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HEWLETT ,’ PACKARD

WE NEED YOUR HELP

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

1. Pac name

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

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

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

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

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

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

represents the most important area).

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

: — 58 Marketing

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

Thank you for your time and cooperation.

Name Date
Address
City State

Zip Phone
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ATTENTION: APPLICATIONS



INTRODUCTION

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

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

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

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

We hope that EE Pac 1 will assist you in the solution of numerous problems
in your discipline. We would very much appreciate knowing your reactions
to the programs in this pac, and to this end we have provided a questionnaire
inside the front cover of this manual. Would you please take a few minutes to
give us your comments on these programs? It is in the comments we receive
from you that we learn how best to increase the usefulness of programs like
these.
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A WORD ABOUT PROGRAM USAGE

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

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

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

pressing .

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

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

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

LX)

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

program.



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

Another area that could reflect differences between the HP-67 and the HP-97
is in the keystroke solutions to example problems. It is sometimes necessary
in these solutions to include operations that involve prefix keys, namely,
I} on the HP-97 and ¥3, B, and @ on the HP-67. For example, the
operation is performed on the HP-97 as and on the HP-67 as
B (0%). In such cases, the keystroke solution omits the prefix key and
indicates only the operation (as here, ). As you work through the example
problems, take care to press the appropriate prefix keys (if any) for your
calculator.

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

L
NETWORK TRANSFER FUNCTIONS-INPUT

NETWORK TRANSFER FUNCTIONS-OUTPUT

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

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

MENU OF CIRCUIT ELEMENTS

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

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

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

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

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

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

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

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

Voltage transfer ratio Forward transfer admittance

Vg — ZL Ig — - 1

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

12 _1 Vz _ ZL

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

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

10 10 1Q 10 «\

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

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

gloowo!

Q19010 0.000 00

Load card EE1-01A2
0 |0

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

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

Example 2:

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

5000 2.56puH

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

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

Keystrokes: Outputs:
Load EE1-01A1

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

T6ERER 2R —— 0.000 00
Load EE1-01A2
0 5080 984.0—03 *** Angle of input
impedance
497.7 00 *** Magnitude of input
impedance

Then compute the voltage transfer ratio for the network to the left of V,
terminated in 497.7 L 0.984.

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

REACTIVE L-NETWORK IMPEDANCE MATCHING

xR KR

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

Either of these two networks is possible:

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

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

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

Rg (X1 + Xp) — Ry (X, + Xg)
RL

X, =

By reversing the subscripts S and L in these two equations, we get the two
sets of reactances for the second network.
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STEP INSTRUCTIONS paTaumiTs | KEYS | o OUTRUT
1 |Load program.
2 |Input
Load impedance
Reactive part X, X, Q
Resistive part R, Q [A] X, Q
Source impedance
Reactive part Xs, Q Xs, Q
Resistive part Rs, 6] Xs, Q
3 | Compute values for first
network.
Shunt reactance X, Q
Series reactance X5, Q
Shunt reactance [ 1] X, Q
Series reactance X, ©
4 | Compute values for second
network.
Shunt reactance D] X, Q
Series reactance X, Q
Shunt reactance oo X, Q
Series reactance X, Q
Note: If one of the above
networks is inappropriate,
an error message will occur.
Simply press any key and
continue with the next type
of network.
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Example:

What reactive L-networks could be used to match Z;, = 50 + j50 to Zg =
25 + j50?

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

~111.24 *** X,

v

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

L

This program is an automation of the method of bias optimization described
in ‘“‘Designing class A amplifiers to meet specified tolerances’” by Ward J.
Helms (Electronics/August 8, 1974). The program requires the user to specify
a number of items from which it determines by an iterative technique the
optimum values for Ry, R,, Rg, and R;,. The minimum power gain is also
computed.

— ,,,,,,@,,,,,,,f,@Vcc

> R1 >RL

Equations:

First, values are specified for the following parameters:

Alcq = maximum desired percentage variation of quiescent current
Tamax = maximum ambient temperature (use the maximum case tem-
perature for a transistor mounted on a heat sink)
Tamin = minimum ambient temperature
Timax = maximum junction temperature rating
Pp = maximum rated power dissipation at 25°C
I, = collector current, usually selected for convenience so that I,
and 10 I, bracket the expected operating point
AVgg = typical base-emitter voltage change over the range of I, to
10 I, at 25°C
VBEimin = minimum base-emitter voltage at I, 25°C
VBEimax = Maximum base-emitter voltage at I;, 25°C

Then the transistor’s thermal resistance is calculated:

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

2
— 0JA VCC =R
L1 = — I\Ln

4.4 (TJmax - TAmax)

Rg; = 0.1 Ry = Rg,

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

leq =

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

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

VCC

Tmax = 01a lcq + Tamax

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

1

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

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

1

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

-2 (VBEX — Vgen)

Icmax = Icmin

Remen =

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

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

Rem+n — Ren
REn

Ry is increased by 10%.

< .5%. If at any time the condition Tp.x > Tjmax OcCcurs,



03-03

When the iterative procedure is complete, Tmax, Icmaxs Tmin, and Icmin are
displayed.

Then values for

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

ICmax or ICmin

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

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

hFEmax Iemin — hFEmin ICmax

R
Vs = Veen T lemin (—B +RE(n+1))

hFEmin

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

Rp Ve

R] =
VBB

R, = RB VCC
g = —_—
(VCC - VBB)

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

RB RL l"1I<‘Emin
RE (RB + hFEmin RE)

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

Ap=



STEP

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

resistor R,
load resistance
emitter resistance

minimum power gain

KEYS

60 ©

sl

sToNE)|

sTo Nl

60 @

aa

&8 ©

&3

03-04

OUTPUT
DATA/UNITS

Tmax

ICmax
Tmin

ICmin

R,
R.
R.
Re
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Example:

A single-stage class A amplifier is needed to operate from a 30-V power
supply. The maximum power output and maximum power gain must be obtain-
ed from a Texas Instruments type TIS98 transistor over an ambient tem-

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

From the transistor’s data sheet, determine:

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

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

Keystrokes: Outputs:

First store the data

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

Then compute maximum and minimum temperatures and currents

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

From the transistor’s data sheet determine:

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

Finish problem



Keystrokes:
600 g ——

Outputs:

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

K< NS

R,
R,
R,
Rg

22.94+00 *** Ap

03-06
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4. TRANSISTOR AMPLIFIER PERFORMANCE

TRANSISTOR AMPLIFIER PERFORMANCE

+R. +A

Oijth,*ij O R +A,

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

impedances.
h 12

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

Input impedance

Zin = hy + h, Z; A



Output impedance

Zout =

hohi +hoZS _hfhr

STEP INSTRUCTIONS

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

Output impedance

Example:

INPUT
DATA/UNITS

05, deg

Rs

6, deg

R.

KEYS

o]

04-02

OUTPUT
DATA/UNITS

Zou(

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

ohms, respectively?

] =

1100 250E-6

50 25E-6
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Keystrokes: Outputs:

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

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

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

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

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

=] 0y thytii

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

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

1 — hy,

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

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

CB ->CEorCE —CB CC—CB

Y =Yu Y tya tye Y = Yoo

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

Yo = = (Yo + Ya2) Y21 = = (Yiz T ¥22)

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

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

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

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

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

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



STEP

3

4

INPUT
DATA/UNITS

INSTRUCTIONS

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

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

CE—CB

CB—CE

CC—CB

CB—CC

CC—CE

CE—CC
Display converted

h-parameter matrix.”

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

matrix is in storage.

KEYS

05-02

OUTPUT
DATA/UNITS
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Example:

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

Keystrokes: Outputs:

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



06-01

6. PARAMETER CONVERSION

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

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

T’

I+ 'I-T

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

Finally, the postconditioning operation is performed.

The preconditioning operations performed when converting from S are

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

and those performed when converting to S are

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

The postconditioning operations performed when converting from S are

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



and those performed when converting to S are

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

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

element ij

KEYS

06-02

H-—->S

-1 0
T

OUTPUT
DATA/UNITS
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Example:

The s-parameter matrix of a 2N3571 transistor is

0.62 L-44.0

9.0 L 130

0.0115 L75.0

0.955 L -6.0

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

Keystrokes:

44 EB EIED 62 ENED 11

(A
12
21
22

20

21

20

75 EIED 0115 EIED
0 130 GIED © EIED

0 6 EBETED 955

As00110

v

v

v

Outputs:

—53.88
119.1

39.26
18.14-03

94.26
—14.19

21.17
2.272-03

kkk 011

Ll

kekk 012

kekk h12

Rk g,

kkk h21

kkk 022

k%K h22
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7. FOURIER SERIES

FOURIER SERIES

—1 N¢t#tfreqs J Yk RECT tef(t)

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

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

2

= a20 + 12 Ci sin( i2F;rt +01)
al=%£T f(t) cos i2;rt dt, 1=0,1,2,...
bl=%fT 0 sin 227 dr, i=1,2,

T = period of f(t)

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

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



07-02

STEP INSTRUCTIONS oatAUNTs | KEYS | oA tNTS
1 | Load program.
2 | Initialize (A
3 |Input
Number of samples
in one period N
Number of frequencies
desired #freqs [A] N
Order of first coefficient J 8]
4 |Inputy,k=1N Y 2,...,.111
5 | Repeat step 4 until display
shows 0.111
6 | Display coefficients for
J=<isJ+ #fregs
in polar form D] i
0,
Ci
in rectangular form. (0] i
b;
g

7 | Compute value of Fourier

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

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

201

1 é 3 6 7 8 1=0 1’1 ‘1=2
54
04
-151
t f(t)
1 14.758
2 17.732
3 2
4 -12.
5 -7.758
6 -11
7 -9.026
8 -12.
9 2
10 14.268
11 10.026
12 15
Keystrokes: Outputs:
pnoR2EED’'dR — 1.000
14.758 > 2.000
17.732 > 3.000
2 — 4.000
12 — 5.000
7.758 > 6.000
11 > 7.000
9.026 — 8.000
12 > 9.000
2 > 10.000
14.268 — 11.000
10.026 —» 12.000



Q
v

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

+ sin

— 5 cos Gt

+ 3 cos

0.111

0.
0.000
4.000

I
1.000
15.000

2.
1.000
3.000000001-08

3.
1.000
-5.000

4.
3.200000001-09
3.333333334-09

5.
1.467291667-05
3.000

6.
2.359925334-08
0.000

07-04

*okk
ok

*3kok a;

*ok ok
$okk

*okk

K3k 3k
kkk

Kk k

sk
*ok ok

Kk ok

*kok
* ok

kskk

kksk
kkk
kksk

kkk

kekk

*kokok

2t

+ sin

107t

12
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8. ACTIVE FILTER DESIGN

ACTIVE FILTER DESIGN EE1-08A

C LP:RCRRC HP:CRCCR BP:RRCCR

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

Equations:

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

Q
Low pass filter

G =C

4C(A + 1)

C2= 2

o

R —
' 4Awf,C

«a _ A

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

R3:

R4 = AR]



High pass filter

RZI

Cq Rg

Vo

Bandpass filter

R4

Ry Yo

08-02



08-03

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

Rs
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Example 1:

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

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

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

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

BUTTERWORTH OR _CHEBYSHEV EE1-09A1
FILTER DESIGN s

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

BUTTERWORTH

R BYSHEV onn
FILTER DE EE1-09A2

CHEBYSHEV BUTTERWORTH

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

Chebyshev filter, allowable passband ripple.

Before the filter elements can be calculated, a normalized frequency must be
computed from the desired cutoff or center frequency and band pass characteris-

tics. The normalized frequency is computed by one of these formulas:

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

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

in

whose elements are given by one of the following sets of formulas:
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BUTTERWORTH
C = 'n'flCR sin i ;nl)ﬂ, i=1,3,5,...,n—1
L=-R gn B-Dm™ 546 ..n
mf, 2n
where

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

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

bi=y2+sin2—i, i=1’2’3""’n—1
n

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

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

4
e

using

In [i(IOMB“O-l) _2]
62

In(w + Ve? — 1)

as an initial guess.

The resulting value is then increased slightly:

n < INT(n + 1)
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Once the low-pass values have been calculated, if some other bandpass
characteristic is desired, the components of the filter are changed by frequency
transformation as shown.

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

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

Note:

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

9 |Compute Chebyshev filter

elements. (D]
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Example 1:

Design a 100 Hz wide Butterworth filter centered at 800 Hz with a 30 db
attenuation at 900 Hz. R, is 50(). The termination resistance R is 50€).

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

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

—16.48—06 *** capacitor
2.402—03 *** inductor

2.000+00 *** component 2
112.5—03 *** inductor
—351.7—09 *** capacitor

3.000+00 *** component 3
—61.49—06 *** capacitor
643.6—06 *** inductor

4.000+00 *** component 4
153.7—03 *** inductor
—257.5—09 *** capacitor

5.000+00 *** component 5
—45.02—06 *** capacitor
879.2—-06 *** inductor

6.000+00 *** component 6
41.19—-03 *** inductor
—960.8—09 *** capacitor
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10. BODE PLOT OF BUTTERWORTH
AND CHEBYSHEYV FILTERS

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

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

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

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

Let B = - sinht L
n €

Then the new poles are given by

sx = Oy sinh By + j wy cosh By

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

The network transfer function is

K

Ao = (o —s) (o —sy) ... jw —sp)

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

K
M(w) L H(w)

in which K is a constant chosen such that

[HGO) | =1



The magnitude of the transfer function is

[H(jw)| =

and its phase is

arg [H(jw)] =—-f(w) = — Z tan~! A B

-

i=1

The normalized group delay is

0

e R TIED)

= ot (0 — o)

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

{
|
i

KEYS

E

ENTER ¢

z
=1
ol afae

‘a |

10-02

OUTPUT

DATA/UNITS

0-lin/1-log

S S S —

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

7 |Step 6 is repeated auto-
matically for the band

specified.

Example 1:

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

Keystrokes:

6 03 100 EEED 800
B 400 EIED 1600 EIED

2 (DR €
Outputs:

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

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

Keystrokes:

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

;08

0.000  (linear plot)

v

v
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Outputs:

50.000
—2.997
—84.017
4.506

50.500
—2.964
—87.457
4.559

51.000
—2.880
—91.347
4.675

51.500
—2.730
—95.842
4.881

52.000
—2.491
—101.177
5.216

52.500
—2.140
—107.732
5.742

53.000
—1.651
—116.126
6.550

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

X < NS

frequency

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

53.500
—1.027
—127.379
7.737

54.000
—0.364
—143.029
9.239

54.500
0.000
—164.525
10.286

55.000
—0.478
169.348
9.368

55.500
—1.799
143.391
6.957

56.000
—2.932
119.424
5.448

56.500
—2.136
88.980

7.335

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

X < N A



57.000
—0.479
8.481
13.596

57.500
—0.066
—122.266
37.279

58.000
—34.346
127.620
1.179

58.500
—59.784
113.071
0.338

|

b

o
i
T

-80T

|H(j2Tt1)],dB

-120 T

> < NS X < N 3 X< N A

X< NS

59.000
—88.662
103.950
0.111

59.500
—133.081
96.633
0.024

60.000
—1048.077
—90.000
1.985653756—15

60.500
—133.598
—96.577
0.024

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

X < N =3

Note symmetry
which indicates

that we can reflect
plot around 60 Hz.

10-06

50

52

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

RESISTIVE ATTENUATOR DESIGN EE1-11A

Rin Rout +MIN LOSS T:L+R’s II:L*Rs

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

Ry R2 Ry

out

T I1

The minimum loss in decibels is given by

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

where Ri, = Ry,

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

2VN Rin Roul

R:
3 N -1

=Rm( J_’i) R,

R,
+1
R, = Royt (N _— —R;

Z

Z

Z




11-02

and for the II attenuator

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

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

R,
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Example 1:

Compu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>