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INTRODUCTION 

The 18 programs of EE Pac 1 have been drawn from the fields of network 
analysis, network synthesis, transistor theory, and microwave engineering. 

Each program in this pac is represented by one or more magnetic cards and 
a section in this manual. The manual provides a description of the program 
with relevant equations, a set of instructions for using the program, and one 
or more example problems, each of which includes a list of the actual key­
strokes required for its solution. Program listings for all the programs in the 
pac appear at the back of this manual. Explanatory comments have been 
incorporated in the listings to facilitate your understanding of the actual 
working of each program. Thorough study of a commented listing can help 
you to expand your programming repertoire since interesting techniques can 
often be found in this way. 

On the face of each magnetic card are various mnemonic symbols which 
provide shorthand instructions to the use of the program. You should first 
familiarize yourself with a program by running it once or twice while following 
the complete User Instructions in the manual. Thereafter, the mnemonics on 
the cards themselves should provide the necessary instructions, including what 
variables are to be input, which user-definable keys are to be pressed, and 
what values will be output. A full explanation of the mnemonic symbols for 
magnetic cards may be found in appendix A. 

If you have already worked through a few programs in Standard Pac, you 
will understand how to load a program and how to interpret the User Instruc­
tions form. If these procedures are not clear to you, take a few minutes to 
review the sections, Loading a Program and Format of User Instructions, in 
your Standard Pac. 

We hope that EE Pac I will assist you in the solution of numerous problems 
in your discipline. We would very much appreciate knowing your reactions 
to the programs in this pac, and to this end we have provided a questionnaire 
inside the front cover of this manual. Would you please take a few minutes to 
give us your comments on these programs? It is in the comments we receive 
from yuu that we learn how best to increase the usefulness of programs like 
these. 
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A WORD ABOUT PROGRAM USAGE 

This application pac has been designed for both the HP-97 Programmable 
Printing Calculator and the HP-67 Programmable Pocket Calculator. The most 
significant difference between the HP-67 and the HP-97 calculators is the 
printing capability of the HP-97. The two calculators also differ in a few 
minor ways. The purpose of this section is to discuss the ways that the 
programs in this pac are affected by the differences in the two machines, 
and to suggest how you can make optimal use of your machine, be it an 
HP-67 or an HP-97. 

Most of the computed results in this pac are output by PRINT statements: 
most often by the statement PRINTx, and occasionally by the command 
PRINT STACK. On the HP-97, these results will be output on the printer. 
On the HP-67, each PRINT command will be interpreted as a PAUSE: the 
program will halt, display the result for about five seconds, then continue 
execution. The term "PRINT/PAUSE" is used to describe this output 
condition. 

If you own an HP-67, you may want more time to copy down the number 
displayed by a PRINT/PAUSE. All you need to do is press down any key 
on the keyboard. If the command being executed is PRINTx (eight rapid blinks 
of the decimal point), pressing down a key will cause the program to halt. If 
the command being executed is PRINT STACK (two slow blinks of the 
decimal point for each value), the number in the display will remain there until 
the depressed key is released; then the next register in the stack will be dis­
played, and so on. After display of all four registers, the program will halt 
execution if a key was pressed at any time during the display of the stack 
contents. In both cases, execution of the halted program may be re-initiated by 
pressing m. 

For output purposes, a "display" subroutine has been incorporated into most 
of the programs in this pac. This routine makes important use of internal 
flag 0 as follows: 

Flag 0 "Set" 

Flag 0 "Clear" 

PRINT/PAUSE is enabled for output of result. 

PRINT/PAUSE is skipped and program execution 
halts with result in display. 

Every program with this feature has flag 0 "set", initially. Thus, the user 
who is content to have his data output by PRINT/PAUSE simply loads the 
program and begins execution. The user who desires that the machine stop to 
display each result must press lelFl @) (CLEAR FLAG 0) after loading the 
program. 



The HP-97 users may also want to keep a permanent record of the values 
input to a certain program. A convenient way to do this is to set the Print 
Mode switch to NORMAL before running the program. In this mode, all 
input values and their corresponding user-definable keys will be listed on the 
printer, thus providing a record of the entire operation of the program. 

Another area that could reflect differences between the HP-67 and the HP-97 
is in the keystroke solutions to example problems. It is sometimes necessary 
in these solutions to include operations that involve prefix keys, namely, 
D on the HP-97 and D, II, and II on the HP-67. For example, the 
operation 110x I is performed on the HP-97 as D 110x I and on the HP-67 as 
II 110x I. In such cases, the keystroke solution omits the prefix key and 
indicates only the operation (as here, 110x I). As you work through the example 
problems, take care to press the appropriate prefix keys (if any) for your 
calculator. 

Also in keystroke solutions, those values which are output by the command 
PRINTx will be followed by three asterisks (***). 

v 
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NETWORK TRANSFER FUNCTIONS 
. . 

NETWORK TRANSFER FUNCTIONS-INPUT 

f ~. ": ..r', 

•• • • 
NETWORK TRANSFER FUNCTIONS OUTPUT 

ZL "Zln "V;!lV, +12/11 .. p)/p, 

This program computes various transfer functions of a ladder network com-
posed of any number of standard elements. The ladder is built up one element 
at a time by selecting shunt or series elements from the following menu. 

MENU OF CIRCUIT ELEMENTS 

Name Circuit Chain-Parameter Matrix· 

Series resistor o------J\N\r--- q~[~La R R LO] 
1 L 0 

0 0 

Shunt resistor : : ['La , L~] ~R q = ~ LO 

Series inductor ~ q~[~La L wL L 90 ] 
1 L 0 

0 0 

Shunt inductor : : 'L~] ~L [' L a q = _1_ L-90 
wL 

Series capacitor 0 IIc 0 ~ L-90] [, La q= 
0 0 0 1 L 0 

Shunt capacitor 0 0 

IL~ ] Ie [, L 0 

T q = we L 90 
0 0 

* q is the Cyrillic letter "cha". 
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Series tank 

[

I L 0 
q= 

o 
wL L90] 

1 - w2LC 
ILO 

ol------~O 

Shunt L-C O----L-r.----o 
q = [I L ~ L 90 

C I l-w2LC 
O------L------<O 

1 L~] 
The chain-parameter matrix is defined by the following sketch and matrix 
equation. 

The operation of the program is based on the fact that the chain-parameter 
matrix of two cascaded circuits is equal to the product of their individual 
chain-parameter matrices. 

As the circuit is built up from right to left, the overall chain-parameter 
matrix is updated with the addition of each element. When the circuit 
description is complete, the second card is read in and any of the following 
transfer functions may be computed from the overall chain-parameter matrix. 

Input impedance 

L4n = qll ZL + q 12 

q21 ZL + q22 

Voltage transfer ratio 

Current transfer ratio 

-1 

Power Gain 

Forward transfer admittance 

-1 

q 11 ZL + q 12 

Forward transfer impedance 

q 21 ZL + q 22 
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STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 Load program 1. 

2 Input frequency and initialize. f, Hz D 0 

3 Build circuit by selecting 

any sequence of the 

following elements. 

Series resistor R m 
Series inductor L m 
Series capacitor C m 
Series tank L ImDm 

c II 

Shunt resistor R am 
Shunt inductor L am 
Shunt capacitor C am 
Shunt L-C L ImDm 

C all 
4 Load program 2. 

5 Input load impedance. LZl ImDm 

IZll D 
6 Select desired network 

function: 

Input impedance m LZ in 

IZin I 
voltage gain m LV2N, 

IV2N,I 
current gain m L 1211, 

11211, I 
Transfer admittance am L 12N, 

112N, I 
Transfer impedance am L V2/I, 

IV211, I 
Power gain II P2/P, 
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Example 1: 

What current will flow in a 1 n resistor placed on the output of this network? 
What is the input impedance? 

Keystrokes: Outputs: 

Load card EEl-OlAl 

D 0.000 00 

Note: 

No frequency need be input for a purely resistive network, but initialization 
is still necessary. 

1 Ii1l D Ii1l Ii1lD Ii1l 
Ii1 1 D Ii1 1 Ii1 

Load card EEl-OlA2 
olmimJlDDm 

3413 ----------. 

Example 2: 

0.000 00 

0.000+00 *** Angle of transfer 
admittance 

-29.41-03 *** Magnitude of trans­
fer admittance 

-1. 000 +00 Current in load 
resistor 

0.000+00 *** Angle of input 
impedance 

1. 619 +00 *** Magnitude of input 
impedance 

This program can be used to compute voltages within a network by dividing 
the problem into two parts. Find the voltage VI in the circuit shown. 
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Solution: 

First compute the input impedance of the circuit to the right of V 1. 

Keystrokes: 

Load EEl-OlAl 4_ 6 D 2400 _ a 
12 am 2.56_ a 611 
796_ a 12 am ~ 

Load EEl-OlA2 

OmmilJ50DII ~ 

Outputs: 

0.000 00 

984.0-03 *** Angle of input 
impedance 

497.7 00 *** Magnitude of input 
impedance 

Then compute the voltage transfer ratio for the network to the left of V 1 

terminated in 497.7 L 0.984. 

Keystrokes: 

Load EEl-OlAl 
4 _ 6 D 500 II ~ 

Load EEl-OlA2 
.984 mmiIJ 497.7 D II ---+ 

2£1 

Outputs: 

0.000 00 

493.1-03 *** Angle of voltage 
ratio 

498.9-03 *** 
997.7-03 Magnitude of V 1 
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Notes 
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2. REACTIVE L-NETWORK IMPEDANCE MATCHING 
. 

REACTIVE L NETWORK IMPEDANCE MATCHING 

XLfR I X,-;,Rs ~ ~ 

An L-network consisting of purely reactive elements may be used to transform 
any complex impedance into any other complex impedance. In general, there 
are four possible networks, but in some situations there are only two. This 
program accepts complex load and source impedances in rectangular form and 
outputs all possible solutions, displaying an error message if a given topology 
is not suitable. 

Either of these two networks is possible: 

o----t X2 I-----r----Q 

0---.------1 X2 J---O 

z:-- -zt 

For each network there are two sets of reactances (Xl, X2) that will transform 
ZL into Zs*. These are given by: 

± 
Rs (XL

2 + RL2) 

Rs - RL 

X
2 

= Rs (Xl + Xd - RL (Xl + Xs) 

RL 

By reversing the subscripts Sand L in these two equations, we get the two 
sets of reactances for the second network. 
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STEP INSTRUCTIONS INPUT 
KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

1 Load program. 

2 Input 

Load impedance 

Reactive part XL, n ImIB Xl> n 
Resistive part RL, n II XL' n 

Source impedance 

Reactive part Xs, n ImIB Xs, n 
Resistive part Rs , n iii Xs, n 

3 Compute values for first 

network. 

Shunt reactance II x"n 
Series reactance x"n 
Shunt reactance all x"n 
Series reactance X" n 

4 Compute values for second 

network. 

Shunt reactance iii X" n 
Series reactance X" n 
Shunt reactance alii X" n 
Series reactance X" n 

Note: If one of the above 

networks is inappropriate, 

an error message will occur. 

Simply press any key and 

continue with the next type 

of network. 
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Example: 

What reactive L-networks could be used to match ZL = 50 + j50 to Zs 
25 + j50? 

Keystrokes: 

50 mmm 50 D 50 mmm 
25 lila II ~ 

am 

m-------------------+~ 

Outputs: 

-36.60 *** Xl 
-6.70 *** X2 

136.60 *** Xl 
-93.30 *** X 2 

-161.24 *** Xl 
-111.24 *** X2 

-38.76 *** Xl 

11.24 *** X2 
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Notes 
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3. CLASS A TRANSISTOR AMPLIFIER BIAS OPTIMIZATION 

CLASS A TRANSISTOR AMPLIFIER 
BIAS OPTIMIZATION 

TI 

This program is an automation of 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 the user to specify 
a number of items from which it determines by an iterative technique the 
optimum values for Rio R2 , RE , and RL . The minimum power gain is also 
computed. 

.-__________ ~.-----~~c 
Rl RL 

"'----7 OUT 

IN>---II-.... --------_~ 

R2 

Equations: 

First, values are specified for the following parameters: 

~ICQ = maximum desired percentage variation of quiescent current 
TAmax = maximum ambient temperature (use the maximum case tem­

perature for a transistor mounted on a heat sink) 
T AmiD = minimum ambient temperature 
T Jmax = maximum junction temperature rating 

PD = maximum rated power dissipation at 25°C 
II = collector current, usually selected for convenience so that II 

and 10 II bracket the expected operating point 
~ V BE = typical base-emitter voltage change over the range of I I to 

10 II at 25°C 
VBElmiD = minimum base-emitter voltage at 110 25°C 
VBElmax = maximum base-emitter voltage at 110 25°C 

Then the transistor's thermal resistance is calculated: 
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And the minimum load resistance and emitter resistance are estimated: 

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

I - Vcc CQ -
2 (RLn + REn) 

Icmax = ICQ (1 + .:lICQ) 

From these, we can calculate the base-emitter voltage under hot, high-current 
conditions (V BEX) and under cold, low-current conditions (V BEN)' 

Tmax 
VCC ()JA IcQ--

2
- + TAmax 

VBEX = VBE1min + AVBE log Icmax -0.0022 (Tmax -25°C) 
11 

V -V + AV I ICmin 00022 (T 25°C) BEN - BE1max '-l BE og--- - . min -
11 

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

- 2 (VBEX - VBEN) 

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 

< .5%. If at any time the condition Tmax > TJmax occurs, 

RL is increased by 10%. 
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When the iterative procedure is complete, Tmax , Iemax , TmID , and IemlD are 
displayed. 

Then values for 

and 

maximum worst-case current gain at Tmax or TmlD and 
Iemax or IemlD 

hFEmlD = minimum worst-case current gain at Tmax or TmlD and 
Iemax or IemlD 

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

hFEmax hFEmlD [RE(D+l) (lemax - IemlD) + VBEX - VBEN ] 

hFEmax IemlD - hFEmlD Iemax 

V BEN + IemlD (-:-h_R.co
B
_ 

FEmlD 

Now the bias resistors Rl and R2 are calculated: 

RB Vee 
V BB 

RB Vee 

Finally, the minimum power gain and minimum signal power are calculated: 
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STEP INSTRUCTIONS 
INPUT 

KEYS 
OUTPUT 

DATA/UNITS DATA/UNITS 

1 Load program. 

2 Store design objectives. 

Power supply voltage Vee -@) 
Maximum desired percent 

variation of quiescent current Alea _CD 
Maximum ambient 

temperature TArnax , °C _0 
Minimum ambient 

temperature TArnin , °C _0 
3 Store values from transistor's 

data sheet 

TJmax -~ 
Po _® 
I, _[§J 

flVs• 
_0 

VBE1rnin -(!) 

VBE1max -(!) 

4 Compute maximum and 

minimum temperatures and 

currents; then stop with 

500.0 -03 in display. a T max 

Icmax 

Tmin 

I emin 

5 Input maximum hF• 

and minimum hF• and compute hFEmax ImmD 

resistor R, hFEmin liD R, 

resistor R2 R2 

load resistance RL 

emitter resistance R. 

minimum power gain Ap 
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Example: 

A single-stage class A amplifier is needed to operate from a 30-V power 
supply. The maximum power output and maximum power gain must be obtain­
ed from a Texas Instruments type TIS98 transistor over an ambient tem­
perature range of oDe to 70DC, with a maximum quiescent-current variation 
of ±20%. 

From the transistor's data sheet, determine: 

TJmax 
PD 
.:1 V BE 
VBElmin 

= 150DC 
= 0.36 W 
= 0.10 v from 3 to 30 rnA 
= 0.52 v at 3 rnA at 25 DC 

V BElmax = 0.72 v at 3 rnA at 25°C 
II = 0.001 A 

Keystrokes: Outputs: 

First store the data 

30. mID@) 
.2 mID 0] 
70. mIDrn 
O. mID@) 
150. mID~ 
.36 mIDm 
.001 mID@) 
.1 mID 0 
.52 mID~ 
.72 mID~ 

Then compute maximum and minimum temperatures and currents 

D-----------------

From the transistor's data sheet determine: 

hFEmax = 600 at 150DC at 18 rnA 
hFEmin = 100 at 80 DC at 12 rnA 

Finish problem 

148. +00 *** Tmax 

18.0-03 *** Icmax 
74.8+00 *** Tmin 
12.0-03 *** ICmin 



Keystrokes: 

600 mmm 100 liD ----+ 

Outputs: 

45.0+03 T Rl 
4.18+03 Z Rz 
888. +00 Y RL 
115. +00 X RE 

22.9+00 *** Ap 

03-06 
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4. TRANSISTOR AMPLIFIER PERFORMANCE 

TRANSISTOR AMPLIFIER PERFORMANCE 

8ljth'JtlJ 8 L+RL ... A" ... Ave; "Zout 

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

ls 11 12 -- ---
+t 

[H] 

+t 
Vs V1 V2 II 

Equations: J I 
lin lout 

Definition of h-parameter matrix 

[::J ~ [:: h, ] 

ho [J 
Current gain 

-he 

Voltage gain 

Voltage gain with source resistor 

A =~ vs 
Z;n + Zs vs 

Input impedance 
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Output impedance 

hi + Zs 

STEP INSTRUCTIONS INPUT KEYS OUTPUT 
DATA/UNITS DATA/UNITS 

1 Load program. 

2 Input h-parameters. 

Angle 8ij. deg ImDiD 
Magnitude h;; ImDiD 
Designation ij B 

3 Input termination impedances. 

Angle of source impedance 85 • deg ImDiD 
Magnitude of source 

impedance Rs Dm 
Angle of load impedance 8L• deg ImDiD 
Magnitude of load 

impedance RL m 
4 Compute 

Voltage gain B Av 

Current gain DB A; 

Voltage gain with source 

resistor II Avs 

Input impedance Dill Z;n 

Output impedance II Zout 

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 

50 

250E-6] 

25E-6 
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Keystrokes: 

Omg1100mgllB 
o mg 250 ID3 6 r.mJ mmm 
12 B 
Omg50mg21B 
o mg 251D3 r.mJ 6 mg 
22B 
omg 10000 m 
omg 10000mm ~ 

om 

m-----------------+~ 

011 

Outputs: 

0.000+00 *** 
-400.0+00 *** 

0.000+00 *** 
-40.00+00 *** 

0.000+00 *** 
-200.0+00 *** 

0.000+00 *** 
1.000+03 *** 

0.000+00 *** 
52.50+03 *** 

LAv 

IAvl 

LAi 

IAil 

LAvs 

IAvs I 

LZin 

IZin I 

LZout 
IZout I 
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Notes 
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5. TRANSISTOR CONFIGURATION CONVERSION 

TRANSISTOR CONFIGURATION CONVERSION 

e,,' h I'll CE' CB CC· CB CC'CE PRINT [h] 

This program converts among h-parameter matrices for common-base, 
common-emitter, and common-collector transistor configurations. 

The program first converts the h-parameter matrix to a y-parameter matrix 
using the following transformation: 

[y] = _1 [1 
hll 

h21 

The y·matrix is then transformed into a y '-matrix depending on the conversion 
desired: 

CB ~ CE or CE ~ CB 

- (Y12 + Y22) 

- (Y21 + Y22) 

y'22 = Yll 

CC~CEorCE~CC 

y'll = Yll 

y'12 = - (Yll + Y12) 

y'21 = - (Yll + Y21) 

y'22 = Yll + Y12 + Y21 + Y22 

CC~CB 

y'll = Y22 

- (Y21 + Y22) 

- (Y12 + Y22) 

CB~CC 

- (Yll + Y2i) 

- (Yll + Y12) 

y'22 = Yll 

Finally the desired h-parameter matrix is derived from the y'-matrix by the 
[h] - [y] transformation used above. 
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STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 Load program. 

2 Input h-parameter matrix 

(ij = 11, 12,21,22). 

Angle of h-parameter 8;j, deg 1mB 

then Magnitude of 

h-parameter h;j 1mB 

then Designation of 

h-parameter ij a 
3 Perform desired conversion. 

CE-+CB iii 

CB-+CE alii 
CC-+CB B 

CB-+CC aB 
CC-+CE EI 

CE-+CC aEl 
4 Display converted 

h-parameter matrix: II 811 

h11 

8'2 

h'2 

821 

h21 

8 .. 

h .. 

'This feature may be used at 

any time to display whatever 

matrix is in storage. 
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Example: 

Convert the following common-collector h-parameter matrix to common base. 

hrc J = [1000 L30 

hoc 60 L 30 

100 X 10-
6 L-45J 

30 x 10-6 L 0 

Keystrokes: 

30 mmm 1000 mmm 11 B 
45 cmJ mmm 100 _ cmJ 
6mmm 12B 30 mmm 60 
mmm 21 B 0 mmm 30_ 

cmJ 6 mmm 22 B II II -

Outputs: 

-9.354+00 *** 011 

38.31 +03 *** h11 = hib 

-9.349+00 *** 012 

2.299 +03 *** h12 = hrb 

-179.8+00 *** 021 

999.6-03 *** h21 = hfb 
-39.35+00 *** 022 

1.149-03 *** h22 = hob 
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Notes 
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6. PARAMETER CONVERSION 

PARAMETER CONVERSION S:V Z G H 

IJ+SjM J S"YZ
j 

S·ZZ S"GZo S"HZ
u 

Two-port S-parameters may be converted to and from any of Y, Z, G or H 
parameters using a single matrix equation. Appropriate pre- and postcondition­
ing operations must be performed depending on which conversion is desired. 

First, the preconditioning operation generates a T matrix. Then occurs the basic 
transformation 

T' = (I + T)-l (I - T) 

Finally, the postconditioning operation is performed. 

The preconditioning operations performed when converting from S are 

S~y S~Z S~G S~H 

T ~ [: Js [ -I :Js T = S T= -S T= 
0 

and those performed when converting to S are 

Y~S Z~S G~S H~S 

[Zo g" g" ] T ~ [h"/7.o h" ] T =Zo Y T = Z/Zo T= 
g21 g22/Z0 h21 h22 Zo 

The postconditioning operations performed when converting from S are 

S~Y S~Z S~G S~H 

[ 1,;/7.0 t,,' ] [t'; 7.0 t,; ] 
Y =T'/Zo Z=ZoT' G= H= 

t2/ t22'Zo t2/ t22'/ZO 
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and those performed when converting to S are 

y~S Z~S G~S H~S 

S =T' S = -T' S= [~ 0] T' S= [-~ :]T' -1 

STEP INSTRUCTIONS INPUT 
KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

1 Load program. 

2 Input S, Y, Z, G, or H. 

Angle of element ij 8jj ImI!iD 
Magnitude of element ij M;; ImI!iD 
Subscript to element ij DD 

3 Select desired conversion. 

S--+Y Zo iii 
Y--+S Zo Dlil 
S--+Z Zo II 
Z--+S Zo Dli 
S--+G Zo ID 
G--+S Zo DID 
S--+H Zo II 
H--+S Zo DII 

4 Display elements of new matrix. 

Input element subscript ij D 

Display angle of element ij 8 jj 

Display magnitude of 

element ij M;; 
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Example: 

The s-parameter matrix of a 2N3571 transistor is 

[ 

0.62 L -44.0 
s= 

9.0 L 130 

0.0115 L 75.0] 

0.955 L -6.0 

What is the h-parameter matrix? Zo is 50 fl. 

Keystrokes: Outputs: 

44 ram mmm .62 mmm 11 
DB 75 mmm .0115 mmm 
12 0 B 130 mmm 9 mmm 
210 B 6 rammmm·955 mmm 
22 0 B 50 II 11 B -53.88 *** 811 

12 B---------+ 

21 B ----------~ 

22 B--------.... 

119.1 *** hl1 

39.26 *** 812 

18.14-03 *** h12 

94.26 *** 821 

-14.19 *** h21 

21.17 *** 822 

2.272-03 *** h22 
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Notes 
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7. FOURIER SERIES 

FOURIER SERIES 

N'#freqs J Yk RECT t- f(t) 

Any periodic function may be written as a series of sine and cosine waves 
by the application of the following formulas. 

00 

( f(t) 
_ ao 

+ I i277t b . i277t) a· cos --- + . sm---
2 i=! 

1 T 1 T 

00 

(i2T77t + (Ji ) =~ + I Ci sin 
2 i=! 

T 
2 I i277t ai = - f(t) cos -- dt, 
ToT 

i =0, 1,2, ... 

T 

b· =~I 
1 T 0 

"(). i277t d l't sm --- t, 
T 

i = 1,2, ... 

T = period of f(t) 

This program computes the Fourier coefficients from discrete versions of the 
above formulas given a large enough number of samples of the periodic 
function. Up to ten consecutive pairs of coefficients may be computed at one 
time from N equally spaced points. The coefficients may be displayed in either 
rectangular or polar form. 

The value of N should be chosen to be more than twice the highest expected 
multiple of the fundamental frequency present in the wave to be analyzed. 
A low estimate for N will cause energy above one-half the sampling rate to 
appear at a lower frequency (a phenomenon known as aliasing). 
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STEP INSTRUCTIONS INPUT 
KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 Load program. 
-- f----

2 Initialize DB 
---- --_._ .. -----

3 Input 
._--- -~--- -~-~-- ---~ 

Number of samples 
--' ---- ~-

in one period N ImDiII 
-

Number of frequencies 
.-.. _---- ---~-. --

desired #freqs B N 
--- 1--------- --- f---- -

Order of first coefficient J III J 
- -_ ... _- ------~---

4 Input Yk,k = 1, N Yk EI 2, ... , .111 
-- ---------~ -------

5 Repeat step 4 until display 
-- ----- -~--

shows 0.111 
t----------- - -~-------~--~ 

6 Display coefficients for 
--1------- -------- -------~-----

J,,;;;i,,;;;J+ #freqs 
---- -- ----~ , ------- 1----- ---

in polar form DID i 
-----1---------- -------- -, 

OJ 
,------ ------~--- --- ------ --

Cj 
---- I------ --- -----

in rectangular form. ID i 
----- 1----' --1-----

bj 
---- I-----

aj 
------- .. _- --~ f------~-

7 Compute value of Fourier 
--1---------

series at t. t II f(t) 
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Example: 

Compute a discrete Fourier series representation for the waveform shown. 
Since there are 12 samples, select 7 frequencies (de term plus 6 harmonics). 

20 

15 

10 

5 

0 
2 4 5 6 7 8 10 11 12 

-5 

-10 

-15 

t f(t) 

1 14.758 
2 17.732 
3 2 
4 -12. 
5 -7.758 
6 -11 
7 -9.026 
8 -12. 
9 2 

10 14.268 
11 10.026 
12 15 

Keystrokes: Outputs: 

U D 12 mmm 7 D 0 m - 1.000 
14.758 m 2.000 
17.732m 3.000 

2m ~ 4.000 

12 am ~ 5.000 
7.758 am 6.000 

llam ~ 7.000 

9.026 am ~ 8.000 

12 am ~ 9.000 

2m ~ 10.000 
14.268 m 11.000 
10.026 m 12.000 
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0.111 15 m ---------------+~ 
01-------------------. O. *** i 

0.000 *** bi 

4.000 *** ai 

1. *** 
1.000 *** 

15.000 *** 

2. *** 
1.000 *** 

3.000000001-08 *** 

3. *** 
1.000 *** 

-5.000 *** 

4. *** 
3.200000001-09 *** 
3.333333334-09 *** 

5. *** 
1.467291667-05 *** 

3.000 *** 

6. *** 
2.359925334-08 *** 

0.000 *** 

Thus f(t) = 2 + 15 cos 2m + sin 2m 
12 12 

+ . 4m 
SIn ----

12 

- 5 cos 6
1
7 + sin 6

1
7 

10m + 3 cos---
12 
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8. ACTIVE FILTER DESIGN 

ACTIVE FILTER DESIGN 

A C LP RCRRC HP CRCCR BP RRCCR 

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

Low pass filter 

+ 

Vi 

C5 = C 

4CCA + 1) 
cr 

411foCCA + 1) 
A 

---R\ 
A + 1 

+ 



High pass filter 

Bandpass filter 

Vi 

2moC (2 + ~) 
2A + 1 

Rs = a2moC 

(~ -A) 

08-02 
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STEP INSTRUCTIONS INPUT KEYS OUTPUT 
DATA/UNITS DATA/UNITS 

1 Load program. 

2 Input filter design 

specifications. 

Corner or center frequency fo• Hz aD fo 

Midband gain A D A 

Peaking factor (1/0) ex am ex 

Capacitor value C. F m C 

3 Select desired filter character-

istic and list elements. 

Low pass m R,. 

C2 • 

R3 • 

R •• 

Cs 

High pass m C,. 

R2 • 

C3 • 

C •• 

Rs 

Band pass II R,. 

R2 • 

C3 • 

C •• 

Rs 



Example 1: 

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

fo = 10 Hz 

A=1O 

a = 1 

Keystrokes: 

IODUIOUIDml 
__ 613&1---...... 

Outputs: 

1.000-06 *** C1 

7.579+03 *** R2 
1.000-06 *** C3 

100.0-09 *** C4 

334.2 +03 *** R5 

08-04 
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9. BUTTERWORTH OR CHEBYSHEV FilTER DESIGN 

BUTTERWORTH OR CHEBYSHEV 
FILTER DESIGN 

R LPfo BEBWtfo f 1 t a"n Bfl t U+n 

BUTTERWORTH OR CHEBYSHEV 
FILTER DESIGN 

CHEBYSHEV BUTTERWORTH 

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

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

Low Pass High Pass 

w Wo 
Wn --- Wn ---

Wo W 

Band Pass Band Elimination 

CJl- - %2 wBW 
Wn 

BWw 
Wn 

wo2 
- CJl-

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

---n r R 

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



BUTTERWORTH 

sin 
(2i - 1) 7T 

2n 
i = 1,3,5, ... ,n-1 

L
j 

= ~ sin (2i - 1) 7T 

7Tfc 2n 
i = 2, 4, 6, ... , n 

where 

CHEBYSHEV 

where 

[ 
I In(2 x IO-AdB/IO - 1) ] 

n = INT - + ---'-------:-----'-
2 21n(wlWo) 

Q. 
C j = 27Tf:R' i=1,3,5, ... ,n 

T . = 2R~lc·' . 2 4 6 1 '-4 'IT!. 1=" , ... ,n-

'Y = sinh 

aj = sin 

4aj-l aj 

bj - 1 Gj - 1 ' 

(2i - 1) 7T 

2n 

b ~2 + . 2 i7T 
j = r sm --, 

n 

i =2,3,4, ... ,n 

i=1,2,3, ... ,n 

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

€ = ( 10AdB/lO - 1 )." 

09-02 
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The filter order is found by using Newton's method to solve for n in the 
following formula: 

using 

as an initial guess. 

n = 

In [ f (10 &lB/1O -1) -2 ] 

In(w+v'oJ-l) 

The resulting value is then increased slightly: 

n~INT(n+l) 
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Once the low-pass values have been calculated, if some other bandpass 
characteristic is desired, the components of the filter are changed by frequency 
transformation as shown. 

BANDPASS 
CHARACTERISTIC 

Low pass 

High pass 

Band pass 

Band elimination 

CIRCUIT ELEMENTS 

o------~II~------~o O----~~L-----O 
Cn 

l _ BW 
bp- W0 2Cn 

lbp Cbp 

~I-I-O 
-- BW 

BW W02ln 

C - 1 
be-lnBW 

To aid in deciphering the output, capacitors are output with a negative sign. 
A bit of thought may be necessary to determine whether the L-C's are connect­
ed in series or parallel. 

Note: 

The program will give erroneous results if asked to compute filter order when 
MB is small (i.e.: when MB - Loss (wo)). 
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STEP INSTRUCTIONS INPIIT KEYS OUTPUT 
DATA/UNITS DATA/UNITS 

1 Load first program (EE1-09A 1 ). 
-~ 

2 Input termination resistance. R,n B R 

3 Input frequency information 
------f--.----------

for desired filter characteristic. 
-----~---

Low Pass fa, Hz III 
-~ 1-------

High Pass fa, Hz Dill 
-

Band Pass BW, Hz mmm --------

fa, Hz DB ----

Band Elimination BW, Hz mmm --

fa, Hz B 
---~--

4 For Chebyshev filter, continue --I--~-------

with steps 5, 7, and 9. 
._-----

For Butterworth filter, continue 
C-------- -----~~--

with steps 6, 7 and B. 
--- -------~ ---r---~-- ----~-

5 Input bandpass information and 
- --

compute Chebyshev filter order. 
r---- ----~~ 

Passband ripple Ripple, dB om E 
--~----~---~ 

Frequency at which 

attenuation is specified f" Hz mmm 
Desired attenuation ex, dB m n 

-----------

6 Input bandpass information and 
-- -----------~ 

compute Butterworth filter order. 
--~ r--- ---~---

Frequency at which attenua-
------~---

tion is specified. f" Hz mmm --1------_. ---~ 

Desired attenuation ex, dB II n 
-------

7 Load second program 
-- -~---------.----

(EE1-09A2). 
-~ 

B Compute Butterworth filter 

elements. II --
9 Compute Chebyshev filter 

elements. m 
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Example 1: 

Design a 100 Hz wide Butterworth filter centered at 800 Hz with a 30 db 
attenuation at 900 Hz. Ro is SOn. The termination resistance R is son. 

Keystrokes: 

Load card 1 (EE1-09A1) 
50 D 100 mmm 800 

D m 900 mmm 3001 --­

Load card 2 (EE1-09A2) 

01 

500 

Outputs: 

6.000+00 *** filter order 

1.000+00 *** component 1 
-16.48-06 *** capacitor 

2.402 -03 *** inductor 

2.000+00 *** component 2 
112.5 -03 *** inductor 

-351.7-09 *** capacitor 

3.000+00 *** component 3 
-61.49-06 *** capacitor 

643.6-06 *** inductor 

4.000+00 *** component 4 
153.7-03 *** inductor 

-257.5 -09 *** capacitor 

5.000+00 *** component 5 
-45.02-06 *** capacitor 

879.2 -06 *** inductor 

6.000+00 *** component 6 
41.19 -03 *** inductor 

-960.8-09 *** capacitor 
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10. BODE PLOT OF BUTTERWORTH 
AND CHEBYSHEV FILTERS 

BODE PLOT OF BUTTERWORTH 
& CHEBYSHEV FILTERS 

B n LP fa BE BW + to 11 t f2 t Lit PLOT 

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

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

. . (2k -1 7r). ( 2k -1 7r) Sk=(h+J~=-sm --3-""2 -J cos --3-""2 (k=l, ... , n) 

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

Let 
n E 

Then the new poles are given by 

Sk = <Tk sinh 13k + j Wk cosh 13k 

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 8(w) 

in which K is a constant chosen such that 

IHUO) I = 



The magnitude of the transfer function is 

IH(jw) I = ____ K __ _ 

IT 
i=i 

and its phase is 
n 
~ W - cq 

arg [H(jw)] = - (J(w) = - L.. tan- 1 

i=i -(Tl 

The normalized group delay is 

STEP 

1 

2 

3 

4 

5 

t = g 
d 

dw 

INSTRUCTIONS 

Load program. 

Select which filter. 

Butterworth 

# poles 

Chebyshev 

# poles 

Passband ripple in dB 

Select passband characteristic. 

Low pass-cutoff frequency 

High pass-cutoff frequency 

Band pass-Bandwidth 

Center frequency 

Band elimination-Bandwidth 

Center frequency 

Select linear or logarithmic 

frequency incrementation. 

Specify band of interest. 

Minimum frequency 

Maximum frequency 

Frequency increment 

INPUT KEYS 
DATA/UNITS 

n B 

n ImDiIJ 

dB aB 

fo m 
fo am 

BW ImDiIJ 

fo all 
BW ImDiIJ 

fo II 

am 

f" Hz mm:mJ 

f2' Hz ImDiIJ 
~f,Hz or ratio m 

10-02 

OUTPUT 
DATA/UNITS 

O-lin/Hog 
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STEP INSTRUCTIONS INPUT 
KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

6 Start computing. II f 

Magnitude of transfer function 2010g I H(jw) l,dB 

Angle of transfer function arg{H(jw)} 

Normalized Qroup delay t9 

7 Step 6 is repeated auto-

matically for the band 

specified. 

Example 1: 

Plot the response of a 6-pole Butterworth band-pass filter with BW = 100, 
fo = 800. Make a logarithmic plot using steps of 2\/8 from 400 Hz to 1600 Hz. 

Keystrokes: 

6 D l00mmiIJ 800 DmDm --.... 1.000 
400 mmiIJ 1600 ImDiIJ 
2111111ma • 
Outputs: 

400.000 T frequency 
-129.502 Z IH(j2 7Tt) I 

161.536 Y L H(j2 7Tt) 

0.027 X group delay, sec. 

436.203 T 
-121.591 Z 

158.504 Y 
0.036 X 

475.683 T 

-112.727 Z 

154.506 Y 
0.051 X 

518.736 T 
-102.519 Z 

148.966 Y 

0.076 X 

(If 0.000 appears, 
press om again.) 

565.685 T 
-90.309 Z 
140.715 Y 

0.122 X 

616.884 T 
-74.863 Z 
126.993 Y 

0.223 X 

672.717 T 
-53.407 Z 

99.228 Y 
0.524 X 

733.603 T 
-17.172 Z 

6.544 Y 
2.683 X 



o 

-20 

cd -40 
'C. 
:=::-

~-60 
i' 

-80 

-100 

400 

800.000 
0.000 

T 

Z 
-9.682986738 -06Y 

3.864 X 

872.406 T 
-17.172 Z 
-6.544 Y 

2.683 X 

951.366 T 
-53.407 Z 
-99.228 Y 

0.524 X 
Example 2: 

10-04 

800 1600 
f,Hz 

1037.472 T 
-74.863 Z 

-126.993 Y 
0.223 X 

1131.371 T 
-90.309 Z 

-140.715 Y 
0.122 X 

etc. for 
1233.769 
1345.434 
1467.206 

Plot the response of a 7-pole Chebyshev band-elimination filter of 5 Hz BW 
centered at 60 Hz with 3 dB passband ripple. Make a linear plot using steps 
of 0.5 Hz from 50 Hz to 61 Hz. 

Keystrokes: 

oEl ~ 
7 mDmJ 3 a D 5 mDmJ 60 
El50 mDmJ 61 mDmJ 
.5 EI 11-------

0.000 (linear plot) 
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Outputs: 

50.000 T frequency 53.500 T 
-2.997 Z mag {H(s)}, dB -1.027 Z 

-84.017 Y arg {H(s)},degrees -127.379 Y 
4.506 X group delay, sec. 7.737 X 

50.500 T 54.000 T 
-2.964 Z -0.364 Z 

-87.457 Y -143.029 Y 
4.559 X 9.239 X 

51.000 T 54.500 T 
-2.880 Z 0.000 Z 

-91.347 Y -164.525 Y 
4.675 X 10.286 X 

51.500 T 55.000 T 
-2.730 Z -0.478 Z 

-95.842 Y 169.348 Y 
4.881 X 9.368 X 

52.000 T 55.500 T 
-2.491 Z -1.799 Z 

-101.177 Y 143.391 Y 
5.216 X 6.957 X 

52.500 T 56.000 T 
-2.140 Z -2.932 Z 

-107.732 Y 119.424 Y 
5.742 X 5.448 X 

53.000 T 56.500 T 
-1.651 Z -2.136 Z 

-116.126 Y 88.980 Y 
6.550 X 7.335 X 
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57.000 T 59.000 T 

-0.479 Z -88.662 Z 

8.481 Y 103.950 Y 
13.596 X 0.111 X 

57.500 T 59.500 T 
-0.066 Z -133.081 Z 

-122.266 Y 96.633 Y 
37.279 X 0.024 X 

58.000 T 60.000 T 
-34.346 Z -1048.077 Z 
127.620 Y -90.000 Y 

1.179 X 1.985653756-15 X 

58.500 T 60.500 T 
-59.784 Z -133.598 Z 
113.071 Y -96.577 Y 

0.338 X 0.024 X 

Note symmetry 
which indicates 
that we can reflect 
plot around 60 Hz. 

o~ ________ --------____ ~ 

-40 

-120 

00 ~ ~ ~ ~ ~ ~ M ~ ~ ro 
f,Hz 
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11. RESISTIVE ATTENUATOR DESIGN 

RESISTIVE A TTENUATOR DESIGN 

Rm Rout "'MINLOSS TL"'Rs n L"'Rs 

Both the T attenuator and the II attenuator can be used to match between two 
resistive impedances, R in and Rout. This program computes the minimum loss 
of the attenuator and values for the resistors RI> R2 and R3 which will yield 
an attenuator having any desired loss. 

T n 
The minimum loss in decibels is given by 

Min Loss = 10 log (V Rin ~V Rin _1)2 
Rout Rout 

where R in ;?; Rout 

If N is the desired loss o! the attenuator expressed as a ratio (loss in dB 
10 log N), then for the T attenuator 
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and for the II attenuator 

----- ~~)-Rl Rin N - 1 R3 

----- ~~) R2 Rout N - 1 R3 

Note: If the desired loss is less than the minimum loss, an error message will 
be generated. 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 Load program. 

2 Input impedance levels. 

Input circuit Ain, n B 

Output circuit Aout> n iii 

3 Compute minimum loss. B min loss, dB 

4 Input desired loss and 

compute resistances. 

For T attenuator Loss, dB II Loss 

A, 

A2 

A3 

For n attenuator Loss, dB II Loss 

A, 

A2 

A3 
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Example 1: 

Compute element values for T and II attenuators matching 750 to 500 with 
6 dB loss. 

Keystrokes: Outputs: 

75 D 50 m m • 5.719+00 *** min loss 

61D 6.000+00 T desired loss 
43.34+00 Z RI 
1.572+00 Y R2 
81.97 +00 X R3 

611 • 6.000+00 T desired loss 
2.386+03 Z RI 
86.52+00 Y R2 
45.75+00 X R3 

Example 2: 

Compute element values for T and II attenuators matching 500 to 500 with 
10 dB loss. 

Keystrokes: Outputs: 

50D 50m m 0.000+00 *** 
IOID 10.00+00 T desired loss 

25.97+00 Z Rl 
25.97+00 Y R2 
35.14+00 X R3 

1011 10.00+00 T desired loss 
96.25+00 Z Rl 
96.25+00 Y R2 
71.15+00 X R3 
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Notes 
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12. SMITH CHART CONVERSIONS 

SMITH CHART CONVERSIONS 

SWR-.o- 1 .... 0- RL"'I r .... z z .. r 

The distance between a point on a Smith Chart and its center may be measured 
by a number of parameters. The first three keys of this program allow conver­
sion among some of the most commonly used ones: standing wave ratio, reflec­
tion coefficient, and return loss. The last two keys of this program convert 
between impedance and reflection coefficient. 

The parameters 

(T = voltage standing wave ratio 

SWR = standing wave ratio expressed in decibels 

p = reflection coefficient 

a SWR p R.L. = return loss 

are related as follows: 00 00- -1.0 

SWR = 20 log (T 

1 R.L. = 20 log­
p 

1 + P 
(T =---

1 - P 

'0. 
40. 30. 

20. 

10. 20. 

15. 

.. 0 

'.0 

10. 
3.0 

8.0 

2.0 15.0 

1.B 

1.e 4.0 

1.' 
2.0 

1.2 

1. 

..0 

.80 

.70 

.BO 

.50 

•• 0 

• 30 

.20 

• 10 

R.L. 
-0 

100 

2.0 

3.0 

'.0 

5.0 

•• 0 

8.0 

•• 0 

10 • 

12. 

20 • 

25 • . . 
These relationships are perhaps more clearly seen in this sketch: 

• .!!,b 
10 20 

0'- 1 
0'+1 

p l' .1 
1+P 
1-P 
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For a system having characteristic impedance Zoo the impedance and reflection 
coefficient are related by 

and 

where 

z -I 
r = p L </> = _Z.-::o,--_ 

Z +1 
Zo 

1 + r 
Z=ZL()=Zo--

1 - r 

r = complex reflection coefficient 

p = Irl 
</>=Lr 

Z = impedance 

Z = IZI 
()=LZ 

STEP INSTRUCTIONS 

1 Load program. 

2 Convert among a, SWR, p, 

and R.L. as desired. 

a--+SWR 

SWR--+a 

a--+p 

p--+a 

p--+R.L. 

R.L.--+p 

3 Store characteristic 

impedance. 

4 Convert between Z and f 

as desired. 

Z--+f 

f--+Z 

INPUT 
DATA/UNITS 

a 

SWR 

a 

p 

p 

R.L. 

Zo 

() 

Z 

<P 

p 

KEYS OUTPUT 
DATA/UNITS 

aD SWR 

D a 

alii p 

iii a 

aB R.L. 

B p 

aEl 

Imi!iD 

II <p,p 

Imi!iD 

EI (},Z 
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Example 1: 

Convert a 6 dB SWR to a. 

Keystrokes: 

6B 

Example 2: 

Convert a 7 dB return loss to SWR. 

Keystrokes: 

7mmDB 

Example 3: 

Outputs: 

2 

Outputs: 

8.35 SWR 

A 50n system is terminated with an impedance of 62 L 3r. What is the 
reflection coefficient? 

Keystrokes: 

50 D m 37 rmma 62 II --

Example 4: 

Outputs: 

70.19 *** 1> 
0.35 *** p 

A reflection coefficient of .5 L 7° is observed in a 72n system. What is the 
impedance? 

Keystrokes: Outputs: 

72 D m 7 rmma .5 m ___ 9.23 *** () 
212.50 *** Z 



12-04 

Notes 
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13. TRANSMISSION LINE IMPEDANCE 

TRANSMISSION LINE IMPEDANCE 

Otdtt-r dthtt-, O+dthtt-, Dtdthtlr DtdtEr 

This program computes high frequency characteristic impedance for five types 
of transmission line. 

Transmission line 
configuration 

open two-wire line 

single wire near ground 

balanced wires near ground 

Equation for Zo 

Zo = 120 In (2D ) 
VE d 

138 (4dh ) Zo = -- log 
VE 

276 {2D r, ED )2] _Ih} 
Zo = VE log d C + 2h 

wires in parallel near ground 69 {4h r, E2h )2] +'h } 

Zo = VE log d C + D 

coaxial line 60 D 
Zo = --In-y;d 
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STEP INSTRUCTIONS 
INPUT KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

1 Load program. 

2 Compute impedance of open 

two-wire line. 

Input wire spacing D ImDiIJ 

wire diameter d ImDiIJ 

relative permittivity t", D la, n 
3 Compute impedance of a 

single wire near ground. 

Input wire diameter d ImDiIJ 

wire height h ImDiIJ 

relative permittivity t", iii la, n 
4 Compute impedance of 

balanced wires near 

ground. 

Input wire spacing D ImDiIJ 

wire diameter d ImDiIJ 

wire height h ImDiIJ 

relative permittivity t", II la, n 
5 Compute impedance of wires 

in parallel near ground. 

Input wire spacing D ImDiIJ 

wire diameter d ImDiIJ 

wire height h ImDiIJ 
relative permittivity t", II la, n 

6 Compute impedance of 

coaxial line. 

Input inside diameter of 

outer conductor D ImDiIJ 

outside diameter of inner 

conductor d ImDiIJ 

relative permittivity t", II la, n 
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Example 1: 

Compute Zo ofRG-218/U coaxial cable. (D = .68 in., d = .195 in., Er = 2.3 
(polyethylene». 

Keystrokes: 

.68 mmm .195 mmm 
2.311 

Example 2: 

Outputs: 

49.42 *** 

Compute Zo of open 2-wire line with D = 6 in., d = .0808 in., Er = 1 (air). 

Keystrokes: Outputs: 

6 mmm .0808 mmm 1 B -+ 600.08 *** 

Example 3: 

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

Keystrokes: Outputs: 

.1285 mmm 6 mmm 1 II -+ 313.44 *** 
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Notes 
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14. MICROSTRIP CALCULATIONS 

MICROSTRIP CALCULA nONS 

wth f .. v, Zc t f f"ocR,Qo 

This program accepts conductor width w, dielectric thickness h, and relative 
permittivity Er , and computes relative phase velocity Vr and characteristic 
impedance Zc for lossless line. The following formulas are used. 

vr ----
Ve:; 

60 In fs ~ + ~) , 
\ w 4h 

1207T 

w :os.:; 1 
h 

~ + 2.42 - 0.44! + (1 _ ! )6 
w >1 

'11 

where 

Er = relative permittivity of dielectric 

€err = effective permittivity of dielectric 

h = dielectric thickness 

w = width of microstrip 

vr = relative phase velocity of lossless line 

Zo = characteristic impedance of corresponding air line, 0 

Zc = characteristic impedance of lossless microstrip, 0 

It then accepts the conductor thickness and computes a normalized conductor 
loss A. 



A= 

where 
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20 h dB.+ d' 'b . --------r;- , unhorm current Istn utlOn 
In 10 w Zo u 

E -;- -i-H + -;- + -;-7, ) dB w '" 

ZoeZJ60 n' h 
10 

1T In 10 

Zo ~ + 0.44 w
h

: + 6
w
h: ft - w

h j] 
nO'fil In 10 r \: 

x r1 +..!!..- + aw ] dB 
~ h at 0' 

aw = 
at 

1 41TW W 1 -In-- -,,;;;--
1T t' h 21T 

_1_ In ~ ..!!..- > _1_ 
1T t' h 21T 

..!!..- > 1 
h 

Finally, the program accepts conductor resistivity P and frequency f and com­
putes copper loss 0(" resistance per unit length R, and unloaded quality factor 
Qo using the following equations. 

Reference: 

Rs A ao=--
h 

110 = 41T X 10-9 H/cm 

Rs = V 1Tf /LoP 

R = 2Rs/w 

ao 

f Q _ 201T 
o - In 10 -c-v-r-o(,-

c = 3 x 1010 cmls 

M. V. Schneider, "Microstrip Lines for Microwave Integrated Circuits," 
Bell System Technical Journal, 48, No.5 (May-June 1969). 
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STEP INSTRUCTIONS INPUT KEYS OUTPUT 
DATA/UNITS DATA/UNITS 

1 Load program. 

2 Input width of microstrip w, cm ImDiIJ 
thickness of dielectric h, cm D w/h 

3 Input relative permit-

tivity and print relative 

phase velocity and imped-

ance of lossless line. 1:, m v, 

Zc 

4 If a uniform current 

distribution is desired, 

skip to step 6. 

5 Input conductor thickness. t, cm m A 

6 Input conductor resistivity. P iii 
7 Input frequency and 

print copper loss, 

resistance per unit 

length and unloaded O. f, Hz II a" 

R 

0 0 

Example 1: 

What are the characteristics of 50-mil microstrip on a 50-mil alumina (Er = 9.5) 
substrate at 2GHz? Assume a line thickness of 1 mil and a conductor resis­
tivity of 3 E -6. 

Keystrokes: 

.05 mmm 2.54 £I mmm B 
9.5 II 

.001 mmm 2.54 £I m 3 & 
_6112&911 

Outputs: 

391.3 -03 *** Vr 

49.54+00 *** Zc 

11.01 -03 *** ex 
242.4-03 *** R 
422.3 +00 *** Qo 
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Example 2: 

Repeat the above example, but assume a unifonn current distribution. 

Keystrokes: 

.05 mmm 2.5413 mmm B 
9.5 [I ~ 

Outputs: 

391.3-03 *** Vr 

49.54+00 *** Zc 

21.25 -03 *** a 
242.4-03 *** R 

218.8+00 *** Qo 
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15. TRANSMISSION LINE CALCULATIONS 

TRANSMISSION LINE CALCULATIONS 

vrtRo I GtR a DtOC Zl"'Zon 

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

: Zin ~ 
I: 

x 
·1 

·1 
I 

MODEL 

I· l:>X 

·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. 

Let 

_ R _ vR 
r -- --­

L Ro 

G 
g=-=vRoG 

C 

w = 2m 



where 

L = inductance/unit length 

C = capacitance/unit length 

R = resistance/unit length 

G = conductance/unit length 

v = 3 X 108 vr 

vr = relative phase velocity 

f = frequency, Hz 

Then 

where 

1 = line length 

ZL = impedance of termination 

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

y = propagation constant of line = ex + j {3 

15-02 

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

in which the + sign is chosen when g ;?; r 

and the - sign is chosen when g < r 
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and 

The approximate solution is 

1m {Zo} = Ro [ aD ~ £Xc ] 

where 

ac = Copper loss, nepers/unit length = ~ ~ 
2 Ro 

aD = Dielectric loss, nepers/unit length = --} GR. 

w f30 = -
v 
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STEP INSTRUCTIONS INPUT 
KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

1 Load program. 

2 Inputs when Rand G are 

known. 

Frequency f. Hz aD 
Relative phase velocity v, ImDiIJ 

Characteristic impedance of 

loss less line Ro. a D 

Line length I, cm iii 
Conductance of substrate 

per unit length G. S/cm ImDiIJ 

Resistance of line per 

unit length R. a/cm m 
Angle of terminating 

impedance LZl • deg ImDiIJ 
Magnitude of terminating 

impedance IZll. a II Ojn 

Zjn 

3 Inputs when ac and aD 

are known. 

Frequency f. Hz aD 
Relative phase velocity v, ImDiIJ 
Characteristic impedance 

of lossless line Ro. a D 
Line length I, cm iii 
Dielectric loss per unit length aD ImDiIJ 

Copper loss per unit length a c m 
Angle of terminating 

impedance LZl • deg ImDiIJ 
Magnitude of terminating 

impedance IZll. a II Ojn 

Zin 
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Example 1: 

A transmission line has the following properties: 

R = 1.2664 O/cm 

G= 0.000 041 87 Siemens/cm 

Ro = 5511 

Vr = 0.85 

What is the input impedance of 3.5 cm of this line at 2 GHz if it is terminated 
in ZL = 75 L -30°? 

Keystrokes: 

2& 9 D B .85 mmiIJ 
55 B 3.5 II .00004187 
mmiIJ 1.2664 II 30 mm 
mmilJ7511 

Example 2: 

Outputs: 

28.48+00 *** LZin 

48.01 +00 *** I~n I 

A 4-cm gold (p = 2.3 JLO/cm) microstrip line of 50-mil width is on a 50-mil 
alumina (Er = 9.5) substrate. Assuming a uniform current distribution and 
zero dielectric loss, what is the input impedance of the line at 124 MHz when 
it is terminated in 75 11? 

Keystrokes: 

Load EE1-14A 
.05 mmiIJ 2.5413 mmiIJ 
B 9.5 II -------~ 

2.3& mm 61:1 124& 
611 

Load EEI-15A 

124 & 6 D B 4 114.632 

&mm3mmilJ0I:1 
OmmiIJ 7511 ~ 

Outputs: 

391.3 -03 *** Vr 

49.54+00 *** Zc 

4.632 -03 *** a., 

52.84-03 *** R 
62.23 +00 *** Qo 

-12.06+00 *** L ZL 

70.06+00 *** IZL I 
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16. UNILATERAL DESIGN: FIGURE OF MERIT, 
MAXIMUM UNILATERAL GAIN, GAIN CIRCLES 

UNILATERAL DESIGN 

Sqtl] compute G,·ro 1 f01 

This program computes u, Gu, Gmin , Gmax , Go, G1max , and G2max from a 
transistor's s-parameters. It also computes roi and Poi from Gi ,,;;; Gimax (i = 1,2). 

When designing a transistor amplifier with the aid of s-parameters, the often 
valid assumption that the reverse-transmission parameter S12 may be neglected 
leads to simplified equations. A transistor for which S12 is negligible is said 
to be a "unilateral device." The unilateral figure of merit u may be used to 
determine the reasonableness of the unilateral assumption: 

Clearly, the unilateral assumption is more nearly correct for u near zero. 

The maximum unilateral transducer power gain is given by 

Power delivered to load 
Power available from source 

Using the unilateral figure of merit we can place limits on the actual transducer 
power gain: 

G = G 1 max u (1 _ U)2 

When input and output impedances are conjugately matched, the transducer 
power gain is 

where 

G t d 
. Power delivered to load 

u = rans ucer power gam = -----------­
Power available from source 

Go = 1 S21 12 = transducer gain for Zo input and output impedances 
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1 ----,----;- = gain contribution from change of source 
1 Sl1 12 impedance from Zo to Sl1 * 

1 ----,;----.- = gain contribution from change of load 
IS2212 impedance from Zo to S22* 

siJ* = complex conjugate of siJ. 

For source and load impedances other than Sl1* and S22*' G1 and G2 are less 
than the maximum values given above. The loci of points on a Smith chart 
representing values of source or load impedance which yield values of G1 or 
G2 less than G1max or G2max are circles. The center of a constant gain circle 
is in the direction of Sii * (i = 1, 2) at a distance 

G· s·· r. = I II 

01 1 + Gi 1 Sjj 12 

from the origin. 

The radius of the circle is 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 Load program. 

2 Input magnitude of 

s-parameters for i = 1, 2, 

j=1,2. 

Magnitude sij ImIB 
Designation ij D 

3 Compute 

iii u 

Gu 

Gmin 

Gmax 

Go 

G1max 

G2max 
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STEP INSTRUCTIONS 
INPUT 

KEYS 
OUTPUT 

DATA/UNITS DATA/UNITS 

4 Input desired gain 

(",G ,max ) and compute loca-

tion ' of center of gain circle 

on input plane. G
" 

dB B rOl 

POl 

5 Input desired gain 

("'G2max ) and compute loca-

tion ' of center of gain circle 

on output plane. G2, dB DB r02 

P02 

'Note: These pOints are 

located at a distance rOi from 

the origin of the Smith chart 

in the direction of Sii: 

Example 1: 

An HP35876E option 100 transistor operating at 4 GHz has the following 
s-parameters: 

s 
[

.51 L 1540 

1.4 L 22 0 

What is the unilateral figure of merit? 

.09 

.60 

What is the maximum unilateral transducer power gain? 

What is the range of transducer gain due to the fact that S12 is not zero? 

What are Go, G1max, and G2max? 

Draw 0 dB, .5 dB, and 1 dB constant gain circles on input and output planes. 

Keystrokes: 

.51 Imi!m 11 D .09 Imi!m 
12 D 1.4 Imi!m 21 D 
.6lmi!m22D m ~ 

Outputs: 

0.08 *** u 
6.17 *** Gu 

5.49 *** Gactual min 



om 

.5 m ---------+ 

00 m -------.... 

.50m 

10m -------.... 

input plane 

POl 

o dB .40 L -154° .40 
.5 dB .44 L -154° .32 
1 dB .48 L -154° .20 

Output Plane 

Input Plane 

6.91 *** Gactual max 

2.92 *** Go 

1.31 *** G lmax 

1.94 *** G 2max 

0.40 *** fol 

0.40 *** Pol 

0.44 *** fOI 

0.32 *** POI 

0.48 *** fOI 

0.20 *** Pol 

0.44 *** f02 

0.44 *** P02 

0.48 *** f02 

0.38 *** P02 

0.52 *** f02 

0.30 *** P02 

output plane 

P02 

.44 L 58° .44 

.48 L 58° .38 

.52 L 58° .30 

16-04 
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17. BILATERAL DESIGN: STABILITY FACTOR, 
MAXIMUM GAIN, OPTIMUM MATCHING 

BILATERAL DESIGN K Gm IX I'Pt 

8J~s'ltIJ "'KG m,x "'lm l 

Sometimes S12 is not sufficiently small that it may be neglected in transistor 
amplifier design. In this case it is necessary to compute a stability factor K 
and use different design approaches depending on its value. The stability factor 
is defined by the equation 

where 

and 

K = 1 + 1 a 12 - 1 S11 12 - 1 s2212 

21 s21 s121 

sij are s-parameters 

For K < 1 the amplifier is potentially unstable and the designer must choose 
input and output matching networks very carefully (see program EEl-18A). 
For K > 1 the amplifier is unconditionally stable and this program may be used 
to compute the maximum gain available and the load and source reflection 
coefficients which yield the maximum gain. 

Maximum gain is computed using the relation 

G = ~ (K + v'i{2"--=-i) 
max 1 1 -S12 

in which the plus sign is used when the quantity 

is negative and the minus sign is used when Bl is positive. 

The second portion of this program computes values of source and load 
reflection coefficients required to conjugately match the transistor using the 
equations 
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where 

C1 * = complex conjugate of C1 

C2* = complex conjugate of C2 

STEP INSTRUCTIONS 
INPUT 

KEYS 
OUTPUT 

DATA/UNITS DATA/UNITS 

1 Load program. 

2 Input s-parameter matrix 

(ij=11, 12,21,22). 

Angle of S;j O;j, deg Im:i!m 

Magnitude of S;j IS;jl Im:i!m 

Subscript ij B IS;j I 

3 Compute stability factor and 

maximum gain.* a K 

Gmax> dB 

4 Compute angle and magnitude 

of source reflection 

coefficient. aB Oms 

Irmsl 

5 Compute angle and magnitude 

of load reflection 

coefficient. B Oml 

Irmll 

*If k<1, this calculation 

causes an error. 
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Example: 

Design a maximum-gain amplifier using a transistor having the following 
s-parameters. 

SI1 = 0.277 L _59 0 

S12 = 0.078 L 93 .00 

S21 = 1.920 L 64 0 

S22 = 0.848 L -31 0 

Keystrokes: 

59 em Imi!m .277 Imi!m 
11 B 931mi!m .0781mi!m 
12 B 64 Imi!m 1. 92 Imi!m 
21 B 31 em Imi!m .8481mi!m 
22B II ~ 

D m ------'--+ 

Outputs: 

1.033 +00 *** K 
12.81 +00 *** Gmax 

135.4+00 *** Lfms 
729.8-03 *** Ifms I 

33.85+00 *** Lfml 
951.1-03 *** Ifmll 
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Notes 
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18. BILATERAL DESIGN: 
GAIN AND STABILITY CIRCLES, 
LOAD AND SOURCE MAPPING 

BILATERAL DESIGN GAIN AND 
STABILITY CIRCLES 

Gp"Lr,r p rl+rms I+LrSI,rSI,rsl 

If it is desired to build an amplifier having gain less than the maximum possible 
for the transistor to be used, a gain circle is constructed. This circle shows 
all possible loads for the output that yield the desired power gain. When a 
load on this gain circle is selected, the load and source mapping routine may 
be used to compute the new source reflection coefficient required. 

This program computes the center 

and radius 

where 

G 

Gp 

Go 

C2 

D2 

a 

P02 

Gp 

Go 

desired gain 

(l-2K ISI2S21IG+ ISI2S211 2G2)'h 

1 + D2 G 

maximum transducer gain = 1 S21 12 

S22 - as l1* 

1 S2212 - 1 a 12 

S22 Sl1 - S21 S22 

When a two-port network is terminated in a load having reflection coefficient 
fL' the source reflection coefficient for a conjugate input match becomes 
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Similarly, when the source reflection coefficient of a two-port network is 
rs, the output reflection coefficient for a conjugate output match becomes 

This routine accepts r L or rs and computes the corresponding source or load 
reflection coefficient. A typical use is to determine which area defined by a 
stability circle is the stable or unstable region (for stable operation, r L must 
be such that I r ms I < 1 and rs must be such that I r ml I < 1). 

For the potentially unstable amplifier (stability factor K < 1), it is necessary 
to avoid values of source and load reflection coefficients which could cause 
oscillations. The boundaries between stable and unstable regions are circles on 
the input and output planes. 

The centers of the stability circles are located at: 

where 

rs1 location of center of stability circle on input plane 

rs2 location of center of stability circle on output plane 

C1 Sl1 - a S22* 

The radii of the stability circles are: 

PSi 

where 

PS1 radius of stability circle on input plane 

Ps2 radius of stability circle on output plane 
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STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 First run EE1-17A, then 

load this program. 

2 Perform any or all of the 

following steps in any order. 

3 Input desired gain less than 

Gmax and compute location 

and radius of gain circle. Gp , dB a Lr 

r 

p 

4 Input load reflection coefficient 

and compute new source 

reflection coefficient. L r l , deg rmDm 

Irll iii L rms 

Irmsl 

5 Input source reflection coef-

ficient and compute new load 

reflection coefficient. Lrs, deg rmDm 

Irsl alii Lrml 

Irmll 

6 Compute location and radius 

of stability circles on input 

(i=1) or output (i=2) planes. i II L rsi 

I rsd 

Psi 
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Example 1: 

A gain of 10 dB is desired from an amplifier using a transistor whose 
s-parameter matrix is 

s = [ .277 

1.92 

.078 L 93
0 J 

.848 L -31 0 

Where is the center of the 10 dB gain circle and what is its radius? 

Keystrokes: 

Load EEI-17A 
59 em mmm .277 mmm 11 
D 93 mmm .078 mmm 12 
D 64 mmm 1.92 mmm 21 
D 31 em mmm .848 mmm 
22D II 

a m--------... ~ 

Outputs: 

1.033 +00 *** K 
12.81 +00 *** Gmax 

135.4+00 *** 8ms 
729.8-03 *** f ms 

----------_~ 33.85+00 *** 8ml 
951.1-03 *** fml 

Load EEI-18A 
10 D--------... 

Example 2: 

33.85+00 *** Lr02 
781.2-03 *** Ir021 
214.2-03 *** P02 

We have determined that the 10 dB gain circle is located at r02 = .781L33.85° 
with a radius of P02 = .214. If we pick a load reflection coefficient of 
(Ir021 - P02) Lr02 = .567 L33.85°, what source reflection coefficient is 
required? 

Keystrokes: 

Continuing from Example 1, 
33.85 mmm .567 II ~ 

Outputs: 

93.33+00 *** Lfms 
276.0-03*** Ifmsl 
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Example 3: 

Construct stability circles for a transistor having the following s-matrix. 

s = [ .385 L _55° 

2.7 L 78° 

.045 L 90° J 

.89 L-26.5° 

Keystrokes 

Load EEI-17A 

Outputs: 

55 mmJ mmm .385 mmm II 
B 90 mmm .045 mmm 12 
B 78 mmm 2.7 mmm 21 B 
26.5 mmJ mmm .89 mmm 
22B m 
&13 (Clear "Error") 

Load EEI-18A 

1m 

909.5 -03 *** K 

"Error" signifies K < I 

122.4+00 *** L rsl 
-8.371 +00 *** Irsl I 
-9.271+00 *** Psi 

29.88+00 *** L r52 

1.178+00 *** Ir52 I 
192.6 -03 *** P52 
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Program Listings 

The following listings are included for your reference. A table of key codes and 
keystrokes corresponding to the symbols used in the listings can be found in 
Appendix E of your Owners Handbook. 

Program Page 

1a. Network Transfer Functions-Input ..................... . LOl-Ol 
lb. Network Transfer Functions-Output ................... . LOl-03 
2. Reactive L-Network Impedance Matching ................ . L02-0l 
3. Class A Transistor Amplifier Bias Optimization ........... . L03-0l 
4. Transistor Amplifier Performance ....................... . L04-0l 
5. Transistor Configuration Conversion .................... . L05-0l 
6. Parameter Conversion: S~Y, Z, G, H ................... . L06-0l 
7. Fourier Series ....................................... . L07-0l 
8. Active Filter Design .................................. . L08-0l 
9a. Butterworth or Chebyshev Filter Design ................. . L09-0l 
9b. Butterworth or Chebyshev Filter Design ................. . L09-03 
10. Bode Plot of Butterworth and Chebyshev Filters ........... . LlO-Ol 
11. Resistive Attenuator Design ........................... . Lll-Ol 
12. Smith Chart Conversions .............................. . Ll2-0l 
13. Transmission Line Impedance .......................... . Ll3-0l 
14. Microstrip Transmission Line Calculations ............... . Ll4-0l 
15. Transmission Line Calculations ........................ . Ll5-0l 
16. Unilateral Design: Figure of Merit, Maximum 

Unilateral Gain, Gain Circles .......................... . Ll6-0l 
17. Bilateral Design: Stability Factor, Maximum 

Gain, Optimum Matching ............................. . Ll7-0l 
18. Bilateral Design: Gain and Stability Circles, 

Load and Source Mapping ............................ . Ll8-0l 
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Network Transfer Functions-Input 

881 .LBtt. Input f 857 l/X 
8e: CLRG 858 !r 
ee, 2 859 8 
884 , 

868 CHS 
Pass (WC)-I L -90 to 885 Pi 861 '102 

88£ x e6;? .LBLe LBL 2. 
887 STOe Storew 863 .588 -------

e88 1 864 CHS Pass 1_w
l 

LC L -90 to 
889 5TOI 

[1If[~ LO ~ LO] 

965 x:y we 
818 5T07 866 1/:( LBL 2. 
8ll CLX 867 x:y ------ -
812 RTH ------------ 868 OLBL2 
813 OLBLB 869 .587 e14 8 878 RCLC 

(1Il~[i ~] ~l 815 GTOl Pass RLOta LBL 1. 8'1 RCLB 
816 .LBLC - ------- 872 RCL9 
817 RCte 873 l/X 
e18 < 874 RCcA 
819 9 875 CHS 
828 e 870 .589 
821 GTOl PasswLL90to LBL 1. en 5T05 
82:? oLBLD --------

878 R~ 
823 RCLe 879 STD. 
824 , 

888 RCLE 
825 1.·'X 881 RCLD 
82£ 9 882 RCLS 
827 e 883 l/X 
828 CHS 884 RCLA 
829 'Tal Pass (WC)-I L -90 to 885 CH5 
838 .LBLE LBL 1- 886 G589 
e~l x:y --------

887 5T07 
,.32 GS88 Pass~L90to 8B8 R~ 
83;' .LBLl 1_w2 LC 

889 5TOB 
834 '587 LBL 1. 898 CLX --------
835 RCLC 891 RTH -----------
83£ 5T02 "2 ot.BL7 INPUT, V; IZI 
BJ7 RCL8 

[tIl~ [: ~] [til 
89;' 5TO~ x=LZ 

838 5TOl 894 x:y 
839 RCLE 895 5T09 
04f 5T04 896 RCL5 
841 RCLD 897 RCL. Compute and store 
842 5T03 US G589 "ql1 +Zq'lo 
843 CLX 899 RCL2 
844 RTN ------------ lee RCLl 
845 ot.BL~ 181 GS88 
84. t 1.2 STOB 
847 .T02 Pass R L a to LBL 2. 180 R~ 
848 OLBLc lB4 5TOC -------
849 RCL8 185 RCLA 
"58 x 186 RCL9 
85: 9 187 RCL7 
852 8 188 RCLS 
853 .T02 Pass wL L 90 to LBL 2. :e9 .589 Compute and store 
854 .LBL. -------- U8 RCL4 1111 + Zll21' 
855 RCLB 11J RC!.J 
85£ X ~~ -- ---------

REGISTERS 
0 r 1'1111 12 J3

1'1,,1 14 Lq12 
5 

1'1,,1 1
6 

Lq21 J 1'122 I .lBLq22 llZI W Lql1 

SO 

1
51 r 1

53 

1
54 55 r r 1

58 

I"" 
A LZ 1 1'111_1 J LQ11naw 

D 
1'112-1 J Lq12new I' 
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113 SroD 
114 II~ 
11~ STOE 
11. 11TH ------------
JJ7 *LBL8 Subroutine to add complex 
118 '11 numbers. 

119 II~ 
128 II~ 
121 '11 
122 x:r 
123 II~ 
124 • 
125 II~ 
12. • 
127 lit 
128 .p 
129 11TH ------------
138 *LBL9 Subroutine to multiply 
13i II~ complex numbers. 
132 X 

133 R~ 
134 • 
135 lit 
136 11TH ------------
137 *LBLB INPUT: y=b 
138 X x=a 
139 LSTX 
148 IICLB 
141 X 
142 x:r 
143 LSTX 
144 X· 
145 X 

146 1 
147 -
148 CHS 
149 
158 9 
151 B OUTPUT: 

wa v·_--
152 11TH 1-w1 ab 
153 II/S 

.-90 
------------

LABELS FLAGS SET STATUS 
A f B Series R C Series L D SeriesC E Series tank 0 

FLAGS TRIG DISP 
a b Shunt A C • Shunt L d Shunt C e Shunt L-C 1 ON OFF 

0 '" 0 
DEG 00 I FIX 0 

0 Used 1 Used 2 Used 3 4 2 1 0 Iil GRAD 0 SCI 0 

6 8 9 3 2 0 Iil RAD 0 ENG '" 5 7 Used CADO CMULT 3 0 i<I n 3 
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Network Transfer Functions -Output 

881 .LBLiI 21 11 Input ZL 85~ RCLG 3686 
882 5TD9 J5 8S 858 RCL5 36 65 
883 x:y -41 859 RCLB 36 88 
884 STO~ 3511 868 RCLl 3687 
885 CLX -51 861 .586 2386 
886 R/S 51 ------------ 862 l/X 52 
887 .uiLB 21 12 Compute 2in 863 X' 53 
888 .584 23 84 864 RCLC 36 13 
989 RCLB 36 12 865 -24 
816 l/X 52 866 F8? 16 23 98 
8J I RCLI 36 46 867 PRTII -14 
8li. CHS -22 866 RTH 24 -----------
~13 .589 23 99 969 *LBL5 21 85 IF flag 0 
814 H05 Z2 8~ ------------ 878 F8? 16 23 88 THEN go to LBL 0 
815 .LBLC 21 13 Compute V2 /Vl 871 H08 Z2 88 ELSE 
8lb RCLZ 36 82 872 .LBU 21 81 Display y and x 

817 RCLl 3681 873 X:Y -41 alternately. 

816 RCL4 3684 074 0/5 51 
819 RCL3 36 83 875 HOI 22 81 -----------
828 .586 23 86 876 *LBt8 21 88 Print y and x. 
821 RCt. 36 11 ~7' X:V -4: 
en RCL9 36 89 f'7S PRTX -14 
32J R1 J6-J1 079 X:'( -41 
C24 CHS -22 88. PHX -14 
825 R1 16-31 881 RTH 24 -----------
826 1/X 5.2 882 *LBL4 21 84 Compute and store 
lP"'" X:V -41 883 RCL6 3686 Zl'Q:21 +qno 
elE: .589 23 89 884 RCL5 36 85 
829 HOS 2285 - -- --------- 88S RCL8 36 88 
838 .LBLD 21 14 Compute '2111 88'; RCL7 36 87 
831 RCL6 36 86 88~ bSBG 23 86 
83':: RCL5 36 8S 888 £TDf 35 12 
B3J RCL8 36 86 [.89 R. -31 
834 RCi? 36 B7 8'1. STu) 35 4£ 

ComputeZLqll +qll 
835 G586 23 86 891 ReL2 36 82 
836 l/X "' 992 RCLl 36 81 
8'- X:V -41 09J RCL4 3684 
BJ8 CH5 -22 894 RCL3 36 8;' -----------
B39 x:r -41 895 tLBL£ 21 86 
B4B CH5 -22 896 SIDE J5 15 
841 br05 2285 ------------ "97 N -31 
842 *LBLE 21 1~ Compute P2/PI 8'18 5TOD J514 INPUT, LA B43 _5B4 2384 839 R. -31 IAI 844 RCLB 3f 12 188 RCL9 36 89 LB 
84~ l/X 52 181 RCLR 3611 IBI 
846 RCLI 3646 182 '5B; 2388 
847 CHS -22 Ih3 RCLD 36 14 OUTPUT' L ZL A + B 
848 '589 23 89 184 RCLE 36 15 IlL A + BI 
849 .~ 44 185 .586 2388 
8S8 RCU. 3611 186 RTH 24 ------------851 RCL> 3689 187 *L8Lc 21 16 13 Compute 12 IV 1 
B52 'R 44 188 RCL2 3682 
853 x:r -41 189 RCLJ 3681 
854 R. -31 118 RCL4 3684 
855 • :IS -~j 111 RCL3 3683 
856 5TDC 112 .586 2386 

REGISTERS 
0 I' Iq,,1 I' Lqll 1

3 
Iq12 1 14 Lql2 

5 
Iq,,1 1

6 
Lqzl I' Iq,,1 1

8 
Lq22 1

9 
IlLI 

SO IS' 1
52 

1
53 

1
54 55 

1
56 JS7 lsa 1

59 

A 
LZL I" IDenoml Ie Used 

0 
LB IE IBI I' L Denom 
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113 I/X ~2 
lJ4 :.::y -41 
115 CHS -22 
;16 X:Y -41 
;U CHS -22 
118 .r05 22 85 
119 tLBL'; 21 1£ 14 ------------
128 RCL6 36 86 

Compute V 2 Jl1 

121 RCL5 36 85 
122 RCL8 36 8F 
123 RCL7 36 ~~ 
124 .586 2? 86 
;25 RCLA 36 11 
126 RCLS 36 as 
;2~ ~'1 16-31 
:2& CH5 -22 
12S Rl 16-31 
:30 I/X 52 
:31 x:v -4! 
132 .5B9 23 89 
lJJ ;r05 22 85 
!3~ <LoLS 21 8S ------------
125 ~F;. 44 Subroutine to add complex 

:3£ ~. -31 
numbers. 

, -;- R. -31 
:?£ ". 44 
~39 X:V -41 
;40 R' -3'1 
;41 -55 

14" H -31 
;43 + -5: 
;44 R1 If-Z; 
145 +F 34 
:4~ ~TIi 24 
14- .LBL9 21 89 ------------
146 OJ -31 Subroutine to multiply 

14j X -3:- complex numbers. 

158 RI. -~1 

~ 5 ~ -55 
15': PI 1£-31 
~5j RTN 24 -----------
~54 R/S 51 

LABELS FLAGS SET STATUS 

A ZL 8 -IoZ in C -+V2iV l D-Iol2/11 -IoP2 /P, o PRINT FLAGS TRIG OISP 

c -Io1 2 /V , d-loV1/11 ON OFF 
0 Kl [] 

DEG ~ 1 FIX [] 

o Print y & x 1 4 Z1{21 +q22 [J llil GRAD 0 SCI 0 
0 Il<J RAD I~ ENG Kl 

Display 6 ZL A + B 8 CADD CMULT 0 Il<J n~ 
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Reactive L-Network Impedance Matching 

9Bl .LeLA 85; .LBLD Exchange Zs and ZL' 
882 STOI Store RL 858 'S82 Compute X'I+). 883 R. 859 '5el Compute Xl. 
884 5T02 Store XL 868 '5B5 
885 R/S ------------ 861 '5SE 
886 .LBLS Store Rs 862 G585 
887 5T03 863 • Save Xl in LSTx. 
888 R. 864 '5B2 Exchange Zs and Z L' 
889 5T04 Store Xs 865 L5TX Recover Xl. 
818 R/5 ------------ 86. RTH -----------
811 .LBLI Subroutine to compute 867 .LBLJ Exchange Zs and Zl. 
812 RCL2 X1(+) and XlI_I_ 868 '5B2 Compute Xl(_I. 
813 X' 869 G5Bl 
814 RCLJ 878 RCL5 
815 X· 871 '585 
816 • 872 '5SE Compute Xl 
817 RCL3 873 G585 
818 > 874 • Save Xl in LSTx. 
819 RCLJ 875 '5B2 Exchange Zs and ZL' 
828 RCL3 876 L5TX Recover Xl. 821 - 877 RTH -----------822 ~ 878 .LBLE Subroutine to compute 823 L5T); 879 5T07 x" 824 1 ,y- 888 RCL2 
825 RCLJ 881 • 82. x 882 RCL3 
827 RCL2 883 X 
828 X 8B4 RCL7 
829 X' 885 RCL4 
838 L5TX 886 • 831 R. 887 RCLJ 
832 · 888 X 
833 IX 889 -
834 Rt 898 RCLJ 
835 X:)' 891 ~ 

836 - 892 RTH -----------837 ST05 893 .LBL2 
Subroutine to exchange 838 LSTX 894 RCLJ 

839 EHTt 895 RCL3 ZS and ZL' 

848 • 896 STOI 
841 • 897 x:r 
842 5T06 898 ST03 
843 RTH 899 RCL2 -------------844 .LBLC 

Compute Xl 1+) 
188 RCL4 

845 'SBI 181 5T02 
846 '5BS 182 x:r 
847 'SBE Compute Xl 183 5T04 
e48 G5B5 184 RTH -----------849 RTH 185 .LBLS ------------ DISPLAY ROUTINE 
858 .LBLe Compute Xl I_I 18. Fe" IF flag 0 
851 '5Bl 187 PRTX THEN PRINT 
852 RCLS 188 Fe? 
853 G5B5 189 RTH ELSE 
854 '5BE Compute X2 

118 R/5 DISPLAY, 
855 G5B5 111 RTH 
956 RTH 112 R/S 

REGISTERS 
0 rRL 1

2
xL 

13
Rs 14 Xs 

5 
1
6 

X1(+1 r XI 1
8 

1
9 

X1t ) 
SO 

1
51 IS2 

1
53 1S4 S5 I'" 1

57 

I
S8 IS9 

A 

I" Ie D !E I' 
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LABELS FLAGS SET STATUS 

A XL t RL B XStRS 
c 

L 
0 

~ 
E 0 

PRINT FLAGS TRIG DISP , b , d , 1 ON OFF 
0 ~ 0 

OEG ~ I FIX 50 
0 1 X, 2 ZS~ZL 3 X, 4 2 1 0 IU GRAD [] SCI 0 

5 Display 6 7 8 9 3 2 0 l<J RAD 0 ENG D 
3 [l I<l n----2-
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Class A Transistor Amplifier Bias Optimization 

881 .1.Btu B!'~ STOE 
B8.:' RCL9 Transfer VBEmax to 855 
BBJ p-c secondary register. 859 RCl.l 
8B4 src!l 86C X' 
885 r.S -~---------- 8£1 
Be£ RCL4 B£2 2 
BB~ 2 Be? 
ees 864 RCLI 
889 Compute (}JA B~ 
BIB RC!..S 86£ RCL5 Compute T min 

e" 8~ X 

8" ST05 -------- 065 ReLB 
81J RC:..e 869 
e14 X' 878 RCL3 
815 871 • -------
811i RCL4 Compute RL 1 S.,., .SS3 
8 f "l' RCL2 en CHS 
'IS B74 1 
819 875 Ret! Compute V SEN 

8Z8 87. 
B" e?;" .5B4 
B?':' e'")le. P:S 
B2Z 879 RCL9 
e24 STor -------- eBB 
825 88: F':$ -------
826 Compute REl 8B2 ST09 
C" 'x 8e3 RCtE IF VBEX > VSEN 

8Ze sroa ------------ B84 X>Y,? THEN reduce Re to 0 

829 fLBt8 Begin iterative loop. 8S!: .T02 and increment RL 

83B RCte 88£ ELSE 

f7 1 2 8B~ RCLI Compute a new value 

832 8ee for Re-

e?J EHTt 889 RCL! 
BJ4 EHTt 898 
835 Rete 89J RCLD 
e3,; RCLD 892 X:~ 
aT. Compute lcq 893 STor 
e3f, 894 :CH 
839 51D1 -------- 895 
84e RCL5 89£ 5 IF ":::'Re ~ .5% 
841 897 X£Y,? THEN repeat loop 
842 Compute T max 85S .roe IF flag 1 
84J R'" ':' e!J9 FlO THEN finish problem 

844 -------- lee .TOI ELSE repeat loop 

B4~ RCL4 lel SF! once more to print. 

B4£ x:y IF Tmax >TJmax 182 .roe 
847 •• \ .... t:. 

THEN increase RL 18J .LBU 
845 .TOl 184 en 
B49 .SB3 ELSE compute V BEX . Ilt5 R<'S Stop to accept hFE'S 
85e CHS 186 STOP -----------
851 ReL: lei x:y Store hFEmin 
852 1 18S STOll Store hFEmax 
e~7' • 199 RCtJ 
e54 .584 llf! Z 
e55 RCLE 111 
es,: 11: RI'" , 

REGISTERS 

o Vee r Ll1cq 12T Amax,RB r T Amin,VBB!4 TJmax 5 PD ,8JA 1
6 

I, i' llVBe 18V
BEmin 1

9 
VBEN 

SO IS1 
I
S2 IS3 IS4 

S5 IS6 IS7 IS8 IS9 
VBEmax 

I" Ie 0 IE I' hFEmax hFEmin RLo REo VBEX I,q 
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113 , 169 x 
114 RCLD r? RCLZ 
~ 15 , 17'1 x 
:1£ ReLE 172 LSTX 
I ~., 173 RCLD Compute Ap 

118 RCL9 1~4 RCLE 
119 17~ 
126 RCLE 176 ,." X 17;-
122 RCLA Compute Rs 1'8 LOG 
12::: 1~9 
124 188 
12! RCLJ 18J X 

126 182 PflTX 
12:' RCLA 183 RTN -----------
128 184 .LBL3 
129 18~ Fl? IF flag 1 

130 RCLJ 196 PRTX THEN PRINT T. 

HI + 18;' 
132 RetE 188 
lZJ 189 Compute 
134 l!Je 2 
13'! 191 0.0022 Ix - 25) 
!3£ R:;L: 192 2 
p- 19J EE~ 
138 5T02 -------- 194 CHS 
139 RCLE 19S 
He 196 x 
141 RCLD 19:' RTN -----------
142 + 1!J8 ~8L4 
HZ RCLl 199 RCLl 
144 Compute Vee 2.8 x 
14~ 1 281 Fl" IF flag 1 
14f RCLl 282 PflTX THEN PRINT Ie-
147 283 Ret6 
148 X 284 
149 RCL9 28S L~ 
159 + -------- 286 RCL7 
151 ST03 287 
!~2 RCLe Compute AI 288 + 
153 .-v 

Z89 RTN -----------
154 21e ~BL2 Re+-O 
155 RCL2 211 e 
156 X -------- 212 STOD -------
lit., RCL2 213 ~L1 
158 Rete 214 I 
159 x 21~ RLn+1+-RLn x 1.1 
168 LSTY. Compute Rl 216 
161 RC1..! ')1., RCLC 
162 218 X RLn+l 16:; -------- 219 STOC 
164 RCLe 228 .roe -----------
1~ RCtD 221 R/S 
16£ PRSi PRINT R1, R2, RL • Re 
167 
168 RCLe 

LABELS FLAGS SET STATUS 

A-+l lc' BUsed D 
FLAGS TRIG OISP 

Used ON OFF 
0 0 IXl 

DEG ~ I FIX 0 
o Used 1 Used 2 Used 3 Used 4 Used 0 IXl GRAD D SCI 11 

6 0 IXl RAD D ENG Ii<l 
3 0 IXl 2 
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Transistor Amplifier Performance 

88~ 'LB!.H 1157 ReL3 
882 2 1158 RCt4 
Be3 y 1159 'SB9 
884 2 868 RCL2 
8115 1 Compute storage location. 861 RCLJ 
8B6 - 862 ,see 
88~ sTOl 863 sToe 
eBB ~J 864 X:'f 
889 SiD; Store hij 86~ sTOl 
81f 15Z1 866 FlO IF flag 1 

ell R. 867 'Sr.; THEN PRINT or 

812 SToi Store 8ij 868 X:V DISPLAY. 

elJ RTN ------------ 869 Fl? IF flag 1 
814 oLBLB 878 GS85 THEN PRINT or 

815 ST07 Store RL 871 Flo DISPLAY. 

Bli x:r 872 SPC 
e·~ ST08 Store (Jl 8n RTH -----------
81S RTH ------------ 874 oLBLD Compute AIlS 

819 'LBL~ .~ CFl 
828 ST05 Store Rs 876 'SB. Compute Zin without 

821 x:r 877 SFI printing. 

822 [T06 Store 8s 878 RCL6 
823 RTH ------------ 879 RCL5 
824 *LILe Compute Ai 'Sf 'SB8 
825 GSB? 881 l/X 
826 X:'. 882 X:V 
827 '585 BSl CNS 
828 x:" 884 X:V 
829 GS85 8B5 RCL9 
838 SPC 886 RCLA 
831 RTH ------------ 887 GSB9 
832 oLBLC Compute Av 888 RCL7 
833 CFl BfJ9 RCL8 
834 ,sSe Compute Zin without 898 GSB9 
~ SFI printing. B91 X:V 
8U 1 -v 892 GS85 
837 ~;:r 893 X:V 
BlB CHS 894 G585 
839 x:r 895 SPC 
848 Ret? 89£ RTH -----------
841 RCte 897 .L8LE Compute Zout 
842 GSB9 e98 RCL2 
843 RCL9 899 RCLI 
844 RCLA Jlle RCL6 
845 'S89 181 RCL5 
846 X:V 182 'SB8 
847 eS85 183 llX 
848 X:V 184 x:r 
849 '585 1115 CHS 
858 SPC 18. X:V 
1151 RTH ------------ 187 RCUI 
1152 *LBte Compute Zin 1.e RCLC 
8S3 .SB7 18~ '589 
e54 RCL7 lIB RCL3 
1155 ReL8 111 RC!..4 
1156 '5B9 !1? GSB~ 

REGISTERS 

o IZinl r h11 '" hj 1
2

0 11 13 
h12 '" hr I' e" 

5 
As 1

6 es I' AL 1" eL 1" IA;I 

SO 
1
51 r I

S3 
1
54 S5 IS6 IS' IS. 

1
59 

ALAi 18 
h21 '" hf Ie 0 IE I' e" h21 = ho ell LZin 
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1''':' CHS 1£9 ~. Subroutine to multiply 
114 RCLE !7f complex numbers. 
115 R[.tD . " R • 
11£ GSB8 ,.,.., 
", 1'''' ''7 Rf 
lIS 1::) !74 HI< -----------
119 ~HS 175 R,'S 
lZB '585 
121 1::" 
122 .SBS 
12Z SPC 
124 RTN 
I'· "" *LBL5 IF flag 0 
126 Flo THEN PRINT 
127 PRTX IF flag a 
12e Fe? THEN RETURN 

129 RTN ELSE DISPLAY. 

138 RfS 
131 RTN ------------
132 .LBL? Subroutine to compute Ai' 

133 RetE 
134 RCLD 
135 RC!.7 
136 ReLB 
!37 G589 
13B B 
139 ENTf 
HB 1 
141 GSBB 
142 f,'\· 

14:; ,--
144 CHS 
14~ x:y 
14£ RCLB 
14;- CHS 
HE Rete 
149 .589 
15S ST09 
151 I::Y 
15Z STOll 
153 "'~\' 

154 RTN ------------
155 .LBLS Subroutine to add complex 
156 .p numbers. 
157 U 
158 R. 
159 .p 
168 X:Y 
161 RJ 
16;: t 

1£2 R: 
164 t 

It.''"5 Rt 
16£ .p 
167 RTN 
I£B *LBL~ 

LABELS FLAGS SeT STATUS 

AOijthijtii B OLtRL C-+Av D-+Avs E -+Zout o PRINT FLAGS TRIG DISP 

OstRs c--+ Ai 
d 

-+ZIn 1 NO PRINT ON OFF 
0 IX] D 

DEG IX] I FIX D 
1 5iI D GRAD 0 SCI D 

8CADO 9 D iU RAD 0 ENG i<l 
5 DISPLAY 7 Ai CMULT D iU n----L 
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Transistor Configuration Conversion 

881 .~BUi 11'57 RetE 
Be:;' 2 e5e RCLD 

Y12'::=-(YI2 +Y12) e8J Compute register to be l!59 'SSP 
e04 2 used. 8£e CHS 
885 8£1 5T03 eet' 8£2 x::y 
887 STa! 8£0 5T04 -- - - - - - - - - --
88e P,J 8£4 X'" 
ee9 STO; Store hij 8£5 RCLe 
818 ISZI 8££ RCLE 
8' • R. 80. .sse 
812 SrD; Store e'j 8te RCLE 8 f ":" RTN ------------ 8£9 RetD y" =:-Y22 +(Y21'+Y12') 
814 tLBLC CC-+CB B:>e .sse + VII 

elS .SSB Compute a new v-matrix. 871 CHS 
81£ tLS' .,. ------------ 872 Ret2 = VII +Yil +Y21 +Y22 ". 
P17 RCU Routine to transform B~7 Ret! 
818 RCLn 

~" a'J 874 .sse 
819 5TD1 p,('!; 5T01 
8ZB R. a" a" 87£ R. 
821 HOD into 87':' 5T02 
8ZZ RCL3 B7S RTH -----------e"7 RCI.£ ~" a'J e?9 .tLB!./lI CE-+CC 
824 5103 a" a" 8BC tLBL!J CC-+CE 
BO. R. and then into 881 GSse Compute new v-matrix. 
82£ STO£ 

1 ~21 -a"J 8Sl GSS, Transform [V] to [h]. 
P"7 RetZ 

det a 8e:; RTH -----------82F RCLE a" 884 tiSLe C8-+CC 
829 SI02 811'5 ,sse Compute new v-matrix. 
B3B R. 8U 'TD3 Transform 
e31 STOE 887 .LB!.6 -----------
832 RCL4 888 GSS? Transform [hJ to [yJ' 
en RCLC 889 RCL2 
834 STD4 898 Rt!.! 
B~ R. 891 RCL4 
83€ STOC 892 RC~3 YIl' = -(YII + Y12) 
8~' GSBC 893 GSS8 
B3e RTH ------------ 894 CHS 
8?9 oLBU CB--j.CE 895 5T03 
848 tLBLB CE--j.CB 8% RJ 
641 esse Compute a new y-matrix. 89, S194 -----------
842 GS87 Transform (yJ to {hJ. 898 RC.L2 
84" RTH ------------ 899 RCU 
844 oLBLB Transform (hJ to [yJ' 18e RetC 
B4~ GSB? 181 RCI.£ 
84£ Rete 182 .SS8 Y21'=-(Yll +Y2d 
847 RCI.£ !8J CHS 
84e RetE 184 STar 
849 RCLD Y21'=-(Y21 +Yn) 185 x:y 
11'58 .SSB 18£ STOC -----------
IS1 CHS 187 "' ..... 
e~2 STOB 188 R::J.4 
B5J RJ 1~!J RCJ..3 
11'54 SToe 118 eSS8 Yn' '" YII +Yi2 +Y21 +Yn 
1!'55 RCL4 ------------ 111 RC:.2 
11'5£ Rrl7 ff': Re~l 

REG1STERS 

I' h" 12 0 .. 1
3 h., I' 0" 1

6 
ILlI I' LLl 1

8 I' 
so 151 

1
52 

1
53 

1
54 S5 IS6 I"' 1s8 159 

1" h" Ie 0" h" IE 0" l' 
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113 .SBe 1£9 STOV 
114 CHS 178 U 
11!; RCLE 171 5TOE 
!If RCLD 172 RTH -----------
117 'SBe J73 fLBLe Subroutine to add 

118 srOD 174 +R complex numbers. 

119 RJ l~ R. 
lZ8 STDE 17£ R. 
121 RTN ------------ p- +p' 
lZZ fLBL7 Subroutine to convert l~CI x:y 
123 Ret2 t.,.D RJ 

lU a'J 124 RCLl ISr t 

12:) RCLe a" an 18J RJ 
12£ RCLE 182 + 
127 'SB9 ;n,ol [ 

183 Rf 
128 ST06 -au J 184 +P 
129 R. ~ a2l det a 

1~ RTN -----------
138 ST07 18£ .LBL9 Subroutine to multiply 
131 RCL4 187 RJ complex numbers. 

132 RCD 18e X 

133 RCLB 189 RJ 
J34 RCLC 198 + 
13'5 .S89 191 Rt 
J3£ CHS :92 +R 
13;- R'" .., Compute det a 19: +P 
J38 RCL6 194 RTN -----------
139 .SB8 195 fLBLE Print [h] 

He ST06 J9£ Ret2 
14J R. J97 .m 
142 SrD? ------------ 198 RetJ 
143 RCL2 199 GSB5 
144 CHS 

1 
288 Ret4 

145 5T02 all+-~ Zel ,m 
J4£ RCLl au Z82 RCL3 
147 1'" 283 GSB5 
148 STOI ------------ 284 RCLe 
149 RCL3 2~ .SB5 
J58 CHS 286 RCLB 
151 RCL4 287 '585 
152 .SB9 -a12 288 RCtE all+--~ 

J53 STD3 au 289 .SB5 
154 RJ Z18 RCLD 
IS! ST04 ------------ 211 oLBLS 
J5£ RCLZ 212 F'" IF flag 0 
f"::":" RetJ ZJ3 PRTX THEN PRINT 
JSf RetB Z14 F'" ELSE DISPLAY. 
159 Rete 215 RTN 
168 .SB9 a" a21+-- 21£ R.'5 
J6J 51011 au Z17 RTN -----------J62 RJ 2J8 RfS 
J63 STae ------------
164 RCL2 
16~ RUt 

det a 166 Ret£. a22+--~ 

J67 RCL? au 

168 GSB9 
LABELS FLAGS SET STATUS 

AOjjthijtij B CB+-CE C C8+-CC D CE+-CC E PRINT [hi o PRINT FLAGS TRIG DlSP 
a b CB--+CE c C8--+CC d CE--+CC , , ON OFF 

0 5<J 0 
DEG 5<J I FIX 0 

o [hl~[yl' 
, 2 3 4 2 , 0 I>!l GRAD 0 SCI 0 

6 8 CADD 9 3 2 0 I>!l RAD 0 ENG Ii] 
5 DISPLAY 7 [h] t:[V] CMULT 3 0 I>!l n----l-
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Parameter Conversion: S~Y, Z, G, H 

881 tLBL. 85~ .586 
882 .58e Store input data. (958 RC!.e ,= Zo 

88J RJ 855 'TOI [ZI = Zo [T'I 

B84 STO; 8£8 *LBLd -----------
8B~ 15Z1 8£1 STDB 

G~S 

88£ RJ 862 STx! LOg" g" J 887 510; 8£3 J :~, [TI = 

888 RTN ------------- 864 RCLD g" 922 /Zo 

889 *LBL~ Display output data. 8£~ X 

BIB .S8e B6£ STOV 
ell RCL; ij-+8 ij , Mij 8£7 .58£ Compute [T'l 

812 15Z1 B58 1 ,= -1 

B13 RCLi 869 CNS -------
81< .SB5 B78 tLBL4 
81!: X:'r -------- 8~1 RCLB 

[TI ~ [: :] [T] 81£ 'LB!.5 DISPLAY ROUTINE 872 r.;:y 
e17 fB" IF flag 0 8" X 

BIS PRn, THEN PRINT 874 SToe 
elf reo B~ LST); 
8~e RTH ELSE 876 RCLD 
82; R IE DISPLAY. s'- X 

822 PTN ------------ 878 STan -----------
823 .;.eL8 Subroutine to compute e79 PTN S~G 

824 ° register location. S88 *LBLD ,= -1 

8.?5 X B81 ST08 
[TI = G _:JrSI 82£ 2 882 1 

8°' 1 B83 CHS 
82£ - BB4 .584 
8°0 STOl S85 .586 Compute [T'l 
838 PTN -------- -- -- 88£ PelS 
831 *LBL. Y~S 887 ST=.i 

[~ (P'=' ST08 88B ~CLD t,,' ] 
832 .S81 [TI = Zo [YI 889 X G== 20 

834 n06 Compute [T']; [SI :: [T'] 898 STOD t21' lot22 , 
e~ 11.81.8 -------- --- - 89J PTN 
83£ STD8 S~Y 892 *LBL. -----------
8'- '58~ ITI = [S) 89J 5T08 H~S 

838 PCLS Compute [T') 894 S1f: f; 839 1;'X ,= lIZ o; [YI = IT 'I IZo 8~ PCLD h" 
848 .LBU -------- 856 y. [T]. ' }"' 841 .5B3 [: :] [T] 

897 STOn h" h22 Zo 
842 .5B4 [TI~ 898 .58£ 
843 PTN 899 1 Compute [T') 
84~ .LBL, -------- --- - lB8 CHS ,= -1 
84~ 5T08 Z~S 181 .LBL3 -------
846 l/X ,= l/Zo 182 STX1 

[TI ~ [: :}TI 
84~ .SBI ITI = IzI/Zo 18Z. STx3 
848 .586 Compute [T' J 184 PTN 
849 1 ,= -1 185 .LBU -----------
85C CHS [SI = -[T'I 186 S108 S~H 

851 HOl -------- - - -- 18;- 1 

'=ll 8S2 *LBLC S~Z l8E tHS ~] lSI 853 ST08 1~9 .SB3 T= 
854 J ,= -1 118 .SB6 0 
~ CHS ITI = -lSI III RCLB 
856 .58: 112 STX! Compute [T') 

REGISTERS 

o Z, II,T II II, Til MI2 ,T12 9 12 ,LTI2 r M ' 128 L '13 
, I' , 5 2/0 1" L 2/0 17 J' 1

9 
SO I"' IS2 IS3 IS' S5 IS6 IS7 

I
S8 

I
S9 

A IB M2l , T2l Ie 92l ,LT21 
0 

M22 , Tn IE 922 ,LT22 I' pointer 
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f'" J ~,~ 16!! >::y 
114 RCLD ~":ZO t"] 

178 ST04 
<or 

IHJ = 171 Rae 
116 STOD t" 172 RCLB 
11;' RTN t" z;- In CHS 
118 .i.BL6 ------------ 174 '582 
11~ RCL2 Subroutine to compute 17'5" ST08 t" 
128 RCL1 IT'). 17~ x:r 
121 'SB7 177 eTae --------
122 ST05 178 ReL! 
123 x:y 179 RCLD Rearrange til' and t22 

124 STO" 188 STD1 
125 RCLr 181 >::y 
126 RaD lS2 sroo 
127 GSB7 183 RCU 
128 Ra5 184 RCU 
129 RCL£ 185 ST02 
138 'S8!! lS£ ,,.,,, 
131 ST05 10 ' STor f.,.., -" lSB RTH -----------
133 ST06 189 1LBL5 Subroutine to multiply by 
134 ReL4 1% RCL5 2/0 and add -1 L o. 
135 Ra3 J~l ReL£ 
13£ RaB 192 S;S89 
IT. RCLe 193 e 
138 {;S89 194 £HTt 
139 CHS 1!t~ 1 
148 RCL6 19£ CHS 
141 RCL5 197 GTOB -----------
142 GSBB 198 1LBL7 Subroutine to add 1 L O. 

143 2 199 8 
144 288 £HTt 
145 l/X 281 1 
146 ST05 

D 282 tLBl.8 --------
14:- x:y 283 oR Subroutine to add com-
148 CHS 284 RJ plex numbers. 
149 STO£ 285 RJ 
158 RCU 28£ oR 
151 RCLD 28, x:y 
152 '58:' 285 RJ 
153' S;SS:; 289 t 
154 STOD t" :le RJ 
155 -,' 211 t 

15£ STor ':If., Rt 
157 Ret: 213 oP 
158 RCLJ 214 RTH -----------
159 S;SB? 215 fLBL2 Subroutine to multiply 
168 S;SS:; 21£ Ret5 by 2/0, 
1~! ET01 t" 217 Ra6 --------
162 .'<:':' 218 ILBL~ Subroutine to multiply 
163 5T02 219 R, complex numbers. 
164 Ra4 229 
165 RCL3 221 R. 
J6£ CHS Z2~ t 

167' GSB2 :!2~ Rf 
168 ST03 t" 224 RTH 

LABELS FLAGS SET STATUS 

A ij'40ij,Mij S~Y CS-+ Z S~G S~H o PRINT FLAGS TRIG OISP 

a 8ijtMjjtij b Y~S c Z-+S G~S 
, 

H~S 
ON OFF 

0 Kl 0 
OEG ~ I FIX 0 

o ij-+pointer 1 Used 2 Used 3 Used 4 Used [] OJ GRAD 0 SCI 0 

6 0 ~ RAD 0 ENG I<l 
5 DISPLAY T' 7 + 1 L 0 CAOO CMULT 3 0 ~ n--3.-
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Fourier Series 

BBI 'iP.!." START e·- 9 ELSE 
8e2 CLR' 85£ I 'Y DISPLAY 0.111. 
883 ns es9 RT~ -----------
884 CLR' 868 .lBt8 
8115 Rill) 8£1 R '$ DISPLAY new k. 

886 RTH ------------ 862 'TOC 
--------

-----------
88~ • LBLA Nt# freqs 863 .LEL • PRINT POLAR 
888 2 864 SF: 
8e~ , ~ RCLE 
ele STO£ 866 STOI 
811 x:y e67 .T02 -------

8 1
" STDE 868 OLBLD PRINT RECTANGULAR 

8E RTH ------------ 869 CFl 
e14 OLBLB 878 RCLB 
815 STOD Store J eel STOI --------
816 1 872 OLBL2 BEGIN loop 2. 

817 STOB INITIALIZE k e72 Ret! 
818 RTH ------------ e74 RCLB 
819 oLEtC y, (Ii'! 
82t STor Store Yk 876 2 
821 RCLB e" CHS 
822 STOl INITIALIZE pointer 878 --------
823 OLBLI BEGIN loop 1. 8~o RCLD 
824 CU: 888 + 
825 RCte 881 FIX 
82£ Ret! 882 OSPe 
8'- RCLE 88Z .585 
825 884 OSP3 
829 885 ReLi 
Ble CHS 886 DSZl 
831 887 Rei. 
8''=' RCLD 888 FlO I F print polar 

en + 889 .T03 THEN GO TO LBL 3 
834 RCLE 898 , -------

ELSE 
eJ5 e91 RCLE Prepare to print 
83£ 80 ':\ 

rectangular. 
83, , 89J 
838 x 894 ~:y 

8J9 Pi 895 LSTX 
848 x 896 , 
841 x:y 897 ';'81." -------
842 +P 898 >1:" 
843 ST+i 899 .S85 
844 >=y lee RJ 
84~ 0511 181 .585 
8.6 ST+i 182 FI" 
84, ReLe 183 spr 
84S EHTf 184 0S21 IF pointer *" 0 
84~ DSZl IF pointer "* 0 185 ;T02 THEN REPEAT loop 2 . 
1158 • TOI THEN REPEAT loop 1. 186 RTH -----------
851 1 ELSE INCREMENT k. 187 .LaL3 Convert fa, b) to (c, (} ) 
1152 5T+8 le8 X:y 
1153 ReLE 189 +P 
854 RCLf. 118 2 
~ X£Y? IF k';; N 111 RCtE 
856 .T08 THEN GO TO LBL 0 11~ 

REGISTERS 

Ok, t I' 12 I' 14 1
6 I' I' 1

9 

SO 
1
51 IS2 

1
53 

1
54 S5 IS6 IS? ISS 19 

1 2 x #freqs Ie Y, IE N r pointer 
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112 x 16~ PRT;-: THEN PRINT 
114 /;T04 ------------ 17e F'o 
11~ illll.£ t-+f(t) 171 RTH ELSE DISPLAY 
116 CF2 172 R/S ,,, 

5Toe f7":' RTH 
118 RCte 1""4 (US 
119 5T01 INITIALIZE pointer 
129 CLX --------
121 .1..B1..£ BEGIN loop 6. 
1~' RCt! 
123 RCtB 
124 
125 2 
12f CHS 
1'-
128 RCLD 
129 • 
13e x:'o IF i = 0 
131 SFZ THEN set flag 2. 
132 2 
133 
134 Pi 
1'" x 
13£ ReLt 
1'- x 
138 RCl.£ 
139 
He 
141 rzo IF flag 2 
142 • SB8 THEN ao .f-ao 12 . 
143 +R 
144 RCLi 
145 x 
146 x:\' 
14:- DSZl 
148 RCl.i 
149 
Ise • 
151 RCl.£ 
152 
l~J 2 
154 
1~~ + 
15£ DSZl IF pointer oF 0 
157 /;TO( THEN REPEAT loop 6 
ISS .585 ELSE DISPLAY fltl. 
159 FI" 
16e SPC 
161 RTH ------------
1£2 .teL. Subroutine to replace 1 
16J CU: with 0.5. 
164 
16~ 
166 RTN ------------
If? .LBL~ DISPLAY ROUTINE 
168 F'o IF flag 0 

LABELS FLAGS SET STATUS 
A Nt#freqs Yk 

0 RECT E t-+f(t) o PRINT FLAGS TRIG DISP 

a START d POLAR 1 POLAR ON OFF 
0 ~ 0 

DEG 0 I FIX Il< 
o Used 1 Loop Loop ~P PRINT 2 Used 0 Kl GRAD 0 SCI 0 

0 I!l RAD iJ ENG 0 
5 DISPLAY Loop 3 0 I!l n-L.. 
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Active Filter Design 

881 'LBLw. 1IS7 RTH -----------
882 STOe Store fo IISS fLBLD HIGH PASS 

883 RTH ------------ 8S9 RCL3 Display C1 

884 .LBL.A 868 ,ses 
835 S!31 Store A 861 Rete 
886 RTH ------------ 862 .< 
887 aLBa 863 2 
888 STD2 Store Q 864 < 
889 RTH ------------ 86! PI 
818 tLBLB 86£ x 

8" 5103 Store C 867 5T04 
812 RTH ------------ 868 RCLZ 
813 tLBLC LOW PASS 869 x:r 
814 RCL2 878 
815 2 871 2 
81£ P,72 RCLl 
817 RCLl 873 1 /~: 
81e 874 
819 2 e7r 

828 PI 876 GSBS Display Rl 

e21 87:- RCL3 
822 Rete 07B GSB~ Display C3 

8z:l X 97!? RCLl 
824 RCL3 888 
82~ < 881 GSes Display C4 

32£ ST04 882 RC!.1 
827 883 0 

828 STOS 884 
829 GSBS DisplaY AI 88~ 

838 Ret3 8e£ t 

831 4 887 RCL2 ,,,., 888 
833 RCLl 889 Ret4 
834 : 898 
83S + 891 GSes Display Rs 

83. X 892 RTH -----------
B37 RCLZ 893 .LBiE BAND PASS 

B3S KE e94 RCL3 
839 895 RCt8 
848 GSes Display C2 e9£ 
841 RCL2 897 
842 2 89B x 
843 '99 PI 
844 RCLl lSi 

, 
84S STD4 
84. 182 Rr" 
847 l8Z x 
848 ReL4 J84 RCL2 
849 18~ , 
1IS8 GSB!; Display RJ 18£ 1<: Display Al 
ISl Ret 1 187 GSes 
8S2 RC!.5 188 
8S3 X !IP RC1..2 
1S4 GSBS Display = R4 He XE 
8SS RCl.3 !11 
8S6 GSBS Display Cs 112 R~U 

REGISTERS 

f. I' A I' 1
3 

C 14211"fo C 
5 

R1LP 1
6 I' 1

8 
1
9 

SO IS' 1
52 

1
53 154 55 TS6 T57 IS8 

1
59 

I" Ie IE I' 
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113 
114 RCL4 
1" , 
11£ RCL2 
:17 
118 UX 
11~ GS~ Display Rl 
129 RCL3 
121 GSB5 Display Cl 

122 .SB5 DisplayC4 

123 2 
124 RCL2 
1~ 
12£ RCL4 
1"~ 

12B .SB5 Display Rs 

129 RTH ------------

13e .LB!.~ DISPLAY ROUTINE 

131 Fe? IF flag 0 

132 PRT,~ THEN PRINT 

13:; Fe" 
134 RTH ELSE 

lJ5 R/$ DISPLAY. 

13£ RTH 
17- R!'$ 

LABELS FLAGS SET STATUS 
AA C C LP 0 HP BP o PRINT FLAGS TRIG OISP 

'10 
ON OFF 

0 ><J 0 
DEG ~ I FIX 0 

0 '" GRAD [J SCI 0 
0 '" RAD 0 ENG I<l 

5 DISPLAY 3 0 '" n~ 
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Butterworth or Chebyshev Filter Design 

:; fL~Lt 8~7 eN 
I 8~8 g:r 

8e3 8 85~ 
884 868 STDr -------

e8~ 19' Compute order of 861 .L6~6 Newton's method root 

886 Z Butterworth filter. 862 ReLE finder. 
?87 36? peL: 
888 864 ~[LE 

889 865 )" 

818 LN 866 STOA 
811 STOP 867 ENTt 
812 X:l' &£6 I" 
813 '5B9 86~ 
814 .587 e78 ReL. 
815 ReLB J7l 
816 g:r 872 ReL", 
9 1 "- LN 8:'3 ENT~ 
818 ABS ~;4 1···· 

819 8'5 
628 87£ 
821 877 RCL:? 
822 878 LN 
823 e;,~ 

B24 INT 888 
825 SiOE B81 
826 !<TN ----- ,---- --- 882 
827 fLP:'A Store R ~eJ STOE 
828 STD5 ------------ 8£4 LeT-" 
829 RTN aS5 eBS 
838 *LBLD &86 
831 1 eS7 f) 

83~ 6 Compute order of 888 1 
833 Chebyshev filter. a8~ Xi,.' 
034 IS' 898 HOE -------

83'5 I D91 ReLE 
836 0~2 
837 893 
8?S 894 
839 ReLe 895 
848 X' 996 INT 
841 897 STOE 
842 e~8 ~n 
843 999 fLBL~ 

Subroutine to multiply 
844 STOB 18a 
845 ,":)' 181 

by 21T. 

846 .SB3 182 Pi 
847 .5B? 183 
848 ENT! 184 RTN 

- ---------
849 ;.'2 185 fLBL? 

Subroutine to compute 
858 1 186 STOA 
051 187 RCLD normalized frequency. 

852 rv 188 STOI 
e53 189 HOi --------
854 ST03 lIe *LB:'4 
855 LN 111 ;5B3 Band Elimination. 

856 ReLB 112 HOe 
REGISTERS 

I' 12 1
3 

Used r Ripple, dB 
5 

R 1
6 I' w, 1

8 
BW 1

9 

SO 

1
81 1S2 

I

S3 

1
84 S5 IS6 

1
87 IS8 

1
89 

IB Used Ie w" 
1 LP 3 BP IE I' counter 
2 HP I BE 
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IE .lBl2 169 ST()" J:: 87 

114 • 581 
High pass. 1' • RT"4 24 

:15 'leLa 1~1 • 5 51 

116 ! ·-x 
1 <, CHS 
116 ;r05 

- - - - - - ---
119 .loU Low Pass 
128 Reu; 
121 ReF 
122 
12:3 GTD5 ------~-

124 *LFlJ Band Pass 
125 RCL. 
126 ";f 

127 FeCl' 
;28 .'f 

12:-
138 PCL" 
131 
132 P':LE' 
IJJ 
1:::4 tLE'L5 
1J~ .:1B£ 
136 5TJC -----------
E: f;:n; 

138 *LEL,] 
E:' STC4 
148 1 
141 dB Ripple-+€ 
j"'; 

143 18' 
1" 
14~ 
146 f,"" 

:47 ST06 ------------
: 42 FIN 

High Pass 
14~ •• Bl. 
15" ------------101 (;TOf 
fE''' .lEL, Band Pass 

l~J -----------
154 ;T~: Band Elimination 
155 .Lf.lC 
156 
157" *LELl 
158 GSre 
;5~ U 
156 Gf'F9 
161 STaB ------------15, <Tk Low Pass 
1£:- t:'BLB 
1';' I 
J6~ .Lfc8 
Ibt. SiJD 
167 F.''; 
liE (;SB" 

LABELS FLAGS SET STATUS 
A R LP, t, eBE, Bwtfo Df, ta-+n E f, ta-+n 0 PRINT FLAGS TRIG DtSP 

HP: fo cSP: awt fo ddB Ripple-+€ 
, ON OFF 

0 !9 [J DEG '" FIX 0 
0 Used Used 2 Used 3 Used 4 Used I lJ i<l GRAD 0 SCI 0 

5 
n Kl RAD 0 ENG Kl 

Used Used 7 Used 9 Used 0 O<l n~ 
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Butterworth or Chebyshev Filter Design 

~~l .L8U BUTTE RWORTH @5; RCLt 
882 RCLE 858 • 
883 STOI INITIALIZE counter 859 .S86 
884 SFI -------- 868 .SB5 
885 .L8L8 BEGIN loop 8. 861 LSTX 
886 RCLE 862 
887 RCLI Butterworth equations 863 l/X 
888 - 864 RCL7 
889 1 86~ X' 
818 + 866 
811 ST09 Store i 867 _586 
812 2 868 CHS 
813 x 869 _T08 --------
814 1 878 .L8L4 Band Elimination 

815 - 871 X:I 
816 Pi 872 Rl 
817 x 873 RCL8 
818 2 874 x 
819 (2i -1) 1I'/2n 875 RCt{ 
828 RCLE 876 X' 
821 8" 
822 SIH 878 GS8. 
823 2 879 GS85 
824 , -------- 888 LSTX 
825 .L8L9 881 
826 STO~ 882 RCt? 
827 RCL5' 883 X' 
828 I 884 x 
82~ CHS 885 1.'X 
838 RCL9 886 _586 
831 GSB5 DISPLAY i 887 CHS --------
832 y. 

R (_.1)i 
888 .LBL8 

833 y. 889 _SB5 
834 x 898 F81 
835 RCLD Branch to appropriate 891 SPC 
83£ X:I routine for frequency 892 Fl? I F Butterworth 
837 GTO; transformation. 893 GTOI THEN REPEAT loop 8 
838 .L8Ll -------- 894 DSZI ELSE REPEAT loop 7. 
839 X:I Low Pass 895 GT07 
848 RJ 89£ RTH -----------
841 RCU 60 - .L8Ll 
842 898 DSZI 
843 GS86 899 Gr08 
844 Groe 18e RTH -----------
845 .LBL2 -------- 181 .L8L6 Subrouti ne to change sign 

846 X:I High Pass 182 1 of capacitors. 

847 RJ 18:? CHS 
848 RCL? 184 I1CL9 
849 Yo 185 y. 
85e 1.'X 18£ 
851 GS86 187 11TH -----------
852 CHS 186 .LBLD CHEBYSHEV 
853 Groe -------- 18~ I 
854 .LeL3 Band Pass :tV ST09 
855 X:I .. CFl 
~5( ~J ~Cl4 

REGISTERS 
0 \' 12 1

3 14 5 R 1
6 T 1

8 

I' Ripple. dB . w, BW ; 

so IS' 1
52 

1
53 rS4 55 TSS 1

57 

1
58 IS' 

A G,.G j_, 
1
8 a,. aj Ie y' D 1 LP 3 BP IE n I' counter 

2 HP 4 BE 
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JJ3 4 169 + 
114 e 170 PI 
115 171 
116 !72 Z 
117 eX :7? 
118 LO' 174 ~C:"E 

119 ~~C' 

128 EHTt 176 SIN 
121 . .,.~ 5TO£ 
lZZ .' Chebyshev setup !7S 
123 1 179 
124 x:r lSe 
125 + 121 RC!..R 
126 L5TX 182 
127 1 leo RCLe 
128 ~ 8~ RCLE 
129 !e~ RCLI 
138 ReLE 18£ 
131 S10I 18;- PI 
1'" 2 1St 
133 lsg ReL! 
134 1.'>1 190 
135 Y' 191 SIN 
136 EHTt !9: X" 
Be 1/X !9~ 
138 194 
139 2 

!~ .T09 
148 19( fl.BL~ -----------
141 X' 197' Fe? DISPLAY ROUTINE 
142 SToe !9[ PF:-X IF Ilag 0 
143 PI 

!9P F8? THEN PRINT 
144 2 zec R1N 145 ELSE 
14£ RCLE 28: R/S 

DISPLAY" 
147 ':"82 11TH -----------
He SIN zeo R/S 

14!' STOB 
158 2 
151 
152 ReLe 
153 IX 
154 
155 .T09 
156 .LBU ------------
157 RCLB BEGIN loop 7. 
158 RCLE 
159 RCLI 
168 
161 

Olebvshev equations 
162 
163 5109 
164 1 
165 
166 2 
167 I( 

loB I 
LABELS FLAGS SET STATUS 

o CH'SHEV E a'WORTH ° PRINT FLAGS TRIG OISP 

1 Butterworth ON OFF 
0 il 0 

DEG ~ I FIX 0 
o Used 1 Used 2 Used Used 4 Used 0 Xl GRAD U SCI 0 

0 Xl RAD IKl ENG il 
DISPLAY Used Loop Loop 9 Used 0 Xl n-L 
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Bode Plot of Butterworth and Chebyshev Filters 

881 'L.BL~ 8~- RetE 
88: . e5£ STOl -------
88J 8 Convert dB ripple to €. BS9 GSB? Compute WN 

.8. 868 'LBts -------
88~ :8.10. 8£: R~D BEGIN loop B. 

e8£ 1 862 GSB6 Compute Sk 
ee~ - 86~ R~Ll 
8e£ n: 864 RC!.9 
889 510£ Store e 86~ + 
818 P. 866 R:L2 
8" CFe Chebyshev 867 ,p 
B12 STar Store n 8.8 ST.4 Gain 
8E RTh ------------ 869 ~,. 

814 .LBLI; 878 5T-5 Phase 
ttl!: sFe Butterworth 871 Ret2 
81£ STDE Store n 8~o , .. RCLI 
817 RTN ------------ 873 ,p 
818 oLBtt 874 STx4 Gain normalization 
819 2 High Pass m ,p 
8Ze Gra8 -------- 87. RCL~ 
8Z1 .LBLt 8~ + 
e22 ~ Band Pass 878 RCL2 ezz GTDI -------- 879 ,p 
824 'LBte 88e X' 
f.~ 4 Band Elimination 881 .~y 
8Z. .LB!.! 882 R. 
8"''' .S98 Store filter characteristic 883 
82f R. andwo· '84 5T+3 Time delay 
829 ~SB~ 8115 DSZl WHILE counter *- 0 
838 STOB Store 2n x 8W 886 GTOE REPEAT loop 8. 
8~1 RTN -------- 88~ RCLA -------
832 tLBLE 88S 1 
833 1 Low Pass 8S9 GS99 
834 .LELS 898 t Frequency 
~ STOD Store filter characteristic. 891 ReL4 
83. R. 892 LOG er GSB9 Multiply by 211". 89~ 2 
838 ST07 Store Wo 894 e 
839 RTN ------------ 895 X 

848 tLBLD 89£ RND Gain, dB 
B41 STDe Store!J.f 89~ RCL5 
842 GSS9 89B 1 
843 STOr Store!J.w 899 ,p 
844 R.I 188 DEG 
.4S GSB9 181 ,p Phase, degrees 
84. STD!! Storew2 182 CL": 
847 R. 183 RC!.3 Delay 
848 GSS9 184 PRS'!' Print f. IHI, 9, t 
849 STO~ Storew, 1115 RCL£ 
858 RTN ------------ 186 RCLA 
851 tLELE Initialize registers 187 FlO IF flag 1 
852 8 18B Gr08 THEN GO TO LBL 0 
~ S!DZ 189 RCLe ELSE 
854 STDS 118 + w+-w+t::.w 
BSS 1 ... GT03 
85f STD4 112 .LBU 

REGISTERS 
0 M I' -Imj.,} 12 -Re j.,} 13 delay I' -n IH(wll 5};8 (wi 

1
6 

E I' w, 1
8 

BW 1
9 

WN 

SO 151 
1
52 

1
83 

1
84 55 

1
56 IS' 1

58 
1
59 

A 
w"w 1

9 
w, IC /;w o 1 LP 3 BP IE n l' counter 

2 HP 4 BE 
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110 RCL8 l£S LSr:.,' 
114 w'--w xl1f 17e CHS 
". .LBL.3 f~· e' 
11£ STOA Store new w 1" + 
1'- X,;yo IFwo;;;;Wl f""" EHT~ 

118 GTOE THEN REPEAT loop E 174 EHTt 
"0 RTN ELSE stop. ,,. LSTX 
12e .:'8L - ------------ 17£ 0 

121 RCLD Subroutine to compute wN. ,--
122 :::r 17S f.,., no; GO TO case i. 179 STx2 
124 .LBL4 BE 180 R.I 
!2~ bSB3 leI STXl 
12£ nOB 182 2 
127 .L&2 HP IS? 5H2 
128 '581 184 Sn'l 
12~ .L8LC lS~ RTH -------
13C l/X 18£ tLBLl Subroutine to compute 
m CHS 18;' I1CLI Butterworth pole 

132 n05 18S location. 

133 tLBLl LP 189 
134 >1:1 198 
1~ RC!J. 191 
136 RCL? 19~ RCLE 
137 19;; 
13£ GT05 194 &SB~ 

139 .LEL? BP 19~ 

14e \'~r 19f 
141 RCLA 197 

142 X' !9S tP 

143 RCL~ 19~ STDl 
14~ X· 288 X"" 
14~ 281 ST02 
146 RCHI 282 RTH ---------_._-
147 28J il.BLJ 
148 Retp 284 
149 2tf rr 
l~e 'LBL~ 28£ ,.., v 

Set logarithmic 
1" 5T09 StorewN 287 SF! increment. 
fe::., RTH ------------ 28£' x=el'l -------
153 IiB!.6 Subroutine to compute Sk. 289 en 
1~4 r8~ IF Butterworth 218 rtTN Set linear increment. 
lS~ no: THEN GO TO LBL 1 21J "l.Bl.~ -------
156 '581 ELSE get Butterworth pole 212 Subroutine to multiply 
!57 and modify it. 213 by 21T. 
ISS RCL6 214 p; 
15: f ~v ':If'" x 
1613 .p 21£ ~TN 

1£1 x:y ':'f- fU'S 
w: ~; 

16:; L5T~; 
164 • 
!6~ LN 
16£ RCLE 
167 
168 .' LABELS FLAGS SET STATUS 

A B'WORTH n B LP; fo C BE; awtfo Dfltf2tM "PLOT" o a'WORTH FLAGS TRIG DISP 

aCHEBntdBR b HP; fo C BP: BWtfo d LIN _ LOG , 
1 LOG ON OFF 

0 [J [ji DEG III FIX 50 
o Used 1 Used 2 Used 3 Used Used I8J [J GRAD U SCI Cl 

6 Used e Loop 
u ~J RAD i<l ENG 0 

5 Used 7 Used Used 3 0 i<l n_3_ 



L 11-01 

Resistive Attenuator Design 

8el .LBL'; f57 
BB2 STOl Store Rin e5E 
e8Z RHI -- ---------- 859 ~HS 

B84 .LBLS 868 ST05 
Be! ST02 Store Rout 861 
886 RTN 862 RCL4 
887 .LBte ef3 
98e RCLl 864 LST~: 

889 RCLZ 86~ 

8lC B.£ 
811 ENH Compute min loss. 867 
812 ENTf 86B RCL2 
8 f '7 I 869 x 
B14 878 RCL? 
B" IX 871 
816 " .. v B72 STO£ 
817 I"' 8~7 GTOI -----------
8lE t 874 .LBLE II calculation 
819 X' 8~ RCL3 
82C LO' 87f X; yo IF min loss> desired loss 

eZI I en CT09 THEN ERROR 

8Z2 e 8~o Y.:r ELSE 

823 879 Compute RI , R2 , R3 

824 GS8! .88 
825 STD.? 881 
ez£ HN ------------ 882 Ie' 
82:' .LBLfI T calculation 883 ST04 
828 RCL3 8£4 1/>": 
829 X)l'" IF min loss> desired loss 88'5 RCLl 
838 GT09 THEN ERROR 88£ x 
83: 

,,.,, ELSE e87 RCL2 
832 Compute RI , R2 • R3 eBB 
83;; B89 I~; 

"34 89C RCL4 
835 18' e91 
83£ ST04 B92 
87 "7 Ret! 89;; 
838 x 894 
839 RCL2 .~ 

848 x 896 STO:' 
ee: IX 897 
842 2 89£ RCL4 
843 x 899 t 

844 RCL4 188 LSTX 
845 I 181 
84. :82 
847 18;; 
84B ST07 184 RCLl 
849 18'5 
e58 RCL4 IB6 RCL? 
851 1.7 1"',": 
e52 LSTX 18f 
e5Z I 189 !IX 
854 118 STOS 
e5~ 11; I 
856 RCLl 112 RCL4 

REGISTERS 

I' R. 12 Rout 13min loss 14 N 
5 

R, 1
6 

R, I' R, I' 1
9 

SO 
1
51 

1
52 

1
53 

1
84 55 

1
56 T IS' 1

59 

I" r TE I' 
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113 
114 LSTi; 
11~ 
11£ 
1" 
118 RCLZ 
119 
1Ze RCC 
121 1/,,\ 
1",:"0 
f.,.,. 

1'" 
124 5106 
125 *LBLl --------
1Z£ RC1.4 RECALL OUTPUTS 
<0' La' 
12£ 
129 
Be , 
131 'SB5 
132 RCL5 
1'77 .SB5 
IJ~ ReL£ 
J3'S GSB5 
13£ ReL7 
137 .SB5 
13£ RTN 
139 *LBiS ------------
He F8~ DISPLAY ROUTINE 

141 PRTX IF flag 0 

142 Fe" THEN PRINT 

143 RTN ELSE 
144 R/$ DISPLAY, 
145 RTH ------------
14£ R/$ 

LABELS FLAGS SET STATUS 

Rin Rout C-+ min loss o Used Used o PAINT FLAGS TRIG DISP 
ON OFF 

0 Il<l C 
DEG ~ I FIX 0 

Used 0 ~ GRAD 0 SCI 0 

5 DISPLAY 
0 !'l RAD 0 ENG '" 

Error 3 0 !'l n_3_ 
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Smith Chart Conversions 

881 .tLBL£. p--l-A.L. 1"5, ~T" -----------
e82 1 'v -------- BSS .LBL .., 

eo? .1..BL.:. 859 E~Tt Input: L, 

884 !..Df: 86r RJ 1,1 

88~ 2 Q--l-SWR 8£1 R, k 

88£ e£2 .,p 

887 X P£? Rt Subroutine to compute 

BeS RTf., -------" 8£4 
88~ .LBLe R. L.--l-p 8~ ~ra6 aLa+kLO 
816 CHS eu RJ aLa-kLO 
B" .LBL~ -------- 867 R, 
e12 8£t 
813 f!£~ t 

814 SWR--l-(1 ff"f, .,p 

el~ 18' f"' Rt 
81£ RTN -------- €.r7':' P,CLf 

e17 .LSU:, e'" .,p 

91S 1 "'X a~p e"'~ R, 

819 CHf 8'· x:y 
B28 tLBLF -------- 87£ Rt 

821 e--
8')-: :-:::y 87"£ PJ 
82, 87;-
824 p~a 888 R' Output: ang 

825 1..51;; 881 RTN m" 
82£ ~S2 P"S ------------

827 
828 RTN 
829 ~BJ..;J --------
838 Sr01 Store Zo 

831 RTk ------ -
832 .LBLD r~z 

e3? 
834 eSF7 
e~ RC!.1 
83f C~S 
837 X 

83f "R 
8?9 .,p 

848 CT09 ------------
84; .LBLE z~r 

842 RCU 
84;; CHS 
84~ GS87 --------
845 fLB!..9 Print results 
84£ ~" 

847 GSBS 
848 ~- .... 

849 GS~ 

!'58 RTN ------------
851 .LBL5 Print routine 
fS2 Fe" 
852: PRT:; 
854 F8" 
B~I:; RTN 
!'5( R "S 

REGISTERS 

r z, 12 1
3 l' I' Used T 1

8 I' 
SO 

1
51 

1
52 

1
53 r 55 

1
56 r 1"8 t9 

IB Ie IE I' 



L 12-02 

LABELS FLAGS SET STATUS 

ASWR-+a 8 p-+a C R.L.-+p D r~z E z~r o PRINT FLAGS TRIG OISP 

a o-+SWR b o-+p C p-+R.L. d Z, e , ON OFF 
0 !<J [J 

DEG ~ I FIX kJ 
0 , 2 3 4 2 1 0 t<l GRAD :::J SCI :; 

6 8 9 3 2 0 SI RAD [J ENG 0 
5 DISPLAY 7 Used Used 3 II " 

,---L 
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Transmission Line 

18: .~B:"~ 

882 5TaB Open two-wire line. 

893 RJ 
884 
8e! 
88£ 
887 LN 
ees 
889 ::.-
e18 
ell 
812 Rete 
BE IX 
e:4 
el~ GTOS ~-----------

916 oLBLB Single wire near ground. 

817 STa8 
e' o R. 
819 4 
eZB 
e21 
822 1/.": 
823 LOG 
e24 
B2! 
826 
827 , 
828 RetB 
829 tx 
8~e 
831 GT05 
832 ~BLC ------------
en STOB Balanced wires near 

B34 RI ground. 

B~ 5r01 
83£ RJ 
8'- 5T02 
638 RJ 
C39 5T03 
848 RCL! 
if41 
84" 2 
843 
844 X' 
84~ 
84£ + 
847 F 
948 (,·t' 

849 
858 , 
851 Rc:.3 
8S2 
!!53 RCL2 
854 
855 :'0' 
~ 

REGISTERS 

<, I' 12 d 1
3 

D 14 
SO IS1 IS2 IS3 IS4 S5 

I" Ie 

Impedance 

65~ 
SSS 
85S 
868 RCL8 
8£1 [" 

8£2 
8';3 GTI!5 
864 .LBLD 
8£5 STDfI 
866 RJ 
8£7 5rOl 
868 R. 
869 ST02 
87B RJ 
871 5T03 
S" Rrl f 

8" 
874 1.'X 
8~ 2 
f7£ , 
8'" xt 
87S 
9'0 
BBe 1,\ 
881 RCU 
tre: y. 

883 RC!..? 
884 
8~ 
ffSi X 

887 LO(; 
88S ,; 
889 9 
8!1e X 

891 RCLB 
892 l" 
993 
894 'T05 
8~ .LBU 
8!1£ STOB 
897 RI 
898 
899 :OH 
lSE £ 
181 e 
102 
183 Re!.8 
184 F 
18~ 
18£ .LBL5 
18~ pe' 
18S PRn: 
189 RTH 
lle ~'S 

1
6 17 

IS6 IS7 

IE 

Wires in parallel near 
ground. 

Coaxial line 

DISPLAY ROUTINE 
IF flag 0 
THEN PRINT 
ELSE 

DISPLAY, 

I' 19 

I' 
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LABELS FLAGS SET STATUS 
A 

0 0 B rrrf1.rn c . " ITTTTT1 D~ 
E @ o PRINT FLAGS TRIG DISP , b , d e 1 ON OFF 

0 ill 0 
DEG ill I FIX ill 

0 1 2 3 4 2 1 0 !!l GRAD D SCI 0 
2 0 i<I AAD 0 ENG 0 

5 DISPLAY 6 7 8 9 3 
3 0 i<I n_2_ 
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Microstrip Transmission Line Calculations 

e81 'L.B:",.. 8S, RetS 
e02 Sr:1 85S + 
88Z STD~ Store h e~9 Z 
884 );:\' BU Pi 
885 STO£ Storew e6: 
ee6 SFe 86~ "' ... \' 
887 X} 'r'~' IFw>h 8£Z 
e88 CFB THEN dear flag 0 864 .T02 -------
88~ ~ tLBL: Compute Zo for w ~ h. 

elB STOP Store h/w 86£ 8 
811 !/X e67 RCt8 
812 ST08 Store w/h 865 
elZ 869 LSTg 
61.; 87e 
el~ LN 8" 
81£ SrDe Store In 10 8"'';< 
817 RTH ------------ 873 LIJ 
81S tLSLE 074 tLBL2 -------

t'O 8'· 6 
8Z8 Y·V 87£ 8 
821 8'-
822 LSIX Compute €eH 87S STOt. Store Zo 
8n 87!? 
824 ese STOl Store Zc 

82~ 881 Y·' 

826 882 P~T.'; Print vr 
eo- RCLB 88= X:~' 

828 884 PRn Print Zc 
829 885 RTN -----------
eJt 886 tLBLD IF uniform assumption 

f,J: IV ee, r" THEN GO TO 1. 

e32 888 Fl" 
8,3 889 no: 
8?-4 898 tLeL4 
e?~ 891 RCL4 
836 '" e92 
e!7 1/>: 89J R'" "7' 

8Z£ 5T02 Store Vr 894 
839 Fe" IFw~h e9~ 2 
848 nOI THEN GO TO 1. 896 " 841 897 Pi 

842 RCL9 898 
843 899 SrD? Store partial result. 
844 Compute Zo for w > h 188 RTk -----------
84~ Y' 181 'LBL! 
846 192 0 

847 183 
848 184 RCL9 
849 Rete 1~ 
ese 186 RCl.~ 
8S: 187 
0"" 188 RCL~ 
8"~ 189 
es. I1B STD4 
e" 2 " ' R. -----------
8~6 112 n04 

REGISTERS 

o In 10 I' Z, 12 " I' a, 14 A f/109 

1
6 17 1

8 
w/h 1

9 
h/w 

SO 
1
51 

1
52 IS' 154 55 

1
56 

1
57 

1
58 

1
59 

A z, J" Ie IE r 
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It";' "-BLf 169 
114 Ef): af • 

p' F8~ IF wo;;;;h 
11~ .. 
11£ :72 .TO; THEN GO TO 1. 

172: -----------
11~ STD~ 
118 r:. 174 RC!.!l 

1!E' Re!.! .. " Compute A for w > h. 

12e Printac 17£ 

121 RC!.2 1:";' ~'. 

1':1": 178 

12:: STOB !7~ 

12~ PRT.': 1St ... L51:';' 181 

12£ 1S2 
,.,- :: J6:: + 

1.28 Print R tec; RCL9 

12!1 RCL4 185 :-:~ 

!3B 18£ 
131 RCL9 1~-

f'7":' 

" H$ 
133 PRT,\ 189 
134 19f RCLA 
1l!: Pi !9~ 

13£ 19: 
f":'- RCLe 19:: 
138 194 
BE' RC1..S !~ 

He 19£ PI -----------
14: ! !!I;' HOB 
142 Print 0 0 

19£ '1.8Ll Compute A for w .;;;; h. 
14:: RCL2 1£19 
144 26e 
14~ RCLB 281 RCL9 
146 2e~ ,'(t 

147 PRE 282 
14F RTN 284 
149 .tBL[ 2~ 

!~e or< 2Bt 
151 RCL7 2Bi RCLA 
152 0 20B 
15: Calculate aw 28P L5T,\ 
J54 X:" ot 21e £ 
IS! 211 8 
J5£ Rrt co 212 
157 PI 213 .' "0 214 
159 21~ 

Ice 2J6 4 -----------
!£~ 21;- fLBLB 
16;" ... \"'~ 21S 
J6, X·V 219 RCLe 
164 UI 228 
16~ PI 221 PI 
16£ 2" .£ 

1£;' RetE 223 ST04 Store A 

!6C: 224 RTN 
LABELS FLAGS SET STATUS 

A wth B €r-+Vr,Zc C t~A 0 E f-+o:c. R,Co 0 w>h FLAGS TRIG OISP 
1 

uniform ON OFF 

gi 0 0 Iil DEG FIX 0 
0 Used 1 Used Used 4 Used 0 Iil GRAD SCI 0 

0 00 RAD ENG IXl 
3 0 Iil n_3_ 
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Transmission Line Calculations 

B8; .LBL. 857 Ra6 
88Z EEX 858 + 
883 1 859 STD4 
884 8 868 ReL6 
88~ 861 R:L8 
886 5TD9 Store fl10 10 

86~ -
88~ 2 8£3 5T02 
88E Pi 864 RCt5 
889 X 865 RCL3 
818 X 86£ · ell 5Ta8 Storew 867 STXl 
812 RTN ------------ 8.8 RCL5 
813 'LBL~ 869 Ret3 
814 STDl Store Ro 878 X 

81~ _" 871 5Tx7 
81£ 5T02 Store Vr B~o RTN 
B17 RTN ------------ en *LBLD -----------
aJS *LBLS 

Store £ 
874 x:y 

815 STOll 875 STDB Storeao 

8211 2 876 RJ 
821 x 877 51'03 Storeac 

elI 3 878 Ra~ 

823 Ra2 979 RCLZ 
824 x 888 Ra9 
825 51'03 Store 3 Vr 881 Pi 
826 882 X 

8?-' 5T07 Store 2£/3 Vr ee3 1 
B2e RTN ------------ e84 
829 tLBLC 885 5 
838 RCt3 886 · 831 X 887 X:\' 

832 RCLl B88 • 
8!3 • 889 STO£ 
834 5T05 Store 3 Vr A/Ro 898 X 

835 RJ 89: 2 
836 Ral 892 X 

eZ7 , B93 ST07 
B3B STX3 R3+-3 Vr RoG B94 Rae 
B39 Ras 895 1 
848 Ras 896 8 
B41 +P 897 LN 
B42 IX B9B 2 
84:: ST05 899 8 
844 :-:!'r' lee 

eels 2 lBl RCL6 
84. 182 
847 $T06 183 STx; 
84f ReLB 184 STxS 
84, Ret! 185 RCte 
8SC .p 18£ RCL3 
8S1 IX 187 -
852 5T03 188 EHTt 
tS3 x:y 189 5T05 
854 2 118 ReL8 
e~ . 111 3 
8S6 ST08 .- , 

REGISTERS 
0 \' Ro.Zo \2 v, r Used \' Used 

5 
Used \6 Used r 1\8 , 2fl./3vr.2{jo£ W, aD 1

9 
fll0 '0 

so IS' 1
52 

1
53 154 55 T56 \57 

1
58 1"9 

A 
£ \" Ie D IE I' 
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!!:? ReL3 1£9 eHS 
114 178 
115 171 x:y 
11£ 0 172 eHS 
117 173 x:r 
118 CHS 174 oR 
IJ9 1~ 1 
lZe 0 17£ + 
121 op 17;" +P 
12: S1x! 178 RCL7 
123 x:y 179 , 
124 5T02 18C I/X 
12~ RCL5 IS; x:y 
12£ X' 182 RCL8 .," 2 18J 
12S 184 eHS 
l" ISS X:i' 
J3f J8£ +R 
13; RCL3 le~ 
132 ReLS 188 17"; + 189 +P 
134 +P 198 UX 
1~ STx7 19J 2 
J3£ x:y 192 
1T. 5T04 19;; ~~. 

138 RTM 194 eHS 
139 tLBLE ------------ 195 X:" 
148 STre Store ZL 19£ +R 
141 x:y 197 
142 STD£ Store 8 L 19S 
14;; ReL4 199 +P 
144 Ret? 2ee ReLJ 
140 +R 281 
14£ CHS 2BZ ~v 

14~ .' 283 ReL2 
HE STO~ 2B4 + 
145 X:" ZBS GSBS 
158 1 28£ x:y 
151 8 2r. 'SSS 
152 8 2B8 RTH 
til;., X 289 .LBL5 -----------
:~~ Pi 21e F8" DISPLAY RDUTINE 

211 PRTX IF flag 0 
15. ST08 212 Fe? THEN PRINT 
15;' ReL. 213 RTM ELSE 
15S Ret2 214 R'S DISPLAY, 
159 215 RTM -----------
158 ReL5 21£ R/S 
161 RC!.! 
1£:: 
16;; +~ 154 
1£5 t 
15£ tP 
1£7' 1" 
168 2 

LABELS FLAGS SET STATUS 
A vrtRo GtR D Q:otaC ZL -+z.n o PRINT FLAGS TRIG DISP , 

f ON OFF 
0 I<l 0 

DEG I<l I FIX 0 
0 I<l GRAD 0 SCI 0 
0 III RAD 0 ENG III 

5 DISPLAY 6 
0 III n-----L. 



L 16-01 

861 
882 
80;; 
88. 
88~ 
8e,: 
887 
8Be 
889 
Ole 

'" 812 
el;; 
e:4 
8'· 
el,; 
817 
BIS 
e19 
828 
821 
822 
B2J 
824 
82!: 
82£ 
827 
828 
829 
B38 
831 
4P'= 
833 
834 
835 
83£ 
e~-

e38 
839 
848 
84: 
842 
84J 
844 
845 
84£ 
847 
848 
849 
858 
1'5: 
8"':' 
653 
!!'S4 
8~~ 
!!'S6 

Used 

SO 

Unilateral Design: Figure of Merit, Maximum 
Unilateral Gain, Gain Circles 

.LELA !!'S7 + 
0 !!'S8 RCLD 

!!'S9 X'Z 
0 86C CHS 

Input [5] B£l .S8: 
862 .SB2 

STOl 8£;; G585 Display G1 max 

R. 864 RTN -----------
STO; 865 'LBL~ DISPLAY ROUTINE 

RTN ------------ 86£ F'" IF flag 0 

.LBLE 867 PRTX THEN PRINT 

Ret: Compute 868 F'~ 
RC!..3 u, Gu , Gm1n , Gmax '£9 RTN ELSE 

> GO, Gl max, G2max· 87e R -< DISPLAY. 

RCLB 0" RTN -----------, 8'0 tLBLl Subroutine to compute 

PCLD 8n J 
874 1 

J 975 1.·':1 1+x 

RCLl 876 RTH ------------

X' 
e~'? .LBL3 Subroutine to te-compute 

B~c' RCL8 Go· 

879 X· 
P'C~D 8St RCLf 

:;'2 8S1 -------
es:: 'L81..2 Subroutine to convert to 

8SJ LOG decibels. 

STO£ 8S4 1 
8e~ 8 

5T07 esc 
.585 Display u eS7 RTN -----------
.583 888 tLBL4 Subroutine to compute 

G5!!'S Display Gu 88~ 
RCt" 8ge 1 

'SB4 891 X"2 
(1 + X)2 

.5B2 892 ' -v 

.583 893 RTN -----------
894 .LBLC Compute r 01, Pol 

.585 Display Gmin e9~ 
RCL7 ego bT06 -----------

CHS 897 'LEe, Compute ro2. Po2 

GSB4 e9B 
GSE2 899 -------
GSBJ 18e tLBL£ 

+ 18J STDl 
.SB5 Display Gmax 182 "",. 
RClP 18J 

X' 184 
GSB2 :8~ 
.SB5 Display Go 18£ ley 

RC!.1 187 STD8 
X' 18S RCLi 

CHS l8E' 
'581 118 LSrX 
GSB2 111 X' 
G5!!'S Display G, max if" Rete 

REGISTERS 

I' s" 12 I' s" I' G, 1
6 

Is2 ,1
2

/G u r I' 1
9 

I
S1 

I
S2 IS' rs' 

S5 TS6 IS7 IS' IS9 

I" S" I" s" IE I' pointer 



Ll6-02 

113 
114 
115 
11£ 
117 .S85 Display r 

lJB STOB 
119 LSTX 
128 
". Rr" • . .. 
1''''' X· 
l2'; 
J24 Reu 
125-
~26 
12~ 

J2B CHS 
'00 .[~ 

136 x:y 
131 
132 ~SB5 Display p 

J3: ST09 
J34 P.TN -----------
J35 R 'C 

LABELS FLAGS SET STATUS 

A Sjjtij 8 Compute C G,-+rol,pol D o PRINT FLAGS TRIG OISP 
b c G2--+ro2.Po2 d ON OFF 

0 !lI 0 
DEG ~ I FIX ~ 

1 Used 2 Used 3 Used 4 U,ed 1 0 Kl GRAD 0 SCI 0 

6 Used 
0 Kl RAD 0 ENG 0 

Used 0 I<J n_2_ 
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B8l 
882 
883 

1M 
88£ 
887 
888 
889 
Ble 
811 
812 
813 
814 
815 
81£ 
817 
818 
819 
B2B 
821 
822 
823 
824 
8~ 
826 
8'-
82B 
829 
83f 
831 
832 
833 
834 
8ZS 
B36 
837 
838 
839 
848 
84J 
'42 
843 
844 
84~ 

846 
.47 
848 
849 
858 
85J 
852 
853 
854 
855 
856 

0 
C 

so 

A 

Bilateral Design: Stability Factor, Maximum 
Gain, Optimum Matching 

.LBLR es;' x:y 
2 858 ST07 StoreLl::. 

x Compute pointer 859 RCLD , 868 RCLl j 
861 .SB7 - 8£2 RCL6 

Sial 863 X' R. 8£4 1 
5TO; Store 5ij 8~ + 
IC'''' 8££ RCL; 

R~ ".. X' STD; Store eij 868 -
HH 8£9 RCLD 

tUlLB ------------ 878 X' 
RCL2 f'71 -
RCLE Compute K, Gmax 872 2 

+ 873 
1 874 RCL3 

+R 875 RCLB 
RCLl 87£ , 
RCLD 877 IIBS 

x 876 
x '79 ST09 

x:r 888 .585 Display K 
LSTX 8Bl £HTt 

x 882 x 
RCL3 883 LSTX 
RCLB 884 ;;:'r' 

x 8~ 1 
ST09 886 -

CL:-: 887 IX 
RCL4 888 RCL5 
Rete 889 x 

+ 898 CHS 
RCL9 891 + 
5TD7 892 RUB 
CL.~ 893 x 

1 894 RCU 
+R 8~ • 

ST06 896 ABS 
R. 897 LOG 

RCL? 898 J 
x 899 8 

LSTX lee x 

STX6 1'; .585 Display Gmax 
CLX 182 RTH -----------

RCL£ 183 *LBLc Compute r ms 
R.i 184 RCL7 
- 1~ RCL6 
R,I 18£ RCLD 
- J87 RCLE 

eHS J88 CHS 
Rt J8~ .589 x:y liB CHS 
+P 111 RCL2 

sTa6 Store 16.1 112 RCLl 
REGISTERS 

r s" 12 9" 1
3 

s" r 8 11 
5 

1
6 

Used 17 Used sgn I' Used 1
9 

Used 

151 
1
52 

1
53 

1
54 55 

1
56 

1
57 IS' 1

59 

I" Ie 9" 
D 

s" s" IE 9" I' pointer 
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113 '588 165 X~? 
114 SToe 17. 1 
115 x:y 171 ABS 
116 STOll 172 LSTX 
11~ RCLD 173 • 
118 RCLI 174 STOS 
119 '587 as RTH -~---------

12. 'TDI ------------ 176 tLBLB Subroutine to add com· 

121 tLBLC Compute r ml IT. .r plex numbers. 

122 RCL7 as RJ 
12:1 RCL. 179 RJ 
124 Ret! 18e ,R 
125 RCL2 .181 x:y 
126 CHS 182 R~ 
127 'SB5 18J • 
128 CHS 184 RJ 
129 RCLE !~ + 
J:J8 RCLD 186 Rt 
l3J 'SB8 J8~ +F-
132 STD. J88 RTH -----------
:33 X:'r' J89 tLBL9 Subroutine to multiply 

J34 STOll 198 RJ complex numbers. 

J35 RCLJ 191 x 
136 RCLD 192 RJ 
J37 '587 193 + 
138 tLBLl -------- 194 R.t 
J39 RCL8 195 RTN 
J48 RCte 196 .LBLS -----------
14J 19? F8? DISPLAY ROUTINE 
142 2 J58 PRTX IF flag a 
143 • 199 Fe? THEN PRINT 
144 EHTt 288 RTH ELSE 
14~ X' 28J R/S DISPLAY. 
146 J 282 RTH -----------
14~ - 283 R/S 
148 IX 
J49 RCLS 
1St ., 
15J -
JS2 RCLA 
J53 CHS 
154 '585 Display L r 
155 x:y 
156 'SBS Display WI 
1~ RTH 
158 .LBL? ------------
159 X' 
J60 >::y 
161 X'2: 
162 -
J63 1 
164 + Compute 5go(8). 
165 RCt. 
J66 X' 
J67 -
168 STOS 

LABELS FLAGS SET STATUS 
A Ojjtsjjtij B-+ K• Gmax C-+rml 

0 E o PRINT FLAGS TRIG DISP 
a b C -+rms 

d e 1 ON OFF 
0 8l D 

DEG ~ I FIX D 
0 1 Used 2 3 4 2 1 C 8l GRAD D SCI D 

5 DISPLAY 6 • 9 3 2 D I!l RAD D ENG i<l 
7 Used CADD CMULT 3 D I!l n_3_ 
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eel 
ee2 
ee, 
BB4 
Be~ 
886 
88, 
BBB 
Beg 
BJB 
8J: 
81 ':1 

8J3 
814 
81! 
816 
8J7 
8J8 
B19 
82e 
B21 
822 
822 
824 
B2! 
825 
e27 
828 
829 
e3e 
83J 
B32 
B33 
B34 
B~ 
B36 
8;;;' 
838 
B39 
HB 
141 
142 
B43 
844 
845 
B46 
84~ 
848 
B49 
858 
851 
BS2 
853 
854 
855 
IS£ 

0 
le,1 

SO 

A 
D, 

Bilateral Design: Gain and Stability Circles, 
Load and Source Mapping 

'LBLA 857 x 

1 858 J 

e 859 + 
B58 Display p 

--------
J8' 86: .LBLS DISPLAY ROUTINE 

ReLB 862 reo: IF flag 0 
X' 86= PRTX THEN PRINT 

864 FB" 
STDI Store Gp 86~ RTH ELSE 

flCC' 866 R/S DISPLAY, 

RCL6 B67 HH -----------
RCLJ 868 .LBLC 

CHS 869 STDI Store pointer 

RCL2 m no; 
CHS 87J .LBLl Compute input stability 

GSB9 e72 ReLE circles. 

RCLE 87J CHS 
ReLD B74 RCLD 
GSB8 e75 RCL. 
STD8 876 RCL~ 

X:)' en G589 
CHS 878 CHS 

GSBS Display Lr B79 RCL2 
RCLD eBB RCLJ 

X' B81 GSBB 
ReL6 8B2 x:y 

X' B83 CHS 
- 884 GSBS Display L rsl 

STDA e85 x:t 
IICLI .86 RCLl 

x 887 X' 

LST): B82 RCL£ 
x:y 889 X' 

J 
89B -

+ 891 f 

892 .SBS Display Irs,1 
ReLe B93 'TD3 -----------

X 894 .LBL2 Compute output stability 

.S85 Display r e~ IICL2 circles. 

RCLl 89£ CHS 

RC1.3 B97 RCLl 
x 898 IICL6 

RCLB 899 IICL? 
x J88 .589 

EHTt JBJ CHS 
EHTt 182 RCLE 
IICL9 JB3 IICLD 
EHTf JH .588 

+ J~ x:y 
- JB£ CHS 
x Je7 .585 Display L r51 

1 J88 x:y 
+ 1'~ lIeLD 
fX 118 X' 

IICLI JIJ RCL6 
RCLR JJ2 X' 

REGISTERS r 5 •• I' e" 1
3 14 8 12 

5 
sgn(B) I' I/;I r Lb. 1

8 [9 'n B K 

151 IS' 1
53 154 55 F' 157 

1
58 

1
59 

1
8 Ie 8,. D r e" 1 G. '" '" 



L18-02 

1J3 - 16~ RClB 
1J4 178 ReLC 
1J5 .SSS Display Irs21 m .m 
116 *LBlJ -------- 172 RTH -----------
1J7 LSn: 173 *LBI.8 Subroutine to add com-

lIS l/X 174 +R plex numbers. 

!19 ReL3 17S R. 
IZ8 X 176 R. 
IZI RCLB 177 +R 
122 x 178 x:y 
123 .S15 Display Psi 179 R. 
IZ4 RTH ------------ IB8 • 
125 *LBLB r L -+rms IBI R. 
12£ 1/Y. 182 • 
127 x:y 183 Rf 
128 CHS IB4 .p 
129 x:y IB5 RTH -----------
138 RCLE IB6 *LBl9 Subroutine to multiply 

lZl ReLD 187 U complex numbers. 

132 .587 IBS X 

133 RCU 189 R. 
134 ReLl 198 • 
135 .58B 191 Rf 
136 x:y 192 RTN -----------
137 CHS 193 R/S 
138 ~ 
13~ iCY 
l4e .SSS 
141 RTH ------------
142 *LBI.~ rs....,lofml 

142 I'X 
144 x:y 
145 CNS 
14£ x:y 
147 RCL2 
148 ReLI 
149 .587 
15e RCLE 
151 RCLD 
152 .588 
153 X-v 
154 CNS 
155 .SSS 
156 X:Y 
157 .SSS 
ISS RTH ------------
159 *LBI.7 Subroutine to compute 
llie CHS 
IIiJ .SBB 
162 UX S12 511 

---
163 x:y 1 
lli4 CHS r- Sii 

1£5 x:y 
166 RCL3 
167 ReL4 
168 .m 

LABELS FLAGS SET STATUS 

A Gp-+Lr,r,p BrL -+fms C i-+Lr,r,p 0 E 0 PAINT FLAGS TRIG OISP 
a 

br '-+ rml 
c d e 1 ON OFF 

0 ~ D 
DEG ~ I FIX D 

0 1 Used 2 Used 3 4 Used 2 1 D ~ GRAD D SCI D 

6 8 9 3 2 D !!l RAD 0 ENG !!l 
5 DISPLAY 7 Used CADD CMULT 3 D !!l n~ 
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Appendix A 
MAGNETIC CARD 

SYMBOLS AND CONVENTIONS 

SYMBOL OR 
CONVENTION 

White mnemonic: 
x 
a 

Gold mnemonic: 
y 
x 

011 
xty 
a 

00 
a 
(x) 

a 
+x 

a 
+x, y, z 

a 

+x; y; z 

a 
+"x ", y 

a 
4>x 
a 

INDICATED MEANING 

White mnemonics are associated with the user­
definable key they are above when the card is 
inserted in the calculator's window slot. In this case 
the value of x could be input by keying it in and 
pressing a. 
Gold mnemonics are similar to white mnemonics 
except that the gold 0 key must be pressed before 
the user-definable key. In this case y could be input 
by pressing 0 II. 
t is the symbol for mIDiIl. In this case mIDiIl is 
used to separate the input variables x and y. To 
input both x and y you would key in x, press mIDiIl , 
key in y and press a. 
The box around the variable x indicates input by 
pressing am a. 
Parentheses indicate an option. In this case, x is not 
a required input but could be input in special cases. 

+ is the symbol for calculate. This indicates that 
you may calculate x by pressing key a. 
This indicates that x, y, and z are calculated by 
pressing a once. The values would be printed in 
x, y, z order. 

The semi-colons indicate that after x has been calcu­
lated using a, y and z may be calculated by 
pressing m. 
The quote marks indicate that the x value will be 
"paused" or held in the display for one second. The 
pause will be followed by the display of y. 

The two-way arrow 4> indicates that x may be 
either output or input when the associated user­
definable key is pressed. If numeric keys have been 
pressed between user-definable keys, x is stored. 
If numeric keys have not been pressed, the program 
will calculate x. 
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SYMBOLS AND CONVENTIONS (Continued) 

SYMBOL OR 
CONVENTION 

P? 
B 

START 

B 

DEL 

B 

+x; ... 

B 

INDICATED MEANING 

The question mark indicates that this is a mode 
setting, while the mnemonic indicates the type of 
mode being set. In this case a print mode is con­
trolled. Mode settings typically have a 1.00 or 0.00 
indicator displayed after they are executed. If 1.00 
is displayed, the mode is on. If 0.00 is displayed, 
it is off. 

The word START is an example of a command. The 
start function should be performed to begin or start 
a program. It is included when initialization is 
necessary. 

This special command indicates that the last value 
or set of values input may be deleted by pressing 
B. 
Three dots ( ... ) indicate that additional output 
follows. See User Instructions for complete 
description of variables output. 



Notes 
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