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HEWLETT ,’ PACKARD

WE NEED YOUR HELP

To provide better calculator support for people like you, we need your help. Your
timely inputs will enable us to provide high quality software in the future and improve
the existing application pacs for your calculator. Your early reply will be extremely
helpful in this effort.

1. Pac name

2. How important was the availability of this pac in making your decision to buy a
Hewlett-Packard calculator? 0 Would not buy without it. [ Important
O Not important

3. Did you buy this pac and your calculator at the same time? O Yes O No

4. In deciding to buy this application pac, which three programs seemed most
useful to you? Program numbers 1. 2. 3.

5. Which three programs in this application pac seemed least useful to you?
Program numbers 1. 2. 3.

6. What program(s) would you add to this pac?

7. In the list below and “please” select up to three application areas for which you
purchased this pac. Please indicate the order of importance by 1, 2, 3 (1

represents the most important area).

Engineering Business
— 01 Chemical — 51 Accounting
__02 Civil/Structural ___ 52 Banking
— 03 Electrical/Electronic — 53 Insurance
— 04 Industrial — 54 Investment Analysis
—_ 05 Mechanical __ 55 Real Estate
—__ 06 Surveying —__ 56 Securities
— 10 Other (Specify) — 57 Sales

: — 58 Marketing

31 gicolfeongcye — 59 Other (Specify)
_ 32 Chemistry Other
— 33 Earth Sciences — 71 Architecture
__ 34 Mathematics —__ 72 Aviation
__ 35 Medical Sciences — 73 Computer Science
___ 36 Physics ___ 74 Education
— 37 Statistics ___ 75 Navigation
__ 39 Other (Specify) — 79 Other (Specify)

Thank you for your time and cooperation.

Name Date
Address
City State

Zip Phone
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ATTENTION: APPLICATIONS



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 1 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 you 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 up to two 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 .

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 O as follows:

Flag 0 “‘Set”” — PRINT/PAUSE is enabled for output of result.

Flag 0 ‘‘Clear’” — PRINT/PAUSE is skipped and program execution
halts with result in display.

LX)

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 (o) (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,
I} on the HP-97 and ¥3, B, and @ on the HP-67. For example, the
operation is performed on the HP-97 as and on the HP-67 as
B (0%). In such cases, the keystroke solution omits the prefix key and
indicates only the operation (as here, ). 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 (***).
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NETWORK TRANSFER FUNCTIONS

L
NETWORK TRANSFER FUNCTIONS-INPUT

NETWORK TRANSFER FUNCTIONS-OUTPUT

r4% *Zin AL ~12/l4 ~P2 /Py

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 B ]
R g |!L0 R LO
10 1,0
Shunt resistor 1 L0 0]
R q = l
'R L0 1,0 ]
Series inductor F 7
L q- 1L0 wL £ 90
0 1.0
L _J
Shunt inductor (1,0 0]
L =
! L L—90 1L0
[ wL |
Series capacitor c 1/ 0 1 / —90 ]
_ wC
q 0 1.0
Shunt capacitor —1 /0 0—
¢ T=1wcLo0 1L0

* U js the Cyrillic letter *‘cha’’.
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Series tank _ -
L o 1co —< /90

q= 1 — W2LC
| 0 120 |
Shunt L-C L 1.0 0"
U=|_<X_ ,45 1.0
C 1 — w2LC _

The chain-parameter matrix is defined by the following sketch and matrix
equation.

I, —> - |,
vl Y t.
Vi Ui Y V,
I, Yoy Yoo |-L2

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 Power Gain
7 = _du Z, + 9y Pout I Re {Z.} 7,
1n T 1
Uy 7 + Uy Pin I Re {Z;n}

Voltage transfer ratio Forward transfer admittance

Vg — ZL Ig — - 1

Vl qll ZL + q12 Vl II11 ZL + ql?
Current transfer ratio Forward transfer impedance

12 _1 Vz _ ZL

I Upy Zy, + Uy, I, Uy Zy, + Uy,
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STEP INSTRUCTIONS paraonTs | KEYS | o or TS
1 |Load program 1.
2 |Input frequency and initialize. f, Hz [A] 0
3 | Build circuit by selecting
any sequence of the
following elements.
Series resistor R 8]
Series inductor L
Series capacitor C (D]
Series tank L
c a
Shunt resistor R 70
Shunt inductor L [ ]
Shunt capacitor (o] el o]
Shunt L-C L
c na
4 |Load program 2.
5 |Input load impedance. LZ
|Z.] o
6 | Select desired network
function:
Input impedance (8] LZ;,
|Zi|
voltage gain LV,IV,
[Vo/Vy |
current gain D] L 1/,
|1/ |
Transfer admittance [ ] L1V,
|1V |
Transfer impedance ne LV,
[Vail, |
Power gain P,/P,
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Example 1:

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

10 10 1Q 10 «\

34y 10 10 10 RL=1Q
Keystrokes: Outputs:
Load card EE1-01A1
(A > 0.000 00
Note:

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

gloowo!

Q19010 0.000 00

Load card EE1-01A2
0 |0

0.000+00 *** Angle of transfer
admittance
—29.41—03 *** Magnitude of trans-
fer admittance

34 > -1.000+00 Current in load
resistor
(8] —> 0.000+00 *** Angle of input
impedance
1.619+00 *** Magnitude of input
impedance

Example 2:

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

5000 2.56puH

t=amias (™ Vi 796pf 2400pf 500
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Solution:

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

Keystrokes: Outputs:
Load EE1-01A1

4G 6B 2400 @A @B
LB 25CEIERCH

T6ERER 2R —— 0.000 00
Load EE1-01A2
0 5080 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,
terminated in 497.7 L 0.984.

Keystrokes: Outputs:
Load EE1-01A1
4E1 6O 500 O 0.000 00
Load EE1-01A2
.984 49770 —_ 493.1-03 *** Angle of voltage
ratio
498.9—03 ok
2 > 997.7-03 Magnitude of V,
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Notes
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2. REACTIVE L-NETWORK IMPEDANCE MATCHING

REACTIVE L-NETWORK IMPEDANCE MATCHING

xR KR

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:

X2
* *
Zs Zs— -—2Z Z
X4
X2
* *
Zs—> X4 <—ZL

For each network there are two sets of reactances (X;, X,) that will transform
Z;, into Zg*. These are given by:

x - RsXu CRs Xy _ Re (X2 + R
' Rs—R, RS—RL Rs — R,

Rg (X1 + Xp) — Ry (X, + Xg)
RL

X, =

By reversing the subscripts S and L in these two equations, we get the two
sets of reactances for the second network.
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STEP INSTRUCTIONS paTaumiTs | KEYS | o OUTRUT
1 |Load program.
2 |Input
Load impedance
Reactive part X, X, Q
Resistive part R, Q [A] X, Q
Source impedance
Reactive part Xs, Q Xs, Q
Resistive part Rs, 6] Xs, Q
3 | Compute values for first
network.
Shunt reactance X, Q
Series reactance X5, Q
Shunt reactance [ 1] X, Q
Series reactance X, ©
4 | Compute values for second
network.
Shunt reactance D] X, Q
Series reactance X, Q
Shunt reactance oo X, Q
Series reactance X, Q
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 Z;, = 50 + j50 to Zg =
25 + j50?

Keystrokes: Outputs:
50 50 @ 50
2580 8 > -36.60 *** X,
-6.70 *** X,
> 136.60 *** X,
-93.30 *** X,
o0 > —161.24 *** X,

~111.24 *** X,

v

_38.76 *** X,
11.24 *** X,
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Notes
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3. CLASS A TRANSISTOR AMPLIFIER BIAS OPTIMIZATION

L

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 Ry, R,, Rg, and R;,. The minimum power gain is also
computed.

— ,,,,,,@,,,,,,,f,@Vcc

> R1 >RL

Equations:

First, values are specified for the following parameters:

Alcq = 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)
Tamin = minimum ambient temperature
Timax = maximum junction temperature rating
Pp = maximum rated power dissipation at 25°C
I, = collector current, usually selected for convenience so that I,
and 10 I, bracket the expected operating point
AVgg = typical base-emitter voltage change over the range of I, to
10 I, at 25°C
VBEimin = minimum base-emitter voltage at I, 25°C
VBEimax = Maximum base-emitter voltage at I;, 25°C

Then the transistor’s thermal resistance is calculated:

0a = (Tmax — 25°C)/PD
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And the minimum load resistance and emitter resistance are estimated :

2
— 0JA VCC =R
L1 = — I\Ln

4.4 (TJmax - TAmax)

Rg; = 0.1 Ry = Rg,

Next, the quiescent, maximum, and minimum collector currents are calculated:
VCC
2 (RLn + REn)

leq =

Iemax = Icq (1 + Alcq)
Iemin = Icq (I — Alcg)

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

VCC

Tmax = 01a lcq + Tamax

Iemax .
Veex = Veimin T AVge log% —0.0022 (Tax — 25°C)

1

Ve
Toin = 65a leq 2“ (1 = (Alcg)®) + Tamin

Vs = Vasimay + AV log—SM — 0,002 (Tyy, —25°C)

1

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

-2 (VBEX — Vgen)

Icmax = Icmin

Remen =

From this point, if Vggx > Vggn, then Rg is set to zero, Ry, is increased

by 10%, and the design procedure is repeated. Iterations continue until

Rem+n — Ren
REn

Ry is increased by 10%.

< .5%. If at any time the condition Tp.x > Tjmax OcCcurs,
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When the iterative procedure is complete, Tmax, Icmaxs Tmin, and Icmin are
displayed.

Then values for

hrgmax = maximum worst-case current gain at Ty, or Ty, and
ICmax or ICmin
and
hpemin = minimum worst-case current gain at Tp,x or Ty, and

ICmax or ICmin

are determined from the transistor’s data sheet and the Thevenin-equivalent
resistance (Rg) and voltage (Vgg) of the amplifier’s bias network are calculated:

R. = hremax NFEmin [RE(n+1) (Iemax — Icmin) + Veex — VBEN]
B =

hFEmax Iemin — hFEmin ICmax

R
Vs = Veen T lemin (—B +RE(n+1))

hFEmin

Now the bias resistors R; and R, are calculated:

Rp Ve

R] =
VBB

R, = RB VCC
g = —_—
(VCC - VBB)

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

RB RL l"1I<‘Emin
RE (RB + hFEmin RE)

Ve R
Ps = (1 — Algg? [ —=—=—
S ( CQ) (S(RL +RE)2)

Ap=



STEP

INSTRUCTIONS DATAUNITS
Load program.
Store design objectives.
Power supply voltage Vee
Maximum desired percent
variation of quiescent current Alcq
Maximum ambient
temperature Tamax °C
Minimum ambient
temperature Tamin °C
Store values from transistor’s
data sheet
TJmax
Po
Iy
AVge
VBE1min
Veermax
Compute maximum and
minimum temperatures and
currents ; then stop with
500.0 -03 in display.
Input maximum hge
and minimum hge and compute Neemax
resistor R, Neemin

resistor R,
load resistance
emitter resistance

minimum power gain

KEYS

60 ©

sl

sToNE)|

sTo Nl

60 @

aa

&8 ©

&3

03-04

OUTPUT
DATA/UNITS

Tmax

ICmax
Tmin

ICmin

R,
R.
R.
Re
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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 0°C to 70°C, with a maximum quiescent-current variation
of +20%.

From the transistor’s data sheet, determine:

Tmax = 150°C
Py =036 W
AVgg = 0.10 v from 3 to 30 mA

Veemmin = 0.52 v at 3 mA at 25°C
Veeimax = 0.72 v at 3 mA at 25°C
I, =0.001 A

Keystrokes: Outputs:

First store the data

30. @ ©
2 BEO
70. BRA®
0. BAE
150. B@ @
36 BRE
001 ERE
1
52
72 ER®

Then compute maximum and minimum temperatures and currents

(A] > 148.0+00 *** T,
18.0-03 *** ..
74.8+00 *** Ty
12.0-03 *** Lo

From the transistor’s data sheet determine:

hpemax = 600 at 150°C at 18 mA
hpemin = 100 at 80°C at 12 mA

Finish problem



Keystrokes:
600 g ——

Outputs:

45.0+03
4.18+03
888.+00
115.4+00

K< NS

R,
R,
R,
Rg

22.94+00 *** Ap

03-06
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4. TRANSISTOR AMPLIFIER PERFORMANCE

TRANSISTOR AMPLIFIER PERFORMANCE

+R. +A

Oijth,*ij O R +A,

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.
h 12

Zs —_— -
+ +
. 1 ]
Vs Vi [H] V2 L
Equations: - -
Zin Zout
Definition of h-parameter matrix
\2 h; h, iy
1y h¢ h, Vo
Current gain
1 —h
Ai =_2 = f
14 1 + h() ZL
Voltage gain
A, = Voo _ Ai Z,
v
Vi Zin
Voltage gain with source resistor
V; A Z
Avs — 2 — i &L
Vs Zin +Zs

Input impedance

Zin = hy + h, Z; A



Output impedance

Zout =

hohi +hoZS _hfhr

STEP INSTRUCTIONS

1 | Load program.
2 | Input h-parameters.
Angle
Magnitude
Designation
3 | Input termination impedances.
Angle of source impedance
Magnitude of source
impedance
Angle of load impedance
Magnitude of load
impedance
4 | Compute
Voltage gain
Current gain
Voltage gain with source
resistor
Input impedance

Output impedance

Example:

INPUT
DATA/UNITS

05, deg

Rs

6, deg

R.

KEYS

o]

04-02

OUTPUT
DATA/UNITS

Zou(

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 250E-6

50 25E-6
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Keystrokes: Outputs:

0 EIED 1100 GIED 11 O
0 ERED 250 G2 ¢ @B EIED

20
0 50 210
0 25 6
20
0 1000 & @
0 ool —— 0.000+00 *** LA,
-400.0+00 *** |A, |
> 0.000400 *** /A,
-40.00+00 *** |A,|
0] > 0.000+00 *** [ A g
-200.0+00 *** |A|
(€ | > 0.000+00 *** /7,
1.000+03 *** |7, |
(€ | > 0.000+00 *** [ Zgy

52.50+03 *** |Z,.|
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Notes
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5. TRANSISTOR CONFIGURATION CONVERSION

TRANSISTOR CONFIGURATION CONVERSION EE1-05A
CB~+CE cB-CC CE-CC

CE-CB cc-cB CC-CE PRINT [h]

=] 0y thytii

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:

1 — hy,

_ 1
bl =
hy, hu h22 - h12 hy,

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

CB ->CEorCE —CB CC—CB

Y =Yu Y tya tye Y = Yoo

Yi2 = = (Yiz + Yao) Y'ie = = (yar + y22)

Yo = = (Yo + Ya2) Y21 = = (Yiz T ¥22)

Y2 = ¥ Y'22 =Y Y12 Yo +y2
CC—>CEorCE—CC CB —>CC

Y'u = Yu Y1 =Yt Yie + Yo +ya

Yie = = (Yyu * yi) Yie = = (Yu * Yar)

Yo = = (yu + y2) Y = = (Yyu + Yi)

Y'22 = Y11 T Y12 +Ya1 Yo Y'22 = Y

Finally the desired h-parameter matrix is derived from the y’-matrix by the
[h] - [y] transformation used above.



STEP

3

4

INPUT
DATA/UNITS

INSTRUCTIONS

Load program.
Input h-parameter matrix
(ij = 11,12, 21, 22).

Angle of h-parameter 6., deg
then Magnitude of
h-parameter h;;
then Designation of
h-parameter ij
Perform desired conversion.

CE—CB

CB—CE

CC—CB

CB—CC

CC—CE

CE—CC
Display converted

h-parameter matrix.”

*This feature may be used at
any time to display whatever

matrix is in storage.

KEYS

05-02

OUTPUT
DATA/UNITS
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Example:

Convert the following common-collector h-parameter matrix to common base.
hie hye 1000 L30 100 X 107 £ -45
[hee] = =
hge hoe 60 L 30 30 X 10720

Keystrokes: Outputs:

30 1000 11D
45 100 G23
6 120 30 60
21830 30ED
6 20008 — —9.354+00 *** @,
38.31+03 *** h,, = hy,
—9.349+00 *** @,
2.299+03 *** hy, = hy,
—179.8+00 *** 6,,
999.6—03 *** hy, = hg,
—39.35+00 *** 6,,
1.149—03 *** h,, = h,,
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Notes
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6. PARAMETER CONVERSION

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+ 'I-T

1 +t22 _t12 1 O
2 —
(1 + tyg) (1 + tyg) — gty — 1ty 1+t 0 1

Finally, the postconditioning operation is performed.

The preconditioning operations performed when converting from S are

S—>Y S—>Z S—>G S—>H
1 0 -1 0
T=5 T=-S T= S T= s
0 -1 0 1

and those performed when converting to S are

Y-S Z-S G—>S H—>S
Zy g1 212 hy//Z, hy,
T=2Z2,Y T=2/Z, T = T =
21 gzz/ Zy hy, hyy Z,

The postconditioning operations performed when converting from S are

S—>Y |[S->1Z S—>G S—>H
ti'/Z, tyo tu' Zo ty
Y=T'/2y | Z=2,T' G = H =
to;’ tas' Zo toy’ tas'/Z,



and those performed when converting to S are

Y-S Z—-S G—S
1 0
S=T' S=-T' S = T’
0 -1
STEP INSTRUCTIONS DATAUNITS
1 | Load program.
2 |lnputS,Y, Z G, or H.
Angle of element ij 0
Magnitude of element ij M;;
Subscript to element ij
3 | Select desired conversion.
S—-Y Z,
Y-S Z,
S—z Z,
Z—S Z,
S—G Z,
G—S Z,
S—H Z,
H—>S Z,

4 |Display elements of new matrix.
Input element subscript
Display angle of element ij
Display magnitude of

element ij

KEYS

06-02

H-—->S

-1 0
T

OUTPUT
DATA/UNITS
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Example:

The s-parameter matrix of a 2N3571 transistor is

0.62 L-44.0

9.0 L 130

0.0115 L75.0

0.955 L -6.0

What is the h-parameter matrix? Z, is 50 (1.

Keystrokes:

44 EB EIED 62 ENED 11

(A
12
21
22

20

21

20

75 EIED 0115 EIED
0 130 GIED © EIED

0 6 EBETED 955

As00110

v

v

v

Outputs:

—53.88
119.1

39.26
18.14-03

94.26
—14.19

21.17
2.272-03

kkk 011

Ll

kekk 012

kekk h12

Rk g,

kkk h21

kkk 022

k%K h22
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7. FOURIER SERIES

FOURIER SERIES

—1 N¢t#tfreqs J Yk RECT tef(t)

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

f(t) = 20 4+ E (aicos i2mt +bisin12—’”t
=1 T T

2

= a20 + 12 Ci sin( i2F;rt +01)
al=%£T f(t) cos i2;rt dt, 1=0,1,2,...
bl=%fT 0 sin 227 dr, 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 oatAUNTs | KEYS | oA tNTS
1 | Load program.
2 | Initialize (A
3 |Input
Number of samples
in one period N
Number of frequencies
desired #freqs [A] N
Order of first coefficient J 8]
4 |Inputy,k=1N Y 2,...,.111
5 | Repeat step 4 until display
shows 0.111
6 | Display coefficients for
J=<isJ+ #fregs
in polar form D] i
0,
Ci
in rectangular form. (0] i
b;
g

7 | Compute value of Fourier

series at t. t a 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 (dc term plus 6 harmonics).

201

1 é 3 6 7 8 1=0 1’1 ‘1=2
54
04
-151
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:
pnoR2EED’'dR — 1.000
14.758 > 2.000
17.732 > 3.000
2 — 4.000
12 — 5.000
7.758 > 6.000
11 > 7.000
9.026 — 8.000
12 > 9.000
2 > 10.000
14.268 — 11.000
10.026 —» 12.000



Q
v

Thus f(t) =2 + 15 cos 2mt

+ sin

— 5 cos Gt

+ 3 cos

0.111

0.
0.000
4.000

I
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

07-04

*okk
ok

*3kok a;

*ok ok
$okk

*okk

K3k 3k
kkk

Kk k

sk
*ok ok

Kk ok

*kok
* ok

kskk

kksk
kkk
kksk

kkk

kekk

*kokok

2t

+ sin

107t

12
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8. ACTIVE FILTER DESIGN

ACTIVE FILTER DESIGN EE1-08A

C LP:RCRRC HP:CRCCR BP:RRCCR

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

Equations:

a = L - 2¢, where Q is quality factor and {is damping factor.

Q
Low pass filter

G =C

4C(A + 1)

C2= 2

o

R —
' 4Awf,C

«a _ A

= R
4mf,C(A + 1) A+1 !

R3:

R4 = AR]



High pass filter

RZI

Cq Rg

Vo

Bandpass filter

R4

Ry Yo

08-02
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STEP INSTRUCTIONS patAUNTs | KEYS | prATNT e
1 | Load program.
2 | Input filter design
specifications.
Corner or center frequency fo, Hz LON A | fo
Midband gain A (A ] A
Peaking factor (1/Q) a 70 «
Capacitor value C F (8]
3 | Select desired filter character-
istic and list elements.
Low pass Ry,
C.,
R,
R.,
Cs
High pass (0] C,,
R,,
C,,
C.,
Rs
Band pass R,,
R,
C,,
C.,

Rs
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Example 1:

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

f() = 10 Hz
A =10
a=1
C =1uF
Keystrokes: Outputs:

on@oInE!
E3¢ a0 1.000—06 *** C,
7.579+03 *** R,
1.000—06 *** C,
100.0—09 *** C,

334.2+03 *** R,
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9. BUTTERWORTH OR CHEBYSHEYV FILTER DESIGN

BUTTERWORTH OR _CHEBYSHEV EE1-09A1
FILTER DESIGN s

HP:fo BP:BW *fo C:dBR+¢
R LP:fo BEBW+fo  fit0=n  B:ifyrcdt=n

BUTTERWORTH

R BYSHEV onn
FILTER DE EE1-09A2

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, “n ®
Band Pass Band Elimination
_ @ — w,? o, = wBW
@n BWo @F — o

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

in

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



09-02

BUTTERWORTH
C = 'n'flCR sin i ;nl)ﬂ, i=1,3,5,...,n—1
L=-R gn B-Dm™ 546 ..n
mf, 2n
where

—AdB/10 __
0 = INT 1 +1In(2 X 10 1)
2 In(w/w,)

CHEBYSHEV
i = Gi s = 1’ 39 5’ ..., N
2@t R
L = RG, , i=2,4,6,...,n—1
2m7f,
where
G, = 2a,
Y
4a;,_, a .
G=—, i=2,3,4,...,n
bi—l Gi—l
€
1 h ———
- n(cot 4010ge)
Y = sin o
g =sin G- DT 123 .n
2n

bi=y2+sin2—i, i=1’2’3""’n—1
n

€ = ( 1044B/10 _ 4 )‘/z
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The filter order is found by using Newton’s method to solve for n in the
following formula:

(@+ V@ 1™ +(0+ Va? — 1) 2= 2 (104810-1) —2

4
e

using

In [i(IOMB“O-l) _2]
62

In(w + Ve? — 1)

as an initial guess.

The resulting value is then increased slightly:

n < INT(n + 1)
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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 CIRCUIT ELEMENTS
Low pass \
Cn "
High pass 1
Lh:“’OCn
CFW
Lop Cop
Band pass
Lo BW
BW wo? L,
Cbp= Bc\;l
Lbe=HJB°2ﬂ
Lbe Coe
Band elimination ;
cEw BV
0
cbﬂ:l.,,‘w

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
AdB is small (i.e.: when AdB ~ Loss (wy)).
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STEP INSTRUCTIONS oaTAUNITs | KEYS | o o s
1 | Load first program (EE1-09A1).
2 | Input termination resistance. R, Q [A] R
3 | Input frequency information
for desired filter characteristic.
Low Pass fo, Hz a
High Pass fo, Hz (6]
Band Pass BW, Hz
fo, Hz
Band Elimination BW, Hz
fo, Hz
4 | For Chebyshev filter, continue
with steps 5, 7, and 9.
For Butterworth filter, continue
with steps 6, 7 and 8.
5 |Input bandpass information and
compute Chebyshev filter order.
Passband ripple Ripple, dB (D] €
Frequency at which
attenuation is specified f,, Hz
Desired attenuation a, dB (D] n
6 | Input bandpass information and
compute Butterworth filter order.
Frequency at which attenua-
tion is specified. f,, Hz
Desired attenuation a, dB a n
7 |Load second program
(EE1-09A2).
8 |Compute Butterworth filter
elements. a

9 |Compute Chebyshev filter

elements. (D]
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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. R, is 50(). The termination resistance R is 50€).

500 113mH 154mH 41mH
.35 uF .26uF .96uF
2.4mH 644uH 880pH 5o
16.5F 61uF a5uF
Keystrokes: Outputs:
Load card 1 (EE1-09A1)
50 100 800
900 0@ —— 6.000+00 *** filter order

Load card 2 (EE1-09A2)
(E | > 1.000+00 *** component I

—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 CHEBYSHEYV FILTERS

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
Af) or logarithmic (multiplicative Af).

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

. . 2k—1 . 2k—1 =
= + = -SIin — — - =
Sk =0k Tjwy 1 ( 3 > ) j cos ( 3 > ) k=1, ..., n)

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

Let B = - sinht L
n €

Then the new poles are given by

sx = Oy sinh By + j wy cosh By

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

The network transfer function is

K

Ao = (o —s) (o —sy) ... jw —sp)

K
M, LO)M, L 6)...(M, L 6,)

K
M(w) L H(w)

in which K is a constant chosen such that

[HGO) | =1



The magnitude of the transfer function is

[H(jw)| =

and its phase is

arg [H(jw)] =—-f(w) = — Z tan~! A B

-

i=1

The normalized group delay is

0

e R TIED)

= ot (0 — o)

STEP INSTRUCTIONS DATAIUNITS
1 | Load program.
2 | Select which filter.
Butterworth
# poles n
Chebyshev
# poles n
Passband ripple in dB dB
3 | Select passband characteristic.
Low pass-cutoff frequency fo
High pass-cutoff frequency fo
Band pass-Bandwidth BW
Center frequency fo
Band elimination-Bandwidth BW
Center frequency fo
4 | Select linear or logarithmic
}frequency incrementation.
| 5 %Specify band of interest.
; Minimum frequency f,, Hz
E g Maximum frequency f,, Hz
|| Freauenyincrement | athzor rato

{
|
i

KEYS

E

ENTER ¢

z
=1
ol afae

‘a |

10-02

OUTPUT

DATA/UNITS

0-lin/1-log

S S S —

1
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STEP INSTRUCTIONS paTaUNTS | KEYS | poUTRLT
6 |Start computing. a f
Magnitude of transfer function 20log |H(jw)|,dB
Angle of transfer function arg{H(jw)}
Normalized group delay ty

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,
f, = 800. Make a logarithmic plot using steps of 2!/8 from 400 Hz to 1600 Hz.

Keystrokes:

6 03 100 EEED 800
B 400 EIED 1600 EIED

2 (DR €
Outputs:

400.000 T frequency 565.685 T
-129.502 Z |HG27f)| -90.309 Z
161.536 Y LHG2wf) 140.715 Y
0.027 X group delay, sec. 0.122 X
436.203 T 616.884 T
—121.591 2 —74.863 Z
158.504 Y 126.993 Y
0.036 X 0.223 X
475.683 T 672.717 T
—112.727 Z —53.407 Z
154.506 Y 99.228 Y
0.051 X 0.524 X
518.736 T 733.603 T
—102.519 Z —-17.172 Z
148.966 Y 6.544 Y
0.076 X 2.683 X
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OT +
+ +
_20_
_40_
g £ +
E_60 4
860 £ +
=z
-80 - + *
+ +
* +
-100 + +
+ +
T T T 1
400 800 1600
f,Hz
800.000 T 1037.472 T
0.000 Z —74.863 Z
—9.682986738—06Y —126.993 Y
3.864 X 0.223 X
872.406 T 1131.371 T
-17.172 Z —90.309 Z
—6.544 ' Y —140.715 Y
2.683 X 0.122 X
951.366 T etc. for
—53.407 Z 1233.769
—99.228 Y 1345.434
0.524 X 1467.206
Example 2:

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:

o]
7 EHED 3 0 B 5 EED 60
@ 50 EIED 6! ENED

;08

0.000  (linear plot)

v

v
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Outputs:

50.000
—2.997
—84.017
4.506

50.500
—2.964
—87.457
4.559

51.000
—2.880
—91.347
4.675

51.500
—2.730
—95.842
4.881

52.000
—2.491
—101.177
5.216

52.500
—2.140
—107.732
5.742

53.000
—1.651
—116.126
6.550

X < N 3 X < N - X < N A X< N4 X< N3 X < N -

X < NS

frequency

mag {H(s)}, dB
arg {H(s)}, degrees
group delay, sec.

53.500
—1.027
—127.379
7.737

54.000
—0.364
—143.029
9.239

54.500
0.000
—164.525
10.286

55.000
—0.478
169.348
9.368

55.500
—1.799
143.391
6.957

56.000
—2.932
119.424
5.448

56.500
—2.136
88.980

7.335

X< N = X< NS )< N4 X< N H X < N A X< N4

X < N A



57.000
—0.479
8.481
13.596

57.500
—0.066
—122.266
37.279

58.000
—34.346
127.620
1.179

58.500
—59.784
113.071
0.338

|

b

o
i
T

-80T

|H(j2Tt1)],dB

-120 T

> < NS X < N 3 X< N A

X< NS

59.000
—88.662
103.950
0.111

59.500
—133.081
96.633
0.024

60.000
—1048.077
—90.000
1.985653756—15

60.500
—133.598
—96.577
0.024

)< N 4 X < N 43 X <N A

X < N =3

Note symmetry
which indicates

that we can reflect
plot around 60 Hz.

10-06

50

52

54 56 58 60 62 64 66
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11. RESISTIVE ATTENUATOR DESIGN

RESISTIVE ATTENUATOR DESIGN EE1-11A

Rin Rout +MIN LOSS T:L+R’s II:L*Rs

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

Ry R2 Ry

out

T I1

The minimum loss in decibels is given by

2
R; R;
Min Loss = 101 — A [ -
o o8 (/\/Rout Roul )

where Ri, = Ry,

If N is the desired loss of the attenuator expressed as a ratio (loss in dB
= 10 log N), then for the T attenuator

2VN Rin Roul

R:
3 N -1

=Rm( J_’i) R,

R,
+1
R, = Royt (N _— —R;

Z

Z

Z
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and for the II attenuator

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

STEP INSTRUCTIONS oataunTs | KEYS | o oLt
1 | Load program.
2 | Input impedance levels.
Input circuit Rin, Q (]
Output circuit Rout, (8]
3 | Compute minimum loss. min loss, dB
4 | Input desired loss and
compute resistances.
For T attenuator Loss, dB (D] Loss
R,
R,
R,
For II attenuator Loss, dB a Loss
R,
R,

R,
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Example 1:

Compute element values for T and II attenuators matching 752 to 50€2 with

6 dB loss.

Keystrokes:
758508

v v

68

63

Example 2:

v

Outputs:

5.719+00 ***
6.000+00
43.34+00
1.572+00
81.97+00

6.000+00
2.386+03
86.52+00
45.75+00

X< N X ~<NS

min loss
desired loss
R,

R,

R3

desired loss
R,
R,
Ry

Compute element values for T and II attenuators matching 50€2 to 502 with

10 dB loss.

Keystrokes:
508508

v

108

108

v

Outputs:

0.000+00 ***

10.00+00
25.97+00
25.97+00
35.14+00

10.00+00
96.25+00
96.25+00
71.15+00

K< NA X< NS

desired loss
R,
R,
R

desired loss
R,
R,
R;
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Notes
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12. SMITH CHART CONVERSIONS

SMITH CHART CONVERSIONS
SWR . *R.L
SWR-+ O peo RL.»p r-z

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

o = voltage standing wave ratio

SWR = standing wave ratio expressed in decibels
p = reflection coefficient

R.L. = return loss

O SWR P R.L.
are related as follows: 00} oo 10 o
40.
40. 30.
20. 90 1.0
SWR =20 log o
10. 20.
-80 2.0
1 15, 70 3.0
R.L. =20 log— s
4.0
p 4.0 60
_1l+p o
g = 3.0 : .50 6.0
1 —p
8.0 70
.40 8.0
9.0
2.0 6.0
e .30 10.
12,
1.6 4.0
.20 14,
1.4
1.2 2.0 <10 20.
25.
1.0 o ('] 40.

These relationships are perhaps more clearly seen in this sketch:

O-1

ZRL
10" O+1 20logg

R.L. P (o] SWR
20log} 10 10°%°

5+
©
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For a system having characteristic impedance Z,, the impedance and reflection

coefficient are related by

z
T=pLd= Zz
Z—o +1
and
1+ T
7Z7=7.0=12, T
where
I' = complex reflection coefficient
p=T|
é=1LT
Z = impedance
z=|z|
0=L1Z
STEP INSTRUCTIONS DATAUNITS
1 |Load program.
2 | Convert among o, SWR, p,
and R.L. as desired.
oc—>SWR o
SWR—o SWR
a—p o
p—o p
p—R.L. p
R.L.—p R.L.
3 | Store characteristic
impedance. Z,
4 |Convert between Z and I’
as desired.
Z-T 0

KEYS

OUTPUT
DATA/UNITS

SWR

d.p

0,2
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Example 1:
Convert a 6 dB SWR to o.

Keystrokes: Outputs:
g Al

v
[\®]
q

Example 2:
Convert a 7 dB return loss to SWR.

Keystrokes: Outputs:

0000 8.35 SWR

v

Example 3:

A 50Q) system is terminated with an impedance of 62 £ 37°. What is the
reflection coefficient?

Keystrokes: Outputs:
50 ;B 37 2@ — 70.19 *** ¢
0.35 *** p

Example 4:

A reflection coefficient of .5 £ 7°is observed in a 72() system. What is the
impedance?

Keystrokes: Outputs:

N oBTEED SB —» 923 %+ ¢
212.50 *** 7
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Notes
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13. TRANSMISSION LINE IMPEDANCE

TRANSMISSION LINE IMPEDANCE

D+d*E, dthte,  D+dthte, Dtdthte, De+d+e,

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

Transmission line

configuration Equation for Z,
open two-wire line _ 120 2D
Z, = In {—
RV

single wire near ground Z, = 138 log (4h )

balanced wires near ground

276 o [ p\]™"
Zo = ogd == |1 + (=
R B (2h

-

[~ 27) +%

69 4h 2h

Z, = logs — |1 + —/—
Ve d [ (D i }

coaxial line 60 D

wires in parallel near ground




STEP

INSTRUCTIONS

Load program.
Compute impedance of open
two-wire line.
Input wire spacing

wire diameter

relative permittivity
Compute impedance of a
single wire near ground.
Input wire diameter

wire height

relative permittivity
Compute impedance of
balanced wires near
ground.
Input wire spacing

wire diameter

wire height

relative permittivity
Compute impedance of wires
in parallel near ground.
Input wire spacing

wire diameter

wire height

relative permittivity
Compute impedance of
coaxial line.
Input inside diameter of
outer conductor

outside diameter of inner
conductor

relative permittivity

INPUT
DATA/UNITS

€,

€,

€

€

KEYS

ENTER¢

13-02

OUTPUT
DATA/UNITS

Z Q

Z, Q

Z, Q

Z, Q

Z, Q
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Example 1:

Compute Z, of RG-218/U coaxial cable. (D = .68in.,d = .195in., €, = 2.3
(polyethylene)).

Keystrokes: Outputs:
68 195
238 > 49.42 xx

Example 2:
Compute Z, of open 2-wire line with D = 6 in., d = .0808 in., €, = 1 (air).

Keystrokes: Outputs:
6 .0808 g — 600.08 *x*x

Example 3:

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

Keystrokes: Outputs:
1285 6 g — 313.44 #%*
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Notes
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14. MICROSTRIP CALCULATIONS

MICROSTRIP CALCULATIONS

wth €,+v,, 2, t

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

_14

e +1 € — 1 h

= + 1+10—
€eff 2 ) ( w)

1
Vr =
V €efp
(
60ms + ¥ ) W o
w 4h h
Zy = 4 1207 w ~1
6 h
Y 424 —0m 4 (1~l)
h w w
\
ZczerO

where
€ = relative permittivity of dielectric

€ = effective permittivity of dielectric

h = dielectric thickness

w = width of microstrip

v; = relative phase velocity of lossless line
Z, = characteristic impedance of corresponding air line, ()

characteristic impedance of lossless microstrip, ()

Z

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



(
20 h dB , uniform current distribution

In10 wZz,
éi_ )( yho,how
w w w ot dB
7 In 10 Z, e2/50 Q
A=T
2 2
Z | + 0.44 h 6h
72072 In 10
w ow
x 1+ 2= + 22 1 ==
[ h ot ] Q
k
where
1A w1
T t h 27
oW _
ot
Lo 2h w1
™ t h 2m

>
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Y <
h

Y >

=

Finally, the program accepts conductor resistivity p and frequency f and com-
putes copper loss a, resistance per unit length R, and unloaded quality factor

Q, using the following equations.
_ RsA
h

K, =4m X 107° H/em

= Vafupep

R = 2Rg/w

R

ac =
Vl'
207 f

Qo = In10 c v, a

¢ =3 %X 10" cm/s

Reference:

M.V. Schneider,
Bell System Technical Journal, 48, No. 5 (May—June 1969).

““Microstrip Lines for Microwave Integrated Circuits,’’
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STEP INSTRUCTIONS paTaumiTs | KEYS | o s
1 | Load program.
2 | Input width of microstrip w, cm
thickness of dielectric h, cm a w/h
3 | Input relative permit-
tivity and print relative
phase velocity and imped-
ance of lossless line. € (6] Ve
Z;
4 | If a uniform current
distribution is desired,
skip to step 6.
5 | Input conductor thickness. t, cm A
6 | Input conductor resistivity. 4 (D]
7 | Input frequency and
print copper loss,
resistance per unit
length and unloaded Q. f, Hz (€] Q.
R
Qo

Example 1:

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

Keystrokes: Outputs:
.05 2.54 (1]
9.58 > 391.3—03 *** v,

49.544+00 *** Z,

001 2.54 3
G360 261908 11.01-03 *** o
242.4—03 *** R

422.3+00 *** Q,
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Example 2:

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

Keystrokes: Outputs:
.05 2548 (4]
9.58 > 391.3—-03 *** vy,

49.54+00 *** Z,

BN ER D 2GR 8 21.25-03 *** o
242.4—03 *** R

218.8+00 *** Q,
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15. TRANSMISSION LINE CALCULATIONS

TRANSMISSION LINE CALCULATIONS

vi*Ro I G*R aprac Z.*Zn

This program computes the input impedance of lossy transmission line ter-
minated in Z;. The program provides an exact solution when the distributed
line parameters R, (= VL/C), R, and G are given, and it provides an approxi-
mate solution when Ry, copper loss and dielectric loss are given.

MODEL

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
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where
L

inductance/unit length

C = capacitance/unit length
R = resistance/unit length
G

conductance/unit length

v=3X10%v,
v, = relative phase velocity

f = frequency, Hz

Then
1+, e
Zin = Z - -
’ (1 - FL 6_271
where
I, = Z, — 7y
ZL + Zo
1 = line length

Z,, = impedance of termination

Z, = characteristic impedance of line = Re {ZO} +j Im{ZO}

propagation constant of line = a + jf3

<
Il

Z, and vy are computed differently depending on which solution is selected.

Z)
Ry ,
Re{z,} =——2 + o + V(2 + o) + @
e{Zo} e+ ) )[rg (r g )]

* R,

ImiZyt = ————
N T

Y2
[—(rg + o) + V(I + o?)(g® + w2)]

in which the + sign is chosen when g =r

and the — sign is chosen when g <r
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and
T Jx
a= rg — o + V(I + )2 + @)

V2 v & _

[~ %
B = \/liv _wz —rg + V(2 + o?)(g* + aﬁ)d

The approximate solution is

_ 1 {( ac — ap 3ap, + ac
w1 (52) (52)]

Im{z,} =R, [%]

a = o + ap

where
. 1 R
o = Copper loss, nepers/unit length = —
2 R
oy, = Dielectric loss, nepers/unit length = % GR.

w
v

Bo =



STEP INSTRUCTIONS

1 | Load program.
2 | Inputs when R and G are
known.
Frequency
Relative phase velocity
Characteristic impedance of
lossless line
Line length
Conductance of substrate
per unit length
Resistance of line per
unit length
Angle of terminating
impedance
Magnitude of terminating

impedance

3 | Inputs when ac and ap
are known.
Frequency
Relative phase velocity
Characteristic impedance
of lossless line
Line length
Dielectric loss per unit length
Copper loss per unit length
Angle of terminating
impedance
Magnitude of terminating

impedance

INPUT
DATA/UNITS

f, Hz

Ro, Q

/, cm

G, S/cm

R, Q/cm

LZ, deg

|z.|, @

f, Hz

Vr

Ro,
l, cm
ap

Qac

LZ, deg

FARY

15-04

OUTPUT

KEYS | paTAUNITS

ENTER¢

[

2]
a
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Example 1:
A transmission line has the following properties:
R = 1.2664 )/cm
G = 0.000 041 87 Siemens/cm
R, =55
v, =0.85

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

Keystrokes: Outputs:

2ER DD 85

5503 3.5 @ 00004187

1.2664 @ 30

758 > 28.48+00 *** [Z;,
48.01400 *** |Z;, |

Example 2:

A 4-cm gold (p = 2.3 w€Ycm) microstrip line of 50-mil width is on a 50-mil
alumina (€, = 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 ?

Keystrokes: Outputs:

Load EEI-14A

.05 2548

Bo’s503 > 391.3—03 *** y,

49.54+00 *** Z,

233G 60 124 G
63

v

4.632—03 *** ¢
52.84—03 *** R
62.23+00 *** Q,

Load EE1-15A
124ED 6D O 40 4.632
ED €38 3 EED 0B

0 EIED 758

—12.06+00 *** L7,
70.06+00 *** |7, |



15-06

Notes
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16. UNILATERAL DESIGN: FIGURE OF MERIT,
MAXIMUM UNILATERAL GAIN, GAIN CIRCLES

UNILATERAL DESIGN

Sjij compute G+ rg;y:Poq

This program computes u, Gy, Gmin, Gmax> Go> Gimax, and Gopax from a
transistor’s s-parameters. It also computes r,; and p,; from G; < Gjpax (i=1, 2).

When designing a transistor amplifier with the aid of s-parameters, the often
valid assumption that the reverse-transmission parameter s;, may be neglected
leads to simplified equations. A transistor for which s,, 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:

’511 S12 So1 Szzl

u —3
|(1 - |511’2)(1 - |522|2)|

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

u

2
|521|

|1 = [su D0 = [s02 ]

Using the unilateral figure of merit we can place limits on the actual transducer
power gain:
_ 1
Gmin - Gum
1

G ax = Gu—
" (1 = up?

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

Gy =Gy * Gy - Gy
where

Power delivered to load
Power available from source

G, = transducer power gain =

Gy = |521 |2 = transducer gain for Z, input and output impedances
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1

Gimax = — 0 - gain contribution from change of source
1= |su| impedance from Z, to s;;*
_ 1 . _—
Gomax = — T, — gain contribution from change of load
1 - |522 | impedance from Z; to s,,*

s;;*¥ = complex conjugate of s;;.

For source and load impedances other than s;;* and sy*, G; and G, 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 G, or
G, less than Gyyax or Gomay are circles. The center of a constant gain circle
is in the direction of s;;* (i = 1, 2) at a distance

ry = Gi sii
1 +G |Sii |2
from the origin.
The radius of the circle is
V1 -G - [si[»
o 1 + Gilsii|2
STEP INSTRUCTIONS bama NS | KEYS | o TS
1 | Load program. )
2 | Input magnitude of -
- s-parameters fori = 1, 2,
i=1,2. -
Magnitude Sij
Designation - ij (A
3 | Compute
(8] u
_ G,
Gimin
Gimax
Go
G max
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STEP INSTRUCTIONS baraUnTs | KEYS | o o
4 | Input desired gain
(=<G,max) and compute loca-
tion * of center of gain circle
on input plane. G,, dB To1
Por
5 |Input desired gain
(=G,max) and compute loca-
tion * of center of gain circle
on output plane. G,, dB 0 lo2
Poz2
*Note: These points are
located at a distance ry; from
the origin of the Smith chart
in the direction of s;.*

Example 1:

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

51 L 154° .09 L26°
1.4 £L22° .60 L-58°

What is the unilateral figure of merit?

What is the maximum unilateral transducer power gain?

What is the range of transducer gain due to the fact that s,, is not zero?
What are Gy, Gimax, and Gopax?

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

Keystrokes: Outputs:

S1EAED 11 0 .09 ENED
20 1.4EED2 0

6 7200 0.08 *** y

6.17 *** G,
5.49 *** Gactual min
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6.91 *** Gactual max

2.92 *** G,
1.31 *** Gimax
1.94 *** Gypax

0.40 *** r,,

R C

v

0.40 *** p.,
044 Aok ok To1

v

18

0.32 *** p
0.48 *** 1

v

onm@
S00

1ngQ

0.20 *** p,
0.44 *** 1,

v

0.44 *** p,

> 0.48 *** 1,
0.38 *** p,

v

0.52 *%* r,,
0.30 *** p,

input plane output plane

To1 Po1 To2 Po2
0 dB .40 L -154° .40 44 L 58° .44
.5dB .44 L -154° .32 .48 £ 58° .38
1 dB .48 L -154° .20 .52 L58° .30

Output Plane

Input Plane
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17. BILATERAL DESIGN: STABILITY FACTOR,
MAXIMUM GAIN, OPTIMUM MATCHING

BILATERAL DESIGN: K, G, T},

P!

Bu*sytii  *K.Gmax *Tmi

Sometimes sy, 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

_1+ JA]2 =[5 [* = Isee|?

K
2 |521 S12 |

where

S;; are s-parameters
and

A = sy; S99 — Sp1 812
For K <1 the amplifier is potentially unstable and the designer must choose
input and output matching networks very carefully (see program EE1-18A).
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

Gmax = 521 (K =VK2-1)

sz
in which the plus sign is used when the quantity
B, =1+ |s11|2 = |522|2 - |A|2

is negative and the minus sign is used when B, 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
+ 2 _ 2
I —cp [B1 VBZ - 4|C, ]

2|c,f?

r,,ﬂ:cz"‘[Bzi B — 41C: 2]

2|, |2



where
C, =55 — Asp*

C,* = complex conjugate of C,
C; = sy — Asyy*

C,* = complex conjugate of C,

B, =1+ {su|2 - |322|2 - ]A]z

B2 =1+ |522|2 - |Sll|2 - |A|2

STEP INSTRUCTIONS

1 | Load program.
2 | Input s-parameter matrix
(ij=11, 12, 21, 22).
Angle of s;;
Magnitude of s;;
Subscript
3 | Compute stability factor and

maximum gain.*

4 | Compute angle and magnitude
of source reflection

coefficient.

5 | Compute angle and magnitude
of load reflection

coefficient.

*If k<1, this calculation

causes an error.

INPUT
DATA/UNITS

6,;, deg

|sis]

17-02

OUTPUT
KEYS | paTAUNITS
(] Isi|
o K

Guay, dB
: oms
| s |
Gml
| T |
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Example:

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

s = 0.277 L-59°
s;2 = 0.078 L93.0°
Sa; = 1.920 L 64°

sg2 = 0.848 L-31°

Keystrokes: Outputs:

59 @D EIED 277 EIED
11 @3 93 ENED 078 EIED
12 @ 64 ENED 192 EIED

211031 @D EIED 348 E5ED
2200 > 1.033+00 *** K
12.814+00 *** Gpay

[ 1 ] > 135.4400 *** [ T
729.8—03 *** |I |
> 33.85+00 *** LT,

951.1—03 *** |[p|
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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

| GpsLrirsp Ti*Tms  i*LrsifsioPsi

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

G
fo2 [1+D20] 2

and radius
_ (1 _2K |S]2$21 I G + |512321 |2(}2)l/2
Pee 1+D,G

where
G = G

Go
G, = desired gain
G, = maximum transducer gain = |s21 |2
Co = sy — Asy*
D: = [se]? = [A]”
A = 5351 — Sy S

When a two-port network is terminated in a load having reflection coefficient
I', the source reflection coefficient for a conjugate input match becomes

*

_ S12 S21
[hs = Sip t I
—=— — S22

I,
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Similarly, when the source reflection coefficient of a two-port network is
['s, the output reflection coefficient for a conjugate output match becomes

*

_ S12 S21
[ = Sp + T

I

— Sin

This routine accepts I'; or I's 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, I', must
be such that |Fms| < 1 and I's must be such that |le| <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:
- C*
ST T Al
|Sii | - |A|

where

r;; = location of center of stability circle on input plane
I, = location of center of stability circle on output plane

Ci = sy — Asy*

C; = sp — Asyy*

A = sy 85 — Sy 52

The radii of the stability circles are:

1512 S21 i

Psi = /1o
[l - [AT
where
ps; = radius of stability circle on input plane

Ps2 radius of stability circle on output plane
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STEP INSTRUCTIONS DATh US| KEYS | o TS
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. G,, dB (A ] Lr
r
p
4 | Input load reflection coefficient
and compute new source
reflection coefficient. LT, deg
5 ) LT,
I F"‘S |
5 | Input source reflection coef-
ficient and compute new load
reflection coefficient. L T, deg
|Ts| ) LT
| o |
6 | Compute location and radius
of stability circles on input
(i=1) or output (i=2) planes. i Lt

'rsil

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

277 L-59° 078 L93°

1.92 Le64° .848 £ -31°

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

Keystrokes: Outputs:

Load EE1-17A

59 277 11
[ A K] .078 12
0 o4 1.92 21

0O 31 848
200 > 1.033+00 *** K

12.81400 *** Gpay

> 135.4400 *** @,
729.8—03 *** T

> 33.85+00 *** @,
951.1—03 *** T

Load EE1-18A

g > 33.85+00 *** [ ry,
781.2—03 ##% |1y, |
214.2—03 *** py,

Example 2:
We have determined that the 10 dB gain circle is located at ry, = .781£.33.85°

with a radius of pyp, = .214. If we pick a load reflection coefficient of
(|r02| — Po2) Loy = .567 £.33.85°, what source reflection coefficient is
required?

Keystrokes: Outputs:

Continuing from Example 1,
33.85 5678 93.334+00 *** [ I

276.0—03 **% ||
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Example 3:

Construct stability circles for a transistor having the following s-matrix.
385 £ -55° .045L90°

2.7 L78° .89 £-26.5°

Keystrokes Outputs:

Load EE1-17A

55 D EHID 385 EEED 11
B 90 EEED 045 EIED 12
073 ENED 2.7 EAED 21 B
26.5 B EIED -89 EOED
200

v

909.5-03 *** K

““Error’’ signifies K <'1
(Clear ““Error’’) £

Load EE1-18A

18 > 122.4+00 *** L,
—8.3714+00 *** |r |
—9.271+00 *** p,,

2 > 29.88+00 *** [y

1.178400 *** |, |
192.6—03 *** pg,
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Program Listings

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

Program Page
la. Network Transfer Functions—Input . ..................... L01-01
1b. Network Transfer Functions—Output .................... L01-03
2.  Reactive L-Network Impedance Matching ................. L02-01
3.  Class A Transistor Amplifier Bias Optimization ............ L03-01
4.  Transistor Amplifier Performance ... ..................... L04-01
5. Transistor Configuration Conversion ..................... L05-01
6. Parameter Conversion: S=Y, Z, G, H.................... L06-01
7.  Fourier Series . ...t L07-01
8. Active Filter Design ... ....... .. ... .. i L08-01
9a. Butterworth or Chebyshev Filter Design .................. L09-01
9b. Butterworth or Chebyshev Filter Design .................. L09-03
10. Bode Plot of Butterworth and Chebyshev Filters............ L10-01
11. Resistive Attenuator Design ............................ L11-01
12.  Smith Chart Conversions . ................coouviuneon... L12-01
13. Transmission Line Impedance . .......................... L13-01
14.  Microstrip Transmission Line Calculations ................ L14-01
15. Transmission Line Calculations ......................... L15-01
16. Unilateral Design: Figure of Merit, Maximum

Unilateral Gain, Gain Circles ........................... L16-01
17. Bilateral Design: Stability Factor, Maximum

Gain, Optimum Matching . ............................. L17-01
18. Bilateral Design: Gain and Stability Circles,

Load and Source Mapping . .......... ... .. ... .. ... .... L18-01
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Network Transfer Functions—Input

86! sLEL Input f es7 1%
ee:  CLRE gse I3
: 59 [
ace CHE
#c:  £T02 Pass (wC)™' £ -90 to
8e2 siBle LBL2.
Store BEZ  £SBO LT
864 CHS Pass =< L / 9010
BE5 K3V
] [‘“’ 0 ] e66 18 LBL2
0 120 €7 x| -------
”””””””””” B6c &LBLZ
ece  GSBT
are  RCLC
Pass R0 to LBL 1. @71  RCLE 10
ffffffff 872 RCLO @-1r (M
73 178 z
874 RCLA
7S CHS
e7¢  GSeo
Pass (:)I:L799 to EB}J er7  ST0S
ere R
879 ST0¢
ese CLE
ee:  RCLD
eg2 RCLS
[L:X) 18
884 RCLA
Pass (wC)™' £ -90 to 0% CHS
L1 88€ 6589
eev  ST07
Pass 90 to age Ré
- LC 8o STO®
Ly ese L
eel L3 £ T i
092 #lBL7 INPUT: vy = |2|
1z 897  STOA x=Lz
[q] < [q] 294 X2y
o 1 895 5709
8% RCLS
897 CL| Compute and store
89¢  6SBY i +2Y2.
892 RCL2
———————————— 1ee  RCLI
181 6sBe
182 STOR
Pass RL0to LBL 2. 183 R
¢ sTOC | -
185 RCLA
18€ RCLS
167 L7
8¢  RCLE
esz 6702 Pass wL £ 90 to LBL 2. 189  £SBS Compute and store
854 wiBld | oo 1e  RCLY Uiz + 2.
855 RcLe 11 RCLZ
es5¢ X 12 ¢sgg 0000 | —-emmm————
REGISTERS
0 2 3 4 6
w L 1 LYy L' ¢PY A 6%} 12, A o9 g2 L2 12l
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A B |
Lz 111 new! LY11new Iq12new! LY12new I
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112 sTO0D

114 R

115 STOE

g RN e e

117 xLBL® Subroutine to add complex

118 IR numbers.

119 R

126 R¢

121 R

122 X2

123 Re

124 +

125 R

12¢ +

127 Rt

128 P

129 RTN e

136 »LBL9 Subroutine to multiply

12 R¢ complex numbers .

132 X

122 R

134 +

135 Rt

136 RTN e

137 #LBL8 INPUT: y =b

138 x x=a

139 LSTX

146 RCLE

141 X

142 Xy

142 LSTX

144 x2

145 X

146 1

147 -

148 CHS

149 B

15e s

151 8 OUTPUT: y=—22

152 RTN 1-w?ab

152 RS X =90

LABELS FLAGS SET STATUS
At B Series R C Series L D SeriesC € Series tank FLAGS TRIG DISP
B ® ShuntR | ShuntL % ShuntC  |° ShuntL-C o WU e m | Fx ®
4 RA s

0 Used ! Used 2 Used 3 ; g S gmog SSG
[ 6 7 Used  |° cADD  |° cmuLT 3 0 & n_3
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Network Transfer Functions —Output

861 #LBLA Input 2, B85  RCLZ
a2  sT09 BSS  RCL!
(L] 2 858  RCL4
804  STCA Bée  RCL3
8es CLK B€!  6SBE
8 RS 0 | -—m——————— 862 RCLA
867 %LBLE Compute Z;, 86z  RCLS
888  6SB4 854 Rt
889 RCLE 865 CHS
ele 1.8 (123 Rt
811  RCLI 867 1%
812 CHS bee Xy
813 6SBY 869 65B9
[ 1 ere X2
815 #LBLC Compute V,/V, er! RCLC
81€  RCL2 ez X
817  RCLI 873 F@?
818  RCL4 874 PRTX
819  RCL3 87s  RIN | e~
828 CSB6 B7¢  xLBLS IF flag 0
821  RCLA 8rv Fe” THEN go to LBLO
822 RCLY 87¢  ¢cTOR ELSE
823 Rt 879 xlBL1 Display y and x
824 CHS age X2y alternately.
825 Rt 88! RS
826 1% ee2  etor | o ___
ezv N2y 887 sxLBL8 Print y and x.
82  6SBY beq Xy
829 ¢r05 900 |--—-—-----—— B85  PRTX
838 =xLBLD Compute I, /1, B8¢ X2y
821  RCLE 887  PRTX
832  RCLS ese RN | ___________
832 RCLS B89 #lBL4 Compute and store
834  RCL? 69  RCL6 2.1 s
835 CSBS 891 RCLS
B3¢ 178 892  RCLS
83? X 892 RCL?
B3e CHS 894  GSBE
839 ~44 895  STOR
846 CHS :zg Re
641 05 == |- =- 97 s101
842 $LBLE Compute P, /P, 998  RCLZ Compute 2Ll 11 + Tz
B4Z  GSB4 899  RCLI
844  RCLB 16e  RCL4
845 1-% 181 RCLZ | o ______
B4€  RCLI 162 sLBLE
847 CHS 182 STOE
642 GSB9 184 R¢
a9 R 185 STOD INPUT: LA
85¢  RCLA 16¢€ R 1Al
5! RCL9 187 RCLY LB
esz2 R 188  RCLA ]}
853 2y 1869  6SB9
854 Ré 116 RCLD OUTPUT: LZ A+B
ess : 111 RCLE |z A +8B|
@se¢  STOC 112 £sBg
- REGISTERS
4
gl N T e Pl Plga | el Poge [z
S0 S1 S2 S3 Sa S5 S6 S7 S8 S9
ALz, |Denom| Used ° /B 18l r £ Denom
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12 RTIN |- === ==

114 *LBLc Compute I, /V,

115 RCL2

11€  RCL1

117 RCL4

1€ RCLZ

119 6SBE

126 X

121 &Y

122 CHE

122 Y

124 CHS

126 er05 880 |--——-——-—-—-——-=

126€ »LBLd Compute V, /I,

127  RCLE

128 RCLS

12! RCLE

13¢  RCL?

131 6SB6

122 RCLA

132 RCLS

134 Rt

135 CHS

13¢ Rt

aw 178

138 Y

132 6SB9

14¢ 6705 | __ _ _ ________

14! sLBLE Subroutine to add complex

142 3R numbers.

142 R¢

144 Ré

145 R

14€ Xy

147 R

14¢ +

149 R

15e +

151 Rt

152 +P

152 PIN | ____

154 sLBLY Subroutine to multiply

1585 R4 complex numbers.

15€ x

157 R

15¢ +

159 Rt

16€ RTH | ____

1€! RS

LABELS FLAGS SET STATUS

hz ° -z, A © -pp P PRINT FLAGS TRIG DisP
° ° Sl |Teva ' 00 0| ves = | mx o
ST N N G G i N < 8
5 Display [Pz A+B |7 8 cADD 9 cmuLt 2 30 ® n
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Reactive L-Network Impedance Matching

681 LBLR 057 #LBLD Exchange Zg and Z .
(L ()] Store Ry 858  6SB2 Compute X (4).

202 RY 859 6581 Compute X,

884  STO2 Store X, 868  €SBS ’

aes R’ | ___ 861  GSBE

886 sLBLE Store R 862 6SBS

887  ST03 eez + Save X, in LSTx.
eee RY 864  £SB2 Exchange Zg and Z -
#8S  ST04 Store Xg 865  LSTX Recover X,.

e1e RS e ___ 86¢ RTN | e
811 sLBL} Subroutine to compute 867  #LBLd Exchange Zg and Z .
812 RCL2 X1(+) and X1 (). 868  65B2 Compute X1 ().

813 xe 869  65B1

814  RCL1 878  RCLS

815 xe 871  6SBS

e1¢ + 872  GSBE Compute X,

817  RCL3 873  €SBS

81e x 874 + Save X, in LSTx.
819  RCL1 875 6SB2 Exchange Zg and Z_ -
B?‘O RCLZ 876  LSTX Recover X;.

21 - 877 RN | ____ L _____
a2z = 87¢ *LBLE Subroutine to compute
823 LSTs 879  ST07 X,.

824 175 88e  RCL2
825  RCLZ 881 +
82¢ X 882 RCL3

27 RCL2 883 X
eze X 0684  RCLT
829 Xe 885  RCL4
836  LSTX 88€ +
831 RY 887  RCL!

832 + age X
@833 Is 889 -
834 Rt 898  RCL1
835 2y 89! L
836 - 892 RTN |
83T  sT0S 893 =aLBL2
838 LeTx 894 RCL1 ;ubro:téne to exchange
839 ENTt 895 RCL3 s and e
848 + a9%¢  STO1
841 + 897 &34
f42  STOE 8%¢e  ST03
842 RN ] 899  RCLZ
844 2LBLC 166 RCL4
045  GSBI Compute Xy (+) 181 sT02
846  CSBS 162 Y
047  GSBE 182 ST04
848 CSBS Compute X, 164 RN\
@49 RIN  |____________ 185 #LBLS DISPLAY ROUTINE
850 #LBLc Compute Xq(_) }BE Fe? IF flag 0
851  6SB! 187 PRTX THEN PRINT
852  RCLS 1ee  F@?
852  6SBS 169 RTN ELSE
854  GSBE Compute X, 11e RS DISPLAY.
855 GSBS 111 RTN
as¢ RTN 112 RS
REGISTERS
0 1 2 3 4 5 6 7 8 9
R XL Rs Xs X1(-) Xi(+) Xy
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A C D IE [
1
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LABELS FLAGS SET STATUS
A xR [P xstRs c ° ° PRINT FLAGS TRIG DISP
a b [ ON OFF
o ® U | DEG © | FIX ®
0 T X 227522 X 1 0O © | GRAD O sci O
! Gl 2 20 | RAD O | ENG O
5 Display 6 7 3 0 §J n




L03-01

Class A Transistor Amplifier Bias Optimization

8e! #lBLn esT  STOE
ee:  RCLY Transfer Vggmax to esc !
283 P26 secondary register. 859 RCLI
884  STOO (39 Xe
ees P (13} -
ee¢  RCL 862 2
eer 2 8¢ 2
ees S 84 RCLI
ez - Compute 6 jo -1 x
618 RCLS 866 RCLS Compute Trin
11 2 eev X
PRS2 (¢~ R B6E  RCLE
€13 RCLE (33 X
e! xe e’e RCLZ
(25 ¥ 87! ¢ | T
81 RCL4 Compute Ry 4 7 65B3
1T RCL2 €73 CHE
18 - ev4 1
e1e 4 eTs  RCL: Compute Vgen
e2e . 87¢ -
e 4 77 6SB4
82z X e’s et
23 2 €79 RCLG
eq sto¢ | oo TTT- ese +
65 . ee: px | T
(43 ! Compute Rgy 88z sT09
2T X 883 RCLE IF Vgex > Vgen
2 stoo |- === 084 0y THEN reduce Rg to 0
822 gLBLB Begin iterative loop. 8g< 6102 and increment R
ese - ELSE
esr RCLI Compute a new value
ees : for Rg.
8ee RCL!
8¢ 3
es: RCLD
892 2y
ez- + Compute l¢q 89z  STOD
eze = 894 CH
(21 £ S [ 89s .
04e  RCLS 89¢ 5 IF ARg > 5%
e4: X ear 74 ¢4 THEN repeat loop
842 X Compute Trax 8o  cToR IF flag 1
84z RCLZ [-LL] F1o THEN finish problem
€44 + | . ____ 188 €701 ELSE repeat loop
B4s RCL 181 SF1 once more to print.
84e XY IF Trmax > Timax 182 cToe
84 Y° THEN increase Ry 187 #LBL!
84c  G70! 184 CF!
84¢  E£SB3 ELSE compute Vggx. 185 RS Stop to accept hgg's
ese  CHS - N
e5: RCL: 187 X2y Store hEg min
es2 ! 18 STOA Store hFEmax
ez ¢ 189 RCLY
853  6SB4 1ie
8SC  RCLE 111 X
e5¢ + 11 RCLY
REGISTERS
® Vee ' Aleq *TAmaxRe | TaminVes|' Timax | P0.0sa L 7 oVee  |*Veemn | Veen
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
VBEmax
C 2} |
hEEmax hFEmin Rin Ren VBEx leq
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112 X 169 X
114 RCLD 178 RCL2
1% X 171 X
116 RCLE 172 LSTX
"y + 172 RCLD Compute Ay
118 RCLS 174  RCLE
119 - 17c X
128 RCLE 17¢ +
121 X 1w %
122 RCLA Compute Rg 17 LO6
122 X 79 :
124 M 18e e
128 RCLY bt} X
126 - 182 PRTY
127 RCLA 182 RN | T
128 X 184 #LBLZ
129 p 188 F1° IF flag 1
12 RCL! 12¢  PRTX THEN PRINT T.
121 + 187 2
122 RCLE 188 5
132 X 109 - Compute
124 - 196 2
175 B 19 . 0.0022 (x - 25)
12 Ll 192 2
127 + 19z EEN
126 st02 | = 194 CHE
139 RCLE 195 2
: 19¢ x
197 RN | ==
192 sLBLS
199 RCLI
Compute Vgg 2ee X
281 F1° IF flag 1
2 PRTY THEN PRINT I
282 RCLE
284 B
285 LOE
———————— 286 RCL?
287 X
Compute R, 288 +
289 RTN | ——————————
216 wBL2 Re<0
211 [}
77777777 212 STOD -
212 sLBL!
214 1
218 . Rin+1<RLpx 1.1
Compute R, 21€ b
217 RCLC
218 X Rin+1
———————— 219 STOC
2 606 00| -----------
22: RS
PRINT Ry, Rz, R, R
166 RCLE
LABELS FLAGS SET STATUS
AoTle... [® Used N P 5 ° FLAGS TRIG DISP
1
¢ ° ° ¢ ° Used oD% | o ®w | Fx o
0 Used ' Used 2 Used 3 Used 4 Used 2 10 ® | GRAD O [ scI O
3 3 5 5 F T i E} g RAD O ﬁNG
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Transistor Amplifier Performance

i slBLa 857 RCL3
a6z 2 052  RCL4
86z x 59  £sBS
804 2 860 RCL2
(1. 1 Compute storage location. 861 RCL1
886 - 862  £SB8
88T  STOI 862 ST08
[ Ré 064 Xv
ees  570i Store hj; T S701
[ 212 £:¥41 066 F1o IF flag 1
811 Re 7 ESBS THEN PRINT or
812  ST0i Store 0 06 XY DISPLAY.
ez RN e 69 F12 IF flag 1
814 aLBLE 878 CSES THEN PRINT or
015 ST07 Store R 07 F1? DISPLAY.
8l¢ Y 072 SPC
17 STO08 Store 6 073 I [
16 RN e 874 &BLD Compute Ay
019 sLBLb s CF1
826 ST0S Store Rg 876 ©SBe Compute Z;, without
821 b ~44 077 SF1 printing.
822  CT06 Store fg 878  RCL6
822 RN [Too----o———- 079 RCLS
024 sLBLc Compute A; 088
825  6SB? 881 1%
826 o o8: XY
e2?  (SeS 883  CHS
028 34 084 XY
829  CSES 885 RCLS
038  SPC 886 RCLA
03! RN e 7 £S89
832 &lBLC Compute A, e8e RCL7
6833  (F! 082 RCLE
034 (SBe Compute Z;, without 2% (SB9
0z SF1 printing. 291 v
82 1% 092 £SBS
7By 092 XY
83¢ CHS 894 CSBS
829 XY 095 SPC
84 RCL? 096 RIN | e ee——
841 RCLE 097 sLBLE Compute Zoy,
042 (SBY 298 RCL?
042 RCLY 099 RCLI
844  RCLA 108 RCLS
845 CSB9 181 RCLS
846 Xy 182  £SBS
047  CSBS 103 1%
84e XY 104 Y
849  CSBS 165 CHS
es6  spC 186 XY
851 RTN |- 187 RCLB
852 slBle Compute Z;, 188 RCLC
853 £SBY 100 ¢sB9
54 RCL? 116 RCL2
055 RCLE 111 RCL4
856 cse9 112 6SB9
REGISTERS
® 1Zial hr=h |0y Chiz=he [* 6,2 ° Rs ° os TR ° o ° Al
S0 S1 S2 s3 S4 Iss S6 S7 S8 S9
D
"L T s o haa =ho 622 [z
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13 CHS 1€2 Ry Subroutine to multiply
114 RCLE 72 x complex numbers.
115 RCLD 71 RY
116 csB8 2+
e 172 Rt
g x= 26 RN | Tmmmmmmmm--
112 CHS 75 RS
12e  6ses
121 X2y
122 6SBS
122 sPC
124 RTN
125 &LBLS IF flag O
12¢ Fe? THEN PRINT
127 PRTY IF flag 0
128 Fe? THEN RETURN
129 RTN ELSE DISPLAY.

136 RS

131 RN |-

132 sLBL7 Subroutine to compute A;.

133 RCLE

134 RCLD

135 RCL?

13¢  RCLE

137 6SB9

138 8

132 ENTt

140 1

141 6SBE

142 18

142 ®2Y

144 CHS

145 Xy

146 RCLB

147 CHS

148 RCLC

149 £SB9

156 ST09

151 X2y

152 §T0A

152 XY

154 R | me———_——_—_———

155 slBLS Subroutine to add complex

15€ k4 numbers.

157 R

15¢ R

159 L3

166 X2y

161 R

162 +

162 4

164 +

1€5 Rt

16€ IF

167 RTN

168 #LBLS

LABELS FLAGS SET STATUS

Aggthgtii [P O0.tRL  [C~A, CEYW. € SZow  |° PRINT FLAGS TRIG DISP
: L ‘ ° -z, 'NoPRINT | o B | ok = | Ffx O
° ! 2 3 4 2 1@ O| GRAD O | scI O
SDISPLAY |5 A ScAaDD [P omuLT P 20 B M0 O ENGE
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Transistor Configuration Conversion

80! ¥ BLA ~r L
ae: 2 858 RCLD '
aez N Compute register to be psc  £SBe Y12 = ={y12 +v22)
o4 2 used. Be  CHS
8es ! e ST02
oer - gez X
eev  ST0! e6z st04 0 | --—----——-
e R 864 X2V
[ Store hj; 865 RCLC
e 1821 86 RCLE
o R 867 CSBE
812 ST0i Store 0 868 RCL
a1z RTN | ___ 869 RCLD vir' =-ya vz +yi2)
@14 #LBLC cCc-CB €7 GSBE *tyn
(2 Compute a new y-matrix er CHS
e wBlz | 72 RCL2 =SV tYi2 Yoty
17 RCL: Routine to transform 73 RCL!
e1e RCLD -,
g1 ST0! Gz O
28 R Bz A 7 RS
821 STOD into 77 sT02
822  RCL2 78 RTIN | —— e
€22 RCLE e 879 #LBLd CE—CC
€24 5702 az  an e  sLBLD CC-CE
25 RY and then into 82! 6580 Compute new y-matrix.
82 ST0E 1 7 a BS2  6SBY Transform [y] to [h].
27 — a2 : RN | e
o KL e det J :g; tLET? cB-CC
e2¢ 102 ees  6oee Compute new y-matrix.
ez ‘ 8%c €102 Transform
871 STOE eer spte 0 | -———-—-——-—-—-——-
832 RCL4 88S  £SBT Transform [h] to [y] '
62z RCLC 889 RCL2
€34 STO4 e9e RCL!
azs qg’{ @91 RCL4
e ST0C @92 RCL3 = olyy +
7> CSBY o3 cone Yiz ==l +yi)
2e RN | __ 894  CHS
€20 aLBLb CB-CE 895 702
84¢ sLBLP CE-CB 89 L
4. CSBE Compute a new y-matrix. esr sS4 |
842 £SBY Transform [y] to (h]. 89 RCL2
84z RTN | ______ 899  RCL!
#44 slBLE Transform [h] to Iyl 186 RCLC
845  6SBT 181 RCLE
846 RCLC 182 £sBe " lyis )
847 RCLE 82 CHS Yar T Tty
648  RCLE 184  STOE
849 RCLD e lyas +yaa) 105 %y
858 csBe Yar T Ty € stoc | o _______
=3 CHE a7 xey
52 ST 188 RCL
852 Re 10 RCL2
85¢ STOC 118 £SBE Va2 =V Vi Yty
ess RrRCL4 0 |- 111 RCL2
85¢€ RCLZ 115 RCL!
REGISTERS
° ' hn oy P ore [P ° 1l 7o °
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A hay C o, o haa 293 '
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112 £SB¢ 169 ST0D

114 CHE 17 R

11 RCLE 17 STOE

1€ RCLD w2 RN | ==

117 GSBS 172 slBLS Subroutine to add

118 sTop 174 R complex numbers.

119 R 17t v

126 ST 17¢ R

121 L1 N e pp—— ”w R

122 WBLT Subroutine to convert 17! ny

122 RCLZ o ans 70 R4

124 RCLI 18e +

125 RCL f1 181 R¢

126 RCLE g2 +

127 6SB9 into 187 R?

128 ST06 1 -an 184 IF

129 L ala deta 1es RN | o __

128 <107 B 186 #LBLO Subroutine to multiply

131 RCL4 187 3 complex numbers.

132 RCL3 188 X

122 RCLE 189 R

134 RCLC 19 +

13T 6SBY 19! Rt

13¢ CHS 92 R

137 RCLY Compute det a 18z F

138 RCLE 194 RN | e

132 6588 195 slBLE Print [h]

4e ST0€ 1 RCL2

141 R 197 6SBS

142 e107 | _________ 198 RCL!

143 RCL2 199 £SBS

144 CHS . 260 RCL4

145 ST02 ac —— 201 GSBS

146 RCLY an 282 ROLZ

47 1N 283 CSBS

14 ST | ____________ 204 RCLC

142 RCLZ 28C  (SBS

15e CHS 286  RCLE

151 RCL4 287  6SBS

152 6SB® a, e 212 208 RCLI

152 5703 an 209  £SBS

154 Re 218 RCLD

155 s104 | __ 211 alBLS

15¢  RCLZ2 212 Fe" IF flag O

157 RCLI 213 PRTX THEN PRINT

156 RCLE 214 F8? ELSE DISPLAY.

15 RCLC 215 RN

166 £SB9 ay, < 220 51c RS

161 STOR an 217 RN | o ___

1€2 L3 5§£ :tg

1€z s | ____________

164 RCL2

165 RCL!

166 RCLE apy « 9012

167 RCL? an

162 65B9

LABELS FLAGS SET STATUS
Agythytii |P CB<CE |[ccBeCC [P CE<CC |E PRINT [n] |° PRINT FLAGS TRIG DISP
b c 1
a CB-CE cB~CC d ce-cc |[° o Og OFF e © | fx o
O th~>lyl" |[' 2 3 4 2 10 ®| GRADO | sci D
= 3 > 5 5 0 20 ®| RAD O | ENG ®
DISPLAY [(h] Z[y] CADD r CMULT 3 0x e —
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Parameter Conversion: S<TY, Z, G, H

861 #lBla 857 CSB6
ez csee Store input data. 85¢  RCL =2, ,
08z RS e59  C10! 2] =2, [T']
884  STO; e wBld | oo
ses 152! 1 ST08 G-$
.2 RY 862  STx! Zo 911 92
007 ST0; 83 1% [T =
e8¢ RN 00000 | -——— 864  RCLD 91 @/l
80° sLBLA Display output data. e¢s X
e1e  cSBe 86¢  STOD
e11  RCLi ii-65j, Mjj 867  £SBE Compute [T']
e12  Isz2! 868 1 =-1
812 RCL; es9 s 0000 | -
814 (SBS 878 sLBL4
s xy | - 871 RCLB [1 0]
81€ sLELS DISPLAY ROUTINE 72 XY M« m
e17  Fe? IF flag 0 evs x 0 ¢
818 PRI THEN PRINT erq  STOB
el fe° 7S LSTX
e2e RN ELSE 87¢  RCLD
2! L3563 DISPLAY. 877 x
e22 RN |- 87! stop 0000 | ————mee—
822 slBLC Subroutine to compute e’e RIN S-G
824 2 register location. 888 sLBLD E=-1
82s x ee1  sT08 10
82¢ 2 882 1 m- (sl
7 ! 083 CHS o -1
ez - 884  £SB4
829 £T01 8eS  (SBé Compute [T']
ez RN oo 886  RCLe
821 «lBlLb Y-S 7 §T=! '
22 5708 886 RCLD -—
827 GSB! (T =2 (Y] eee  x e-| >
834 CT0E Compute [T']; [S] = [T'] 89e  STOD ' Zotn
ers BB 000 |- 891 RN
83 ST08 s>y 092 #Ble =000 | ———m——————_
837 CSB6 =8 897 STOB HS
83c  RCLB Compute [T'] 894  ST:! h
[ ] £=1/20;[Y) = (T')/2Zo 895 RCLD 2 M
e4e sBLI 0000 | - 896 x m=| % (H]
841 ©SB3 ] 897  STOD ha haZo
842 CSB4 T« Ul 898  £SB6
842 RTN 0 £ 299 1 Compute [T']
#44 slBLe 000 |-————--____ 188 CHS -t
845 STOR z-s 01 wBs 000 | e
046 1/X £=1/2, 182 STXY &
047 CSBI T =12)/z, 10z STx2 M [ ]m
848 CSBE Compute [T'] 104 RN °
049 ! =-1 105 WBLE 000 | —__I___—___
e5¢  CHS (sl =-(1'] 18 ST08 SoH
es1 6101 000000 | - 107 1 £=-1
05z aLBLC §-2 188 CHS o °
057  ST08 189 GSBZ = (sl
854 ! E=-1 11 GSBE 0 1
ess CHS [T] = (8] 111 RCLe
85¢ 658! 112 STx1 Compute [T']
REGISTERS
° z, " Mo T Pt P Tn [f et P o 6 Lap | e °
Iso St S2 3 54 IS5 S6 57 53 5
s ]B My, Tay' 02, LT3 Mz, Tay' € 032,LTy' poainter
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1z 178 169 X2y
114 RCLD W'z s 178 STO4
£ x H] - 71 ROLC
116 ST0D . taa’ 72 RCLB
117 RN 21 Zo 177 oHS
112 &BL6 00 - 174 CSB2
19 RCL2 Subroutine to compute 7S sToe ta,
126 RCL! Tl 176 E~4
121 €SB? D2 S
122 8705 17 RCL!
122 poad 179  RCLD Rearrange t,;’ and t,,’
124 ST0¢6 1886  S70!
125 RCLE 181 2y
126 RCLD 182 STOD
127 6587 182 RCLZ
128 RCLS 184 RCLE
122 RCLS 185 sTO2
136 €S9 18€ fo44
131 ST0S 187 STOE
132 Xy 188 RN e ————
132 ST06 18° &BLS Subroutine to multiply by
124 RCL4 19¢  RCLS 2/D and add -1 0.
25 RCL3 191 RCLE
13€  RCLE 192 £SB9
137 RCLC 192 []
138 6SBS 194  ENT?
13¢ CHE 19% 1
! RCLE 19¢ CHS
141 RCLS 197 ¢rv086 @ 0200 |-
142 6SBE 198 ? Subroutine to add 1L 0.
142 2 199 ]
144 B 200 ENTT
145 17X 2e1 1
146 STOS 2 282 wele 0 | -
147 LY b 202 L3 Subroutine to add com-
14¢ CHS 264 RS plex numbers.
142 STO06 205 Ré
156 RCLE 2 R
15: RCLD 7 2y
152 6SB7 208 R
152 6SBS 289 +
154 STOD ty' 218 R
155 =4 211 +
15¢  STOE 212 Rt
157 RCLZ 212 F
158  RCL! 214 RIN | ______
159 ¢sB? 215 aBL2 Subroutine to multiply
166  6S8S 21€  RCLS by 2/D.
161 510! taa a7 R6 | ______
16‘_ =Y 218 #LBL? Subroutine to multiply
162 57102 219 R complex numbers.
164 RCL4 228 X
165 RCL3 221 R
16€ CHS 222 +
167  6SB2 223 Rt
168 5702 tia’ 224 RN
LABELS FLAGS SET STATUS
A0y M; P s-v s>z P seG6  [F soH 0 PRINT FLAGS TRIG ISP
agytmtii [P Y-S czs 9G-S e H-S ! o BE| oes w | Fx o
0 ij>pointer |! Used 2 Used 3 Used 4 Used 2 + 0 K| GRADO | scl O
2 0 ®W| RAD O | ENG R
|5 DISPLAY [¢ T 7 +1L0 F capp  [? cmuLt P 300 n_3_
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Fourier Series

801 sLPLu START [ H ELSE
8e:  CLRE ese 1 DISPLAY 0.111.
882 P2S 852 RTN | T
684 CLRC ese s ELe
885  RAD [ RS DISPLAY new k.
[:]3 RN | 862  670C I
80T sLBLA N1# freas 862 #LELd PRINT POLAR
see 2 864 SF1
eee X 865 RCLE
eie  ST0B 866 STOI
81! =Y ee? e10: | == ——=
212 STOE 865  sLBLD PRINT RECTANGULAR
812 RN - 869 CF!
814 aLBLE J €76 RCLP
e1=  STOD Store J 871 F3 £ G
(313 1 72 slBLZ BEGIN loop 2.
e1r  sToe INITIALIZE k 877  RCLI
e:e RN |- 674 RCLE
19 LL Yk 87T -
82¢  STOC Store yy 87 2
e2! RCLE er? CHS
22 570! INITIALIZE pointer 8ve B
23 sLBL1 BEGIN loop 1. 872  RCLD
24 Ly ase +
e2c  RCLe egl FIX
82¢ RCLI 8cz  pspe
827 RCLE 882 65BS
e2s - 884  DSP3
29 z 85  RCLi
ese CHE 88¢ CX4
821 2 887  RCLi
832 RCLD ege F1? IF print polar
822 + #ge 6703 THEN GO TO LBL 3
€34 RCLE 8% 2 ewse
:Zs_ f gg{ RC'EE Prepare to print
Bé; B s N rectangular.
f3e x 894 Ny
eze Pi ot LSTY
eqe X 89 X
41 hred 697 siBLa | _______
e4: I a9¢e oy
84Z  ST+i 692  £SBS
844 e 10€ RI
84 DSZI 181 68
84c  ST+i 182 Fa°
847 RCLC 162 SPC
e4c  ENTT 184 DSZ1 IF pointer # 0
842 DSZI IF pointer # 0 165 3102 THEN REPEAT loop 2.
ese  £701 THEN REPEAT loop 1. 18€ RN |
g.;é 510; ELSE INCREMENT k. ::8 :L’léz Convert (a, b) to (c, 8)
852 RCLE 189 P
854 Le 1 2
(X 744 IFk<N 111 RCLE
85¢ 0708 THENGO TO LBLO 117 z
REGISTERS
Okt s P2 P ¢ a > b ° . 7 b 5 ° b
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
a b a b a b a b a b
A C D E |

B
a 2 x # fregs Yk J N pointer
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113 x 160 PRTY THEN PRINT

4 T4 == 17 Fo°

115 #LBLE t=>f(1) 171 RTN ELSE DISPLAY

16 CF2 172 RS

117 §Toe 173 RTN

118 RCLP 174 pee

112 €101 INITIALIZE pointer

12e oy | o ____

121 slBLE BEGIN loop 6.

122 CcLI

122 CLi

12 -

125 2

12€ CHS

127 #

128 RCLD

129 +

3¢ %=0? IFi=0

121 SF2 THEN set flag 2.

132 2

122 X

124 Pi

132 X

136 RCLE

127 X

138 RCLE

129 B

14€ !

141 F2? IF flag 2

142 £sBe THEN ag <ao/2.

143 IR

144  RCLI

145 x

14€ X2y

147 psz!

148 RCL:

149 X

15e +

151 RCLE

152 2

152 2

155 x

158 +

15¢  DS2! IF pointer # 0

157 6T THEN REPEAT loop 6

156 6SBS ELSE DISPLAY f(1).

159 F8?

168 £pC

1€1 RN o __

162 sLBLE Subroutine to replace 1

163 cLy with 0.5.

164 .

16% B

16€ RTH | e

1€7 #LBLE DISPLAY ROUTINE

168 Fg° IF flag 0

LABELS FLAGS SET STATUS
=
ANt#fregs [B U v O RECT  [E t>f(y) O PRINT FLAGS TRIG DISP
a START o c d POLAR |[® " POLAR o BT oes o | Fx ®
0 T 2 RN 0 2 10 K| GRAD O | sci O
5Used . Loop . Loop . P - PRINT 3Used .0 R RAD & ENG O
DISPLAY Loop 3 0K n
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Active Filter Design

88! slBla 857 Ry ] -
882  ST0R Store fo 658 &LBLD HIGH PASS
88z Rm |- 859 RCL3 Display C,
804 sLBLA 86e  €SBS
o5 <! Store A 061  RCLO
e8¢ RN 0000 |- sz x
887 sLBLb 8c3 2
eee ST02 Store 84 x
0e° RTN |- (134 Pi
81e sLBLE e6€ X
811 ST02 Store C 8€7  STO4
e12 RN | 868  RCL2
813 LBLC LOW PASS 862 Y
814 RCL2 eve B
15 2 871 2
el % er:  RCL1
e17 RCL1 73 17%
818 4 (2] +
e1e 2 e7s z
eze Pi 87€¢ 6SBS Display R,
e2! X (1e4 L2
822 RCLe ere  CSBS Display C3
822 X 879 RCLI
824 RCLZ eage 2
25 x ee1  ESBS Display Cq4
82¢ 5704 ez  RCL!
827 & 883 2
82e  ST0S 884 X
829  (SBS Display R, 8es 1
83 RCL3 1 +
831 4 887 RCL2
32 X 80 B
832 RCL1 889 RCL4
834 ! a9 =
635 ¢+ 891  CSBS Display Rs
LE 892 RWN | —eeee
03 RCL2 653 sLBLE BAND PASS
e xe €94 RCLZ
839 ¢ 095  RCLE
e48  (SBS Display C, 89¢ X
841 RCL2 897 2
o3 2 89 x
bz B3 P
844  RCL! 180 X
845 ! 1 81 5704
846 + 182 RCL!
847 2 182 X
84c  RCL4 184 RCLZ
842 : 105 X
e5e £cBs i 3 "~ .
o1 el Display Rj ;:’ C;BS Display R,
852 RCLS 188 2
e x 182 RCL2
854  CSBS Display = Ry 118 Xz
855 RCL3 Hioos
85€ CSBS Display Cs 112 RoLY
REGISTERS
° % G P ¢ “oarteC P Riwe 7 g g
S0 S1 S2 S3 S4 IS5 S6 S7 S8 S9
A B C 0) r
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112 -
114 RCL4
115 X
1€ RCL2
117 x
1 175
119 £SBS Display R,
126 RCLS
121 £585 Display C;
122 £5BS Display Cq
122 2
124 RCL2
128 L3
12¢ RCL4
127 2
128 6SBS Display Rs
129 RTW |-
138 sLBLS DFISPLAY ROUTINE
IF flag 0
}g; P::; THEN PRINT
133 F°
134 RN ELSE
175 R/S DISPLAY.
13¢ RTN
137 RsS
LABELS FLAGS SET STATUS
Aa Fc € Lp © wp [E er O PRINT FLAGS TRIG DISP
a I8 b @ C d e 1 ON OFF
0 DEG © | FIX O
0 T 2 3 0 2 10O ®| GRADDO | sc O
3 o 20 ®| RAD O | ENG ®
[FoiseLay 7 o 3 3 0 n_3_
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Butterworth or Chebyshev Filter Design

801 sLBLE 057 LN

002 1 058 X!

003 [} 859 =

004 % e sf¢e @00 | @ - ———=
885 18 Compute order of 961 sLBL6 Newton’s method root
006 2 Butterworth filter. 862 RELE finder.

067 X 063 RCL3

808 1 864 RCLE

869 - 065 A

a1e LN 866  STOA

811 STOB 867 ENTt

812 XY 86¢ 175

813  6SBY 869 +

814  €SB7 876 RCLB

815 RCLB 871 -

816 2Y 872 RCLA

817 LN 872 ENTt

018 ABS av4 17X

819 £ 875 -

820 1 876 =

821 + 877  RCL3

822 2 878 LN

823 2 879 *

024 INT 880 2

825 STOE 88! =

826 RN |TT T T T 88z -

827 sLBLA Store R 883  STOE

e st0s 00000000 |------—----—- 084 LSTX

829  RTN 885 ABS

830 sLBLD 886 .

831 1 887 e

032 I’} Compute order of 888 1

833 : Chebyshev filter. 889  X<Y?

034 18% ese 6106 | -
975 1 891  RCLE

836 - 892 2

837 4 esz $

83¢ X 094 1

835 RCLE 695 ¢

840 Xz 896 INT

841 = 897 RTN | ___________
842 2 298 ‘LBL?. Subroutine to multiply
943 - £99 < by 27

844 STOB lee  x ’

845 XY 181 Pi

846  GSB9 182 X

847  6SB7 i63 RN | o __
848  ENT? 184 #LBL7 Subroutine to compute
g;g X? ::2 :Efl“] normalized frequency.
851 - 187  ST0I

:gg X 1e¢ €10 | ________

M 189 sLBL4 A

854  ST03 148 6583 Band Elimination.

855 LN 111 6086 | —ee e —
856 RCLB 112 #LBL2 High pass.

REGISTERS
° ' g ®Used  [‘Rippleas° R [° e Towe Pew [P
S0 S1 S2 S3 S4 [Ss S6 S7 S8 S9
A w ° Used JC wp °oaLe 38P € n counter
2HP 4BE
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1:2  GSBI1 169 RTN

114 «xLELO 176 R/S

115 P

116 CHS

117 eros | === =-

116 slBL1 Low Pass

118 RCLA

128 RCL?

121 =

12 gros | T T TT-T~=

123 #LBL3 Band Pass

124 RCLA

125 Xz

126 RCL

127 X2

128 -

129 RCLA

131 RCLE

132 4

122 LBLS

124 ABS

135 st 00 |-

136 RTN

127 xLBLd

131 ST04

139 1

{4? 3 dB Ripple~e

194 <

142 1ex

143 1

144 -

45 8

146 ST06 | o ______

147 RTN i

148 #LBLb. High Pass

148 2| _____

g? ‘fgfg Band Pass

i52 2

153 €701 Band Elimination

154 LBLC

155 4

156 #LBL1

157 65B@

156 R

159 6589

166 ST08 0 | e

161 RTN Low Pass

162 sLBLB

163 H

164 »LBL®

165 STOD

166 R

167 65B9

16¢ ST07

LABELS FLAGS SET STATUS
AR : LP:f,  [CBE:BWif, [Pfifa>n |t fifawn |0 PRINT FLAGS TRIG oIsP
a . Cap. d N e ) ON OFF
. : HP: fo BP: BWt f, dB Ripple~e o O DEG ® FX O
Used Used 2Used 3 Used 4 Used 2 1 0 GRAD O | sci O

[F Usea E Used 7 Used Id [F Used B iEe ™t e
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Butterworth or Chebyshev Filter Design

661  #LBLE BUTTERWORTH uS5;  RCLE
802 RCLE 858 =
883 STOI INITIALIZE counter 859 €SBé
0804 L N vt 066  CSBS
005 sLBLS BEGIN loop 8. 061 LSTX
806 RCLE 862 2
987 RCLI Butterworth equations 063 1%
00t - 864 RCL7
(1] 1 865 X2
e10 + 866 2
811 STOS Store i €7  €SBE
012 2 [ 3] CHS
813 x #69 ¢t06 @0 | ————————
014 1 876 eLBL4 Band Elimination
815 - 071 Xx21
816 Pi 872 R
817 x 873  RCL8
e1e 2 874 X
e1s = (2i - 1) m/2n 875  RCL?
820  RCLE 076 X2
821 B 877 2
822 SIN 878  €SB6
823 2 87 CSBS
824 P 080 LSTX
825 #LBLS 881 :
826  STOA 882  RCL?
827  RCLS 883 Xe
82g 1 84 X
829 CHS 885 178
836 RCLS 08¢  CSB6
821 €SBS DISPLAY i 087 cHs |
32 y* . 88e sLBLO
833 v~ R -1 889  CSBS
834 x 898 Fo?
835 RCLD Branch to appropriate 891 SPC
3¢ X2 routine for frequency 692 F1? IF Butterworth
837  ¢T0i transformation. 893 €101 THEN REPEAT loop 8
638 eBL! 00| - 894 DS2 ELSE REPEAT loop 7.
839 21 Low Pass 895 €707
846 RY 8% RN | ______
641  RCL7 897 sLBL1
842 B 8%e  DSZI
043  GSB6 899 6708
844  CTOB 188 RIN | e
P45 B2 02000 ——eme———— 18! LBL6 Subroutine to change sign
846 X2 High Pass 182 1 of capacitors.
847 R 182 CHS
948  RCL7 1804  RCLY
042 X 185 Yx
ese 17X 18€ X
851  6SB6 1et RTN | e
852 CHS 186 sLBLD CHEBYSHEV
32 ¢80 | - ———- 189 1
854 $LBL3 Band Pass 116 STD9
855 X i CF1
eS¢ Ry RCL4
REGISTERS
o ! g ° * Ripple,dB |° R © . " o S oaw P
S0 S1 S2 S3 S4 IS5 S6 S7 S8 S9
A Gy, Gig F aq, a; |C 7 0 ; h’; 2 gz n r counter
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113
114
115
11€
117
118
119
128
121
122
123
124

126
127
128
129
138
121
132

132

136
137
13¢
139
148
141
142
142
144
145
14¢
147
148
149
158
151
152
152
154
155
15€
157
158
159
168
161
162
162
164
165
166
167
168

Chebyshev setup

BEGIN loop 7.

Chebyshev equations

169

-
e

1
PR

lJ 'g

4 baba ba b ba ta ba e bataba
e
[L NN IS

9 %0 €0 €O £ € ~J “d =y =
LR RN AR R I |

00

%
o

1
i
1
.
1
1
1
1
1
1
1
1
p
2|
2
2
2

DISPLAY ROUTINE
IF flag 0
THEN PRINT

ELSE
DISPLAY.

LABELS

FLAGS

SET STATUS

O CH'SHEV

€ B'WORTH

0 PRINT

FLAGS

TRIG DISP

d

' Butterworth

Used 3 Used

2

5 DISPLAY

Loop F Loop

3

wn =0
ooos
[l

ON OFF
a

DEG & FIX O
GRAD O sci O
RAD O ENG
n
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Bode Plot of Butterworth and Chebyshev Filters

8a: xlBEL: esv RCL
ee: ! ese ¢t | ---——-—-
eez [ Convert dB ripple to €. 859  55B7 Compute wy
oes : 66e B 00 | -
ges 9% aE: RAD BEGIN loop 8.
41 1 8E2  GSBE Compute s
ee” - eez  RCL1
ees * 864 RCLS
eac  ST0E Store € (113 +
e1e Ry 866 RCL2
11 CFe Chebyshev eev P
e12  STOE Store n 868 €T4 Gain
2 RNl #6e g2V
€14 #LBLA g7e  ST-5 Phase
25 4 Butterworth er1  RCL2
816 STOE Store n 72 RCL!
17 R | o ___ 873 P
818 sLBLE 874  STxq Gain normalization
e1° 2 High Pass [ 263 R
ez 6106 | 87 RCLO
821 #LBLc o= .
e2z 2 Band Pass ere  RCL2
e2z e6T0: | o ____ 87e P
824 #LELC 88¢ I3
22% 4 Band Elimination ee1 X2y
82¢ wlBL! 882 RL
827 ssee Store filter characteristic 03 B
ezt ke and wp. 884 ST+ Time delay
82¢  5SB® 8es  DSz?! WHILE counter # 0
e3¢ STOE Store 2m x BW 8ec  oSToE REPEAT loop 8.
g2 RN eer Rt | ——-----
822 slELP 88¢ 1
32 1 Low Pass eee  £sB9
834 #LELE 896 2 Frequency
e sTop Store filter characteristic. 891 RCL4
83 R 892 L0C
877  65B9 Multiply by 2m. 892 2
ele  ST07 Store wq 894 e
830 RIN | ——— 895 X
84¢ sLELD 89¢ RN Gain, dB
84!  STOR Store Af 897 RCLS
#4:  GSB? 89¢ 1
84z ST0C Store Aw age F
844 R 106  DEE
845 ESBS 181 4P Phase, degrees
84t CT Store w, 182 CLY
7 v 182 RCLZ Delay
e4e  GSBY 184  PRST Print f, [H|, 6, t
e49  ST0R Store w, 185 RCLE
ese ™w | e —— 186 RCLR
85! slELE Initialize registers 187 F1° IF flag 1
52 4 188 5708 THEN GO TO LBL 0
5z g0z 182 RCLC ELSE
€54 STOS 11e + ww+Aw
855 1 111 6703
85¢  ST04 112 sLBLE
REGISTERS
0 af ~Im{sk} 2—Re {sk} 3 delay 4-I'l [H(w)| 529 (w) € 4 wop ® BW ° wN
S0 St S2 S3 = S5 S6 S7 S8 S9
A o w IB w0 !C dw oL 3P n counter
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115 RCLB fee  LSTY
e x wewxAf 178 CHS
115 #BLZ 7 er
16 5T0A Store new w 17e +
117 x<y0 IFw<w, 7 ENT?
116§  ETOF THEN REPEAT loop E 174 ENT?
119 RTN ELSE stop. 175 LSTX
BRI - S 7€ 2
121 ol Subroutine to compute wy. w7 X
122 %31 176 -
122 670i 179 sTx2
124 sLBL4 ge oo e R
125 6983 81 STx1
126 6708 18z 2
127 sLBL2 HP 182 €T=2
126 6SB!
129 &8¢ | & KN 0 ___
12¢ 1% Subroutine to compute
12t CHS Butterworth pole
132 ET05 location.
132 slBL! LP
134 Xl
135 RCLA
136 RCL?
137 =
136 6705
139 slBLZ BP
14¢ po3
141 RCLA
142 Xz
142 RCLT
144 Xz
145 -
14 RCLA | 2% RrN |\ __________
147 +
148 RCLE
149 :
156 &LBLS Set logarithmic
151 €T0° Store wy increment.
152 RN |- ___| 2 g~ | oo
157 &lBLE Subroutine to compute s .
154 Fe" IF Butterworth : B
g THEN GO TO LBL 1 Setfinear increment.
15¢ 6581 ELSE get Butterworth pole Subroutine to multiply
157 1 and modify it. by 2m.
158  RCLE
15¢ 1.8
1€ P
161 Ry
162 R
162 L2TY
164 +
16° LN
166  RCLE
167 B
168 er
LABELS FLAGS SET STATUS
ABWORTH ] LP: o CBE: BWit, |Pt,161af  |E “PLOT" |° BWORTH | rLaGS TRIG DISP
2CHEBN1 dBR|® HP: f, © BP: BWHf, [°LIN-LOG |° ' LoG cD%E| o ol fx ®
0 1 2 3 4 2 1 a GRAD O scr O
- Used . Used _ Used . Used . Used . 2 0O RAD  © ENG O
Used Used Used Loop r Used 3 0 & n_3
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Resistive Attenuator Design

801 sLBLA [ X
88z STO! Store Ri, es5¢ -
ee: RTHW e 85¢ CHE
ges sLBLP esce  ST0%
8es  s102 Store Royy éc! N
88¢ RIN |- 86 RCL4
eeT sLBLC %) +
aee  RCL! ecs  LSTY
86° RCL2 BES !
e1e * 23 -
611 ENT* Compute min loss. [ :
12 ENTt B8ce  RCL2
13 1 Bee X
e1d - g7e RCLT
15 X 71 -
81¢ head 872 ST06
17 Lk erz 610 | e
gii ;? 9;; ‘ég;tg II calculation
eze Loc ave  Xy? IF min loss > desired loss
821 1 77 ET09 THEN ERROR
22 e 7e X ELSE
823 X ere 1 Compute Ry, R,, R
824  GSBS 8ee e
25 ST02 ee! ®
2t RN |V == eez 18
27 slBLD T calculation eez  ST04
82¢ CL 824 178
82e  X»y? IF min loss > desired loss 8es  RCL:
838 CT09 THEN ERROR 8ec x
3 g ELSE eer  RCL2
32 b Compute Ry, Ry, R3 e8¢ ¥
kK3 4 8e2 I
€24 L 89¢ RCL4
825 1ex 891 !
€3¢ €704 eaz -
837 RCL! 9z %
8¢ X €94 2
82¢ RCLZ 895 :
a4e X esc  ST07
84: X 897 !
84z 2 €9e RCL4
84z X e9¢ +
845 RCL4 e LSTS
845 ! 101 !
84¢ - 182 -
847 € 182 H
84e  ST07 164 RCL!
84° : 1es :
85e RCL4 186 RCL7
€51 + 167 128
52 LSTX 18€ -
52 1 180 178
e - 11e ST105
s 1 1
B5¢ RCL! 112 RCL4
REGISTERS
° ' R 2 Rowe  ['mintoss |' N ° R, A N O °
S0 S1 S2 S3 S4 IS5 S6 S7 S8 S9
A B C D E r




L11-02

1z +

114 LSTH

s :

e -

T

11 RCL2

ez

126 RCLT

= 1oy

2

25 -

122 128

124 ST0€

125 B! | -

126 RCL RECALL OUTPUTS

127 Log

12¢ :

12¢ e

13€ X

121 GSBS

122 RCLS

122 ESES

124 PCLE

175 6SBS

12¢  RCLT

37 6SES

13€ RTH

129 #BLS =00 | ————

14e Fe? DISPLAY ROUTINE

141 PRTX IF flag 0

142 Fg" THEN PRINT

142 RTN ELSE

144 ReS DISPLAY.

145 RIN e

14¢ RS

LABELS FLAGS SET STATUS

AR R c, To E 0

in out min loss Used Used PRINT FLAGS TRIG DISP
a b c d e 1 ON OFF

o X 0| DEG FIX O
0 " Used 2 3 4 2 10D ®| GRAD O | sci O
2 0 ®| RAD O | ENG &

5 pispLAY  |° 7 8 Error 3 3 0K n_3
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Smith Chart Conversions

881 $LBLc p-R.L e fIN 1
862 o S 858 sLBL?
887 #LBlu 850 ENTt Input: L a
684 Lo ese RI lal
885 2 g—>SWR L] R: k
[L]3 [ 8¢z E 3
aer X B&s Rt Subroutine to compute
eee RN 00 | —mmemmmo— o 6es -
80° #lBLC R.L.=p 8€s  CT0¢ ala+klO0
e CHS gg{ : f ala-kLO
I 8 -/ . v
e1s 2 (133 +
81z e ece +
814 z SWR-0o e’e P
815 19~ ev: R
e RN |- 572‘ RC'—P
817 slBLk P77 ¢
e1 17X o=p e’s Ré
e1¢ CHE 1263 K2y
exe «pt¢ 00000 | == 67 Lad
821 1 T £
22 =Y ere P
27 + er¢ -
824 1 pa ese R* Output: ang
825 LSTY ee1 RTN mag
(243 - 82 rpe | TTTTT T
25 RN
82 &Bld @@= |-
e3¢ STO! Store Z,
821 3 £ 1 (P
€32 sLBLD r-z
83z N
834  GSE?
3T CL
83¢ cHe
637 X
e3¢ kR
ez¢ P
es¢ GcTO9 | ____________
e4: sLBLE z-T
842 RCL!
84z CHS
e4s 67 | ________
845 sLBLY Print results
f4¢. X
647 68|
84¢ 2y
842 GSES
ese RN e =
851 alBLS Print routine
esz Fe?
eS2  PRT:
854 Fo?
R5S RN
85¢ RS
REGISTERS
o ' 2, 2 3 5 5 Used 7 8 9
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A C D |
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LABELS FLAGS SET STATUS

A B C D E 0

SWR-o p0 R.L.—>p r-z z-T PRINT FLAGS TRIG DISP
a b c d e 1 ON OFF

o>SWR op PoR.L 20 o ® O | DEG FIX ©
0 1 2 3 4 2 1 0@ GRAD O scl O

2 08| RAD O | ENG O

l5 DISPLAY |[6 7 Used ]5 9 Used 3 308 n
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Transmission Line Impedance

80: $.BLA es’ H
eaz SToe Open two-wire line. asc [
eez -’ [ X
804 2 ece  RCLe
ees 2 ec: I
8¢ x 8¢z :
8e? N ez e85 | ----—-——----=
ees bl 064 sLBLD Wires in parallel near
fgc z 8cc  STOE ground.
[ [ BE€ RI
e1l X
812 RCLe
e1z LS
€4 2
(-3 S 22 £ - N
@1€¢ sLBLP Single wire near ground.
217 £T08
e:e v
210 4
eze X
e2: :
22 178
e22 Log
P24 1
28 2
82¢ 8
e27 X
828 RCLE
22 .3
eze =
631 E705
83z w2t 0 |-
87z ST0e Balanced wires near
€34 Re ground.
e sTo!
e3€ R
27 STO2
e3e R 1 | €4 €5 | ———————————
e€3° 5702 Coaxial line
f4e  RCL!
[ZH] £
84 2
84z z
844 Xe
84% !
84c +
847 I
84¢ 18
840 2 B L ——
ese x 18 #LBLS DISPLAY ROUTINE
851 RCLZ 1:,"; Lg:n IF flag O
es2 X 185 PRTY THEN PRINT
52 ROLZ 10¢ RTN ELSE
854 2 110 RS DISPLAY.
Sc 06
85¢ 4
REGISTERS
0 g 2 3 5 6 7 8 9
€ D
S0 S1 S2 S3 Sa S5 S6 S7 S8 S9
A C D |
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= LABELS FLAGS SET STATUS
A B C 0 D & E
o o e 2y P ity © ° PRINT FLAGS TRIG DISP
a b c d e 1 ON OFF
o®W 0| DEG ® | FX ®
g T 2 3 a 2 + 0 ®| GRaD O | sci O
2 0 x| RAD O | eng. O
5 DISPLAY |° 7 8 ° 3 3 0% n—2
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Microstrip Transmission Line Calculations

e8! sLPLn €57 RCLS
(L3 §F1 85¢ +
88z STOT Store h ese 2
884 AV ece Pi
885  STOE Store w (.13} x
88¢ SFB (134 2y
ee: XY? IFw>h 862 B
8e¢e CFe THEN clear flag 0 e6s gr02 000000 | ===
88¢ % B6= sLBL! Compute Z, for w < h.
eie  ST0¢ Store h/w 866 P
811 17% 86T RCL8
e12  sT0¢ Store w/h e :
e1z 1 869  LSTX
614 ] eve 4
815 LN 87! ]
e1¢  sT0@ Store In 10 (2563 +
817 RN e 73 LN
618 sLBLE 674 wBL2 00 | -
19 1 87 [
e2¢ X [ e
821 + 77 x
822  LSTX Compute €gf ¢ ST0A Store Z,
822 1 87¢ X
024 - ese  ST01 Store Z,
2% 1 88! X2y
826 [ 882  PRT: Print v,
827 RCLS 68° Xy
82¢ ¥ 884  PRTX Print Z
82¢ 1 ees RN |
e3¢ + €8¢ sLBLD IF uniform assumption
e " eer % THEN GO TO 1.
832 £ ege  F1?
ez + 8ee  GT0!
824 4 89  sLBL4
28 # 891 RCL4
83¢ ™ 892 X
ez’ 17% 89 RCL7
82c  ST02 Store v, 894 :
x4 Fe> IFw<h 895 2
0846 CT01 THENGO TO 1. £9¢ X
841 1 e9v Pi
042  RCLS 098 x
84z - e9s 5702 Store partial result.
844 3 Compute Z, forw>h 188 RN | e
845 ™ 181 sLBL!
B4¢ . 182 2
847 4 18z 8
84¢ 4 184  RCLE
842  RCLE 185 B
ese + 186  RCLS
1 - 167 X
es, 2 188 RCLA
857 . 189 B
854 4 118 STO4
ess 2 12 R | e
ose + 112 6704
REGISTERS
w0 | z a [ ne w § ® wh ® hiw
SO S1 1S4 IS5 S6 S7 S8 S9
2 T T
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113 WLBLE 169 :
114 EEN 17 +
15 9 171 Fe? IFw<h
1 : e gTo: THENGOTO1.
7 sTes "3 : T
11 I 174 RCLO
11 ROLZ e - Compute A for w> h.
i2e ¥ Print a lzf s
Eed ™
o LA
127 1B e x
124 PRTY 180 .
128 LSTS 181 ]
126 X 182 4
127 2 183 +
12e % Print R 186 RCLS
120 RCL 85 xE
i3e B 18€ X
131 RCLO 187 !
122 X 1e¢ +
132 PRTX 182 X
134 2 19 RCLA
135 Pi 19; X
13¢ % 19z ?
137 RCLe 192 2
138 z 194 e
29 ROLS 19T :
14€ x 19¢ PP | o ______
14: 2 97 708
142 + Print Qg 9¢ aLBL! Compute A for w< h.
143 RCL2 199 k4
144 B 2ee z
145 RCLP 281 RCLO
146 3 28z Xt
147 PRTY 28z X
14 RN 204 i
142 #lBLC 285 -
15e CF1 3 X
151 ROL? 287 RCLA
152 H 2e¢ :
152 x Calculate 2% 28¢  LSTY
154 x=2v at 21e €
15T L 211 e
I15€ RCLE 212 2
157 Pi 213 ex
i5e 2 214 B
158 X 218 .
158 x 21¢ 4 | o ___
1€: x 217 «LBLe
162 HY° 218 :
162 =41 219 RCLE
1€4 N 22e %
1€5 Pi 221 Fi
166 2 22z %
167 RCLE 222 ST04 Store A
€8 4 224 RTN
LABELS FLAGS SET STATUS
whh [P emVize S ) F t2a RG[° w>h FLAGS _ TRIG DisP
b d e 1 . ON OFF
uniform |, DEG ® | FIX T
Used T Used Used 3 4 Used 2 10 ®| GRADO | sc1 O
3 5 5 0 2 0 RAD O | ENG
l— 3 0 W n
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Transmission Line Calculations

6e: #LBla 857 RCL6
e8> EEX [ +
88z 1 859 704
eeq [ ece  RCLE
e s 861  ROLE
88  ST00 Store £/10'° ee: -
867 2 8z £TOZ
ee: Fi 864 RCLS
eac x 865 RCLZ
88 , B6E B
1 sToe ULl 8er  STXI
e1z RN |- BES  RCLS
812 #LBLA 862 RCLZ
T )] Store Ro eve X
15 &7y STx?
e1c  STo2 Store vy T2 RN
5 RN |- 877 sblp 0 | -
315 #LBLE erd w3y
815 STOA Store & 7S 5108 Store ap
e2e 2 87¢ Ré
82: ¥ a7 sT03 Store ac
82z ki 878  RCLA
823 RCL2 a7e  RCLZ
824 X ese  RCLS
ezs STz Store 3 v, ees Pi
82¢ : (X X
e 107 Store 20/3 v, ez !
g2c RN |- 884 .
829 ¥lBLC ees s
ew RCLI ee :
2 ¥ eer XY
@32 RCL! 888 N
[k B ess  STOE
834 ST0S Store 3 v, R/R, 89 X
s R 9; 2
83€ RLL e9z x
77 ¥ 8oz 707
e STx2 R3;<3v,RoG 894 RCLS
879 RCLS 895 1
840 RCLS 89¢ ]
841 +P 897 LN
842 i 89g 2
647 STOS 890 8
644 w2y lee ¢
pors 2 181 RCLE
eqc H 182 2
047 706 183 STx3
84 RCLE 184 STx
e4:  RCL 185 RCLE
ese WP 18€  RCLI
851 187 -
852 102 188 ENT?
esz w2y 188 £TOS
854 2 116 RCLE
s N 11 ki
as¢ _ sT0¢ 142 x
REGISTERS
° ' Re.2Zo v, °Used | Used  |° Used Used | 203v,2608) o’ 3p || #10%°
SO S1 S2 S3 [S4 S5 S6 S7 S8 S9
A B C D E |




L15-02

112 RCL3 €9 CHS

114 + 1ve X

115 x 7 xRy

1€ 2 172 CHE

uz % 172 X2y

118 CHE 174 R

119 1 7T 1

12e + 17¢ +

121 P wr P

128 8Txt 78 RCL?

123 boad 178 ¥

124 8702 iee 17X

125 RCLS 18 xy

126 xe 162 RCLE

127 2 7 -

12€ B 3

B oo

12 + 186 R

12;  RCLZ 187 :

132 RCLE 188 -

kS + 189 P

134 P 19e 175

138 e™x? 193 z

136 Y 192 X

137 5704 192 y2y

13 RTH 194 CHS

12¢ BLE | ___________ 195 £

146 ST05 Store Z_ 19€ K

41 Ky 197 H

142 8T06 Store 6 19¢ +

143 RCL 190 P

144 RCL7 28e RCL!

142 kR 28! x

148 CHS 282 foey

147 e” 283 CLE

148 STOV 284 +

145 prad 2es  gSps

156 1 286 x2v

151 € 28T 6SES

152 @ 286 RN

& oox 209 #BLS 0| —-————————-

154 Pi 218 F8° DISPLAY ROUTINE

158 2 211 PRTY IF flag 0

15€¢  ST0¢ 2 Fe0 THEN PRINT

157 ROLE 213 RN ELSE

156 RCLZ 214 RS DISPLAY.

52 - i€ RN | e

166  RCLS - .

161 oLy 21€ RS

1€ oF

184 N

1£5 +

166 2P

167 108

168 2

LABELS FLAGS SET STATUS
ALtR, P ¢ GR  Paptec £ 2,02, [°PRINT FLAGS TRIG DISP
a ¢ b d e 1 ON OFF -
oW OU| DEG ® | FIX ©
0 1 3 4 2 10 X GRAD U scl O
2 0 x| RAD O | ENG &

S DISPLAY [6 8 9 3 30 n




L16-01

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

8e: sLBLR 7 +
X 2 e58 RCLD
(LX) X 859 Xe
8es 2 ase CHS
065 1 Input (S] 66! CSB!
aec - 862  6SB2
a7 STOI 863 €8BS Display G; max
eec R 664 RN | "o ———-—-—
ees ST0i 865 sLBLS DISPLAY ROUTINE
e:e 3£, Ea 866 F8" IF flag 0
811 sLBLE 867 PRTY THEN PRINT
812 RCL! Compute 865 Fo°
813 RCLZ u, Gy, Gmin, Gmax 869 RTN ELSE
14 X Go. G1max. G2max- 876  R/S DISPLAY.
81 RILE 71 RTN o
816 X 72 sLBL! Subroutine to compute
e17  RCLD [) 1
81§ X 874 + 1
e1s 1 75 1% 1+4x
82 RCL! e7é R | -
82 Xz 77 sLBL3 Subroutine to re-compute
822 - e7¢  RCLE Gy.
823 M 879 Xe
€24 PRCLD 8ec  RCLE
25 X2 88! s 1 ee————
2€ - ee: sLBL2 Subroutine to convert to
827 x 883  LOC decibels.
82 ST0¢ 884 1
82° : 8es e
838 STC? esc x
e3: 6SES Display u 88" RN ] e ————
83z 6°5B3 ees sLBL4 Subroutine to compute
83z  6SBS Display Gy (33 !
83 RCL” :g? ;2 1
83T  5SB4 2
82t  ©£SB2 892 1% (1+x)
837 63B3 892 RIN |
838 + 894 #lBLC Compute ro1, Por
832  £SBS Display Gmin e9s 1
#4e  RCLY @€ 6106 20| —— -
84! CHE 897 sLBLc Compute ro2, Po2
842 CSB4 £9s 2
84z 6SB2 892 2| o ___
844 6SE2 168 sLBL6
::g csb5 161 STOI
3 Display G 2wy
047 RCLE PRy Bmax R
84¢ Xz 184 8
e45  6SEZ 185 2
ose LSS Display Go 166 1e”
w2 RC'.% 1867 5708
ol X 188 RCLi
52 CHS e x
654 £obl 118 LSTX
es5 oSz o ke
856 6SBS Display G max 112 RCLE
REGISTERS
° Used ' s11 2 ° S12 8 ° G; ° Is2112/G, 7 u . ° P
S0 S 52 S3 S4 [s5 S6 S7 S8 S9
" ° $21 IC ° $22 € " pointer




L16-02

112 X
114 M
115 +
1€ =
117 cses Display r
118 STOE
119 LSTX
128 1
121 RCLi
122 e
123 -
124 RCLE
125 X
12 M
127 -
126 CHS
12¢ N
13e Xy
13! 4
132 GSBS Display p
132 8109
124 RN |
13% RS
LABELS FLAGS SET STATUS
A sijtii B Compute  |° G, ~rg1.001 [° F ° PRINT FLAGS TRIG DISP
a b c d e 1 ON OFF
G2~ro2002 o®mO| DEG B | FIX ®
0 1 Used 2 Used 3 Used 4 Used 2 108 GRAD O scr O
2 0 &8 | RAD O | ENG O
5 Used © Used 7 s F 3 30K n_2




L17-01

Bilateral Design: Stability Factor, Maximum
Gain, Optimum Matching

00 sLELA esr X
a8z Z ese S107 Store L A
. ¥ Compute pointer 59 RCLD
084 2 #6e  RCLI
a6 : 66:  6SB7
8e¢ - 862 RCLE
887  ST0 862 xe
88c R 84 1
eee  £70i Store sj; BET +
e 182! 86€  RCL:
e1 RI (I K2
81z STCi Store 0 86¢ -
815 RTN 8€°  RCLD
e14 e ave xe
815 RCL2 87: -
81¢ RCLE Compute K, Gmax 72 2
817 + 73 B
e1e ! 674 RCL3
819 R 675 RCLE
62e RCLI e7¢ ¥
821 RCLD [ xed ABS
ez2: X eve %
22 X ere  £109
824 Ny ese  GSES Display K
25 LSTX eg:  ENT?
62¢ X esz X
27 RCL3 eez  LSTX
82e  RCLB 884 sy
82e X egs 1
e3¢ ST09 88¢ -
83! CLY 8ev %
832 RCL4 88e RCLS
€37 RCLC 82¢ X
€24 + ege  CHE
€7 RCLY 89! +
ez sT07 es> RCLE
er Ly 893 X
83¢ 1 @94 RCL3
8ze R 89t 2
e4e ST 89  ABS
841 R esr Lo6
€42 RCLY 89¢ 1
64z x eas 8
644 LSTX ee X
= 5Ty 18: GSBS ;
pii i 12 RN Deay Omen
> prig & ¢
g:'g Rv;i 134 ‘:Bi‘? Compute [y
49 - 185 RCLE
85e Ré 186 RCLD
85! - 167 RCLE
852 CHS 188 CHS
852 R? 182 GSpe
854 foed e CHS
ess P 11 RCL2
85¢  ST0¢ Store |A| 112 RCL!
REGISTERS
° C ' st 2 0, 3 S12 N 0., s sgn ° Used 7 Used ® Used ° Used
S0 S1 S2 S3 S4 S5 S6 57 S8 S9
A ° S21 © 2%} ° S22 & 0,2 ' pointer




L17-02

112 6SBS 169 X=87

114 STDB 176 1

18 =y 171 ABS

116 STOA 172 LSTR

117 RCLD 17, 3

118 RCL1 174 8705

118 €SB7 7S {3 £ 1

126 €T | o _____ 176 sLBLE® Subroutine to add com-

121 LC Compute 'y 177 +F plex numbers.

122 RCL7 17 R

23 RCLE 179 RS

124 RCL! 18€ R

125 RCLZ 181 Xy

126 CHE 182 RS

127 659 183 +

128 CHS 184 Ré

129  RC! 108 +

138 RCLD 18¢ Rt

131 6588 187 L4

132 ST08 188 3 I e pp——

133 X 189 &LBLS Subroutine to multiply

134  STOk 19¢ Ri complex numbers.

135 RCL! 191 X

13¢  RCLD 192 R

7 BSET 193 +

136 uBL! | === 194 R?

139 RCL8 195 RTN

146 RCLO 19¢ #BLS =0 -————-—-————=

141 ® 197 Fe° DISPLAY ROUTINE

142 2 198 PRTX IF flag O

147 A 19 Feo THEN PRINT

144 ENTt 286 RN ELSE

145 K2 281 R/S DISPLAY.

146 1 22 RN | e

47 - 207 RS

148 ¥

149 RCLS

15€ X

15! -

152 RCLA

152 CHE

154 £5BS Display £ I

155 foed

156 6585 Display I'|

157 RN

156 eBL7 | ____________

159 Xe

16e X2y

161 sE

162 -

162 !

164 Compute sgn(B).

165 RCLE

166 Xz

167 -

168 £708

LABELS FLAGS SET STATUS
Roytsiti [PoK Gmax €T ° i ° PRINT FLAGS TRIG DISP
ON OFF
° ° © s ‘ ° ' om 0| bec ® | AX ©
0 ! Used 2 3 4 2 1+ O ® | GRAD O | sci O
2 0 ® | RAD O | ENG &

S DISPLAY [6 7 Used 8 capD |9 cmuLt B 30/ n_3
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Bilateral Design: Gain and Stability Circles,
Load and Source Mapping

! sLBLA voX
ee: b es5¢ 1
ee3 [} 59+
884 : ece : Displayp
aes 18” @E€; sLBLS
Mg Raif g{ P;g; IE::ISf:’aI':I(\)Y ROUTINE
882 : 864 o THEN PRINT
8o 101 Store Gy, 865  RIN ELSE
e1e RCL? 866 RS DISPLAY.
81 RCLE 86> FWN 0 | ==
12 RCLL 86C SLBLC
812 CHE 86e  ST01 Store pointer
814 RCL2 eze 670i
815 CHS 71 sLBL! Compute input stability
816  £SBY 872 RCLE circles.
817  RCLE 872 CHS
818 R 874  RCLD
819  gsee 875 RCLé
82e  ST08 876 RCLT
821 X2y 877 £5B9
822  CHS 878 CHS
22 GSBS Display Lr 879 RCL2
824 RCLD 886 RCL!
2 Xt ee:  6sse
826 RCLE 882 XY
27 X2 88z  CHS
82¢ - 884 €SBS Display L rgy
829 ST0A ees Xy
83e RCLI 08¢ RCL!
e31 x 887 Xe
822 LSTX 88  RCLE
833 X2V eee X
834 ! 6% -
83 + 89! +
83¢ : 892  £SBS ;
837 RCLE 89 6703 Eﬁ_pliv_lrs: l_ _____
e3e X 894 sLBL2 Compute output stabili
82 (4~} Display r 89%  RCL2 circl::. ° iy
848 RCLI 89¢ CHS
84! RCLZ 897  RCLI
847 x 898 RCLE
842 RCLE 899 RCL?
44 X 18e  csp2
845 ENT? 181 CHS
84¢  ENT? 182 RCLE
84" RCLS 182 RCLD
B4s  ENTT 184 £SBS
842 + 105 X3y
ge . 166 CHS
”é . ;:8 F’ng; Display L rp
o5z ¢ 189 RCLD
854 (24 118 Xe
o5 RCLI 111 RCLE
856 RCLa 112 Xe
REGISTERS
° IC2| ' S11 g 011 ° s12 012 559"(5) ° 1Al 7 LA ° B ° K
So S1 S2 S3 [Sa S5 S6 S7 S8 So
A D, ]B s21 C 62, ° $22 2% ! Gp




L18-02

nz o - 162 RCLB

e 2 178 RCLC

115 6SBS Display Irsa| 171 €SB9

ne wez | oo 722 RN | e

117 LSTN 177 sLBLS Subroutine to add com-

i1 175 174 IR plex numbers.

119 RCLZ 175 7l

12e X 17 g

121 RCLE b IR

22 X 7E K3y

122 6SES Display pg; 179 R

124 RN | 18¢ +

25 sLBLB I =>Tims 181 RI

12¢ i 182 +

127 =Y 107 +

12¢ CHS 184 4P

29 By 15 RN 0 | —-mmee———

13e  RCLE 186 #LBLO Subroutine to multiply

131 RCLD 187 Re complex numbers.

132 GSB? 188 x

132 RCL2 189 RY

134 RCLI 19¢ +

135 6SB8 191 +

126 ¥ 92 RN |

137 CHS 192 k€

136 6SBS

13¢ x2Y

146 6SES

41 8 £ I

142 &LBLE =T

147 178

144 X3

145 CHS

14¢ X3y

147 RCL2

148 RCL!

149 GSE7

15¢  RCLE

151 RCLD

152 gse8

152 WY

154 CHE

155 ESES

15¢ 231

157 6SBS

15¢ RTN |

159 L7 Subroutine to compute

16€ CHS

161  GSee

1€2 1% S12 521

162 Ry 1

164 CHE T s

1€5 22

166 RCL3

167 CL

168 6SB9

LABELS FLAGS SET STATUS
AGprLlrrp [P ~Tms  [Ciotrrp [P £ © PRINT FLAGS TRIG DISP
b d ON OFF
: Tl | ¥ ' o® U | DEG ® | FIX O
o ! Used 2 Used 3 4 Used 2 1 x GRAD O scl €
2 ® | RAD O | ENG_X

5 DISPLAY [° 7 Used 8 capbp [ cmuLt P 3 ® n




SYMBOL OR
CONVENTION

White mnemonic:

X

Gold mnemonic:

~~
> B

o' o

+X,Y,

Appendix A
MAGNETIC CARD

SYMBOLS AND CONVENTIONS

z

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 Y.

Gold mnemonics are similar to white mnemonics |

except that the gold E8 key must be pressed before

|

the user-definable key. In this case y could be input |

by pressing £ 3.
4 is the symbol for GRIGD. In this case is

used to separate the input variables x and y. To |

input both x and y you would key in x, press XD,
key in y and press @Y.

The box around the variable x indicates input by
pressing O

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 3.

This indicates that x, y, and z are calculated by
pressing ¥ once. The values would be printed in
X, Yy, z order.

The semi-colons indicate that after x has been calcu-
lated using @Y, y and z may be calculated by

pressing G-

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 <> 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.




SYMBOLS AND CONVENTIONS (Continued)

| SYMBOL OR
CONVENTION

|

P?
(A

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

Three dots (...) indicate that additional output
follows. See User Instructions for complete
| description of variables output.




Notes
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