illill 1111 1111111 111111111 II 111111111111111111111111 111111 1111 11111111111111 11111111 11111111111111111111111111 
ROW 18 (119 - 128) 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 11111111111111111111111111 1111 



ACTIVE FILTER DESIGN 
HEWLETT PACKARD 
SOLUTION BOOK: 
ELECTRICAL ENGINEERING 

limljlillll)ill~ljlir~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII1111111111111111111 
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BUTTERWORTH FILTER DESIGN 

This program computes 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 High Pass 

w Wo w W = --n Wo n W 

Band Pass Band Elimination 

w2 - Wo 2 wBW w = w 
wo 2 w2 n BWw n 

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

---lJR r 
~------o-~--------~--------

whose elements are given by one of the following sets of formulas: 

c. 
~ 

L. 
~ 

where 

n 

1 sin (2i - 1) 'IT =--
'lTf R 2n i = 1, 3, 5, ... , n - 1 

c 

R sin C2i - 1)'IT =--
'lTf 2n i 2,4,6, ..• ,n 

c 

INT [1 + In(2 x lO-~dB/lO - 1)] 
2ln(w/wQ) 

i 



Once the low-pass values have been calculated, if some other passband charac­
teristic is desired, the components of the filter are changed by frequency 
transformation as shown. 

PASSBAND 
CHARACTERISTIC 

Low pass 

High pass 

Band pass 

Band elimination 

CIRCUIT ELEMENTS 

o~--~if~----o O~~~----~O 
Cn Ln 

~ O---~It-I---O 
LIi'c;r;,r:;. 1 

C 
Cn 

bI>=8W' 

C~Wo[n 

A bit of thought may be necessary to determine whether theL-C's are connected 
in series or parallel. 

NOTE: The program will give erroneous results if asked to compute filter order 
when AdB is small (i.e., when AdB - Loss (wo)). 

41 
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Example: 

Design a 100 Hz wide Butterworth filter centered at 800 Hz with a 30 dB 
attenuation at 900 Hz. Ro is sort. The termination res.istance R is sOrt. 

sort 

Keystrokes: Display: 

[XEQ] [ALPHA] SIZE [ALPHA] 016 

[XEQ] [ALPHA] BUT [ALPHA] R=? 

50 [R/S] FO=? 

800 [R/S] 

[XEQ] tALPHA] BP [ALPHA] BW=? 

100 [R/S] Fl=? 

900 [R/S] A=? 

30 [R/S] N=6. 000 EO 

[R/S] 1. 000 00 

C=16. 48 E-6 

[R/S] L=2. 402 E-3 

[R/S] 2.000 00 

L=112.5 E-3 

[R/S] C=351. 7 E-9 

[R/S] 3.000 00 

C=61. 49 E-6 

[R/S] L=643.6 E-6 

[R/S] 4.000 00 

L=153.7 E-3 

[R/S] C=257.5 E-9 

[R/S] 5.000 00 

C=45. 02 E-6 

[R/S] L=879.2 E-6 

[R/S] 6.000 00 

L=41.19 E-3 

[R/S] C=960.8 E-9 
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User Instruetions 
SIZE: 016 

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY 

1 Load program 

2 Begin execution [XEQ] BUT R=? 

R, Q [R/S] FO=? 

fo, Hz [R/S] 

3 Select filter type 

Low pass [XEQ] LP F1=? 

fl' Hz [R/S] A=? 

t,dB [R/S] 

Go to step 4 

High pass rXEOl HP Fl=? 

f, Hz rRlsl A=? 

t,dB rR/Sl 

Go to step 4 

Band pass [XEQ] BP BW=? 

BW fR/Sl Fl=? 

fl' Hz [R/S] A=? 

t,dB [R/S] 

Go to sten 4 

Band elimination fXEQl BE BW=? 

BW rRlsl Pl=? -

fl' Hz [R/S] A-? 

MB rR/S 1 

4 Answer is displayed automatically N-

fR/S] 1.000 00 

(component number is disolaved then c= 

component value.) Push [R/Sl to continue rR/sl 2.000 00 

L= 
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ProgralD Listings 

01+LBL "BUT 51 Lt-.l 
52 ~BS 

1212 ENG -.;0 53 .. / -' 1213 RI=ID Initialization 54 1 
1214 "R=~'" 55 + 
~J::" _..J PROt1PT 56 2 
1216 STO 05 J::""""" ..J( --.... 
1217 "FO=?" 5 ..... · c· INT 
1218 PROt'1PT 59 STO 15 
09 XEQ 10 60 STO 10 
10 STO 07 61 "N=" 
11 STOP .. - ':Jo 

0,- ~RCL 
...... 
..... 11 

12+LBL "LP" 63 ~'v' I El.J 
13 1 64 ~:TOP ---------14 GTO 01 65+LBL 08 
15+LBL "HP" 66 RCL 15 Loop 
16 2 67 RCL 10 
17 GTO €II h r , _c· 
18+LBL "Bpu t.9 1 
19· -.;0 -' 70 + 
29 GTO 01 71 STO e9 Butterworth 
21+LBL "BE" --::-":1 ~. 

equations • .:..... .c. 
-Ji--:' 4 73 *' "'-'-

23+LBL 01 74 1 
24 STO 14 75 
25 J:' 76 PI --' l ________ 26 •• -,' 1 .. -. 77 *' ;-:./ 1" ~ 

?- GTO e0 -:- r. 2 __ I' 
'-0-

28 "BW="-;:' .. 79 -~ .. -
29 PROt1PT 8e RCL 15 
30 XEQ 10 

1 
81 /' 

31 STO 08 8~' SIN 

I 

.c.. 
32+LBL 00 Compute 8 7 2 --' 
33 .1 F 1·=~·" filter order 84 *' 34 PROt1PT 85+LBL ---------09 
35 "j:i=~'" 86 STO 1 1 
36 PROt1PT 87 RCL e5 
37 10 88 -1 
38 .. ---- 89 RCL e9 display i 
39 101'~<: 90 PSE 

R(-l)i 4e 2 91 ').1'-t ::3-:: 

41 *' 92 )·'1-:x: 

42 1 QJ:' 
-- -' *' ---------43 94 GTO IND 

44 LN 14 Frequency 
45 STO 12 95+LBL 01 transformation 
46 x-( >'.,.' 9E. RCL 07 
47 XEQ 10 97 ~ .. --
48 XEQ 07 98 XEQ 06 
49 RCL 12 99 GTO 0e 
50 >~< >''''i' 100*LBL 02 
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PrograDl Listings 

101 RCL ",,7 
i 

152 GTO IHII 
1132 *' 14 ~ 
1133 1 ---- ":' I 153+LBL 134 ... 
1134 :":EQ 13E. 154 >=:EQ 133 

1 

Compute 
1135 CHS 155 GTO 130 normalized 
1136 GTO 1313 156+LBL 02 frequency 
le7+LBL 133 157 XEQ 01 
1138 SF 01 158+LBL 130 
le9 RCL e° ! 159 l ..... ·X '-' 

110 ./ I 1613 CHS 
111 XEQ 136 

I 
161 GTO e5 

112 XEQ 1313 162+LBL 131 
113 HBS 163 RCL 1 1 
114 1 ~'." .'" I···. 164 RCL €I"""" .. 
115 RCL 137 165 ..... 

116 K1'" 2 166 GTO 135 
117 .. --- 167+LBL 133 
118 XEQ 136 168 RCL 11 
119 CHS 169 X·1'2 
1213 GTO en] ! 1713 RCL 137 
121+LBL 134 171 X·1'2 
122 SF €II 1....,.~· 

f":::'" -
123 RCL 138 173 RCL 1 1 , 
124 *' 174 ... -.. -
125 RCL 137 ! 175 RCL 0:3 
126 >a·2 i 176 .----
127 ..... -

I 
177+LBL 135 

1 ...... -. XEQ 136 178 HBS ..:::...c· 
129 XEQ en] 

I 
179 STO 13 

I 1313 HBS 1813 RTH 
I 

131 RCL 137 181+LBL 136 
i 

132 ~<1'"2 182 -1 ! 
133 *' 183 RCL 139 i 

I 
134 1/>:: 184 Y1'"X 

I 
135 XEQ 136 185 *' I 

136 CHS 186 RTN I t--------! 

137+LBL 1313 i--------- 187+LBL Ie 
138 IIL=" Display 188 --::. 

"- Multiply by 
139 >=:< 0"7 189 ot-: 2IT 
1413 ··C='· 1913 PI 
141 ~BS 191 *' 142 HRCL ::-~ 192 RTN 
143 H'v' I El-l 1~3 .EHII. 
144 STOP 
145 FS?I:: 131 
146 RTH 
147 DSE Ie f---------
148 GTO 138 
149 RTH 
1513+LBL 137 
1~1 qTO ~J. 00 
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS 

DATA REGISTERS STATUS 

00 50 SIZE 016 TOT. REG. 58 USER MODE 
ENG :2 FIX __ SCI ON __ OFF_X_ 

DEG RAD __ GRAD 
temp. storage 

FLAGS 05 R 55 INIT 
# SIC SET INDICATES CLEAR INDICATES 

Wo 01 Return Continue 
BW 
i 

10 counter 60 

Wn 

temp. storage 
3 ~ filter type 

15 n 65 

20 70 

---
25 75 --_._-------

--
-

--
30 80 

.-.~---

-----
- -_ .... - .. -.-----.-

-- -----
- ... - ~-~.----

35 85 

._- -
------ -.~--~ ASSIGNMENTS 

.- . ,.....- -
FUNCTION KEY FUNCTION KEY 

40 90 

45 95 



BUTTERWORTH FILTER DESIGN 

PROGRAM REGISTERS NEEDED: 43 

HEWLETT PACKARD 
SOLUTION BOOK: 
ELECTRICAL ENGINEERING 

~fliljllllllillilllllllllllllllllllllllllllllllllllllllllill11111111111111111111111111111111111111111111111111111111111111111111111 
liflilfllll11illifllllllllllllllllllllllllllllllllllllllllllllllllllllll111111111111111111111111111111111111111111111111111111111111 

lim 1111'11 illilli 11111111111111 II 1111 1111111111111111111111 1111 I 1111111 II 1111111111 1111 II 1111 II 1111111111111111 111111 11111111 II 1111 

limlillll!IIIII i i I1111 II 1111111 II 1111 II I II "" II I II II 1111 II II II II 1111 II II 1111111 II I II II 111111 II III 11111111 II 111111111 

lilli"lli i~ Iflilli I" II II III II I II III II 1111 1111 11111 II II 111111111 II 11"" 1111111111 II 11111 II I II 11111 II III 11111 II 1111 II 11111 

lililli lIill111111111 "" 111111111 II 1111111111111111 11111 11111 II 111111111111 11111111 II 1111111 II 11111111111 III II II II 11111 1111111111 II 

lil~ lillliill rl~illllllllllllllllllllllll 1111111 III 11111111111111111111 II 1111111111111 II 111111111111111111 II 1111111111111111 111111 

lilillilillilli Iwl 111111111 II 111111111111 III 111111111 II 11111 III I 1111111111 1111 II 1111111111111111111111111 II II 111111 II II III 
ROW 9 (48 - 59) 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

lim lillillilllllliilllllll 1111111 11111111111111111 111111111 II 111111111111 II 1"11111"" 1111 1111111111111 II II II """ II II 

~I~"li lIilll1ill i~ 11""11" III 1111 III "III II """11"1111111"11"111111111111111 II 111111111111111111 111111111111111111 

lililliilliiill illiilll" """11 1111111111111"111111111 III II 1111111111111"111 111111"11"""11111 111111" II 1111111""""11111 

lililli 1IIIili IllIImllil II 11111111 I II I II 11111111111 1111111 "11""" III III II 1111"1 11111 II II II II II 111111 1111111 III II ""1 

Irni Ilii 11111 illllllilli 1111111 11111111 II II 111111"""111 111111111111111111111111 II 111111111111 1111 II 11111 II I II II 11111111 

lililliill\il jili IIi Ilillllllllllllli 1111111111111111111111111111 111111"""" 11111111""111"1111 II 111111111111111"111111111111 

lim IIi~11 iii 111 IIiliilll 11111 III II 111111 II 1111111111 1111""11111111" "111"1" "1""" 11111111 

~llilllillllii"~IIi~illll "III """""" II I" 1111111111 11111 II III 1111 """11111 II 1111 1111111" 1111 111111111111 11111 

111111111111111111111111111111111111111111111111111111111111111111II 

i 
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BUTTERWORTH FILTER DESIGN HEWLETT PACKARD 
SOLUTION BOOK: 
ELECTRICAL ENGINEERING 

lillilliilllilifllill!lliilllllllllllllllDIIIIIIIIIIIIIII11111111111111111111111111111111111111111111111111111111111111111111111111 

1j[~lillliiliillillliilllllllllllllllllllllllllllllllll1111111111111111111111111111111111111111111111111111111111111111111111111111 
Imilli!lll i ifll~lli ~ i 11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
ROW 22 (174 - 185) 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

r 2' III j ii IIlllili i~1111111111111111111111111111111111111111111111111111111111111111111111111111111111 

i 



CHEBYSHEV FILTER DESIGN 

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

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

Low Pass High Pass 

W .!£.Q. W W n Wo n W 

Band Pass Band Elimination 

w2 
- we 2 wBW 

W BWw w 2 _ w2 n n We 

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

whose elements are given by one of the following sets of formulas: 

where 

= Gi 
Ci 2'ITf R' 

c 
i 1, 3, 5, ... , n 

i = 2, 4, 6, ... , n - 1 

2, 3, 4, ... , n 

49 
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. [ In (coth 40 
e: e)] log y = s1-nh 2n 

a. sin 
(2i - 1) n 

i 1, 2, 3, 1- 2n . .. , n 

b. = y2 + . 2 in i 1, 2, 3, ... , n - 1 S1-n -1- n ' 

e: = (lO~dB/lO _ l)~ 

The filter order is found by using Newton's method to solve for n in the 
following formula: 

(w + Iw'2 - 1 yn + (w + Iw2 - 1 ) .-2n = 7 (10~dB/I0 - 1) - 2 

using 

n 
In [~ (10

a/10 
- 1) - 21 

In(w + /w 2 
- 1) 

as an initial guess where a is attenuation in dB's. 

The resulting value is then increased slightly: 

n+-INT (n + 1) 

Once the low-pass values have been calculated, if some other passband charac­
teristic is desired, the components of the filter are changed by frequency 
transformation as shown. 

PASSBAND 
CHARACTERISTIC 

Low pass 

High pass 

Band pass 

CIRCUIT ELEMENTS 

0-0 --1111-----0 0 

en 



Band elimination 

C • 1 
"-T,;BW 

A bit of thought may be necessary to determine whether the L-C's are connected 
in series of parallel. 

NOTE: The program will give erroneous results if asked to compute filter 
order when 6dB is small (i.e., when ~dB - Loss (wo». 

Example: 

Design a low pass Chebyshev filter with the following characteristics: 

R = SOD f = 500 Hz pass band ripple = 3dB, and 
o 

30dB attenuation at 600 Hz. 

Keystrokes: Display: 

[XEQ] [ALPHA] SIZE [ALPHA] 013 

50 [STO] 00 

500 [STO] 01 

3 [STO] 03 

30 [STO] 04 

600 [STO] 05 

[XEQ] [ALPHA] CHEB [ALPHA] 

1 [R/S] 

[R/S] 

[R/S] 

[R/S] 

[R/S] 

[R/S] 

[R/S] 

[R/S] 

TYPE? 

N=7.000EO 

1.000 00 

C=22.40E-6 

2.000 00 

L=12.29E-3 

3.000 00 

C=29.53E-6 

4.000 00 

L=12.79E-'3 

5.000 00 

C=29.53E-6 

6.000 00 

L=12.29E-3 

7.000 00 

C=22.40E-6 

51 
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User Instructions 
SIZE: 013 

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY 

1 Load program 

2 Store data: 

Termination resistance R [STO] 00 

Cutoff frequency fa [STO] 01 

Band width (if applicable) BW [STO] 02 

Ripple L\dB [STO] 03 

Attenuation ex [STO] 04 

Out-of-Band frequency* f, [STO] 05 

3 Execute program [XEQ] CHEB TYPE? 

4 Input filter type 

I-Low pass I rRISl 

2-High pass " rR/sl ,L 

3-Band pass 3 rRISl 

4-Band e1imination* 4 [RIs] 

5 Answer is displayed automatically N= 

(component number is displayed, then [RIS] 1.000 00 

component value.) Push [RIS] to continue C= 

[RIS] 2.000 00 

L= 

*f, must be within the stop-band for the 

band elimination filter 
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Program Listings 

01+LBL "CHE 50 FS?C 02 
B" 51 RTN 

02 ENG 3 52 GTO 05 
e3 RAIl C:onvert 53+LBL 03 
e4 1 Hz to rls 54 RCL e5 
05 XEI:;:! ":::19 55 X1'2 
e6 ST* 01 56 RCL e1 
e7 ST* 02 57 X-r-2 
e8 ST* e5 1::"0 -

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

__ 1 __ -

09 RCL 03 59 RCL 05 
10 10 Convert I 60 ~ .... 

1 1 .---- dB to S 61 RCL 02 
12 1131':":: 62 .. ---

13 1 63 FS?C 132 
14 - 64 RTN 
15 SQRT 65+LBL 05 
16 STO 136 66 ABS 
17 RCL e4 r----------------- 67 STO e8 
18 1e Begin to 68 ENTER-r-
19 .-,- compute filter 69 X1'2 
20 101"-X order 70 1 
21 1 71 -
--:. --::. - 72 SG!RT "- "-

23 4 -:o~ 

( -,j. + 
24 * 74 STO 10 
""",,I::" c..-_, RCL 136 -:0 C" 

.- --- LN 
26 :~1-2 76 RCL 12 
--.~ '-., .t'-.- 77 LN 
.-.•. 2 78 x<>y .::. .=-
--'Q c.. _- - 79 -'" 
313 STO 1--' c.. 80 STO e9 
31 "TYPE?" 81+LBL e6 ~-----------------
32 PROMPT Filter type 82 RCL e9 
"7~ 
-_I • .!s STO 07 83 RCL 10 Newton's method 
34 GTO INII ~----------------- 84 RCL 09 root finder 

07 85 V-foX 
35+LBL e4 86 STO 05 
36 SF 02 87 ENTER1' 
37 XEQ 03 compute w 88 1 ___ J':.c: 
38 GTO 00 n 89 + 
39*LBL 02 90 RCL 12 
40 SF 02 91 -
41 XEQ 01 Q~ -- "- RCL e5 
42*LBL 00 93 ENTER1' 
43 1/:.c: 94 1 ....-:.e: 
44 CHS 95 -
45 GTO 05 96 /' 

46*LBL €I1 97 RCL 10 
47 RCL €I5 98 LN 
48 RCL 01 99 /-

49 ./ 100 2 
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PrograDl Listings 

101 .-.. -- 1 C"-"j __ I~ PI 
102 - 153 2 
103 STO 09 154 .----

1134 LRST:"~ 155 RCL 09 
105 ~B~; 

I 
15E- .----

li3E. .01 157 S I t-~ 

1f'7 x< =y--;:o 158 STO 12 
108 GTO eE- lS':;' 2 
1139 RCL 09 lE-0 * 110 ~. 

c... 161 RCL 08 
111 ..... - lE.2 SG!RT 
i 12 1 lE·3 .1--

113 + lE-4*LBL 10 -----------------
114 I t..JT 165 STet 05 
115 STO 09 1 E-E. RCL ei3 Display i 
l1E- •. N=·· Display n 167 -1 
117 RRCL -x. 

;, lE-8 RCL 1 1 
118 RV I El·~ 169 PSE 
119 STOP 170 .. ..,1':x: 
128 1 ----------------- 171 ...... '1- ::2-:: 

121 STel 11 1 -,. --. i.e. * 
122 RCL 83 Chebyshev 173 GTO It..JII -----------------
123 4e setup 07 

~ 124 -..,. I 174*LBL 1-31 Frequency 
I ~ 125 1 175 RCL 01 I transformation 

12E- E1':X: 17E- i -,,-- I 
I 

127 LOG 177 ;c:EG! 11 I 
! l--· r • .-,,- 178 GTO 00 i L-=· I 1 ~.q EHTER1' 179*LBL 1-32 ! L_ , 

130 + 188 RCL 01 I 

131 E1':X: 181 * 
1 

132 1 182 l-----X I 133 X<: ~;-Y. 183 XEG! 11 
134 + 184 CHS I 
135 LRST>:: 185 GTO 813 I 

13E- 1 186*LBL 1-33 I 137 - 187 RCL A~ - '- I 

138 .---- 188 ../ 
i , 

139 RCL 09 189 XE(;'.! 11 i 
140 STO 1121 190 SF 131 [ 

141 2 191 XEI~ 08 
142 * 192 1 ..,.':>:' - .. 
143 1 .r '---' .- .-. 193 ~~CL 01 
144 'y'1'X 194 ~:"t2 
145 EHTERl' 195 ..,.-

146 1/X 196 XEQ 11 I 147 - 197 CHS 
148 ~ 198 GTO €Ie I 

"-

i 149 / 199*LBL 04 
158 X1'2 2130 RCL 02 1 

151 STO 08 2131 * : 
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ProgralD Listings 

202 RCL 1:11 253 .. ---
2133 X1'2 254 RCL 138 
204 ._"- 255 RCL 09 
205 XEQ 11 256 RCL 113 
206 SF e1 257 -
207 XEQ 00 258 PI 
208 RCL 1-31 259 * 209 X1'2 26e RCL 09 
210 * 261 .-.--

I 211 1/">:: 262 SIN 
212 XEQ 11 263 X1'2 I 
213 CHS 

I -----------------, 264 + I 
214+LBL 00 I 265 /-

215 ·'L='· 
I 266 GTO 10 

216 X<0? Display L & C 267+LBL 11 
217 "C=" 268 -1 
218 !=IBS 269 RCL 11 
219 !=IRCL ~~: 270 Y1'}=: 
22e !=IVIEW 271 * 221 STOP i 272 RTN -----------------
222 FS?C 01 273+LBL 09 
223 RTH ----------------- 274 2 Multiply by 
224 DSE 10 ... ...,."""jI C" 

C f __ I * 27T 
225 GTO 137 276 PI 
226 RTN 277 * 227+LBL 137 278 RTH 
228 RCL 12 Loop 279 END 

I 229 RCL 139 
230 RCL 1e 
231 -
232 1 Chebyshev 80 

233 + equations 
234 STO 11 
?~C" 
~.;) --' 1 
236 -
237 2 
238 * 239 1 
24e + 
241 PI 
242 * 90 

243 2 
244 _/ 

245 RCL 09 
246 /" 

247 SIN 
248 STO 12 
249 * 250 4 
251 * 

I 252 RCL 135 00 
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS 

DATA REGISTERS STATUS 

00 !L 50 SIZE 013 TOT. REG. 62 USER MODE 
Wn ENG~- FIX __ SCI-- ON __ OFF_X_ 
BW DEG RAD-1L GRAD r-
Ripple, dB r---
Attenuation FLAGS 05 Attenuation freq. 55 INIT 
€ # SIC SET INDICATES CLEAR INDICATES 

Filter type 02 Return Continue 
Wn 01 Return Continue 
n 

10 Counter 60 
i 
Ternporarty Storage 

15 65 

20 70 

25 75 -- ,-
-

- --3D 80 - - ." -
- --- .. --- .. 

1-- -.--. '.~'----'-"'~-'~-'.--.--"~.-"~---' 

- -- i-- --- -- f---.. _-.. --.--- .. -.----.-. 

- ,.-..-.----_._-.. _" 1----.----.---. --.-. 
35 85 - --.- -. --..... ..-.-

---
- ASSIGNMENTS 

FUNCTION KEY FUNCTION KEY 
40 90 

45 95 



CHEBYSHEV FILTER DESIGN 

PROGRAM REGISTERS NEEDED: 51 

HEWLETT PACKARD 
SOLUTION BOOK: 
ELECTRICAL ENGINEERING 

11iUlljj"""IIIIIII11II11IIIII11IIII11II11IIIII11IIIII11II11II""111111111111111111111111111111111111111111111111111111111111111 

~mlillll1fijlllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll1111111111111111111111111111 
ROW 3 (13: 24) 

"/I,, 111111111111111" 1111111111111" 1111111111111111111111111111111111111111111111" 111111111111111111111111" /I" 11111111" 111111 

11ili I ill11i II III II 11111111111111 111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 111111111111 
ROW 5 (33: 40) 

111111111111111 111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

11iliilirnlliiillllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllil1111111111111111111111111 
ROW 7 (50: 60) 

""11" 111111111111111111111111111" 11111111111111111111111111111111111111111111111111111111111111111111111111111" 1111111111111111 
ROW 8 (61 : 72) 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 1111111111111111111111 
ROW 9 (73: 85) 

- 111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 . 

11~~liillmlli)IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII11111111111111111111111111111111 
11~~11 I lI~ill~ii 11111111111111111111111111111111111111111111 11111 11111111111111111111111111111111111111111111 11111111 II 111111111 

11mllllilru"lillllllllllllllllllllllllllllllllllllllllllllllllllllllllll""II1111II1II1I111111111111111111111111111111111111111 
ROW 13 (119: 130) 

1111111" 111111111111111111"" 11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
ROW 14 (131 : 143) 

11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111" 11111111111111111 

~OOj~llliilliliilllllllllll"'"IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII""IIIIIIII""IIIIIIIIIIII11111111111111111111111111111111 
~i[liill~li"lijllllllllll"IIlIl""IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII"IIIIIIIIII"11111111111111111111111111111111111111 
ROW 17 (169: 178) 

11111111111111111111111111111111111111" 11111111111111" 1111111111111111111111111111111111111111111111111111111111" 1111111111111111 
ROW 18 (178: 187) 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
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CHEBYSHEV FILTER DESIGN 

ROW 19 (188: 195) 

HEWLETT PACKARD 
SOLUTION BOOK: 
ELECTRICAL ENGINEERING 

1111111" 11111111 111111111111111111111111111111111111111111111111111111 111111111111111111111111 
ROW 20 (196: 205) 

1111111111111111111111111 1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
ROW 21 (205: 212) 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
ROW 22 (212: 219) 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
ROW 23 : 229) 

11111111 111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
ROW 24 (230: 242) 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
ROW 25 (243: 255) 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
ROW 26 (256: 267) 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
ROW 27 (268: 279) 

11111111111111111111111111111111111111111111111111111111111111111111111 11111111111111111111111111111111111111111111111111111 
ROW 28 (279: 279) 

11111111111111111111111111111111111111111111 

Ii 



BODE PLOT OF BUTTERWORTH AND CHEBYSHEV FILTERS 

This program provides gain, phase and group delay information for Bode plots 
of n-pole Butterworth or Chebyshev filters. A frequency transformation fea­
ture allows four types of filter characteristics: low pass, high pass, band 
pass, and band elimination. Frequency steps may be either linear (additive 
~f) or logarithmic (multiplicative ~f). 

The poles of an n-pole Butterworth filter are given by the following expression. 

s + . . (2k - 1 TI). (2k; 1 .2!:2) C\ JW k = -Sln n 2" -J cos (k = 1, ... , n) 

The poles of a Chebyshev filter are derived from Butterworth poles by the 
following procedure. 

Let Q 1. h- 1 1 
IJk = -; Sln E 

Then the new poles are given by 

The gain, phase and delay functions of a filter are given by the following 
expressions. 

The network transfer function is 

K 

K 
M(w) L e (w) 

in which K is a constant chosen such that 

IH(jO) I = 1 

The magnitude of the transfer function is 

IH(jW) I = ___ -=K __ _ 
n 
IT 

i=l 
/Oi 2 + (w - Wi) 2 
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and its phase is 

n 
arg [H(jw)] = -8 (w) = - L: tan- 1 

i=l 

The normalized group delay is 

Example: 

Plot the response of a 6-pole Butterworth band-pass filter with BW = 100, 
fo = 800. Make a logarithmic plot using steps of 21/8 from 400 Hz to 1600 Hz. 

Keystrokes: 

[XEQ] [ALPHA] SIZE [ALPHA] 016 

[SF] 00 

6 [STO] 00 

800 [STO] 02 

100 [STO] 03 

400 [STO] 04 

1600 [STO] 05 

2 Ii Ii Ii [STO] 06 

[XEQ] [ALPHA] BODE [ALPHA] 

3 [R/S] 

1 [R/S] 

[R/S] 

[R/S] 

[R/S] 

[R/S] 

[R/S] 

[R/S] 

[R/S] 

[R/S] 

[R/S] 

[R/S] 

[R/S] 

Display: 

? 

0,1-? 

T=O.027 

L=161. 536 

MAG=-129.502 

F=400.00 

T=0.036 

[=158.504 

MAG=-l21.591 

F=436.203 

T=0.05l 

[=154.506 

HAG=-112.727 

F=475.683 

i 
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User Instructions 
SIZE: 016 

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY 

1 Load program: for Butterworth [SF] 00 

for Chebyshev rCF] 00 

2 Store applicable data: 

Filter order n [STO] 00 

Pass band ripple rip [STO] 01 

Cutoff frequency C [STO] 02 

Band width BW [STO] 03 

Minimum frequency f1 [STO] 04 

Maximum frequency f2 [STO] 05 

Frequency steps l!:.f rSTOl 06 

3 Begin execution rXEOl BODE ? 

4 Input filter type: 

I-Low pass 1 [RIS] O,l-? 

2-High pass 2 [RIs] o l-? 

3-Band pass 3 rRlsl O,l-? 

4-Band elimination 4 fRIS] O,l-? 

5 Select: Linear 0 rRIsl 

Logarithmic 1 

fRISl 1'-

[RIS] b..= 

[RIS] MAG= 

rRIsl F= 

6 For next increment. continue to press rRISl. 
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ProgralU Listings 

e1*LBL "BOli 
E" 

13 2 F Ii·:: .~. 

133 RCL 131 
134 10 
135 J/ 

136 101':~ 

07 1 ,...",... 
I!..I,j 

139 
10 
11 

SQRT 
STO 131 
1 

1 ..... · c.. XEQ 139 
13 
14 
15 
16 
17 

ST* 
ST* 
ST* 
ST* 
RCL 

18 :+: 

133 
04 
05 
136 

19 STO 15 
20 .. ?,. 
21 PROMPT 
22 STO 14 
23 "0 .. 1-?" 
24 PROMPT 
25 SF 01 
26 X=13? 
27 CF 01 
2S*LBL E 
29 a 
30 STO 09 
31 STO 12 
32 1 
33 STO 11 
34 RCL 130 
35 STO 10 
36 XEQ 07 
37*LBL 08 
38 Rj:iD 
39 >=:EQ 06 
40 RCL 07 
41 RCL 13 
42 + 
43 RCL 08 
44 R-P 
45 ST/ 11 
46 >=:< :>'l~ 

47 ST- 12 
48 RCL 08 
49 RCL 07 
50 R-P 
51 ST* 11 

Convert dB 
ripple to E: 

Convert Hz to 
rls 

Store filter 
I type 
1'- - - - - - - - -

Set linear or 
logarithmic 
increment 

Initialize 
registers 

Loop 

Compute s k 

gain 

phase 

53 RCL 13 
54 + 
55 RCL 0:3 
56 R-P 

59 RDH 
EI0 .----
61 ST+ 139 
62 

64 
E.5 
66 

DSE 
GTO 
RCL 
1 
XEQ 

67 ..... 

10 
08 
134 

139 

68 RCL 11 
69 LOG 
70 20 
71 * 
72 RNll 
73 RCL 12 
74 1 
75 p-~~ 

76 DEG 
77 R-P 
78 CL~':: 
79 RCL 139 
80 "T=" 
81 XEQ 05 
82 .. 6-.= .. 

83 XEQ 135 
84 "1'1~G=" 
S5 XEQ 05 
86 .IF=" 
87 XEG! 05 
88 RCL 135 
89 RCL 04 
90 FS? 01 
91 GTO 0'2.1 
92 RCL 15 
93 + 
94 GTO 03 
95*LBL 0'2.1 
96 RCL 136 
97 :+: 

9S*LBL 133 
99 STO 04 

lee ~«=Y? 
101 GTO E 
102 RTN 
103*LBL 07 

gain 
normalization 

time delay 

frequency 

gain, dB 

phase, degrees 

Display 

Increment 

i~--------



63 

ProgralD Listings 

104 GTO IND 
14 

Compute Wn oJ "-

156 *' 105+LBL 04 157 
106 XEQ 03 BE 158 ST* 138 
107 GTO 00 159 RDN 
le8+LBL e2 160 ST* 137 
1139 XEQ el 
110+LBL 013 

lE.l ..." .c.. 
1 E.2.. ST/ e8 HP 

111 1 ./'.r~--=: 163 ST--~" e7 
112 CHS 164 RTN ---------113 GTO e4 165+LBL €II 
114+LBL €II 
115 RCL 04 
116 RCL 02 
117 ../ 

166 RCL 10 
Compute 167 ,:. 

"- Butterworth 168 *' 169 1 pole location 

LP 

118 GTO 04 170 
119+LBL 03 
120 RCL 134 

171 RCL 00 BP 
1~-' ~.~ ( .c.. 

121 >~-t2 1-"-; i-..J. XEG! e9 
122 RCL 02 174 4 
123 >~~2 175 .""" 
124 176 1 
125 RCL 134 177 P-R 
126 .---- 178 STO 07 
127 RCL 03 179 x< ) ....... 
128 ./ 1813 STO 08 
129+LBL 04 181 RTN 
130 STO 13 182+LBL 09 ---------
131 RTN 183 '=' 1--------- "-

132+LBL 06 184 * X21T 

133 FS? 1313 
134 GTO 01 
135 XEQ 131 

Subroutine to 185 PI 
186 * compute sk 187 RTN 

136 1 18S+LBL 135 ---------
137 RCL 01 
138 1 ...... 

J" .-"-. 

189 RRCL .... -- Display ~'. 

190 RVIEW 
139 R-P 191 STOP 
140 );: <: ) .. y. 192 RDN 
141 RDN 193 RTN 
142 LRST:X: 194 .END: 
143 + 
144 L t-l 

90 

145 RCL 00 
146 ..,.... 

147 E1';'!, 
148 LRST:~:: 

149 CHS 
150 E1'>=: 
151 + 
152 ENTER·t· 
153 ENTER1' 
154 LRST::>:: 00 
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS 

DATA REGISTERS STATUS 

00 N 50 SIZE Q16 TOT. REG. 56 USER MODE 
ripple ENG FIX _3_ SCI ON __ OFF_X_ 
cutoff frequency DEG RAD __ GRAD 
Band width 
fmin w, FLAGS 05 fmax W2 55 INIT 
b.f # SIC SET INDICATES CLEAR INDICATES 
Im{sl( } 00 Butterworth Chehv!=:hev 
Re{sl( } 01 Lo~arithmic T.;np.::lr 

delav 
10 counter 60 

'IT !H(iw) I 
Ie (w) 
Wn 
~ ~ filter tvue 

15 1\(11 65 

20 70 

25 75 .. "-

----
.--
"-30 80 ._-

.--~ -'-"' "-"'-

-_.- --- --- .. -
-- -----~-----.- ~ .. ~'.'-

.--.---.--_._--_._-----_ ......... 
35 85 --_._._- --'-'" ----

ASSIGNMENTS 
FUNCTION KEY FUNCTION KEY 

40 90 

45 95 



BODE PLOT OF BUTTERWORTH AND 
CHEBYSHEV FILTERS 
PROGRAM REGISTERS NEEDED: 40 

HEWLETT PACKARD 
SOLUTION BOOK: 
ELECTRICAL ENGINEERING 

lii~ljill illfllmlllllllllllll"lllllllllllIllll 1111111111111111111111111111111111111111111111111111111111111111111111111111111111 

limllllllllfllil]1II1111111111111111111111I11111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

li~llillilil~1 111111111111111111111111111 
ROW 4 (23 - 28) 

11111111111111111111111111111111111111111111111111111111111 1111111111111111111111111111111" 11111111111111 

1~~lllll1il~lllliilllllllllllllllllllllllllllllllllllllllllllllllllllllil11111111111111111111111111111111111111111 II II 11111111111 
ROW 6 (39 - 48) 

11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111''''''1111111111111111111111111111111111111 
ROW 7 (49 - 60) 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

lir~~I~illl~ I~II 1111111111111111111111111111111111111111 

Mi li~ililfillillllllllllllllllllllllllllllllllllllllllllllllllllllllllilIImllill 1111111111111111111 III 11111111 III 11111111111 

11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

~ml~~lml~lmillllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll111111111111111111111111111 11111111111111111 
ROW 12 (89 - 98) 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
ROW 13 (99 - 106) 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

lii~llUlllrlllr " 11111111111111111111111111111111111111111111 1111111111111111111111111111111111 111111111111 

lim IIlllllil i 1II11111111111111111111111111~1111111111111111111111111111111111111111111 
illl illliiilllill ililllllllllllllllllill 11111111111111 11111111 II I 111111111 II 11111111111111111 II 111111111111111111111111111111111 

~ruliflllli~1I1Ili ~i~1I11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
ii~liillll I~ 1~lIj illlllllllllllllllllllllllllllllill 11111111 1111111111111111111 1111111111111 II II III 11111111111111111111111111111 

se 
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BODE PLOT OF BUTTERWORTH AND 
CHEBYSHEV FILTERS 

HEWLETT PACKARD 
SOLUTION BOOK: 
ELECTRICAL ENGINEERING 

'ow " i ilii 1IIIIi 11 iilllllllllllllllllllllllllllllllllllllllllllllllllllill11111111111111111111111111111111111111111111111111111 

li~rllilll\jifllfllilirilllll 
liml11 illillii II Illili ~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 11111111111 111111111 11111 1111111111111 
ROW 22 (194 - 1 

I IIIIII 1I1I1111111111111 



TRANSMISSION LINE CALCULATIONS 

This program computes the input impedance of a lossy transmission line ter­
minated in ZL. The program provides an exact solution when the distributed line 
parameters Ro(=~, R, and G are given, and it provides an approximate 
solution when Ro, copper loss and dielectric loss are given. 

: zin ~ 
~ 

X 
II 

~ 1 

The transmission line shown has a lumped model composed of elements L, C, R, 
and G. From this model the following equations can be derived: 

MODEL 

Equations: 

where 

---~---

----~----

Ro =~ 

R vR r=-
L 
=-

Ro 

G 
g = C = v RoG 

w = 21ff 

L = inductance/unit length 

C = capacitance/unit length 

G conductance/unit length 

R = resistance/unit length 

v relative phase velocity r 
v = 3 X 10 8 v r 
f = frequency, Hz 
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and 

1 
[ rg JY. a =~ 

_ w2 + /(r2 + W2)(g2 + w2 ) 2 

1 
[ w

2 JY. S =v== - rg + /(r2 + w2) (g2 + w 2 ) 2 
2 v 

The approximate solution is 

where 

Then 

where 

Re {z o} = Ro [1 + ~ ("c S~ (xDX3(xD S: (Xc)] 

R [aD - a c] o. So 

et = etc + aD 

ac = Copper loss, nepers/unit length = ; :0 
1 

aD = Dielectric loss, nepers/unit length = 2 GR 

So 
w 
v 

i line length 

fL = Z1. - Zo 
ZL + Zo 

ZL = impedance of termination 

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

y = propagation constant of line = a + jS 

Zo and yare computed differently depending on which solution is selected. 



[rg + ",' + I(r' + ",') (g' + ",') ] '2 

[-(rg + ",') + I(r' + ",')(g' + "")] ~ 

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

Example: 

A transmission line has the following properties: 

R = 1.2664 n/cm 

G = 0.000 041 87 Siemens/cm 

l?()= 55 n 

vr= 0.85 

What is the input impedance of 3.5 cm of this line at 2 GHz if it is terminated 
in Z = 75 L - 3 a 0 ? 

L 

Keystrokes: 

[XEQ] [ALPHA] SIZE [ALPHA] 012 

[XEQ] [ALPI~] LINE [ALPHA] 

2 [EEX] 9 [R/S] 

0.85 [R/S] 

55 [R/S] 

3.5 [R/S] 

[XEQ] [ALPHA] EXACT [ALPHA] 

0.00004187 [R/S] 

1.2664 [R/S] 

75 [R/S] 

30 [CHS] [R/S] 

[R/S] 

Display: 

F? 

VR? 

RO? 

L? 

G? 

R? 

ZL? 

6. ZL? 

ttZIN=28.48 

ZIN=48.01 

69 
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User Instructions 
SIZE: 012 

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY 

1 Load program 

2 Begin execution rXEQl LINE F? 

f. Hz rRlsl VR? 

Vr [RIS] RO? 

RO, rt [RIS] L? 

i, cm [RIS] 

3 For exact solution: [XEQ] EXACT G? 

G [RIS] R? 

R [RIS] ZL? 

Z, rRlsl .iZL? 

~Zl [RIS] /i..ZIN= 

[RIS] ZIN= 

4 For approximate solution: [XEQ] APPROX AD? 

aD [RIs] AC? 

ac rRlsl ZL? 

z, [RIs] aZL? 

AZl [RIs] 6. ZIN= 

[RIs] ZIN= 



ProgralD Listings 

a 1 + L B L ,,- C. I H 
En 

132 FI::-:: 2 
133 "F·'?'" 
134 PR(H'lPT 
135 1 Ele 
136 _ .... 
137 STO 139 
08 2 
139 
10 *' 
11 

PI 

*' 
STI] i::i .-. 

~CI 12 
13 II I .... F.: ";=. II 

14 PROl"lPT 
15 ~;TO 132 
16 "F.:O?'· 
17 PROt'lPT 
18 STO 131 
19 "L·~"· 

213 PROMPT 
21 STO 11 

23 *: 
24 3 

F-:CL 
26 *' 
27 STO 133 

29 STO 137 
313 STOP 
31+LBL .. E:"~R 

CT" 
32 ., C~? .. 
33 PF.:ONPT 
34 "R?" 
--r-
.,j. ...... PROt'lPT 
36 RCL 133 
-:7-._. (' *: 
38 RCL 01 
39 ...... -
413 STO 05 
41 RIaH 
42 RCL 1211 
43 >I< 

44 :3T* €13 
45 RCL 138 
46 RCL 1215 
47 R-P 
4'-' c· SQRT 
49 STO 135 

Initialization 

>---------

Exact solution 

51 2 
52 .--
53 STO 06 
54 RCL 08 
55 RCL 133 
56 R-P 
57 SQRT 
58 STO 03 
59 >~.< ) ....... 
613 2 
61 -.-.-
E.2 STO 138 
63 RCL 136 
64 + 
65 STO 134 
66 RCL 136 
67 F-:CL 1218 
68 
69 STO 
713 RCL 
71 RCL 
72 -.?",-

i::i .-:. 
"'-'.:... 

135 
133 

73 ST* 1211 
74 RCL 1215 
75 RCL 133 
76 *' 
77 ST* 137 
78 GTO "ZIt·~ 

79+LBL "HPP 
RO:"::" 

8121 "HII?" 
81 PROMPT 

83 PROMPT 
84 X< ) ..... 
,-.r­
o~· 

86 
87 
88 
89 
913 
91 
92 

STO 
RDH 
STO 
RCL 11 
RCL 
RCL 

133 

139 
PI 

*' 1.5 93 
94 ..... 
95 '--' ~- ...... "'.' 

~."-_ f I 

9E .. ----
97 STO 06 
qB *' 

1----------
, 

Approximate 
solution 

i 
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PrograUl Listings 

nr 2 149 PROf'lPT 
lAA * 150 STO 06 
101 STO 137 151 RCL 04 
102 RCL 138 152 RCL 137 

I 103 10 153 P-R 
I 104 Lt-.l 154 CHS 

1135 20 155 E1'" ::<: 
1136 .---- 156 STO e7 
1137 RCL 06 157 X-( :>'·i' 
1138 .---- 158 180 
109 ST* ~33 159 * 
l1e ST* 138 16e PI 
111 RCL 08 161 ./ 

112 RCL e3 162 STO e r , a;:) 

113 163 RCL e6 
114 ENTER1'" 164 RCL e2 
115 STO 135 165 -
116 RCL 08 166 RCL e5 
117 -:7 167 RCL 01 '-' 

118 *' 168 .F~ 

119 RCL e3 l~Q bJ P-R 
12e + 170 1 
121 * 171 + 
122 2 172 R-P 
123 /0 173 1 .,; ',,! o a' 

124 CHS 174 -2 
125 1 175 * I? 0-_b + 17f. >::.( :::"-i' 

127 F<:-P 177 CHS 
128 ST* 01 178 "y."<" '0 aoo• 

1-' -. /' I 

129 x< ) ...... 17Q 
• J P-F<: 

13e STO 02 18e 1 
131 RCL 05 181 + 
132 X 1'" 2 182 R-P 
133 2 183 RCL e7 
134 .",0- 184 *' 135 1 185 1 />~ 
136 + 186 ~-'-:' "'>. ~ .... ~ .- .... 

137 RCL e3 187 RCL 08 
138 RCL 138 188 -
139 + 189 CHS 
14e R-P 1ge x/ ~'--' • -.. .. - I 

141 ST* e7 191 P-R 
142 "'o'./' , ...... 

A-..", • .r-, 192 1 
143 STO 04 193 --------144+LBL "ZIH 194 R-P 

195 1 ooao~ 
.J' ,.r_, 

145 ··ZL.r;:'·· Calculate Zin 196 "':!o 
"-

146 PROf'lPT 197 >I< 

147 STO 05 198 X< >'r' 
148 u42L?" 199 CHS 
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PrograDl Listings 

200 >::< )_Iy' 51 
201 P-F-: 
202 1 
203 + 
204 R-P 
212'5 F..:CL 12'1 
20E- *' 212'7 :x:-( >·T· 

i 208 RCL 0"'::' .:.... 

209 + 60 
210 ··.,(ZIN= .. ---------
211 RRCL :~ 

212 RV I Elo.l Display 
213 STOP 
214 ;.::-( ).-.... 
215 .. Z I N=" 
216 RRCL v' n 

217 RV I E"J 
218 STOP 
?1Q 

t!U - J 
.END. 70 

30 80 

--
--
--

.--

--

40 90 

50 00 
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS 

DATA REGISTERS STATUS 

00 50 SIZE 012 TOT. REG. 56 USER MODE 
Rn ENG FIX _2_ SCI ON __ OFF_X_ 
Vr DEG RAD_ GRAD 
3vrRnG 

FLAGS 05 3vr RoG/R 55 INIT 
# SIC SET INDICATES CLEAR INDICATES 

LX/qv, 

wI 

fI1o'o 
10 60 

i 

15 65 

20 70 

25 75 --- .---

.,. .. -
.-

- .~~~-

30 80 - ---
--~-----.~-,.--

'--r-- .. - r-'--- -'- .. -~'--~ ---- ~_· ____ w_~ ••• .... 
.-. ~ -.~~ - '~-"--'-'''''-' 

...... -

~85 
_._-_._----_._- t--.. - ---- ---_. --'--'~-.-~.-' .-. -.-. 

35 ----_._-------- -- -~ .. -~---- .. . . -
-- -

- ASSIGNMENTS ._-- .--~-- -FUNCTION KEY FUNCTION KEY - ---40 90 -

45 95 



TRANSMISSION LINE CALCULATIONS 

PROGRAM REGISTERS NEEDED: 45 

HEWLETT PACKARD 
SOLUTION BOOK: 
ELECTRICAL ENGINEERING 

lillillillilllilliillllil 1111111 1111111111111 11111111111111 11111 II II 1111111111111111111111111111111111111111111111111111111111111111 

li~1 ill lillilli~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII111111111111111111111111111111111 II 
lifo liIIIl 111111 iii 1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

lif~ Iii I\lil III liilill 1111111111111111111111111111111111111111111111111111111111111111 

li~illlll~illjll~11II1I1II1I11II1I1I1I1I1II1I1I1I1I1I1I1I11I1I11I1I1I1I 11111111111111111111 

1111111111111111111111111111111111111111111111111111111 

il~ll~ll~li~11I11II1I11I1II1I1I1II1I111I1I1I1I11I1II1I1I1I1I1I1I1I1I11I1I1I1I1I1I1I1I111I1I111111111111111111111111111111111 
OOiliulii IIjlf~llIIlIlIlIlIlImlllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll111111111111111111 
illil~lIlj illilifliillllllllllllmlllllllllil 111111111111111111111111111 111111111111 11111111111 

ilj~II[li 1~lm 111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
ROW 11 (80 - 88) 

11111111111111111111111111111111111111111111111111111111111111111111111111111 11111111111111111111111 

imlllil[~I~lililllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllli11111111111111111 111111111111111 

111111111111""""1111 

mlill~illill1lflll~llllIlIIlIlIlIlIlIlIlIlIlIlIlIlIlIllIlIlIIlIlIllIlIlIlIlIlIllIllIlIlIlI11111111111111111111111111111111111111 
irlilll1l~liil~II~lillllllllllllllllllllllmllllllllllllllllllllllllllllllllllllllllllli111111111111111111111111111111111111111 

11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

i~iliillliliill~ lim! 11111111111111111111111111111111111111111111111111111111111111111 11111111111111111111111 

jlllilllliillrlliflilll~1I1I11I1I1I1II1I1I1II11I11I1I1I1I11I1I1I11I1II1I11I1I1I1I1I1I1I1I11111111111111111111111111111111111111 
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TRANSMISSION LINE CALCULATIONS HEWLETT PACKARD 
SOLUTION BOOK: 
ELECTRICAL ENGINEERING 

m~llli Illillil ~ III ilillllllllllllllllllllllllllllllllllllllllllllllllill11111111111111111111111111111111111111111111111111111111 

ROW '1IIlimi III il iilllllill 11111111111111111111111111111111111111111111111111111111111111111111111111111111 
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JOW 22 5 - 111111111111111111111111111111111 1111111111111111111111111111111111111111111111111 11111 

1111111111111111111111111111111111111111111 111111111111I1111 

111111 1111111111111111111111 



TRANSMISSION LINE IMPEDANCE 

This program computes high frequency characteristic impedance (Zo) for five 
types of transmission lines. 

Transmission line configuration 

open two-wire line 

single wire near ground 

balanced wires near ground 

wires in parallel near ground 

coaxial line 

Example 1: 

Compute Zo of RG-2l8/U coaxial cable. (D 
(polyethylene». 

Keys trokes: 

[XEQ] [ALPHA] SIZE [ALPHA] 004 

.68 [ENTERt] .195 [ENTERt] 

2.3 [XEQ] [ALPHA] [C] [ALPHA] 

Example 2: 

Equation for Zo 

Zo = W. In (2:) 

Zo = 138 log (4h) 
vEr d 

Zo ~ 3i: log {2: [1 + US});} 
ZO ~ ~, log {~h [1 + (~h)2r} 
Zo :;; 60 In D 

v€r d 

.68 in., d = .195 in., Er = 2.3 

Display: 

ZO=49.42 

Compute Zo of open 2-wire line with D :;; 6 in., d :;; .0808 in., €r 1 (air). 

Keystrokes: 

6 [ENTERt] .0808 [ENTERt] 1 [XEQ] [ALPHA] 

[OP] [ALPHA] 

Example 3: 

Display: 

ZO=600.08 

Compute Zo of an air line consisting of a single .1285 inch wire 6 inches from 
a ground plane. 

Keystrokes: 

.1285 [ENTERt] 6 [ENTERt] 1 [XEQ] [ALPHA] 

[SW] [ALPHA] 

Display: 

ZO=313.44 

i 

n 
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User Instructions 
SIZE: 004 

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY 

1 Load program 

2 Compute impedance of open two-wire line. 

Input: -wire spacing D [ENTERt] 

-wire diameter d [ENTERt] 

-relative permittivity Er [XEQ) OP Zo= 

3 Compute impedance of a single wire near 

ground. Input: 

-wire diameter d rENTERtl 

-wire height h rENTERt] 

-relative permittivitv Er [XEQ] SW 20= 

4 Compute impedance of balanced wires near 

ground. Input: 

-wire snacinq D rENTER+l 

-wire diameter d [ENTERt] 

-wire hei2:ht h rENTERt] 

-relative permittivitv Er [XEQ] B zo= 

5 Compute impedance of wires in parallel 

near ground. Input: 

-wire spacing D [ENTERt] 

-wire diameter d [ENTERt] 

-wire height h [ENTERt] 

-relative permittivity Er [XEQ] P ZO= 

6 Compute impedance of coaxial line. Input: 

-inside diameter of outer conductor D [ENTERt] 

-outside diameter of inner conductor d [ENTERt] 

-relative permittivity Er [XEQ] C ZO= 



ProgralD Listings 

01*LBL "uP" 
02 :::;T::t 
03 F-: It t·~ 
(14 ..... 

(15 2 
(16 :t: 

(17 Lt·~ 

(1:::; 120 
(i'3 :t: 

0(1 

10 F.:CL ~3~:::1 

11 SG~PT 
12 ./ 
13 GTC! 05 
14*LBL "S~-J" 
1<= .l. __ I :::;TO ~30 

16 F.:Itt--! 
17 4 

21 LOG 
22 
z::: :f: 

24 F.:CL 121(1 
25 ::::I:;!RT 

27 GTI:' (15 
2:=:*LBL B 
'::-q STO 1210 
313 PIlt·.f 
31 STO 131 
32 PItt·.f 
33 :::::TO 132 
34 PIlt·.f 
35 STO 133 
36 PC:L 131 
37 ./ 
3:::: 2 

40 ;:·::t·2 
41 1 
42 + 
43 :3G!PT 
44 1./:~:: 

45 2 
46 *' 
47 PCL 
48 :+: 

49 PCL 
5~3 ..... 
51 LOG 

1'";1-.;' J::.i __ -

132 

Two wire line 

1---------

Single wire 
near ground 

t---------

Balanced wires 
near ground 

52 27E. 
53 *: 
54 PCL 1-3(1 

57 GTO 05 
5::::*LBL "p" 
59 STO 0(i 
613 PItH 
61 STU 1-31 
62 PItt·~ 

63 STO 02 
64 PIlt..j 
65 STO 03 
66 F.:CL 1211 

68 i ..... ::-=: 

6-3 2 
7121 :+: 
7 1 ::.:: .r- 2 
72 1 

74 SG!PT 
75 peL 1211 
7E. *: 
77 PCL 02 
7:::: .. -.-
7-3 4 
80 :+: 

81 LOG 

:=~3 :f: 

:::: 4 F.: C L 1--1 ~'1 
::::5 ::::G!F::T 
8E ... -.-
87 GTO 05 
88*LBL C 
89 :::::TO 00 
91-3 PItH 
9 1 .----

92 Lt·~ 

93 613 
94 :+: 

ql:' -- __ I RCL 12113 
96 SG!F.:T 
q7 
o' I .----

98+LBL ~35 

99 FI::·:: 2 
113~3 "ZO=" 
11211 ARCL ::-=: 
lVi-::- AVIEl-J 

-- I --

,--------
I 

Wires in 
parallel near 
ground 

1---------
Coaxial cable 

Display 

i 
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Prograut Listings 

1133 STOP I 51 
1134 . EHD. 

10 60 

20 70 

--30 80 - .-
._--

~-.----

--.~- -_ .. -
-- --_ .. _---

---.--- "-
-- -----

---- --
---~--.-

--
40 90 

50 00 
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS 

DATA REGISTERS STATUS 

00 sr 50 SIZE 004 TOT. REG. _~4_ USER MODE 
h ENG FIX _2_ SCI ON __ OFF __ 
D DEG RAD __ GRAD 
D (rounded) 

FLAGS , 05 55 , INIT 
# SIC SET INDICATES CLEAR INDICATES 

10 60 

15 65 

20 70 

--
-- - .... ---

25 75 
.-.--~.- -_. 

--

---.-
..... _--_ .... _ .. _-

30 80 - a_~ ___ ._._ 

- -_ .. - ~"-~ -_." - ---.~. 

-_. .... __ ._--_. 
--~-.------<-- -.~ _0-'. 

- ---- . -~-.--~ .. -..... . _-
.--.~--- "-~-----'--"--'-

35 85 _. .. - "--- .. _-.-. ~.--~ 

- f--- '~~'-" 

---_._.- ASSIGNMENTS 
-~"'--- .. 

FUNCTION KEY FUNCTION KEY -.-
40 90 .-

45 95 
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TRANSMISSION LINE IMPEDANCE 

PROGRAM REGISTERS NEEDED: 20 

HEWLETT PACKARD 
SOLUTION BOOK: 
ELECTRICAL ENGINEERING 

lirll' ,- 1111111111111111111111111111111111111111 11111111111111111111111111111111111111111111111111111 
ROW 2 (8 - 14) 

111111111111111111111111111111111111111111111111111111111111111111 111111111111111111111111111111111111111111111111 
ROW 3 (14 - 24) 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

111111111111111111111111111111111111111111111111111111111111111111 
- 48) 

11111111111111111111111111111111111111111111 1111111111111111111111111111111111111111111111111111111111111 

llliii IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII~~IIIIIIIIIIIIII 
11111 11111111111111111111 111111 

11111111111111111111111 111111111111111111111111111111 

11111111111 11111111111111111111111111111111 111111111111111111 

lijlllllliil~llllllillllllllllllllllllllllllll~11 1111111 111111111111 11I~1I1111111111 
11111111111111 
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