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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? O Wouid not buy without it. O Important
O Not important

3. Did you buy this pac and your calculator at the same time? O Yes 0 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 appl:catlon 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, 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

a1 gﬁ;ﬁ)’g; —_ 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.
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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 about five seconds, then continue
execution. The term ‘‘PRINT/PAUSE’’ is used to describe this output
condition.

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

pressing GIY.

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:

Flag0 ‘‘Set”” — PRINT/PAUSE is enabled for output of result.

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

sy

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,
@ on the HP-97 and B, B, and on the HP-67. For example, the
operation is performed on the HP-97 as £ and on the HP-67 as
B (03). 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

NETWORK TRANSFER FUNCTIONS-INPUT

NETWORK TRANSFER FUNCTIONS-OUTPUT

Z *Zn Vo / Vs <12/l ~P> /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 O———AAA———O [ 7]
R _|1Lo0 RLO
q= 0 1,0

o s -0 - .

Shunt resistor  ©O- —0 1,0 0]
§“ =11, 1,0

o °] _R A

Series inductor © mm -0 [~ 7
1 L i 1L0 wL £ 90
0 1,0

O -0 L _

Shunt inductor O— g —0 1,0 0

L q = 1

. Y | oL L—90 1L 0_

Series capacitor © 1} O - 1 7]
p Hc 1,0 — £L-90

q= wC

o o _0 1.0 i

i O -0 B 7]
Shunt capacitor _Lc l1zo 0
T U=|wcro0 1c0

o O _ .

* 1 is the Cyrillic letter “‘cha’’.



Series tank
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Shunt L-C

(120 —¥L /907
= 1 — w2LC
0 140
O
C1L0 0
= —X_,90 120
|1 — w2LC i

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

equation.

L

> O
v
o0———]

q

Vi
L

qll
IIZI

O — ]|,
[
o
1{1; Va
Yoo | |12

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

Uy Zy + Uy
Ugy Zy + Uy,

Zin =

Voltage transfer ratio

Ve
v,

7,
Uy Zy + Uy

Current transfer ratio

-1
Uy, Zy + Ty

Power Gain
Pout — ﬁ_ * Re {ZL}
Pin L1 Re{zn}

Forward transfer admittance

-1
U1 Zy + Uy

L _
\A

Forward transfer impedance

V,

- Zy
L

Ugy Zy + Ty
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STEP INSTRUCTIONS oaraonts | KEYS | oorainmrs
1 |Load program 1.
2 |Input frequency and initialize. f, Hz [ 4] 0
3 | Build circuit by selecting
any sequence of the
foliowing elements.
Series resistor R 8]
Series inductor L
Series capacitor (o} D]
Series tank L
.C
Shunt resistor R o0
Shunt inductor L [ ]
Shunt capacitor c 0oe
Shunt L-C L
c (]
4 |Load program 2.
§ |input load impedance. LZ,
|1z | a
6 | Select desired network
function:
Input impedance 5] LZ,
4
voltage gain LV,/V,
[VatVs |
current gain D] L 11,
|1/, |
Transfer admittance [ 1] L 1/,
[1Vs |
Transfer impedance 0] LV,
Va1, |
Power gain a 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 10 10 ‘j'
34y = 10 10 10 RL=1Q
—o0
Keystrokes: Outputs:
Load card EE1-01A1
1A > 0.000 00
Note:

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

'0:'00:0:100!

B O0B!D 0.000 00

Load card EE1-01A2
0 o0

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

34 > -1.000+00 Current in load
resistor
B ] > 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 2.56uH

2
t=amiiz T 796pt T 2400pt 500
-0
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Solution:

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

Keystrokes: Outputs:

Load EE1-01A1
4 @@ 6 @ 2400
20025663 (] C]

7%EREE 200 —— 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 £ 0.984.

Keystrokes: Outputs:
Load EE1-01A1
i@ o — 0.000 00
Load EE1-01A2
984 497.78 — 493.1-03 *** Angle of voltage
ratio
498.9—03 ***
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

X, wor, e @&

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

Either of these two networks is possible:

O X2 O
Zs zs— —z [Ja
X4
O- O
(o X2 —O
Zg._" X4 *—-ZZ“
(o Lo

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

- ReX R Xy 2 _ Re(X +RD
! Rs — R, Rg — RL Rs — Ry

Rs X, + Xy — R. X, + Xs)
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 paraonits | KEYS | poraouT
1 |Load program.
2 [Input
Load impedance
Reactive part X, @ X, Q
Resistive part R, Q [ ] X, Q
Source impedance
Reactive part Xs, 2 Xs, Q2
Resistive part Rs, 8] Xs, Q)
3 | Compute values for first
network.
Shunt reactance X, 2
Series reactance Xz, 2
Shunt reactance [ ¢ ] X, Q
Series reactance X,, Q)
4 | Compute values for second
network.
Shunt reactance Xn @
Series reactance Xz, O
Shunt reactance (¢ ] X, Q
Series reactance X, O
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:
50 50 @ 50

25000

v

v

v

Outputs:

-36.60 *** X,
-6.70 *** X,

136.60 *** X,
-93.30 *** X,

~161.24 *** X,
—111.24 *** X,

-38.76 *** X,
11.24 *** X,
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Notes
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3. CLASS A TRANSISTOR AMPLIFIER BIAS OPTIMIZATION

PLIFIER

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.

Rt . RL

'N>_| ouTt

Re

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
AVg; = typical base-emitter voltage change over the range of I, to

10 I, at 25°C
Vpeimin = Minimum base-emitter voltage at I, 25°C
Vgeimax = Maximum base-emitter voltage at I,, 25°C

Then the transistor’s thermal resistance is calculated:

Oa = (Tpax — 25°C)/Pp
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And the minimum load resistance and emitter resistance are estimated :

0JA VCCZ
R, = =R
" 4.4 (Tymax — Tamax) L

REI =0.1 RLI = REn

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

Ieq =

Icmax = Icq (1 + Alcg)
Iemin = Icq (1 — AICQ)

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

Tmax = OJA ICQ + TAmax

Vagx = Vasimin + AV 10g—ST2 —0.0022 (Typgy — 25°C)

1

A\
Tmin = 0ya Icq 2CC (1 — (Alcg)®) + Tamin

Vay = Vosmax + AVig 1050 —0.0022 (Tpip — 25°C)

1

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

-2 (Veex — Veen)

Icmax — Icmin

Remsn =

From this point, if Vggx > Vpggn, then Rg is set to zero, Ry is increased
by 10%, and the design procedure is repeated. Iterations continue until

RE(n+1) — Rgn

REn
R. is increased by 10%.

< .5%. If at any time the condition Ty, > Tymax Occurs,
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When the iterative procedure is complete, Trmax, Icmaxs Tmin, and Icmin are
displayed.

Then values for

hpemax = maximum worst-case current gain at Ty, or Tpi, and

ICmax or ICmin
and
hggmin = minimum worst-case current gain at Tpac Or Tmi, and

ICmax or ICmin

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

R. = hFEmax hFEmin [RE(n+l) (Icmax — ICmin) + Veex — VBEN]
B =

hFEmax ICmin = hremin Iemax

hFEmin

R
Ves = Vieen T+ Icmin (—E— + RE(n+1))

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

Rg Ve

R=
! Vis

R, = RB VCC
9 - "
(Vcc — Vgs)

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

RB RL hFEmin
RE (RB + hFEmin RE)

Ve R
Ps = (1 — Al [ — L%
s = ( CQ)(S(RL+RE)2)

Ap=
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STEP INSTRUCTIONS oataumrs | KEYS | o AGNITS
1 | Load program.
2 | Store design objectives.
Power supply voltage Vee ©
Maximum desired percent
variation of quiescent current Aleo o
Maximum ambient
temperature Tamax °C @
Minimum ambient
temperature Tamin °C &)
3 | Store values from transistor’s
data sheet
Tomax ()
Po B
I 18
AVge
VBE1min
Vaeimax 6]
4 | Compute maximum and
minimum temperatures and
currents ; then stop with
500.0 -03 in display. a Trax
ICmax
Tmin
ICmin
5 | Input maximum hge
and minimum hge and compute Nremax
resistor R, Neemin R,
resistor R, R,
load resistance R,
emitter resistance Re
minimum power gain A,
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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:

T max = 150°C
P, =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. BAE
2 B0
70. E@ @
0. BB
150. @ @
36 BRGE
001 BR@E
1
52
72 BRE

Then compute maximum and minimum temperatures and currents

[A] > 148.+00 *** Ty ..
18.0-03 *** Icpax
74.8+00 *** T,
12.0-03 *** Jopig

From the transistor’s data sheet determine:

hremax = 600 at 150°C at 18 mA
hpgmin = 100 at 80°C at 12 mA

Finish problem



Keystrokes:
600 VN -/ [—

Outputs:

45.0+03 T
418403 Z
888.+00 Y
115.+00 X
22.9+400 ***

R,
R,
Ry
Rg
Ap

03-06
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4. TRANSISTOR AMPLIFIER PERFORMANCE

TRANSISTOR AMPLIFIER PERFORMANCE

Buthytii BUR -A, -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.

2s I 12

Equations:

Zout

Definition of h-parameter matrix

Vi hi hr 1y
19 hf h() Vo
Current gain
A =2 = —he
1y 1+ h(, ZL
Voltage gain
A, = v _ AZ
Vi Ziy

\ A Z;,
Vs Zin + ZS

Input impedance

Zin = h; + h, Z A
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Output impedance

hy + Zg
Zowt =
hoh; +hy Zg — he by
STEP INSTRUCTIONS oataomrs | KEYS | paraunirs
1 | Load program.
2 | Input h-parameters.
Angle 6;;, deg
Magnitude h;;
Designation ij (A ]
3 | Input termination impedances.
Angle of source impedance 05, deg
Magnitude of source
impedance Rs oo
Angle of load impedance 6., deg
Magnitude of load
impedance R, a
4 |Compute
Voltage gain Ay
Current gain [ ] A;
Voltage gain with source
resistor (D] Ays
Input impedance [ ] Zin
Output impedance Zout

Example:

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

1100 250E-6

[b] =

50 25E-6
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Keystrokes: Outputs:

0 EIED 1100 CIED 11 O
0 EED 250 EB ¢ EB EED

20

0 50 210

0 25 6

20

0 10003 0

0 0@ —» 0.000+00 *** LA,
-400.0+00 *** |A |

o > 0.000+00 *** [ A,
-40.00+00 *** |A,|

(o] > 0.000+00 *** [ Ag
-200.0+00 *** |Aq]

o > 0.000+00 *** (7,

1.000+03 *** |7, |
(€ | > 0.000+00 *** L Z,

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

TRANSISTOR CONFIGURATION CONVERSION

6, ¢h*ij CE~CB cc-cB CC-CE PRINT [h]

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

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

1 - h12

_ 1
Iy] = 5= |
hyy hy; hgy — hlZ hyy

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

CB ->CEorCE—CB CC—CB

Y =Y Yz T ¥a1 +yee Y = Yz

Y'ie = = (Yiz + Y22) Y'ie = = (Yar + Yz2)

Y = = (Yar + ¥a2) Y21 = = (Y2 t+ Y22

Y22 = ¥ Y2 =Y T ¥z tym tye
CC—>CEorCE—CC CB—>CC

Y = Yn Y'1i1 =Y T Yty e

y’12 = —=(yu *+ Yi2) y'm = —(yu +y2)

Y21 = = (yu + yz1) Y2 = = (Yu + Y2)

Y'22 =Y11 t Y12 + Yo + Y2 Y2 = ¥n

Finally the desired h-parameter matrix is derived from the y'-matrix by the
[h] - [y] transformation used above.
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STEP INSTRUCTIONS pataunrs | KEYS | o AONTS
1 | Load program.
2 | Input h-parameter matrix
(i = 11, 12, 21, 22).
Angle of h-parameter 8;;, deg
then Magnitude of
h-parameter h;;
then Designation of
h-parameter ij A ]
3 | Perform desired conversion.
CE—CB (5]
CB—CE [+ [ &]
CC—CB
CB—CC o
CC—CE (0]
CE—CC ab
4 | Display converted
h-parameter matrix.* 4,,
hyy
0.2
hqz
02
hzy
0
hz.

“This feature may be used at

any time to display whatever

matrix is in storage.
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Example:

Convert the following common-collector h-parameter matrix to common base.
hye hye 1000 L30 100 X 1078 £ -45
[hcc] = =
hge hoe 60 L 30 30 X 10°¢L0

Keystrokes: Outputs:

30 1000 np
45 100
6 123 30 60
21830 30
6 20006 — —9.354+00 *** @,
38.31+03 *** h,; = hy,
—9.349+00 *** 6,
2.299+03 *** h;, = hy,
—179.8+00 *** 6,,
999.6—03 *** hy, = hy,
—39.35+00 *** 6,,
1.149—03 *** hy, = hy,
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Notes
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6. PARAMETER CONVERSION

PARAMETER CONVERSION S2YZGH

i1*6,M, §+Y:Z, S+2:Z, S+G:Z, S~H:Z,

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 =10+ 'A-T

1+ t22 _t12 1 0
. 2 -
a1+ t) (1 + tae) — tig oy —ty 1+t 0 1

Finally, the postconditioning operation is performed.

The preconditioning operations performed when converting from S are

S—-Y S—>1Z S—-G S—H

1 0 -1 0
T=s | T=-S | T= s | T= S
o - 0o 1

and those performed when converting to S are

Y-S |Z—-S G—S H—S

Z g1 812 hi/Z, hys
21 g22/ Zy hy, hos Zy

The postconditioning operations performed when converting from S are

S->Y |[S—»>Z S—-G S—H

t1'/Zo ty ti' Zo ty
Y=T'Z,|Z=2,T' |G = H =
toy' tos' Zo tyy tao'/Z,




and those performed when converting to S are
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Y—>S Z—->S G—>S H—S
1 0 -1 0
S=T' S=-T' S= T' S = T’
0 -1 0 1
STEP INSTRUCTIONS patauns | KEYS | o SOAUNITS
1 | Load program.
2 |lnputS,Y, Z, G, or H.
Angle of element ij 0;
Magnitude of element ij M;;
Subscript to element ij on
3 | Select desired conversion.
S—-Y Z, (6]
Y-S Z, [ ] 5]
S-z Z,
Z—-S Z, (1]
S—G Z, (D]
G—S Z, [ ]
S—H Z,
H—S Z, o8
4 |Display elements of new matrix.
Input element subscript ij [ 4]
Display angle of element ij 8;;
Display magnitude of
element ij M;;
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Example:

The s-parameter matrix of a 2N3571 transistor is
[0.62 L-440  0.0115 L 75.0}
S =

9.0 L 130 0.955 L -6.0

What is the h-parameter matrix? Z, is 50 {2.

Keystrokes: Outputs:

44 @D ENED (62 ERED 11
B0 75 EHED 0115 EED
120 3 130 EIED 9 GEIED
21 0 B 6 EBEED 955 EIED
200508110

—53.88 *** @,
119.1 *** h,,

12 u » 39.26 *kk 012
18.14—-03 *** h,,

210 > 94.26 *** @,
—14.19 *** hy,

20 > 21.17 *** 6y,

2.272—03 *** h,,
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7. FOURIER SERIES

FOURIER SERIES

N+#freqs J Yi RECT t= f{t)

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

a S 27t 127t
fi)y = =2 + E ; + by si
® 2 = ( & cos T sin T )

ai=if f(t) cos 1217,’1 d, i=0,1,2,...

¢ =(a? +b2)*

6, = tan™! ( & )
b;

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 oathons | KEYS | o AGNITS
1 | Load program.
2 | initialize oo
3 | Input
Number of samples o
in one period N
Number of frequencies
desired #freqs N
Order of first coefficient J a J
4 |lInputy,k=1,N Yk 2,.., 111
5 | Repeat step 4 until display 1
shows 0.111 -
6 | Display coefficients for )
J=isJ+ #freqs B
in polar form oo i
i "
Ci
in rectangular form. 0] i
b,
a
7 | Compute value of Fourier

series at t.

ft)
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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).

W
st
104
-15J.
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:
na127moa_» 1.000
14.758 @ 2.000
17.732 8 > 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
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15 > 0.111
0.000 *** b,
4.000 *** g

o]
v

1. ok

1.000 ***
15.000 ***

2. k%

1.000 ***
3.000000001-08 ***

3, kkk

1,000 5%

4. **k%

3.200000001-09 ***
3.333333334-09 ***

§. kkx

1.467291667-05 ***
3.000 ok

6, *F*

2.359925334-08 *¥*
0.000 **x

Thus f(t) =2 + 15 cos—2™" + sin

12

+ sin

— 5 cos omt + sin 6t
12 12

107t
12

+ 3 cos
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8. ACTIVE FILTER DESIGN

ACTIVE FILTER DESIGN

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

1
Q

Low pass filter
C =C

_ 4CA + 1

C, pe

(24

R,=——%
' aAw,C

o A
R; = = R
* 7 4nf,CA + 1) A+1 !

Ry = AR,
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High pass filter

Bandpass filter
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STEP INSTRUCTIONS pataunts | KE¥s | o IALA
1 |Load program.
2 |Input filter design
specifications.
Corner or center frequency fo, Hz o0 fo
Midband gain A (4] A
Peaking factor (1/Q) a [+ N5 a
Capacitor value C,F 5] C
3 |Select desired filter character-
istic and list elements.
Low pass R,
C,,
R,
R,
Cs
High pass 0] C,,
R.,
Cs,
C,,
Rs
Band pass R,
Rz,
C,,
C,

Rs
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Example 1:

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

fo = 10 Hz
A =10
a=1
C=1uF
Keystrokes: Outputs:
g 00Qg!
el — 1.000—06 *** C,

7.579+03 *** R,
1.000—06 *** C,
- 100.0—09 *** C,
334.2+03 *** Ry
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9. BUTTERWORTH OR CHEBYSHEYV FILTER DESIGN

BUTTERWORTH
FILTE

BE:BW ¢ fo fitd-n B:fita-n

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
@ Wy
wﬂ — a)ﬂ —
Wy @
Band Pass Band Elimination
_ &~ o _ wBW
@n BWo @n w? —

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

" JC1 Tca

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




BUTTERWORTH
1 . Qi—-Da
Ci =
R 2n
L = R sin Qi—Dm
af. 2n
where

1
=INT| =+
n [2

’

i=1,3,5,...,n—1

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

In(2 x 10™24B/0 _ 1)]

21In(of wy)
CHEBYSHEV
C = G , i=1,3,5 ...,n
2#f.R
RG; .
= - s =2,4,6,...,n—1
L= = |
where
G, = 2a,
y
4a;_, a .
G =—219 0 i=2.3,4,...,n
' by Gi
€
1 th ———
o " (co 40 log e )
¥ = sin 5
a; = sin M, i=1,2,3,...,n
2n

b; = 9* + sin? 17
n

€ = ( 10MdB/10 __ ¢ )‘/2

’

i=1,2,3,...,n—1

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

(w+ -\/_a?__l)Zn +(w+ m)—zn = __32_ (loAdB/IO_l) -2

using

In [i(lo AdB/lO_l) __2]
e

In (w + Vo* — 1)7

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 o——"———o o ’T‘ -0
Ca

High pass o—MN—o0 O——"—“o

1
Ch— "’o‘-n
L =_BW
bp™ ("Ozcn
Y
pr Cbp
Band pass o-¢ [ 3°) om*\——"——o
Ln B
BW [Ty Ln
I
L
¢ =Cn
b= BW
_LgBW
Lpe= Wg?
Lpe Che
Band elimination O—”Tn——l I——o 04
C.BW %;'y—
1L
1
=1
Coe=T aW

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 oaraunts | KEYS| o SATUNITS
1 | Load first program (EE1-09A1).
2 | Input termination resistance. R, Q [ 4] R
3 | Input frequency information
for desired filter characteristic.
Low Pass fo, Hz 5]
High Pass fo, Hz an
Band Pass BW, Hz
fo, Hz a
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 o0 €
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. (0]




Example 1:
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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(}.

154mH

41mH

.26uF

880uH

61uF 45uF

.96yF

Keystrokes:

Load card 1 (EE1-09A1)

50 @ 100 EEEEY 800
DBYEEEDE — »

Load card 2 (EE1-09A2)
a >

Outputs:

koK

6.000+00

kK

1.000+00
—16.48—06
2.402-03

Kok sk
kokok
2.000+00 *#*

112.5-03
—351.7-09

*okk
H Ak
3.000+00 *%**
-61.49—-06

643.6—06

*okk
sk
4.0004+00 ***

153.7-03
—257.5-09

*kkok

*okok

5.000+00 *x*x*
—45.02-06 *%**
879.2-06 ***

6.000+00 *%**
41.19—03 #kx*
—960.8 —09 *x*

filter order

component 1
capacitor
inductor

component 2
inductor
capacitor

component 3
capacitor
inductor

component 4
inductor
capacitor

component 5
capacitor
inductor

component 6
inductor
capacitor
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10. BODE PLOT OF BUTTERWORTH
AND CHEBYSHEV FILTERS

BE:BWtto  fitfat Af “PLOT"

This program provides gain, phase and group delay information for Bode
plots of n-pole Butterworth or Chebysheyv 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.

Sk =0y Hjwy, = -sin ( 2k3_1 %) -j cos ( 2k3—1 %) k=1, ..., n)

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

L sinh™? L
n €

Let Bx =

Then the new poles are given by

sk = 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
Go — ) (@ — 52) - G® — 50)

H(Gw) =

3 K
T M, LO) My L 6)...(M, L 6,

_ K
M(w) L w)

in which K is a constant chosen such that

[HGO)| =1
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The magnitude of the transfer function is

[HGw) | = ———=
Voi? + (0 — o)

i=1
and its phase is

arg [H(jw)] = - w) = — 2 tan™! —2;93—
i=1

g,

The nomalized group delay is

_ d — g;
e = — — {6} S

= ot (0 — w)

STEP INSTRUCTIONS oataunTs | KEYS | ooraimirs
1 | Load program.
2 | Select which filter.
Butterworth
# poles n [ A ]
Chebyshev
# poles n
Passband ripple in dB dB on
3 | Select passband characteristic.
Low pass-cutoff frequency fo a
High pass-cutoff frequency fo 00
Band pass-Bandwidth BW
Center frequency fo {1 ]
Band elimination-Bandwidth BW
Center frequency fo
4 | Select linear or logarithmic
frequency incrementation. [+ o] 0-lin/1-log
5 | Specify band of interest.
Minimum frequency f,, Hz
Maximum frequency f,, Hz
Frequency increment Af,Hz or ratio B
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STEP INSTRUCTIONS oaraonrs | KEYS | orauniTs
6 |Start computing. 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 21/8 from 400 Hz to 1600 Hz.

Keystrokes:
60 100ENED 800 @A — 1.000 (If 0.000 appears,
400 1600 press EBE) again.)
:(6E6E006
Outputs:
400.000 T frequency 565.685 T
-129.502 Z |HG2 7| -90.309 Z
161.536 'Y L H(G2wf) 140715 '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 126993 '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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0
_20_
o —40
=
K.-60
z
_80_
-100
¥
400 I 860 l 16I00
f,Hz
800.000 T 1037472 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 2 —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:

1o
7 ENED 3 0 @ 5 EWHED 60
B 50 ENED 6! EIED

;08

\ 4

0.000 (linear plot)

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 < NS > < N X< N X< NS X< NS W< N A

> <N S

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< NS KNS > < NS X< NS > <N A > < NS

X <N A
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57.000 T 59.000 T
—-0.479 Z —88.662 Z
8481 Y 103.950 Y
13.596 X 0.111 X
57.500 T 59.500 T
—-0.066 Z —133.081 Z
—-122.266 Y 96.633 Y
37.279 X 0.024 X
58.000 T 60.000 T
—34.346 Z —1048.077 Z
127.620 Y -90.000 Y
1.179 X 1.985653756—15 X
58.500 T 60.500 T
—-59.784 Z —133.598 Z
113.071 Y -96.577 Y
0.338 X 0.024 X
Note symmetry
which indicates
that we can reflect
plot around 60 Hz.
O

-80T

|H(j2Tf),dB

-120 1

f,Hz
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11. RESISTIVE ATTENUATOR DESIGN

RESISTIVE ATTENUATOR DESIGN

Rin Rout +MIN LOSS T:L+R’s I:L+Rs

Both the T attenuator and the IT 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 Ry, R, and R; which will yield
an attenuator having any desired loss.

The minimum loss in decibels is given by

(v out ou )

where Ry, = 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 Riy Rout.

N-1

R, (N + 1) R,
1
N 1
R; = Ryt (N 1) —R;

R3=

Z

+
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and for the II attenuator

¥
1 Rin R
Rz—N_l in hout
- o (et
oot (Ner) L
Rl Rin N_l R3

11 (Ner) oL
R2 Rout N_l R3

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

STEP INSTRUCTIONS oataonrs | KEYS | o olriNTs
1 | Load program.
2 | Input impedance levels.
Input circuit Rin Q (4]
Output circuit Routs O a
3 | Compute minimum loss. min loss, dB
Input desired loss and
compute resistances.
For T attenuator Loss, dB 0] Loss
R,
R.
R,
For II attenuator Loss, dB (E | Loss
R,
R,
R,




11-03

Example 1:

Compute element values for T and II attenuators matching 75Q to 50Q with

6 dB loss.

Keystrokes:

5850008
68

vy v

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

HKEKNAEH X <NHA

min loss
desired loss
R,

R,

R

desired loss
R,
R,
R

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

10 dB loss.

Keystrokes:
508508
(] o]

v

v

108

Outputs:

0.000+00 *s**

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

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

M4 N - X < N A

desired loss
R,
R,
Ry

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

SMITH CHART CONVERSIONS

SWR~+ O v a RL.~¢

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

00— —1.04 —04
[- 40-

L

>

°

1
L

b 30.

1

o
°

SWR =20 log & ]

20.

®
°

T T

1 115 .70 3.0 4

R.L. =20 log— sot ] 1
T 1 4.0

p w04 60 i

_ 1+ p E: w 5 5.0:

g = 3.0 .50 6.0
1 - p + b 4

T 80 b 0

1 +40 1 8.0

2.0 4 6.0 E °07

‘.e: +30 7 10.:

1.6 :_ 4.0 E 12.:

E .20 3 14.4

1.4 4 : B

2 T2e 0] 20.]

These relationships are perhaps more clearly seen in this sketch:

;
i

LBL g-1
102 O+1 20logQ
RL. P (o) SWR
20 log? 1P 1038
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For a system having characteristic impedance Z,, the impedance and reflection
coefficient are related by

Z
F'=plo= %_
Z—o +1
and
1+7T
7Z=7.60=12, T
where
I' = complex reflection coefficient
p =T
o=LT
Z = impedance
Z=|z|
0=L1Z
STEP INSTRUCTIONS pataunTs | KEYS | omraluNITS
1 |Load program.
2 ]Convert among o, SWR, p,
and R.L. as desired.
o—>SWR o o0 SWR
SWR—ao SWR A ) T
o—p o o0 p
p—o P a o
p—R.L. p ] R.L.
R.L.—p R.L. p
3 | Store characteristic
impedance. Z, [+ J0]
4 |Convert between Z and I’
as desired.
Z-T ]
z ¢.p
>z ¢
P Q 6,2
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Example 1:
Convert a 6 dB SWR to o.

Keystrokes: Outputs:
60

v
N

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

Keystrokes: Outputs:
0860 —» 8.35

Example 3:

SWR

A 509 system is terminated with an impedance of 62 £ 37°. What is the

reflection coefficient?

Keystrokes: Outputs:

50 037EED2B8 — 70.19 *** ¢
0.35 *** p

Example 4:

A reflection coefficient of .5 £ 7° is observed in a 72€2 system. What is the

impedance?

Keystrokes: Outputs:

007D S0 — 923 % ¢
212.50 #**  Z
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Notes
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13. TRANSMISSION LINE IMPEDANCE

TRANSMISSION LINE IMPEDANCE

Dtd+€, dthee, D*dthre, Dtdrhev, Dedte,

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

Transmission line

configuration Equation for Z,
open two-wire line 7 = 120 In 2D
* Ve d

single wire near ground 7 = 138 1 4h
0 = g \—
Ve d

balanced wires near ground , - 276 o 2D '1 .\ D 2] -»
T e B4 2h

wires in parallel near ground B 27 +%
Z, 69 log 4h 1+ (—2151) }

coaxial line 7 60 D
0 d
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STEP INSTRUCTIONS pavauNTs | KEYS [ o SUTEUT
1 |Load program.
2 |Compute impedance of open
two-wire line.
tnput wire spacing D
wire diameter
relative permittivity € Z,, )
3 |Compute impedance of a
single wire near ground.
Input wire diameter d
wire height h
relative permittivity € 6] Z,, Q
4 |Compute impedance of
balanced wires near
ground.
Input wire spacing D
wire diameter
wire height h
relative permittivity € Zo, O
5 |Compute impedance of wires
in parallel near ground.
Input wire spacing D
wire diameter
wire height h
relative permittivity €, o Zo, Q)
6 jCompute impedance of
coaxial line.
Input inside diameter of
outer conductor D
outside diameter of inner
conductor d
relative permittivity € Z, 0
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Example 1:

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

Keystrokes: Outputs:
68 195
238 > 49.42 *%x

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

Keystrokes: Outputs:
6 .0808 1 — 600.08 *xx

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 @ — 313.44 #
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Notes
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14. MICROSTRIP CALCULATIONS

MICROSTRIP CALCULATIONS

wth € oev 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.

_1s
€ +1 e — 1 h
= + 1+10—
Eetr 3 2 ( w

VI‘
V €t
(
60mnfs o + W WV o<
W 4h h
Zy = J 1207
_+242—o44—+(1— )
\
ZC=VPZO

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,

Z. = characteristic impedance of lossless microstrip, ()

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



14-02

(
20 h dB , uniform current distribution
In10 wz,
(8L - ) ( + 4 hoow
w w ot dB , ¥ oo
7 1n 10 7 eZ/60 QO h
A =9
Z, h2 6h2
— |1 +0.44 -
72072 In 10 [
x |1+ X+ 2% | 9B Y o>
h ot Q h
\
where
g dmw w1
T t h 2
a—w =
ot
d 2 w1
T t h 2

Finally, the program accepts conductor resistivity p and frequency f and com-
putes copper loss o, resistance per unit length R, and unloaded quality factor
Qo using the following equations.
Rs A

h

oy =
o = 4m X 107° H/cm

Ry = Vafuep

R = 2R5/W

acz
Vr

207 f
In10 cv; a

Qo=

¢ =3 X 10 cm/s

Reference:

M.V. Schneider, ‘‘Microstrip Lines for Microwave Integrated Circuits,”’
Bell System Technical Journal, 48, No. 5 (May—June 1969).
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STEP INSTRUCTIONS paravmts | KEYS | oorainirs
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. p D]
7 | Input frequency and
print copper loss,
resistance per unit
length and unloaded Q. f, Hz a,
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 (4]
958 > 391.3—03 *** y,

49.54+00 *** Z_

001 2548 @ 3
cis X o X ecx B € 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 2.54 A
958 > 391.3—03 *** v,

49.544+00 *** Z,

IEDER D 2EN 0 — 21.25—03 *** @
242.4—03 *** R
218.8+00 *** Q,
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15. TRANSMISSION LINE CALCULATIONS

TRANSMISSION LINE CALCULATIONS

vetRo | G+R A prac Z.~2Z,

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 R,, copper loss and dielectric loss are given.

MODEL

I AX |

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




15-02

where

L = inductance/unit length

C = capacitance/unit length

R = resistance/unit length

G = conductance/unit length
v=3X108v,

vy = relative phase velocity

f = frequency, Hz

Then
1+ e
Zin =2y | ——————
0 (1 - FL e_ZYI
where
I, = 2, —Z
Z, +7Z,

I = line length
Z, = impedance of termination
Z, = characteristic impedance of line = Re{Zo} +jIm {ZO}

v = propagation constant of line = a + j8

Z, and 7y are computed differently depending on which solution is selected.

Ya
R
Re{Z,} =_2(g2_0+7) [rg + o + V(@@ + o) (g + w2)]

Ya
* R

in which the + sign is chosen when g = r

and the — sign is chosen when g <r
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and
- a i
1
= - + V(12 + A2 + o
a 5 _rg (r Xg )J
B = | Faﬁ—rg+\/(r2+w2)(g2+au2)-l/é
vav | |

The approximate solution is

Re{Zy) = ROE +%(ac[;oan) (3aDB:r ac)]
Im{Ze} = Ry [ Boac]

a=oc + ap

4]

where

a¢ = Copper loss, nepers/unit length = i —R—
2 R,

ap = Dielectric loss, nepers/unit length = % GR.

@©

v

Bo =
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STEP INSTRUCTIONS paraunirs | KEYS | o omiNrs
1 | Load program.
2 | inputs when R and G are
known.
Frequency f, Hz [+ 2]
Relative phase velocity v,
Characteristic impedance of
lossless line Ro, @ a
Line length l, em 6]
Conductance of substrate
per unit length . G, S/cm
Resistance of line per
unit length R, Q/cm
Angle of terminating
impedance LZ,, deg
Magnitude of terminating
impedance |z.|, @ i
Zi
3 | Inputs when a¢ and oy
are known.
Frequency f, Hz [ J A
Relative phase velocity A
Characteristic impedance
of lossless line Ry, Q (A}
Line length /, cm (6]
Dielectric loss per unit length ap
Copper loss per unit length o, [0}
Angle of terminating
impedance LZ, deg
Magnitude of terminating
impedance |z, @ (€ ] 6in
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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 Q)
vy =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:

2ED OO 85
550 3.5 B .00004187

ENTD 12664 B 30 @3
E5ED 75 @

\4

28.48+00 *** (7,
48.01+00 *** |Z;, |

Example 2:

A 4-cm gold (p = 2.3 p/cm) 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 EE1-14A

.05 2548

(A JCIN B | > 391.3—03 #** y,

49.54+00 *** Z,

23E13 60 124 G2
g £

v

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

Load EE1-15A
124ED 6B B 4 0 4.632
3 EEED 00

0 753 —12.06400 *** £ 7,

70.06+00 *** |Z, |
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Notes
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16. UNILATERAL DESIGN: FIGURE OF MERIT,
MAXIMUM UNILATERAL GAIN, GAIN CIRCLES

UNILATERAL DESIGN

Stij compute G+ ry; Vo

This program computes U, Gy, Gmin, Gmax> Go>» Gimax, and Gamax from a
transistor’s s-parameters. It also computes r; and p; from G; < G ax (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 S2 522|

u —
(1 = [su DA = [s22]®)]

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

- |521|2
(1 = Jsu [P = [522]?)]

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

C’min = Gu‘_—
(1 + u)?

1

Gmax = Gu—
(1 —uy?

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

Gu = GO ‘ Gl ‘ G2
where

Power delivered to load

G, = transducer power gain = .
Power available from source

G, = |s2l \2 = transducer gain for Z, input and output impedances
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1 = gain contribution from change of source

Glmax = —2
1 - |511| impedance from Z, to s,,*

1 . .
Gomax = = gain contribution from change of load
e impedance from Z, to s,*

si;* = complex conjugate of s;;.

For source and load impedances other than s;,* and s;,*, 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 Gypax Or Gapay are circles. The center of a constant gain circle
is in the direction of s;* (i = 1, 2) at a distance

G; s

foi = 1 + Gi|sii|2

from the origin.

The radius of the circle is

_V1-G( = [sy[»

oi

1 +G |sﬁ |2
STEP INSTRUCTIONS DA#’X?S;”S KEYS DAOTTIIS:.II.TS
1 | Load program.
2 | Input magnitude of
s-parameters for i = 1, 2,
i=1,2.
Magnitude Si;
Designation ij (4]
3 | Compute
6] u
G,
Gimin
Gimax
Go
Gi1 max
Gizmax
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STEP INSTRUCTIONS paraunts | KEYS | paraonis
4 | Input desired gain
(=<Gimax) and compute loca-
tion * of center of gain circle
on input plane. G,, dB Tor
Pos
5 [|lInput desired gain
(<G3max) and compute loca-
tion * of center of gain circle
on output plane. G,, dB [ 1] fo2
Po2
*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 L154° .09 £26°
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 Gomayx?

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

Keystrokes: Outputs:

51 EHED 11 @ .09 EHED
O 1.4GED2 0

6 200 0.08 *** y

6.17 *** G,
5.49 **x Gactual min
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691 HHE Gactual max

2.92 *** G,
1.31 *** Gypayx
1.94 *** Gypax
0.40 *** r,
0.40 *** p,

0.44 Fokk I‘01
0.32 #** p |

0.48 *** |
0.20 *** p,

0.44 *** r,,
0.44 *** pyy

0.48 *%* r,
0.38 *** p,

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

0@

v

S@

\4

18

v

g Jc

v

w

a

o)
v

._.

=

(O]
v

input plane output plane

Io1 Po1 To2 Po2
0 dB .40 L -154° .40 44 L 58° 44
.5 dB .44 £ -154° .32 .48 L 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},

Bytsy i *K.Grux *Ton

Sometimes s,, 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

1A AP = sy |2 = e [?

K
2 |521 S12 I

where

Sij are s-parameters
and

A =511 S22 — 821 512
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

in which the plus sign is used when the quantity
Bi =1+ [sul® = |s? — [A]

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 4 2
s =Cr* [ B, B, G ]

2|C, |2

2|C, |2

r _C*[th\/B}—4 c22]
ml — 2
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where
C, =55y — Asy,*
C,* = complex conjugate of C,;
C, = 8p5 — Asy,*
C,* = complex conjugate of C,

Bi=1+ [sul* = [snf - |AP

B2 =1+ |522|2 - |Slll2 - |A|2

STEP INSTRUCTIONS oaraomrs | Kevs | o SEAUNITS
1 | Load program.
2 | Input s-parameter matrix
(j=11, 12, 21, 22).
Angle of s;; 0, deg
Magnitude of s;; [si;]
Subscript j (] s
3 | Compute stability factor and
maximum gain.” a K
Gmax, dB
4 | Compute angle and magnitude
of source reflection
coefficient. (1] Ome
| Tovs |
5 | Compute angle and magnitude
of load reflection
coefficient. Ormi
[T |
*If k<1, this calculation
causes an error.
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Example:

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

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

Ss2 = 0.848 L-31°

Keystrokes: Outputs:

59 B EIED 277 GIED
11 0 93 GIEED 078 GIEED
12 09 64 EHEED 1.92 CIED

2110 31 @0 EUED 345 EIED -
2200 —» 1.033+00 *** K
12.81400 *** Gpax

[ ] > 135.4400 *** [ T
729.8—03 *** |I|
> 33.85+400 *** [T,

951.1—03 *** ||
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Notes
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18. BILATERAL DESIGN:
GAIN AND STABILITY CIRCLES,
LOAD AND SOURCE MAPPING

BILATERAL DE§I%N: GAIN AND

STABILITY CIRCLES

Gpesrrp  TioTms  ivLrgersins

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 %
foz [1+DZG] C

and radius
_ (1-2K |s12521|G + |s,252, lsz)l/Z
2 1+D,G

where

G = Gy

G,

G, = desired gain

Go = maximum transducer gain = |521 |2
Co = 83 — Asyy*

D: = [s]? = |4

A = 5558 — 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 S
I = $11 + I

— Sgg
Iy




18-02

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

*
_ S12 S21
[ = gz + I

I's

— Sia

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'y must
be such that |Fm5| < 1 and I'y must be such that |Fm1| < 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*

I = —————
[sul* = [A]?

where

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

Cy = sip — Asy*

Il

C, Spp — A sy*
A = s;; 83 — Sz Sp2

The radii of the stability circles are:

oy = |512 S21 l

st T T 19 | Ale
s> = A2

where

pa = radius of stability circle on input plane

pse = radius of stability circle on output plane



18-03

STEP INSTRUCTIONS paraumts | KEYS | oaraonis
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. L T, deg
I o LT,
| Tons |
5 | Input source reflection coef-
ficient and compute new load
reflection coefficient. L Ts, deg
|Ts | on LT
| T |
6 | Compute location and radius
of stability circles on input
(i=1) or output (i=2) planes. i Lrg

[rsi
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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°
S =
l o

92 L 64° .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 93 .078 12
D 64 1.92 21

03 848
22008 > 1.033+00 *** K

12.81+00 *** Gupax

(] C] > 135.4+00 *** @,
729.8—03 *** [
> 33.854+00 *** O,

951.1—03 *** Ty,

Load EEI-18A
100

\4

33.85+00 *** L1,
781.2—03 *** |rg, |
214.2-03 *** py

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

with a radius of pg; = .214. If we pick a load reflection coefficient of
(lrml — Po2) LTgs = .567 £.33.85°, what source reflection coefficient is
required?

Keystrokes: Outputs:

Continuing from Example 1,
33.85 .567 8 93.334+00 *** L Ty

276.0—03 *** |y |




18-05

Example 3:

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

[.385 L -55°  .045.90° J
S =

2.7 L78° .89 £-26.5°

Keystrokes Outputs:

Load EE1-17A

RRE CHis JENTER + BRERIENTER + BB
B 90 ESED 045 EEED 12
0 73 EIED 2.7 B0 21 O
26.5 @B CUED -89 ENED
2200

(Clear ‘‘Error”’)
Load EE1-18A

909.5-03 *** K
““Error’’ signifies K < 1

v

18 > 122.4+00 *** /1,
—8.371+00 *** |t |
—9.271+00 *** p,

2 > 29.88+00 *** [y,

1.178 400 *** |ry,|
192.6-03 *** p,
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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—OQutput .................... 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 . ...... ... L07-01
8. Active Filter Design............ ... .o . oo 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 . ............. ... ... ..., 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

861 #LBLA Input £ 1K
#e:  CLRC 858
08 2 59 2
x CHS
gg; Fi gg? 57'0‘2 Pass (wC)™! L -80 to
eBc  x 862 siBle LeL2.
a7  £TO0B Store w 867 £SBE
oee ! 864 CHS Pass 129 € | onto
gee  STO! i o ps5 v 6L 2
1 T07 17 L
gx? Scu: Ly [0 1% 0] 86.5 :::x -------
erz R e 868 #LBLZ
813 alBLE 8€9  ESBY
e14 8 ere  RCLC
e! £r01 Pass R£0to LBL 1. 871  RCLE 10
e Bl b 872 RCL9 @-(r ,{Mm
817 RCLE 872 1% z
18 x 874 RCLA
e18 3 7S CHS
a2e e 876  LSBS
21 £701 Pass wL £90 to LBL 1. 877 ST0S
822 «BL2 | T mmTe- 87! RS
822 RCLE 879 ST
824 x 880 RCLE
85 1 881  RCLD
8¢ 2 882 RCLS
27 4 08z 1%
82¢  CHS 884  RCLA
829 6701 Pass (wC)~' £ -90 to 895  CHS
830 sLBLE LBL 1. 88€ £S89
L O e 887 STO07
32 6SBR Pass —“Y /9010 288 Re
637 sLBLI 1-w?Le 889  STOR
834  ESEBT WLy 8%  (LX
825 RCLC 81 RN
e3¢ s102 892 #LBL7
77 ROLB 1z 897  STO0R
e S0t [q] - P‘I] 294 %2y
79 RCLE 0o 1 895 5709
e4e  ST04 89 RCLS
84! RCLD 897  RCLE Compute and store
842 S102 896  £SBY Y +2q.
843 CLX 099 RCL2
844 RN | ____________ 8@ RCLI
845 wlBLb 181 osBe
846 e 182 STOB
847 £702 Pass R L0 to LBL 2. 103 R
848 alBic w4 st | L
249  RCLE 105 RCLA
258 x 186 RCLY
as: 9 187 RCL?
es2 ] 182 RCLE
852 ¢r02 Pass wl £ 90 to LBL 2. 189 0SBY Compute and store
854 elBLd | 118 RCL4 Yz + 222
855 RCLE 111 RCLZ
#5¢ X 2 ¢gsge 0 0 | —o - - -----—-
REGISTERS 5
7 8
° w "l [ oon el e ol [ Mgl | Lt 2l
S0 S1 S2 S3 [S4 S5 S6 S7 S8 S9
|
e ° 1Yy 1 now! © LY11naw ° 1q12n0w! . Lq12new
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113 STO0D

114 Ré

115 STOE

11¢ RIN e

117 »iBLg Subroutine to add complex

118 R numbers.

119 R

128 Ri

121 R

122 X2

123 RS

124 +

125 Ri

126 +

127 Rt

128 P

129 RTN | ___

138 =#LBLS Subroutine to multiply

131 R¢ complex numbers .,

132 x

133 R

134 +

135 Rt

136 RIN e __

137 sLBL8 INPUT: y=b

13¢ x x=2a

139 LSTX

148  RCL®

141 X

142 Xy

143 LSTX

144 Xz

145 X

146 1

147 -

148 CHS

149 2

158 5

151 8 OUTPUT: y=-—%2

152 RTN 1-wlab

152 R/S x=00

LABELS FLAGS SET STATUS
At B Series R C Series L P Series C E Series tank |0 FLAGS TRIG DISP
2 ° shuntR  [®'Shuntt  [? Shuntc  |® Shunti-C | o B b m | fx o
3 4 2 GRAD O | sc1 O

G I IS
I’ § 7 Used % capo |° cmotr [ 350 8 n_3
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Network Transfer Functions —Output

881 xlBLA 21 11 Input Z 857 RCLé 36 86
z  ST0S 35 8s 858 RCLS 36 85
863 frad -41 859 RCL8 36 88
884  ST0A KaI D 866 RCL7 36 87
885 CLX -51 861  6SB6 22 86
886 R/S 2 N B 862 17X 5z
987 «LBLE 21 12 Compute Z, 863 K2 52
868  6SBé 23 84 854  RCLC 36 12
885 RCLB 36 12 855 3 -24
e1é 17X 52 856 Fe? 16 23 88
e11  RCLI 36 46 867  PRTX -14
81z CHS -22 865 RTN 24 | - _______
213  6SBS 23 88 859 aLBLS 21 85 IF flag 0
814  ET0S 228 |- @78 F8? 16 23 88 THEN go to LBL 0
815 #lBLC 21 13 Compute V,/V, 871 6TO8 22 88 ELSE
f1e  RCLZ 3¢ 82 72 &LBL1 21 el Display y and x
817  RCLI 3€ 81 73 Y ~-41 alternately.
a1§  RCL4 36 84 ar4 R/S &1
818  RCL3 3¢ 83 ars 6701 2281 1 ___________
826  &SBo 23 8¢ @7é xLBLE 21 8e Print y and x.
8zl RCLA 36 11 277 Y -4
822 RCLS 3¢ 89 @’6  PRTX -14
823 Rt 16-31 79 ST -41
824 CHS -2z age  PRTX -14
225 R1 16-31 23} RTN 24 | ___________
ezt 1/% Sz ag:  «lBL4 21 84 Compute and store
8z7 2y -41 883  RCLE 36 86 E T
828 GSB9 23 89 a84  RCLS 3¢ 85
8:9 €705 2285 |- 895  RCLE 36 88
836 xLBLD 21 14 Compute I, /1, @86  RCL7 36 87
831 RCLE 36 8¢ 887 &S5BS 23 8g
@3 RCLS 36 85 8gg  STOE %1z
833 RCLB 36 s agy Ri -3
834 RCL7? 36 @7 836  STGI 25 46
835 5B 237 66 891 RCLZ 36 82 Compute 2T 11 +Tia
asé 17X Sz a8:  RCLI 36 81
az7 Y -41 893 RCL4 3¢ 84
82 CHS -2 884  RCL3 ¥ | ___
839 2y -41 895 &iBLE 21 ¢
846 CHS5 -2z 835 STOE 3515
841 6705 205 | ---—---—————- agy Ré ~31
2 #LBLE 21 15 Compute P /P, 898  STOD 35 14 .
243 GSB4 23 4 035 R -31 NPUTE
844 RCLB 3¢ 12 186 RCLS 36 8% LB
845 17X iz 181 RCLA 36 11 B|
646 RCL] 3€ 46 182 6SBS 23 88
247 CHS =22 163 RCLD 3¢ 14 OUTPUT: LZ A+B
846 £SBS 23 89 164  RCLE 36 15 |ZL A+B|
849 R 44 185 6586 23 88
256 RCL# 36 11 1686 RTN 24 | __
@51 RCLS 35 85 187 alBlc 21 16 13 Compute I, /V,
852 R 44 188 RCLZ2 3€ 8z
@53 X2y -41 189  RCL1 36 81
854 Ré =31 116  RCL4 36 &4
855 £ -24 111 RCL3 3€ 82
855 STOC 35 13 112 6SB6 23 86
REGISTERS
o g e | otgal [ oge Pl [P lge el P lgen |12
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
A LZy IB |Denom| Used ° LB € B} ! L Denom
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13 1 22.4 2
114 AT -4
i15 CHS -2z
i1é 2y -41
v CHS =22
118 ETOS 22 85
119 xiBLd 21 16 14 | """ T--——-—--
126 RCLE 36 6 Compute Va/l,
121 RCLS 36 85
122 RCLE 3£ 8¢
123 RCLT 35 67
i24  BSPé 22 8¢
125 RCLa 3€ 11
126 RCLS 36 8%
127 Kt 16-31
128 CHE =22
125 RT 16-31
138 17X 2
i3l frad -4!
132 BSES 22 @89
133 &705 e\
“‘;: ‘LS‘L; 2 gi Subroutine to add complex
‘;;,' “‘ 21 numbers,
137 R -2
& +k 44
9 X -41
4 R -3
i4 + =58
148 ki -31
142 + -5
id44 T 16-31
145 +F 34
46 RTN 24
H g 2 S
‘4 ‘LBIK“J 1-?1 Subroutine to multiply
14:' x .35 complex numbers.,
156 ke -3
152 + -55
I T 2
153 RIN 24 |
54 RS 51
LABELS FLAGS SET STATUS
A7, &z, C vy, Pon, E pp [OPRINT FLAGS TRIG DISP
a 5 ] T ON OFF
c 2l BALIU o® O] DEG ® | Fx 0
O Printy & x |1 z 3 [ e—— 10 ® | GRADO | sci O
’ rinty & x . . 5 I ] s 2 0 ® RAD (2 ENG &
Display ZLA+B 7 CADD CMULT 30X n—3
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Reactive L-Network Impedance Matching

#01 sLBLA 857 #LBLD \Exchan je Zg and Z .
982 STOf Store R, 858  csB2 ComputeXorg &
paz Re 859  GSBI Compute X;.
864  sT02 Store X, 268 £SBS »
aes - 86!  ESBE
886 #LBLE Store Rg 662 €SBS
887  ST03 862 + Save X, in LSTx.
e8g R 864 ESB2 Exchange Zg and Z -
889  STO4 Store Xg 865 LSTX Recover X,.
(3] RS e o— . 86¢ RTN | e
811 slBL1 Subroutine to compute 867 #LBLd Exchange Zg and Z .
12 RCL2 X1+ and X1 (). 868  6SB2 Compute Xq(.).
812 xe 869  GSB1
814  RCLI 878  RCLS
815 Xz 871  €SBS
816 + 872  6SBE Compute X,
817 RCL3 873  6SBS
e18 x 874 + Save X, in LSTx.
819  RCL! 875  65B2 Exchange Zg and Z, .
828 RCLZ 876  LSTX Recover X,.
gfi - ezz RN | L _____
22 = 878 sLBLE Subroutine to compute
823  LSTx 879  ST07 X,. "
824 1% 888 RCL2
825 RCLZ 881 +
82¢ X 882 RCL3
827 RCL2 883 X
eze X 8B4  RCLV
829 X2 885 RCL4
836  LSTX 8¢ +
831 Re 887  RCLI
832 + 88e X
a3z 124 889 -
834 Rt 898 RCLI
835 X2y 891 :
836 - 892 RN\
83” sT0S 893 sLBL2 ;
838 LSTY 894 RCL1 zubr::téne to exchange
839 ENTt 895  RCL3 s and L
046 + 896 5701
041 + 897 Y
842  STO6 898  ST03
84z RN | __ o ____] 899  RCLZ2
844 8LBLC 168 RCL4
045  SB1 Compute X14) 181 s702
046 6985 182 X2y
047  GSBE 183 ST04
848 Csps Compute Xa 1e4 RN | ___________
849 RTN | __________ 185 #LBLS DISPLAY ROUTINE
850 #LBLc Compute X1y 186 F@° IF flag 0
851  cSBi 167 PRTX THEN PRINT
852 RCLS 16e  Fe?
2 6SBS 189 RTN ELSE
854  GSBE Compute X, {18 R/S DISPLAY.
855  £SBS 111 RTN
85¢  RTN 112 RS
REGISTERS
R q N 6 7 g 9
i X1(-) Xa(+) Xy
S0 S1 S5 S6 S7 S8 S9
Iy B D IE I
1
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FLAGS SET STATUS

A B

X PR XstRg © PRINT FLAGS TRIG DISP
a b ON OFF

o ® O | DEG W FIX &

0 T X, 27522, X, 1 0 © | GRAD [I scl O

- 20 @| RAD O | ENc O
5 Display 6 7 30 o
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Class A Transistor Amplifier Bias Optimization

88! siBLi 857 STOE
gec  RCLS Transfer Vggmax to £5¢ H
GBE P:S secondary register. ,sg RCL}
884 ST 85¢ Xz
gegc  FI8 0 e — e 34 -
8ec  RCL4 862 2
[Ln 2 (x4 3
ees 5 864 RCLI
fpe - Compute 6 ;5 Bes x
618 RCLS 866  KCLS Compute Trin
11 £ 87 x
2 s5 | T —--- 066 RCLE
€12 RCLe Be2 X
814 13 87¢ RCL?
815 ¥ (28} P
815 RCL Compute Ry 1 72 6583
17 ORCL2 872 CHS
18 - 874 1
812 4 TS RCL: Compute Vggn
626 . 87¢ -
ez 4 77 6SB4
g2z x ers 3
82z z e?s  RCLS
€24 st0C | TToom-—= ese +
625 eg:. px | =
Compute Rg4 882  ST09
883 RCLE IF Vgex > Veen
;—_—_——_——I_A‘**— 8es Yo THEN reduce Rg ;(00
egin iterative loop. 3 " and increment R,
g§§ eroz ELSE
887 RCLI Compute a new value
pee : for Rg.
889 RCL!
8% #
£91 RCLD
892 XY
e * Compute lgq 897 S0P
gz = 895  xCH
e ¢g10r 1 89 .
04 RCLS 89¢ S IF ARg > 5%
841 X 8T KLY? THEN repeat loop
842 X Compute Trmax geg  gro@ IF flag 1
B4 RCLZ 899 F1? THEN finish problem
844 + | o _____ 188 6701 ELSE repeat loop
84%  RCL4 181 SF1 once more to print.
g4c w2y IF Trmax > Tamax 162 ET
847 X yo THEN increase R 187 #LBL!
848 £T0!1 104 CF1
845 55B3 ELSE compute Vggx. 185 RS Stop to accept hgg's
85e  CHS 8¢ cTORP 0 | ——m e
1 RCL 87 Ky Store heg min
52 H 188 ST0A Store heE max
es; + 189 RCLI
854 CSB4 1e 2
eST  RCLE 11 x
e5¢ + 112 Ret:
REGISTERS
° vee ' Aleq *TAmax Ra sTAmin:V584 Timac | Po.0ua L T avee  |*Veemn | VBEN
S0 51 S2 S3 Sa S5 S6 57 58 S9
VBEmax
c D )
NEEmax hEEmin Rin Ren Vaex ] leq
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% 168 X
RCLD e RCL2
X g x
RCLE 172 L8TX
M 172 RCLD Compute Ay
RCLS 174 RCLE
- 175 X
RCLE 176 +
X wr :
Ink Compute Rg 170 L0C
x 7 M
H ise [
RCLI 18 X
- 182 PRTY
RCLA 18z RTN | ==
X 184 #lBLZ
i85 1354 IF flag 1
RCL! 595 PRTY THEN PRINT T.
+ - <
RCLE 188 5
X 129 - Compute
- 19¢ 2
£ 191 . 0.0022 {x - 25)
RCLI 182 2
B 192 EEY
L3 R 194 CHE
RCLE 195 3
B 1%¢ X
RCLD 197 RN | e
+ 19¢ alBL4
RCLI 199  RCLI
X Compute Vgg 208 X
1 281 F1? IF flag 1
RCLS 282 PRTY THEN PRINT 1.
- 282 RCLE
x 284 2
RCLS 205 106
A 286 RCL?
sT02 287 X
RCLE Compute R, 28 +
=Y 208 RN | oo
: 218 aBL2 Re 0
RCL2 211 ]
W B 212 st0 [ ——-———
Rt 213 aLBL!
- 214 1
X 215 . RLnt1<Reg x 1.1
LSTX Compute R, 21€ M
RCLZ 217 RCLC
N 218 X Rin+1
U 219 sT0C
RCLE 26 em08 0000000 ) —-—eeee -
165 RCLD 221 R7S
166 PRST PRINT Rq, Ry, Ry, Rg
167 3
168 RCLE
LABELS FLAGS SET STATUS
AsTl... [P Used C o i ° FLAGS TRIG DISP
° ’ N ¢ ° | Used e D®| oee ®m FIX O
0 Used 1 Used 2 Used 3 Used 4 Used 10 @ | GRAD O sct (]
5 5 7 g 3 3 g g g RAD O ENGZE
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Transistor Amplifier Performance

80: lBin 7 RCL3
a2 2 858 RCL4
883 X 253 £5e9
864 2 Bée  RCL2
8es 1 Compute storage location. 861 RCL1
(3 - 862 GSBS
e8”  STOI 863 ST08
86¢ Ri 064 XY
eee  £70i Store hy; 865 ST0I
81e 1821 866 F1o IF flag 1
81! Re 7 GSBS THEN PRINT or
812 ST0i Store 6 [ e DISPLAY.
ez RN e e 869 F1? IF flag 1
B14 #LBLE 871 £SB5 THEN PRINT or
815 ST07 Store R 87 F17 DISPLAY.
8¢ b4 872 sPC
17 5708 Store 6 77 ®RN 0 | ——meeem
8e RN e 074 &LBLD Compute Ay
012 #LBLb 7 CF1
826 ST0S Store Rg 876  GSBe Compute Zj, without
821 2y 877 SF1 printing.
82> CT06 Store g 878  RCLE
82z RN [ 879  RCLS
824 #lBlc Compute A; 880 GSBS
825 6587 881 1%
82¢ - 882 XY
627  E5BS 883 CHS
028 234 684 Y
829  GSES 885 RCLS
838 SPC 886 RCLA
821 L3 D e pp—— 7 6SBY
832 «lBLC Compute A, e8e RCL7
833 CFJ 882 RCLE
834  CSBe Compute Zin without 898 589
875 SF! printing. 891 XY
82¢ 892  £SBS
837 X2y 897 XY
836 [HS 894 £SBS
629 %2y 895  SPC
848 RCL7 896 RIN | mmmme e
841 RCLE 997 sLBLE Compute Zgyy
842  (SBS e9e RCL2
0842 RCLS 899  RCLY
844  RCLA 100 RCLS
045 £5BY 181 RCLS
bag X3y 182 6588
847  £SBS 831X
B84 Xy 104 v
849 £SBS 1 CHE
es8  spC 186 LY
851 RN | ---——oo—oo—o 187  RCLB
852 alBle Compute Zj, 108 RCLC
857  gse? 182 CSBY
854 RCLY 118 RCL2
855 RCLE 113 RCL4
85¢ 6589 112 geBe
REGISTERS
1zl hush o Prg-n [Yen Poas P oo [ae o o
S0 ST E3 S3 3 S5 S6 [S7 £ SO
D
L har =y s iz =hg 02 | iz




L04-02

115 CHe 1€9 Ré Subroutine to multiply

114 RCLE e ¥ complex numbers,

15 RCL 7R

116  6SE8 172 3

uroo1R 72 Rt

ue  xv w4 RN | T

118 CHE 175 RS

12¢  GSBS

121 Ry

122 £SBS

122 Pe

124 RN

125 LBLS IF flag 0

126 Fe? THEN PRINT

127 PRTY IF flag 0

12e F8? THEN RETURN

128 RIN ELSE DISPLAY.

13e R7E

R N e

132 7 Subroutine to compute A;.

132 RCLE

134 RCLD

135 RCL?

13¢ RCLE

137 6SB2

128 8

139 ENTT

148 1

141 6SBE

142 178

145 pead

144 CHS

145 X

146 RCLB

47 CHS

142 RCLC

142 CSB?

158 ST09

151 X2y

152 £T08

157 K

154 RTW -

155 aLBLS Subroutine to add complex

156 P numbers.

157 R

158 R

159 F

68 Ky

161 R

162 +

162 t

164 +

165 Rt

16€ +F

167 RTN

168 #lBLS

LABELS FLAGS SET STATUS

Rogthgtii [P 6Lt [C A, DA, E 2Zo  |°PRINT FLAGS TRIG DISP
° ° 6stRs |- ¢ © -2 "NOPRINT |0 T E | bes m | Fx O
0 1 2 3 4 2 1 60 O GRAD (1 scr 0
SDISPLAY |6 7 A FCADD [3 cmuLT P ; E 'S RAD O | ENG®
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Transistor Configuration Conversion

88 xiBLA T CL
eez 2 . 838 RCLD = lyiz +yas)
ae: X Compute register to be gsc  gspe Yiz =-~lyi2 vy
eaq 2 used. BEE  CHS
065 ! #:  cTo2
boc - 0E: Y
eey 10! o6 sto4 | ceeo—m
eag Ry P64 o
ees  810i Store h;; B86S  RCLC
e:e 1821 B6E o E
o R 8T ©SBe
812  §T0; Store 0;; 868 RCLE
b= RN 869 RCLD i =oyar Hva )
14 #BLL CC—~>CB €78 CSBE +yi
15 ¢cBR Compute a new y-matrix er1 CHS
81¢ e e 872  RCL2 =Yit Vi tya Yy,
17 RCL! Routine to transform @877  RCL!
81e CL
819 STO! E’” “’] HE
2 R Sz A (3 R
821 sT0D into 7r o sT02
822 RCLZ a7, RN | e
822 RCLE an 879 $LBla cE~CC
824 5752 321 A 8822 &LBLD CC-CE
825 R and then into B8e: &sge Compute new y-matrix.
B2€ STOE 1 1 -an; 852 oSBT Transform [y] to [h].
827  RCL2 — ez RTN | o ___
828 RCLE an o ""“J 884 #LBLc cB~>CC
828 §T02 ees  E£cpe Compute new y-matrix.
82 Re 88¢  £702 Transform
831 STOE 8er wBe | me L
832 RCL4 88c  £SB7 Transform [h] to [y] '
62z RCLC 889  RCL2
e3¢ T4 gse RCL!
28 R
25 91  RCL4
g ST B92  RCLZ vid' ==l +via)
ez &Sk 892 £SBE
[x43 RN 894 CHS
€23 slBLé CB-+CE 995 5707
840 sLBLE CE-CB [£3 R
@41 £SBY Compute a new y-matrix. esr S04 | ___________
842 £SB? Transform [y] to {h]. 898 RCL2
84z RN )\ T 892 RCLI
844 alBle Transform (h] to [y]’ 106 RCLC
845 CSBY 181 RCLB
846 RCLC 182 £sBe "= —lyiq +vay)
847 ROLE 187 S Yo T e
848  RCLE 184  STOE
842 RCLD e lyas tyas) 105 2y
o6  csee Ya T e 1€ soc | ___________
85! CHS 187 Xy
52 ST0p 188 RCL4
852 R 1e°  RCL2
854 STOC 118 6SBe ¥22' = V1 tV12+vag tyag
&S RCL4 e 111 RCL2
85¢ RCLZ 112 RCLY
REGISTERS
o Cha Foon P ohe |76, P ® 1l w P g
S0 7 52 53 57 S5 56 57 58 53
A ey C 62, P haa ]E ]I
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113 6582 12 ST0D

114 CHe 17e R

115 RCLE 171 STOE

1€ RCLD w2 R cmm—me oo

117 esBg 172 slBLE Subroutine to add

118 §T 174 ®R complex numbers.

118 RS 7= Ri

12 ST 176 R

20 R e Lo

122 WBLT Subroutine to convert e brad

123 ReL2 o an e R

124  RCLI 18e +

125 RCLD d1 181 R¢

126 RCLE 182 +

127 £SB? into 182 Rt

128 5706 1 -ap 188 oF

129 Ri i la deta 1% RTN | e

128 ST07 L 18¢ sLBLY9 Subroutine to multiply

131 L 187 R complex numbers.

132 RCL3 1882 X

132 RCLE 189 R

134 RCLC 19 +

135 £SBY 19! Rt

13€ CHE 92 R

137 ROLY Compute det a 192 F

138 RCLE 194 RIN | e

13¢  £SB8 195 olBLE Print [h]

4 STOE 19¢ RCL2

141 Ré 197 6SBS

142 ST0? e 198 RCL!

142 RCL2 19¢  GSBS

144 CHE N 208 RCL4

145 ST02 ay v — 281 £SBS

14€ RCLI an 282 RCLZ

147 178 282 6585

148 ST0+ | __ __________ 204 RCLC

149 RCLZ 205 58S

158 CHS 286 RCLB

151 RCL4 287 6SBS

152 6582 e 12 208 RCLE

152 8103 an 209 LSBS

154 v 218 RCLD

150 s104 | __________ 211 sLBLS

15¢  RCL2 212 Fo" IF flag 0

I1S7 RCLI 212 PRTX THEN PRINT

158 RCLE 214 F8? ELSE DISPLAY.

159 ROLC 15 RIN

168 £3BS 2y, < 2L 216 RS

161 STOR an TR ]

g2 j He ws

1€z sr0C | ______

164 RCL2

1€5 RCL!

166  RCLE agp - d0t8

167 7 an

162 65B9

LABELS FLAGS SET STATUS
Agythtii [P cBece [CcBecc [P CE«cC [E PRINT [h) [0 PRINT FLAGS TRIG DISP
a © CB~CE |¢ CB»CC 9 cE~cC  [® ! e NEl bes & | Fx o
O oyl | 2 3 7 2 10 GRAD O | sci O
= = ~ = 5 5 2 0 RAD O | Ena
DISPLAY (hl Z(y] I CADD CMULT 3 0 n—3
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Parameter Conversion: S<=Y,Z, G, H

281 #LBLa 857  GSBE
88z  £sBe Store input data. o RCLB =% ,
88 Re 859 C101 [21=2, (1]
884  STO; o6¢ sBlda 0| T m——--—-
ees 152! 861 S0P G-s
88¢ RS 862 STx! Zo911 912
887  S70; 8€3 1o {7l =
e RTN | e #54  RCLD 91 9nlZ
8e LR Display output data. o€ X
818 csee 86¢  sTOp ,
e1r  RLLi ij>8ij, M;; 867  GSBE Compute [T')
e12 1821 8ce ] =-
812 RCLi eso s | - _____
814  GSBS 87¢ sLBL4
[ 871  RCLB [1 0]
81€ slELS DISPLAY ROUTINE 872 w2y [T« m
e17 Fg° IF flag 0 ez x 0 ¢
81 PRTY THEN PRINT e74  STOR
ety fe° B LSTX
eze RTH ELSE ore oL
2 R/ DISPLAY. el X
[ e ¢ stop 0 | e
822 slBLP Subroutine to compute ere RTN S-G
824 2 register location. P88 «LBLD E=-1
e2s X eer  srToe 10
82¢ 2 82 1 m= (s
27 ! 882 CHS 0
ez - 8e4  CSBe
29 £T01 885 £SBe Compute [T']
eze RTN e 88¢ RCLE
821 slBlb Y-S esr T2 o
32 ST 882 ROLD 3 tiz
82z 65B! [T} =2, (Y] eee x G=] %
833 £Y06 Compute [T']; {S] = [T'] ase  STOD ' Zoty
8y «BB 0 e — e es: RTH
83 S708 S>Y 892 sBle | - __.______
77 0SB [TI=(8) 83z sT08 HoS
83c  RCLB Compute [T'] €% STl '™
20 1K £=1/20; (Y] = [T"/2, 895 RCLD 2 o
ese wBL: [ _______ 89¢ X m=f % (H]
p43  £SBZ o 897 ST o heaZo
842  CSB4 (T)« [T 896  £5B€
842 RIN 0 13 222 1 Compute [T')
84s alBle |- __T____ 18 CHS =1
a4s  ST0R Z-8 1 sBL3 | o
846 1% £=1/2, 182 5TX1 t 0
847 GSBI [T] =21/2, 183 §Tx2 T« m
848  ESBE Compute [T'] 184 RTN 0
849 ! = 185 #lLE | ______Z___
es5¢ CHE (sl =-(T'] 186 ST08 S-H
est ¢101 e 187 1 £=-1
852 wLBLC S»>2 18¢ CHE -1 0
#52 5708 189 (SB2 = s
es54 1 =-1 1@ gsBE 0
85 CHS (T] =—I[8} 111 RCLE
85¢  £SB: 112 STxy Compute (T']
REGISTERS
° 2, P T Penaty Pty [Pty Pam ®rap | g g
S0 St S2 S3 S4 S5 S6 S7 S8 S9
A & My, T2y’ 03y, LT,," © Maa, Tas' 022, L Ty, pointer
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113 178 168 Y
114 ROLD n'Z  t 176 ST04
115 x (H) = 171 ROLE
116 ST0D tag' 172 RCLB
17 RN fa1 Z 17T CHS
11e #6000 |- 174 G982
119 RLL2 Subroutine to compute 17 5708 21
126 RCL! . 176 sy
121 ¢sB? 7 e | - —-
12 8105 178 RCL!
122 Ry 79 RCLD Rearrange t)," and ty;'
124 ST0¢ 188 5701
25 RCLE 181 =
! RCLD 182 ST
127 6sBY 182 RCLZ
128 ROLS 184 RCLE
12 RCLE 185 5702
138 eseg 18¢ 2y
131 57105 o7 ST
132 =Y 18g [ -
132 ST06 18 alBLS Subroutine to multiply by
12¢ RCL4 19¢ RCLS 2/D and add -1. 0.
35 ROLZ 21 ROLE
13¢  RCLE 192 BSBY
137 RCLC 192 4
138 £SBS 194 ENTt
13 CHS 198 1
48 RCLE 19€¢  CHS
141 RULS 97 g8 0000 |
142 6SBE 198 7 Subroutine to add 12 0.
142 2 19¢ 8
144 : 288  ENTt
145 17X 2e1 1
146 STOS 2 282 wete 0 |
147 2y D 282 ”® Subroutine to add com-
148 CHS 284 RY plex numbers.
142 5706 285 R
15¢ RCLE 20¢ R
151 RCLD R -3
152 6SB? 288 R
152 ESBE 280 +
154 ST [ 210 RY
155 K2y 211 +
15¢ ST 212 Rt
157 ROLZ 217 3F
156 RCL! 214 RTN | __
158 £sB? 215 wBL2 Subroutine to multiply
168 6SBS 216 RCLS by 2/0.
161 £T0! taa’ 217 R ________
‘;gf 3';;;: E:g 'Lgtf Subroutine to multiply
164 RCLY 2’26 X complex numbers,
165 RCL3 221 R
166 CHS 22z +
167 ESB2 222 s
168 102 g’ 224 RN
LABELS FLAGS SET STATUS
NiimggMy [ sy Cs-2 P sv6 [ soH ° PRINT FLAGS TRIG DISP
2 gytmytii > vos © 25 9 Gos ¢ H-s ! o W bes = | Fx o
0 ij>pointer [! Used 2 Used 3 Used 4 Used 2 10K GRAD O scl O
= — = = 5 = 20 ®| RAD O | eENG &
DISPLAY T +1L0 CADD CMULT 30K n—3 .
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Fourier Series

881 #lPl. START es” C] ELSE
80z  CLRC e5e 1y DISPLAY 0.111,
802 2E 85¢ LS I B e
884 CLRE 86 slELE
s RAD BE: RS DISPLAY new k.
8¢ RN e 862 £I0C [
88" sLBLA NT# freqs 862 #lBlLd PRINT POLAR
eee 2 864 SF1
882 x 865 RCLE
81e 570E 86¢  ST0I
811 X2y 867 g102 | - -
812 STOE 865 sLBLD PRINT RECTANGULAR
812 L R T e, (/2 CF!
814 aLBLE J 878 RCLE
e1s  sTop Store J ery eTor | e
81¢ 1 872 sLBLZ BEGIN loop 2.
817 STpe INITIALIZE k 877 RCLI
[ RN e 874 RCLR
812 LC Yk 7T -
82¢ ST0C Store yy 87 2
82! RCLE it CHS
22 5701 INITIALIZE pointer 78 :
23 sLBLL BEGINToop 1. 879 RCLD
824 Ly 686 +
82 RCLe a8! FIX
82¢ RCL 882 pspe
827  RCLE 8e:  £5BS
82 - 884 DSP3
829 K 885 RCL
83e CHS 88¢  DSI!
az: = 887 RCLG
822 RCLD ese F1° IF print polar
o+ 889 £103 THEN GO TO LBL 3
834 RCLE 8% 2 el *
Bgs' : gg{ RC’:E Prepare to print
53; s paz M rectangular.
838 x 894 ;2
829 Pi 89c  L8TX
848 X 89¢ X
841 234 897 slBLe | _______
a4z R 89g ra3
842 ST4§ 899 (58S
844 N2y 168 RI
84S DS2! 181 £SBS
84c ST+ 182 Fa?
7 ORCLE 182 SPC
845 ENTT 1 DSZ1 IF pointer # 0
842 D521 IF pointer # 0 185 oT02 THEN REPEAT loop 2.
858  CT01 THEN REPEAT loap 1. € RN | _______
85; srwé ELSE INCREMENT k. f:; tl.)lés Convert (a, b) to (¢, §)
852 RCLE 18¢ P
854 L 110 2
85t x4v? JFk<N 111 RCLE
85¢  £T08 THEN GO TO LBL O 112 :
REGISTERS
0t S 2 . I . 5 b 6 7 I I
SO 1 S2 S3 S4 S5 S6 S7 S8 S9
a b a b a b a a b
A B c D |
a 2 x # freqs Yk J pointer
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11z 3 160 PRTX THEN PRINT

114 T4 | e 17 Fgo

195 $LBLE >t} 721 RIN ELSE DISPLAY

116 CF2 177 RS

117 S0l 17 RN

e RCLP 1 pet

11¢ s101 INITIALIZE pointer

12 x|

121 slBLE BEGIN loop 6.

122 RCLI

122 RCLE

124 -

125 2

12€ CHS

127 £

128 RCLD

129 +

3¢ g=p° IFi=0

121 §F2 THEN set flag 2,

122 2

132 x

134 Pi

k) X

136 RCLe

ko X

138 RCLE

12¢ ®

14¢ !

141 F2? IF flag 2

142 £sBe THEN ag +aq/2.

143 £ 3

144  RCLi

145 x

14€ Xy

47 ps2!

148 RCLi

149 X

15€ +

1851 RCLE

152 2

152 2

154 x

158 +

15¢  Ds2I IF pointer # 0

157 £T0€ THEN REPEAT loop 6

158 6585 ELSE DISPLAY f(t).

159 F8?

168 &PC

1€1 RN | _____

162 aBLE Subroutine to replace 1

163 oLy with 0.5,

164 .

165 &

16€ RTN |

167 #iBLE DISPLAY ROUTINE

168 Fp° IF flag 0

LABELS FLAGS SET STATUS
ANt#freqs [B ) C v D RECT [E (1) 0 PRINT FLAGS TRIG DISP
3START [P g 9 POLAR [° ' POLAR o BE | oea ol ex g
o T 2 3 0 2 " O R | GrRAaD O | s O
- Used X Loop _ Loop ¥ dd - PRINT . Used .08 RAD & ENG O
DISPLAY Loop 3 08 n
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Active Filter Design

88! slBla 857 R | e
882 sT0@ Store fo 65¢ sLBLD HIGH PASS
a8z L3 £ R it 659 RCLZ Display C,
804 lBla 868  6EBS
88s  STo! Store A .13 L
88¢ RIN | Be2 X
887 sLBLE 862 2
see sTO2 Store & 864 x
8e° R e — 86T Pi
81¢ siBLP 86¢ X
11 5702 Store C 8E7  5T04
e12 RTN | 86S RCL2
813 &LBLC LOW PASS 862 ¥
814 RCL2 ave z
15 2 871 2
81t % 72 RCLI
817 RCLI 87z i
818 # 874 +
812 2 ers £
82e Pi 876 ESBS Display R,
e2: x 77 RCLZ
822 RCLE 78 £5eS Display Cs
822 X 878 RCL
824 RCLZ 88e 2
25 X 8e1  6SBS Display C4
824 5704 ez RCL!
827 : ee: Z
82e 705 284 X
829  £58BS Display R, 88t 1
83 RCLI 82t +
821 4 887  RCL2
ez2 X f8g z
837 RCL! 8eS  RCL4
834 M 89 :
635+ 891  CSBS Display Ry
e3¢ x 892 RN | -
83" RCLZ €97 #LBLE BAND PASS
238 Xz @94 RCLZ
839 N 095 RCLE
848  GSBS Display C, 89¢ x
41 RCL2 897 4
842 2 898 x
bz = pee  P;
844  RCLS 180 X
845 1 181 ST04
846 + 182 RCLY
847 : 187 x
4 H 2
i o
85¢ 658 i ¥ .
851 ROLY Display Ry ief B;;; Display R,
852 RCL 188 2
52 X 188 RCL2
854 GSBS Display = R4 118 £z
855 RCLZ g: s
85¢  £SBS Display Cs 142 ROL
REGISTERS
L oA P P ¢ ‘artec |5 Ry 7 g 9
S0 S1 S2 S3 [S4 S5 S6 S7 S8 S9
A C ] ;
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13 -

114 CL

115 X

1€ RCL2

7 x

e 178

119 £SBS Display R,

126 RCLS

121  £SBS Display C;

22 £SES Display C4

12z 2

124 RCOL2

128 ¥

126 RCL4

127 3

128 CSBS Display Rs

12¢ RTW |-

136 sLBLS DISPLAY ROUTINE

131 F8> IF flag 0

132 PRTY THEN PRINT

132 F8?

134 RTH ELSE

= R/S DISPLAY.

126 RIN

137 RS
- 5 LABELS FLAGS SEY STATUS

A c C e ° up £ ogp © PRINT FLAGS TRIG DISP
at, b o B d B T ON OFF
0o X 0O DEG Kl FIX O

0 1 2 3 4 2 1 0% GRAD U scl 0O
° DISPLAY  [° 7 8 9 3 : B 2 RAD 0| ENG B




L09-01

Butterworth or Chebyshev Filter Design

B91 sLBLE 857 N
aaz i ass 22y
863 é 859 B
o84 2 8¢ cTE | -
a8s 18" Compute order of 861 wiBLs Newton's method root
(L3 2 Butterworth filter. 862 RCLE finder.
287 ¥ 862  RCLZ
o8& 1 864  RCLE
289 - 865 |
eie LK 866  STOR
e1r  sToe @67  ERNT
e12 oY €€ 1k
813 65BS 668 +
@14  &SB7 e7e  RCLE
815 RCLE ar1 -
81¢ kS év. RCLw
17 LN 873  ENT?
818 ARS 274 14K
818 : 875 -
628 ! 87 :
azi + 677  RCL?
82z 2 87| LN
827 = ere 3
824 INT ase b3
825  ST0E (43 :
826 TN e e = as2 -
827 LELA Store R 083 STOE
828 s10s 000000 |- mm - @eq  LITH
825 RTH ass ABS
836 #LBLD 886 .
831 1 (- )
82z [3 Compute order.of 805 1
232 * Chebyshev filter. a8 x&7
34 18 8% cTOE 1 -
835 1 891 RCLE
236 - @s2 é
827 4 [:EX4 +
78 ¥ 894 1
828  RCLE 895 +
848 XE 896 INT
841 = a7 STOE
842 2 a9e R ___
843 - 839 sLBLR N "
" Subroutine to multiply
044 S?tOB 188 ) 2 by 27,
845 Y 1et
846  GSB3 182 Fi
847  GSEY 183 <
848  ENTt 194 RTW L
849 e }gg “ge'[',; Subroutine to compute
gg? _1 187 ;?&LD normalized frequency.
852 X 188 ST0I
€53 + 1 D:e,‘ QTQ: ________
ggg STE;? i;l “&gg; Band Elimination,
856 RCLB il 6106
REGISTERS
° ' i Sused  |'Rippre e P R [° e T "
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
A w Used N wp ° ; h: i 8P |E n counter
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117 «LBL2 High 128 §T07 ESCH
114 on pass. ive RTH 24
115 171 kS 51
116
117
e evos | _______._
;ée Low Pass
121
12z
28 eros | ________
124 Band Pass
125
126
127
28
125
138
121
132
132
134
i3
136 sTaC | ____ ________
128
128
148
141 : dB Ripple—e
isc =
143 1@
1ae !
High Pass
Band Pass
154 eroe Band Elimination
. Band Elimination
155 #LELC minat
156 <
157 wLELL
156 LSpe
i5¢ R
156  GSBS
16y svee | _ _ __ _ _______
152 ETR Low Pass
182 #LBL?
1p4 !
165 sLEL@
166 STAD
167 Ry
166 £SR3
LABELS FLAGS SET STATUS
A B X CgE. D E
R LP: fo BE: BWtf, [Pf ta—n f; tarn 0 PRINT FLAGS TRIG DISP
a B _ Cap. d - B T ON OFF
HP: f, BP: BW? f, dB Ripple~e o ® 0 DEG ® FIX O
0 Used ' Used 2Used 3Used 4 Used 2 SN GRADS scl O
(w] RAD NG &
5 Used 5 Used 7 Used 8 9 Used 3 i 0 g E e
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Butterworth or Chebyshev Filter Design

981  SLBLE BUTTERWORTH 85, RCLE
082 RCLE 858 *
883  STOI INITIALIZE counter 859  £5B6
s sF1 | —————o 868 oSS
885 #LBLS BEGIN loop 8. 861 LSTY
086  RCLE 862 z
g8y RCLI Butterworth equations %3 18
888 - 864  RCL?
883 1 865 xe
218 + B6€ z
B11  ST09 Store i 867 €5BE
812 2 33 CHS
812 x e6s g6 0000 | 0 e
814 1 876 sLBL4 Band Elimination
815 - 871 x21
816 Pi 72 R
817 X 873  RCLS
e1e 2 874 X
819 : (2i - 1) w/2n 675 RCL7
8286  RCLE 976 Xz
821 : 77 :
822 SIN 87 €586
823 2 879  €SBS
824 Y et 888  LSTX
025 #LBLS 881 z
82¢ STOA 882  RCL?
827  RCLS 883 Xz
az2e 1 884 X
822 CHS 885 18
838 RCLS 886  £SBE
821  £SBS DISPLAY i a8r che |
32 ¥x . 882 »LBLO
833 g - 889  GSBS
834 X 898 F8?
825  RCLD Branch to appropriate 891 SPC
8¢ £2 routine for frequency 892 F1? IF Butterworth
837  ET0i transformation. 823  £T101 THEN REPEAT loop 8
63 sBL! 00| o ----- 894  DS21 ELSE REPEAT loop 7.
839 €2 Low Pass 895  6T07
840 Re 89¢ RN | o ___
84: RCL7 697 alBL1
842 : 8se  DSzZI
842  £SBE 898 6708
844 6708 180 RTN | e
845 sBL2 @000 | - 18! LBLE Subroutine to change sign
B4E ~31 High Pass 182 1 of capacitors.
847 Ré 182 CHS
848 RCL7 184 RCLY
849 x 185 y*
ase 178 18¢ X
851  6SB6 et R | e
852 CHS 186 sLBLD CHEBYSHEV
852 ¢er1086 @0 e -—— 189 1
854 #LBL3 Band Pass 11e STOe
855 21 AN CF1
a5¢ R RCL4
REGISTERS
g i g ° * Ripple,dB |° R * e 7w S oew P
S0 ST [s2 S3 sS4 S5 S6 [s7 S8 5o
A Gy, Giy F ay, 3 c p ° ; h; 2 SE ' counter
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113
114
115
116
117
118

128
124
122
122
124
126
126
127
128
129
13e
121
122
12

124

13¢

Chebyshev setup

BEGIN loop 7.

Chebyshev equations

[
o
0

SN S
INER SR

3

EYENET PN

€ > X3 9 M

s
]
«

M
t
1

H
+
M
4

0 0 TO £ €y ~d vy oy =4

DISPLAY ROUTINE
IF flag 0
THEN PRINT

ELSE
DISPLAY.

LABELS
——f el

FLAGS

SET STATUS

D CH'SHEV |E B'WORTH

0 PRINT

TRIG DISP

e

' Butterworth

~

Used

2

° pISPLAY

6

Loop

3

d
3 Used 4 Used
ie Loop 9 Used

DEG O FIX O
GRAD [) scl O
RAD ENG
n
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Bode Plot of Butterworth and Chebyshev Filters

281 slEL: = RCL
8az : ese st | —————-_-
8es [ Convert dB ripple to €. 859 5587 Compute wy
8es : &6e sBLE 0 | -
gec i8% 8E: RaD BEGIN ioop 8.
88¢ M BE2  GSBE Compute sy
ee- - 862 RCL:
aec o 864 RCLO
eas  ST0¢ Store ¢ 733 +
e1e R 866€ RCL2
1 Cre Chebyshev B8e7 P
e12 ST Store n 868 £T=4 Gain
etz RO | 860 K2V
14 aLBls g7  ST-S Phase
a1z sre Butterworth e71  RCL2
B1€  STOE Store n T2 RCLI
ety RN __ 72 »
818 slBLL 874 ETxq Gain normalization
e1e 2 High Pass s wR
e €108} ________ 874 RCLE
821 alBLc err +
222 2 Band Pass are  RCL2
ez erm0: | ________ 8o P
824 aLELC 88e g2
& 4 Band Elimination 881 XY
826 =xlBL! 882 Re
827 5sbe Store filter characteristic (LX) =
1223 Ré and wy. 884 ST+2 Time delay
2¢  GSB? 89S DSzI WHILE counter # 0
83e ST08 Store 21 x BW 88¢  ¢ToE REPEAT loop 8.
o2 R e eer RCLA | —------
832 slBLE 88¢ 1
832 ! Low Pass 8ee 659
834 elELE 896 + Frequency
825 sT0D Store filter characteristic. 891 RCL4
836 R 892 106
827  6SB% Multiply by 2, 892 2
e3e  S107 Store wq 894 e
e3¢ RN e 895 x
848 2LBL 89 RN Gain, dB
84: STOR Store Af 897  RCLS
84:  GSBS 898 1
842  ST0C Store Aw 899 b
844 Ré 186 DES
845 CSBY 181 P Phase, degrees
b4 ST0B Store w, 182 oLy
847 R 182  RCLZ Delay
84 65B9 184  PRST Print f, H|, 0, t
649 ST0R Store w; 185 ROLE
ese RN | 186 RCLA
851 #LBLF Initialize registers 187 F1° IF flag 1
a2 8 188 6708 THEN GO TO LBL 0
85z sT0z 188 RCLC ELSE
854 5705 118 + wew+Aw
< 1 1116103
#5¢  STO4 112 sLBLR
REGISTERS
0 af imfs Pomefs [P ety [-min Prow [P e ’ ® sw N
ESO S1 S2 S3 [S4 S5 S6 S7 S8 S9
A W, W lB w; IC Aw 0 ; hi :43 g; ]E counter
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113 L 1€ LE8TY
114 e wew x Af 17 CHS
115 ®LBLZ w e
116 5708 Store new w i +
17 X&r? IFw<w, 170 ENT®
118 ETOF THEN REPEAT loop E 174 ENT?
110 RTN ELSE stop. 7T LSTX
12 8L | 7€ 2
121 RCLOD Subroutine to compute wy, T x
15'; Ty !,’ -
127 010i 6O TO case . 179 sTx2
124 #LBL4 se o 26 R
125 5SBZ 81 STt
1 £T08 182 2
27 sLBL2 HP 182 gT=2
128 558! 184 £7:!
129 sLBle 1ec RN | _______
12 128 186 lBLI Subroutine to compute
121 CHS g7 RCLI Butterworth pole
122 ETOS ige 2 location.
J2 slBL! LP o% X
134 X 19e !
135 RCL 198 -
136 RCL? 195 RCLE
b = 187 <
138 6705 194  GSBS
139 #lBLZ BP 19c 4
14€ h*34 19€ +
141 RCLA 187 :
142 g2 195 *F
143 RCLT 18¢ gT0!
144 Xz z8e 2
145 - 281 ST102
14¢ RCLA 282 RN |
147 2 287 #lBld
148 RCLE 284 b
140 % 2et F1n
15 #lBLE 286 oLy Set logarithmic
151 g10¢ Store wy 287 SF1 increment.
52 R | e e g=~ | o
152 #lPLE Subroutine to compute sy . 208 CF:
154 F8" IF Butterworth 21 RTN i .
155 oTo! THEN GO TO LBL 1 211 wBLe Setlinear ncrement.
15€ 658! ELSE get Butterworth pole 212 2 Subroutine to multiply
157 b and modify it. 212 X by 2m.
15&  RCLE 2i4 Pi
15¢ s 215 X
188 P 21€ RTK
1€1 Y 247 RS
162 .
162 L3TY
164 +
165 LN
166 RCLE
167 L
168 3
LABELS FLAGS SET STATUS
AB'WORTH n[? LP: f, CBE: BWit, [Pti16,taf  |F “PLOT" |° B'WORTH | FLaGS TRIG DISP
a b o C p. a 3 7 ON OFF
CHEBn1dBR{® HP: £, 8p: BWtf, [JLIN - LOG LOG o N ®| oee u | Fx &
0 1 2 3 4 2 1 ] GRAD 1] sCr 0
Used
- Used . Used . Used . Used . s . 20 N RAD B ENG O
Used Used Used Loop Used 3 0 X n_3
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Resistive Attenuator Design

82 slBLA 57 X
88z 5701 Store Rjp, es¢e -
88z RTH e 85¢ CHE
884 slBLP 8ce  STOS
gec  ST02 Store Rouy el !
88¢ RTN e == 8- RCL4
887 alBLC BES +
#pe  RCL! 864 LSTX
082 RCL2 8es !
e1e : 23 -
81! ENT* Compute min loss. Bt o
812 ENTT 862 RCL2
12 H 869 X
814 - 87e RCLT
815 X o1 -
81¢ g2y 872 ST06
817 E S ) > S B
81g + 874 sLBLE 11 calculation
81¢ xe 875 RCLZ
eze LOE 8¢ xXy? IF min loss > desired loss
821 1 77 EBT08 THEN ERROR
822 e 7o ury ELSE
g23 ¥ 8re 1 Compute R;, R,, Ry
824  GSBS 8¢ e
B25  ST0Z Be: ®
e26 R |- 8e2 18"
827 #lBLD T calculation eez  ST04
826 CL3 8e4 178
7429 o4 IF min loss > desired loss 88c  RCL!
e3¢ c1p9 THEN ERROR 8ee X
83 [ ELSE 887 RCL2
Pxi 1 Compute R,, R, Ry 8¢ X
xx) [ 8e2 "
24 £ 89¢ RCL4
25 10% 881 H
3¢  ¢T04 892 -
27 CL! 9z K
82t X 894 2
82¢ RCLZ 895 *
846 x 8%  STO7
04 ¢ 897 !
84c 2 89t  RCL4
847 X 89¢ +
B4s  RCL4 18  LSTS
845 1 181 1
113 - 8: -
847 + 182 2
84 ST07 184 RCL!
842 : 1e€ £
85¢ RCL4 186 RCLT
£51 + 167 101
852 LSTS 186 -
3 1 182 18
95: - 11e  S105
H N 1 1
85¢ RCL! 112 RCL4
REGISTERS
o ' R 2 Rowe  |'mintoss | N > R, © 7 R P °
So S1 52 53 54 S5 S6 S7 S8 S9
A B C D ]E i
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13 +
114 LSTX
1% N
1€ -
1w :
118 RCLZ
11e :
121 RCLT
12, 18
122 -
127 Eed
124 STOE
125 wetr | e
126 RCL4 RECALL OUTPUTS
127 Log
124 1
12¢ e
13e X
121 6SBS
132 RCLS
1232 ESES
138 RCLE
1T5  6SES
13¢  RCLY?
137 £SBS
13¢ RTN
129 #8S 2=000 | — e
148 Fe? DISPLAY ROUTINE
141 PRTX IF flag 0
142 Fg° THEN PRINT
142 RTH ELSE
144 ReS DISPLAY.
145 RIN e
14¢ RsC
LABELS FLAGS SET STATUS
A R, e R C >minloss | Used  Used 0 pRINT
in out FLAGS TRIG DISP
a b c El e il ON OFF
o® G| DEG ® | FIXx O
Q T Used 2 3 a 2 10 GRAD O | scI O
7]
°pispLay  |° 7 8 Error 3 igg RaD O | ENG,E
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Smith Chart Conversions

5 RTn
RL. | BT
Rt 85¢ aLBL>
856 ENT® lnput: La
533 RI lal
0>SWR 13 R k
B8ee +F
Bss R Subroutine to compute
,,,,,,,,,,,,,, 8cq -
R.L.-p 8€T  CTOE ala+klO
8ct R4 Zo-kZO
77777777 eer R oo
23 +
ege +
SWR-¢ eve *F
[ R
———————————— e’z PRCL
L46 +P
op e Ré
evc Xy
77777777 (23 a3
(- £
(53 [
(263 N
p>o ese R* Output: ang
ast1 RTN mag
88C P | TTTTT T
Store Z,
-z
2-T
Print results
851 aLBLS Print routine
ese Fer
857 PRI
854 Fe?
st RTN
85¢ RS
REGISTERS
0 ! 20 2 3 5 Used 8 o
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A Jc D [
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TABELS FLAGS SET STATUS

ASWR>o [ oo CRL-» P roz E zor O PRINT FLAGS TRIG DISP

a b c d e 1 ON OFF

o*SWR e PR % o™ 0| DEG © | FX ®

5 7 3 3 7 2 1D 8| GRAD O | scI O
20 & | RAD O | ENG.O

SDISPLAY |6 7 Used g % Used g 30 x n
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Transmission Line Impedance

88 siBLa a5 ?
8R2 STOE Open two-wire line. a5e €
80z RY #5¢ x
884 2 &6e RCLE
805 2 e¢: I
88¢ x 8cl g
887 LN I £ N
(-1 ! 864 wlBLD Wires in paraliel near
#8¢ 2 865 STOe ground.
e ] 86€ RI
21 X 867 STOL
812 RCLE B6e R
e1z I8 Bes  ST0Z
4 3 ave R
81c 705000000 | e 71 £T03
81¢ sLBLE Single wire near ground. 872 RCL:
e17  cST98 87z :
e:e v 874 108
19 4 87 2
eze X ere x
e21 ] arv Xt
82z 1% 87¢ :
822 Lo¢6 eve +
e24 1 ese Is
25 3 e8! RCL!
82¢ e [ x
8zr X 88z RCLZ
828 RCLE aes :
822 % 8es 4
eze : [ x
831 6705 [ L06
832 gl 0 | e e8¢ £
83z cT08 Balanced wires near [1:4] g8
€34 R ground. 89e x
e §70! 831  RCLE
e3¢ R £92 I
827 sT02 893 2
e3e Ry %4 ¢105 0000 | e __
€22 8702 895 slBLE Coaxial line
84¢  RCL! 89¢  ST08
[ZH * 897 R
84z 2 8¢ B
043 2 89¢ L
844 Xz 18€ €
84c ! 1 e
84¢ + 102 x
e 183 RCLB
o 4 S
849 2 }‘:5 N
gse 186 sLBLS DISPLAY ROUTINE
! ORCLZ 187 Fe? IF flag 0
252 X 188 PRTY THEN PRINT
855  RCLZ 189 RTN ELSE
54 : 118 RS DISPLAY.
4 L06
85¢ 2
REGISTERS
0 g 2 g 5 6 7 ] 9
€ D
So S1 [s2 S3 54 S5 S6 57 S8 S9
A C D le [
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LABELS FLAGS SET STATUS
"o o P L oS P [ © ® PRINT FLAGS TRIG DISP
a b c d e 1 ON OFF

2 0| DEG x| FX ©
5 T 3 3 7 z GRAD O | sci O

o

=

20 ®m | RaD O | ENG O
5oispLay |6 7 [F ° § 30 ® 2
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Microstrip Transmission Line Calculations

£88: &PLn 57 RCLe
ee: SF1 ase
68z  STOT Store h g=c 2
esq  Xov e6E Pi
88 STDE Store w ac: %
88¢ SFé BES heay
[N o IFw>h [T :
CF8 THEN clear flag 0 8€s gocTO2 |
= 6T slBL: Compute Z; for w < h,
£70¢ Store h/w 86€ 2
17X BET  RCLS
ST0¢ Store w/h [.133 =
1 862 LSTH
e ave
Ly a1 +
sT08 Store In 10 87z +
RTHM N _____ 5l LH
sLBLE er4 wet2 | _______
H 87 3
sy 87¢ e
+ err X
LETY Compute gt 87e  STOA Store Z,
! are X
- ece  sTos Store Z,,
1 88! K3y
] 082 PRTY Print v,
RCLE a8z XV
= 884  PRTY Print Z
1 129 RTY | o ____
+ €8¢ lBLD IF uniform assumption
I ae7 3 THEN GO TO 1.
= 133 F1?
+ 8ee 670!
3 85¢ sLPL4
B 891 RCL4
™ 89z X
17% 89z RCLT7
g1 Store v, 894 ®
Fe~ IFw<h 895 2
6701 THEN GO TO 1. 2% x
1 eev Pi
RCLY 89¢ %
- 95  §T07 Store partial result.
€ Compute Z, for w> h we R | oS- _
X 181 alBL!
. 182 2
4 18z 8
4 184 RCLE
cLe 185 :
* 186 RCLS
- 187 X
2 188 RCLA
. 189 :
4 118 ST04
2 11 RE | e
+ 112 6704
REGISTERS
z oy, e | A P e P ow 4 ® wih ® hw
S0 IS1 S2 S3 S4 S5 S6 S7 S8 S9
Az, C B 1
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Z 19 M
117 LBLE 7 .
5!: £E 173 Fe° IFw<h
s o it £ THEN GO TO 1.
1€ : i | TEEEE S
a7 1o i e
;3_5 RCLZ 17’.’: -r Compute A for w>> h,
12e ¥ Print o 32& -
21 RCL2 !"S ' ¢
12z B pri .
127 sTOR 1or B
124 PRTY 181 p
125 8Ty ion ;
o 187+
o v Print R 185 ROLS
20 i $Ov
B e x
131 RCLS e g
5 e
;;; PRT;( i% RCLA
FE I H 191 X
13¢ x ;;; :
e By e
' s
170 ROLS 135 :
e x . (RN ———
14: K IS4 ¢
142 L Print Qy 2 ‘LBLi Compute A for w< h,
147 ROLD 1889 2
144 B 2ee &
145 RCLR 201 ReLs
14€ z :0-; :
147 PRTY 282 3
148 RIN 264 :
145 &(BLC oes -
s CFy igg Rcln
15y ROLY? EBE L
152 2 ] =
18= = ow 28 LETY
153 X Calculate — <B=  LEN
154 gy B ue ¢
15T L 211 e
15¢  RCLS éh’i -l
157 Pi 212 3
188 2 214 2
15¢ x 3915’ ‘
e 4\ _____
:} S:E : 217 wLple
162 N0 218 2
;63‘ pred giB RC’TG
164 L :»? 3
167 Pi g‘ f‘n
166 3 3 3
€7 RCLE 222 5704 Store A
168 + 224 RTN
- LABELS FLAGS SET STATUS
wth ° e-v.zc © oA > E t»a0, R,Qg[° w>h FLAGS TRIG DISP
. ¢ ° ° " uniform oD% | oee w | Fx o
Used ! Used 2 Used 3 4 Used & ; g g g:gD B 2&3 E
6 7 8 9 3 30 ® n 3
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Transmission Line Calculations

88: #lBlc v RCLE
2 EEX #5¢ +
88z ! 859 ET04
204 I 868 RCLE
e : 861 ROLE
88¢ ST0O Store /10'® 86 -
887 2 Bz 5TO2
[ Fi 864  RCLS
(] x 865 RCLZ
816 x , 133 s
e1;  sToR Store w 8¢ ST
e12 RN e 8ES  RCLS
12 sLBLR 862 RCL
e1s  sr01 Store Ro L x
815wy 871 STx?
816 STOZ Store v, 72 RTH
o7 N |- AT
315 aLBLE 874 gy
815  STOR Store 2 875 ST Store ap
82¢ 2 87 Re
82! ¥ 877 ST0Z Store ag
82z 3 878 RCLA
823 RCL2 87e  RCLZ
824 X eee  RCLS
825  ST02 Store 3 v, 21 Pi
e2¢ 2 8es X
27 ST07 Store 2¢/3 v, 837 1
2 RN 0 |- 884 .
829 I ees s
830 RCLI 23 #
82! x o8r  xv
832 RCLI 888 *
823 H 889 STOE
83¢ STOS Store 3v, R/Ry 298 X
(] Ré 89: 2
83 RC.I esz X
27 x 827 STO?
82g  STx3 Ry <3v RoG 894 RCLE
829 RCLS 895 1
848  RCLS 89¢ [
84; W» 897 LN
842 ™ 89§ 2
B4 ST05 899 ]
844 w2y 16 ¢
245 2 181  RCLE
04E B 182 z
847 £T06 103 STX3
845 RCLE 186 STxg
e4: CL 185 RCLE
es¢ WP 186 RCL3
85! 5 187 -
85:  ST0Z 188 ENT?
o572 sy 186 5705
854 2 116 RCLE
2 + 11 3
B5€__ 5708 T x
REGISTERS
0 Ro. Z 3 4 5 7. 8, 9 0
0. Zo vr Used Used Used Used 20/3v,2B08| ', 9p £/10
S0 S1 [S2 IS3 S4 S5 S6 S7 S8 S9
A 8 C D U
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112 RCL3 165 CHS
+ I X
3;; x 7 Xy
11€ 2 72 CHE
uz B 77Ky
118 CHE 174 R
1 1 175 1
12e + 17 +
121 WP ol »
12z 8Txt 7 RCLY?
123 Y 178 x
124 sT02 g8 1%
125 RCLS 18 Ky
12¢ ¥e 182 ROLE
127 2 187 -
12 : 184 CHE
25 ! 185 sy
13+ 186 R
13, RCL2 167 1
132 RCLE 188 -
172+ 189 9P
134 il 198 1%
135 ST 191 2
136 XY 192 x
7 sT04 192wy
138 RN 19¢  CHS
129 slBLE | ____ L ______ 195 a3
146 £T0S Store 2. 19 ”w
41 X 197 H
142 5796 Store f; 188 +
143 RIL4 199 P
144 RCL7 286 RCLI
145 R 281 x
PTTR 282 sy
147 e* 283 RCLZ
148 STOTV 284 +
148 X 205 £SBS
156 1 286 <2y
151 12 207 6585
152 8 288 RN
152 x 269 #BS 00| - -
154 Pi 218 Fe? DISPLAY ROUTINE
me s 211 PRIX IF flag 0
15¢  sT08 212 Fo? THEN PRINT
157 RCLE 213 RN ELSE
15¢  ROL2 214 RS DISPLAY.
me o - 25 fmw | eeemmmme
166 RCLS 21€ RS
161 RCL:
1€ ¥
163 i
164 H
165 +
16¢€ W
1€ 108
168 2
LABELS FLAGS SET STATUS
AvtRe PP e GtR _ Paptac  [F 2>z, |’ PRINT FLAGS TRIG DISP
a b d e 1 ON OFF
f oW O| DEG 8 | FIX O
0 1 3 4 2 10 GRAD O scr O
2 0 RAD O | enc ®
5 DISPLAY |° 8 9 3 3 0 n




L16-01

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

86: sLBLA a5 +
86z z 858  RCLD
683 x 859 Xt
3 2 8s¢  CHS
685 ! Input [S] 861  CSE:
8e: - 862 652
pe;  sToI 863 6585 Display Gy max
eee R: e4 RN 00000 | o=
ees  c10i BES #LBLS DISPLAY ROUTINE
e: 22, R 86c  FB” IF flag 0
11 SLBLE 85T PRTY THEN PRINT
812 CL: Compute 743 F8°
81z RCLZ u, Gy, Gmin. Gmax 869  RTN ELSE
4 X Go, G1max. G2max- 87e € DISPLAY.
1° CLE I 21, B
els * 72 $lBLI Subroutine to compute
817 RCLD 872 1
81& x [ + 1
e19 1 75 128 T+4+x
28 RCL! [3(3 RN ) e — =
21 Xz 77 sLBL3 Subroutine to re-compute
822 - 87¢  RCLE Gy
822 H 87! Xe
824 RCLD esc  RCLE
[%3 Rz es!l P
B2€ - ee: xlBL2 Subroutine to convert to
827 ¥ 882 106 decibels.
e2e  ST0¢ 884 1
822 < 828 e
83e STCT 85¢ x
21 ESES Display u es’ 5 £ [ [
25 6582 ege siBL4 Subroutine to compute
03z ¢l Display Gy ege !
83 RCL™ gg? :. 1
83t 5sB4 91 AE 2
83 GSE2 892 1% 1+x
27 6582 89% RN |
e3¢ + 894 alBLL Compute fo1, Poy
832  £EpT Display Gin e9s b
84e  RCLY 8% 6106 000000 | - __
84! CHS 897 #lBl:c Compute rqz, p,
84> GSB4 pog 2 ooz
842 GSEZ 899 2
g:i GSEB 188 slBLE
> 181 ST0I
b4€  £5BS Display Gmax 02wy
84T RCLP 103 1
84¢ %z 184 )
42 gopz 185 B
#5¢  6SBS Display Gy 188 e
B5:  RCLI 187 5708
gz X 188 RCLi
52 CHS 189 x
654 oSl 1He LT8
855 652 111 g2
B5¢  £SBS Display G, max 112 0L
REGISTERS
° Used Y s 2 3 $12 N > G; 6 Is21 121G, 7w s, ° P
S0 51 S2 S3 Sa S5 S6 [S7 S8 S9
A 8 C D E | .
$21 $32 pointer




L16-02

113 X

114 M

115 +

e B

117 £Ses Display r

118 STOE

119 LETS

12 b

121 RCLQ

22 %

128 -

124 RCLE

125 X

12¢€ M

127 -

128 CHS

i2& b

138 x2¢

131 <

132 & Display p

132 ST0¢

133 RTN | "

135 R/S

LABELS FLAGS SET STATUS
A sigtii B Compute € Gy 101,001 P ° PRINT FLAGS TRIG DISP
a 1] c d 1 ON OFF
G272 102,002 o®mO| e v | X @
0 T Used 2 Used 3 Used Used 2 10 ® | GraD O | sai O
. - - 5 . 20 ®| RAD O | ené O
Used Used 3 0 ® n—2
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Bilateral Design: Stability Factor, Maximum
Gain, Optimum Matching

88: sLBLA e XY
882 Z 85 ST07 Store LA
(. X Compute pointer 259 RCLD
”3 g 86e  RCLI
> ! P61 G5B
6e - 852 RCLE
887 ST0: 862 e
88e R o !
882 STO: Store s;j (.13 +
g1 182 86E  RCL:
811 R 8- xe
81z ST0; Store 6 s -
81 RN s R
e sBg 00 e gg {:52
15 RCL2 71 -
81€  ROLE Compute K, Gmax 872 2
817 + 73 B
e ! 874  RCL3
a13 R 875 ROLB
e2e RCLI ({3 x
821 RCLD 77 ABS
822 x 87! 3
27 X ers  §T09
824 w2y 888 £5BS Display K
82 LSTX 881  ENTt
826 X 882 X
827 RCL3 882 LSTX
e2e RCLB 884 s
829 X (4 1
e3¢ ST09 88¢ -
831 CLY Lo I
832 RCL4 888 RCLS
832 RCLC 89 X
[:x2] + e9e CHS
25 RCLS 891 +
e3¢ 5707 892 RCLB
[ LY 893 X
83¢ ! 894 RCL3
839 R 89c N
848 ST06 896  ABS
84} Ré 897 LO6
842 RCL? 89¢ 1
843 x 82y ]
644 LSTY : x
3 X 18:  6SBS i
R 102 RN Dee e ___
847 ROL 182 xlBLc
ot v 184 ROLT Compute '
849 - 185 ROLE
85e R 166 RCLD
851 - 187  RCLE
852 CHE 188 CHS
852 * 10°  £SB?
854 X2y 11e CHE
B85S 3P 11 RCL2
85¢ ST06 Store |A| 112 RCLY
REGISTERS
0 o P oen s 012 5 son ® Used | Used |° Used || Used
S0 St S2 & S4 S5 S6 57 S8 So
A 521 C ‘N P S22 2% ' pointer




L17-02

117 ¢s88 169 %=8°

114 ST08 178 1

1S Y 1 ABS

11 5708 172 LSTX

117 ROD 173 ¥

118 RCL1 174 5705

118 C5B7 175 RN | —emme e

126 g8 | e 176 sLBLE® Subroutine to add com-

121 «BLC Compute 'y 1 L3 plex numbers.

122 RCL7 17e R

122 RCLE 175 R

124 RCL: 1ge R

125 RCL2 181 Y

126 CHE 182 R

127 £SeS 183 +

128 CHS 184 R

129 ROLE b3 +

138 RCLD 186 Rt

131 6588 187 L

132 ST08 88 RN | mm e

133 Xy b oBLS Subroutine to multiply

134 STO4 196 RS complex numbers.

135 RCL! 191 x

! RCLD 192 R

137 6SBY 193 +

138 aBt1 0000 | e 194 Rt

139 RCL8 195 RTN

148 RCLE® 19 #BL5 =0 0f -——------——-

141 £ 197 Fe? DISPLAY ROUTINE

142 2 198  PRTX IF flag 0

142 % 199 Fo? THEN PRINT

144 ENTE 288 RTN ELSE

143 X2 281 R/S DISPLAY.

146 1 8 RN | -

9 - 282 RS

142 24

149 RCLS

15¢ x

151 -

152 RCLA

152 CHS

154 £SBS i

155 potd Display L "

156 6585 Display {I'|

157 RTN

158 eBL? ) __ __________

158 Xe

16e 2y

16! Xz

1€2 -

162 H

164 + mpu .

€5 ROLE Compute sgn(B)

166 xe

167 -

168 cT08

LABELS FLAGS SET STATUS
Roitsitii P>K, Gmax  |° =T P [E © PRINT FLAGS TRIG DISP
a b Y d & T ON OFF
ms o & 0O DEG ® FIX O

0 T Used 2 3 B 2 1t C®| GrRADD | sc O
SOISPLAY J6 7 Used & CADD |0 cmULT [P 20 8| o D} ENGE




L18-01

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

80! LBLA ;X
ee2 ! &5¢ 1
883 8 859 +
884 B ece B Display p
[ AT ee: wBLS | o
gge RC}L‘Q 22 P‘;g", ::;lsfa;;‘\)v ROUTINE
v x) X
ot : o For THEN PRINT
88°  STOI Store Gy, S RTN ELSE
ele CLr 86¢ R/S DISPLAY.
81 RCLe 867 LR, S et
12 RCLS B6E SLBLC
812 CHE 862 sT01 Store pointer
814 RCL2 87¢ £70i
815 CHS 71 sLBLI Compute input stability
8i¢  ©£5BY 872 RCLE circles.
817 RCLE a3z CHE
818 RCLD 874  RCLD
819  ©5Bg 875 RCLE
B2e  STO0B 876 RCLT
821 2y 877  E£SB9
822 CHS 87e CHS
822  £SBS Display Lr 872  RCL2
824 RCLD 688 RCL!
825 Xt 8er  6s
826 RCLE 882 3y
827 X2 883 CHS
82e - 884  €5BS Display £ rgy
829 ST0A ees X2y
83¢ RCLI 88¢ RCL!
e x 687 X2
832 LETX 88e  RCLE
833w 882 e
834 1 ese -
835 + 891 &
03¢ B 892 CSes i
837  RCLO 897 G703 delvial
e3e x 894 sLBL2 Compute output stabilit
829 6SBS Display r 89t RCL2 circlep& ° i
048 RCLI 89¢ CHS
841 RCLZ 897 RCL:
2 X 896 RCLE
842 RCLE 899 RCL7
044 x 18  6sBS
845 ENT? 181 CHS
846 ENT? 182 RCLE
84" ROLS 182 RCLD
B4S  ENTT 184  §SBS
849 + 105 2y
gf y 186 CHS
X 107 §SBS Displ
ez 108 %2y plav L1
52 M 189 RCLD
854 124 110 X2
@55 RCLI 111 RCLE
856 RCLa 132 X2
REGISTERS
Pl [ Poaw o 6o @ [ [ca P8 ] «
S0 S1 3 3 Sa S5 T [S7 3 S9
A D, 21 C 831 ° S22 IE 022 ' Gp
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us - 168 RCLB
L 178 RCLC
115 £585 Display |rss| 17 £SB9
ne agz | T00mmoo- w72 RN | e
117 LST 77 slBLS Subroutine to add com-
1€ 17X 174 R plex numbers.
112 RCLZ 175 RS
128 x 176 R
121 RCLB w R
122 x 76 xy
123 CSES Display pg 17 Ré
124 RN | 18¢ +
125 LBLB PL>Tims 181 Ri
12¢ 18 182 +
127 %y 183 Rt
128 i 184 3P
29 i 185 RN | e
132 RCLE 186 $LBLY Subroutine to multiply
31 RCLD 187 R complex numbers.
132 §sB7 188 x
133 RCL2 189 R
134 RCLI 196+
135 ese8 181 Rt
136 XY 192 RN | TTomomme——-
137 CHS 193 RS
138 £SBS
132 X2y
148 £SBS
41 RTAM ==
142 olBlb [>Tl
4c 178
144 X2y
145 CHS
14€ Xy
147 RCL2
142 RCLI
149 £SB7
15¢ RCLE
151 RCLD
152 ¢seg
152 X2y
154 CHS
155 CSES
156 XY
157 6585
158 RN e
139 7 Subroutine to compute
168 CHS
161 esee
162 1% $12 521
162 xY 1
164 CHE T
165 Y
166 RCL3
167 RCL4
168 £5BS
LABELS FLAGS SET STATUS
AGystrrp [Pri-Tme  [Cimters [E 0 PRINT FLAGS TRIG DISP
a oL, d 0 1 ON OFF
s L ) O | DEG FIX O
g 1 Used 2 Used 3 4 Used 2 10 GRAD O | scl O
2 0 RAD O | ENG
SDISPLAY |0 7 Used [ cabo  [* emot P 5D n
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Appendix A
MAGNETIC CARD

SYMBOLS AND CONVENTIONS

SYMBOL OR
CONVENTION INDICATED MEANING
White mnemonic: White mnemonics are associated with the user-
X definable key they. are above when the card is
a inserted in the calculator’s window slot. In this case
the value of x could be input by keying it in and
pressing (3.
Gold mnemonic: Gold mnemonics are similar to white mnemonics
y except that the gold @ key must be pressed before
X the user-definable key. In this case y could be input
o6 by pressing @@ .
X4y 4 is the symbol for @{HR. In this case is
(A ] used to separate the input variables x and y. To
input both x and y you would key in x, press GXR1,
key in y and press 3.
x The box around the variable x indicates input by
(A ] pressing O
x) Parentheses indicate an option. In this case, x is not
A ] a required input but could be input in special cases.
+X =+ is the symbol for calculate. This indicates that
a you may calculate x by pressing key [Y.
+*X, Y, 2 This indicates that x, y, and z are calculated by
(A ] pressing @Y once. The values would be printed in
X, Yy, Z order.
+X; ;2 The semi-colons indicate that after x has been calcu-
a lated using @Y, y and z may be calculated by
pressing ().
+*“x "y The quote marks indicate that the x value will be
a “‘paused’’ or held in the display for one second. The
pause will be followed by the display of y.
<> X The two-way arrow <> indicates that x may be
(A ] 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

INDICATED MEANING

P?
A

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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