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Introduction To This Book

There's a lot contained in these pages, so take the time right now to read

this little orientation on what is (and isn't) expected of you.

What You "Gotta" Do

You "gotta” know something about the HP-28S —how to do arithme-
tic and stack manipulations — and how to key in, name, store, and
invoke (i.e. "call" or evaluate) program and data objects. This book
is not a primer on the HP-28S (see the list of other products on page
254 if you want a real tutorial on the machine itself). However, ifyou
need "just a little refresher” on some of these basics, then see Appen-
dix B (page 244).

You "gotta” know the basics of sinusoidal electrical circuits. This
book is not a primer on that topic, either. It's just a description of
some tools that can help you solve a variety of common problems.
The HP-28S can't correct you if you ask wrong questions or come to
wrong conclusions. It'll do the calculating, but you have to do the
thinking. Among other things, that means you need to have a firm
grasp of the meanings and uses of complex numbers, impedance,
voltage, current, resistance, capacitance and inductance.

You "gotta” key in, name, and test some code (programs). How much
code? That depends on what you want to do. This book has two large
collections of small routines. In the first collection (called Circuit
Reduction Tools) each routine can be a useful tool all by itself. In the
second collection (called Circuit Analysis Tools), you'll need many
routines working in concert to form a working tool.

HP-28S Software Power Tools: Electrical Circuits



You "gotta” invest a little time, read the instructions, and practice,
There are good reasons for the large number of pages you see here.
It's just not realistic to start with this book on the night before the
big exam or design proposal, so don’t expect to be able to look up a
topicin the index, flip to that page and instantly find the keystrokes
necessary to solve a given problem. It doesn't work like that until
you've keyed in the tools and practiced with them enough to know
what you're doing. Even to decide where to start or which tools you
need — read the instructions. The little introductory chapter before
each of the two collections of tools is designed solely to help you
decide which tools you need.

What You '"Don't Gotta" Do

You "don’t gotta" read everything in the book. Just start at Chapter
1, and then follow the instructions.

You "don't gotta” key in everything in the book; you may never use
some of this stuff. Rest assured — after you decide what you want to
do, you'll be told which routines are necessary to get the job done.

You "don’t gotta” become an HP-28S-whiz-programmer to under-
stand and use these tools — so don't be put off by the descriptions of
flags and errors, etc. That information is there just in case you do
want to expand upon these tools for your own purposes. If not, just
follow the instructions and use the examples as your guides.

You "don't gotta" be limited by this book. If you are a proficient HP-
28S programmer, then you can use this core idea to expand upon for
your own circuit analysis. If so, then you might find Appendix A
(page 230) interesting.

Introduction To The Book 7



Chapter 1

CIRCUIT REDUCTION
TOOLS:

Introduction

This Chapter is meant to help you decide whether you need the Circuit
Reduction Tools — and then decide where to read next.

8 HP-28S Software Power Tools: Electrical Circuits



What These Tools Can - And Cannot - Do For You

Circuit Reduction Tools are just that: They are little routines that help

to simplify or reduce a circuit's elements or configuration.

For example, with the help of these tools, you can:

Key in and convert between different formats of complex numbers;

Convert from passive circuit elements (R, L, and C) to generalized
impedances (2);

Find equivalent single impedances for series or parallel combina-
tions of impedances;

Find the distributions of currents flowing through 2 or more parallel
impedances;

Find the distributions of voltages across 2 or more series imped-
ances;

Perform A-Y Conversions (either way);

Find Thevinin's and Norton's equivalent source-impedance combin-
ations.

However, you cannot use these tools very conveniently to:

Calculate voltages at points in a network of circuit elements;

Calculate currents through branches in a network of circuit ele-
ments;

Calculate transfer ratios of ladder networks.

For such calculations, you'll need the Circuit Analysis Tools.

CIRCUIT REDUCTION TOOLS: Introduction 9



The Circuit Reduction tools are all separate and simple; they don't "call"
one another or otherwise operate "automatically” inside any larger
context or structure.

They're much like the built-in stack and arithmetic commands in the
CATALOG of your HP-28S.

Anytime you want to use one of these tools, you key in the appropriate
values to the stack, invoke the routines's name, and zap — there's your
result on the stack. Then you have to store it or otherwise manipulate
it yourself— with more keystrokes and commands. It's all just numbers
to the HP-28S.

That's different than the kinds of programs you may be more familiar
with on, say, personal computers. Many ofthose are big, friendly, menu-
driven applications that automatically store your data into meaningful
structures, prompt you with options, trap errors, etc. If you prefer such
"smarter programs,” you may find the Circuit Analysis Tools more to
your liking (assuming they do what you need).

With these Circuit Reduction tools, you must do everything "manually.”
And if you want to combine these tools into programs — to save yourself
keystrokes or to do "smarter," automatic combinations of operations,
that's fine — but you have write those programs yourself. Thisbook is not
going to help you in that respect.

10 HP-28S Software Power Tools: Electrical Circuits



Where To Go Next

At this point, you're probably of one of the following minds:

¢ The Circuit Reduction Tools are definitely not what you're after right
now. In that case, skip immediately over to Chapter 4 (page 88);

¢ The Circuit Reduction Tools are definitely what you want — and you
want to key them all in, to have them handy for your work. In that
case, turn the page and dig right into Chapter 2;

¢ There are probably some of the Circuit Reduction Tools that you
might like to "have around the house," but you're not yet sure which
ones—you'd like to get to know them a little better first. In that case,
you have two choices:

— You can simply browse on through Chapter 2 (there are brief
examplesincluded there) and pick out what you need, based upon
that cursory inspection;

— You can skip over to Chapter 3 (page 68). There, you'll get a little
more in-depth discussion of the uses, ideas, and the "feel" of these
tools, and you can return more knowledgeably to Chapter 2 later,
to select what you need.

CIRCUIT REDUCTION TOOLS: Introduction 11



Chapter 2

CIRCUIT REDUCTION
TOOLS:

Reference

This Chapteris presented as a convenient, alphabetized listing of all the
Circuit Reduction Tools — including brief examples illustrating the
mechanics of their uses.

For more in-depth examples and discussion of these tools and the ideas
behind them, see Chapter 3 (page 68).

12 HP-28S Software Power Tools: Electrical Circuits



Before you key in anything, read these important preliminaries:

First of all, as is usual with the HP-28S, there are many ways to key
in solutions to problems, and it's just impossible to show every method.
This book simply cannot "read your mind" to know which menu or
directory you're currently using when you want to call one of these tools
—soit can't give you the most convenient set of keystrokes for your par-

ticular case.

In all these examples, therefore, rather than specifically telling you to
press a key (e.g. or [DROP)) or to select a menu item (e.g.
IEETN), you'll see all commands in a generic form (spelled out as if you
had typed them in):
FURGE DROFP
R+C P23R

etc.
So just keep in mind that, depending upon what you're doing, maybe it

would be more convenient for you to use special keys or menuitems than
to type in the commands character by character.

CIRCUIT REDUCTION TOOLS: Reference 13



A sample program description is shown on the opposite page. This
is the general format for the description of each object in this chapter....

Notice especially the memory diagram at the top of the sample format
(you'll see such a diagram for each routine). This shows the recom-
mended directory location for the object —in relation to other directories
that are superordinate to ("above") or subordinate to ("below") it.
Hopefully, this diagram will also make it easier to find what you're
looking for when flipping through the book (the routines are presented
alphabetically, and there's also an index in the back, if you prefer). And
it may help to orient you and put into perspective exactly what you're
doing and what this program does in relation to the "big picture."

However, these diagrams are recommendations only. You could
certainly store any or all of these Circuit Reduction Tools in the HOME
directory or any other directory you want. Just bear in mind that when
you invoke them, you must do so from a directory that is at the same level
or subordinate to ("below") where you have stored them.

If you do use these recommended locations, then right now —
before you key in any of these tools, you should perform the follow-
ing commands to create the appropriate directories (of course, you
need to do this only if you haven't already done so):

HOME
'"EE' CRDIR
“EE '"HWRK' CRDIR

To help you check the accuracy of your keystrokes when input-
ting of these Circuit Reduction Tools, each routine is listed with its
checksum, which is an integer can be generated with the help of the
CKSHM routine (the first routine listed). CKSHM is also listed in the
Circuit Analysis Tools.

14 HP-28S Software Power Tools: Electrical Circuits



Title:
A phrase that briefly tells you what the routine does.

Name Checksum)

The object name identifying the routine, followed by an integer that
can be used to help "proofread” the object after you have keyed it in.

Summary:

Example(s):

Inputs:

Outputs:

Units:

Errors:

Notes:

CIRCUIT REDUCTION TOOLS: Reference

€ 0OBJECT =»
The program "code" itself, asit appears if
you RCL it in STD display mode.

A brief description of the purpose and logic of the
routine, giving the equation(s) the routine is based on
— and the proper states of the stack and flags.

One or more quick, simple examples to give you the
general idea of how to use it.

A list of all acceptable types of input objects.
A list of the various possible types of output objects.
Any assumptions made about physical units.

A list of things that could go wrong if you give bad
inputs, have incorrect flag settings, etc.

Anything else you might need to know.

15
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Notes (Yours)
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Proofread A Named Object:

CKSM (1848278)

« 2 32 ~ RCLF + H F
S « N RCL STD HExX &4
STWS 43 SF 48 CF
#STR N »STR + 8 1 3
PICK SIZE FOR I OVER
I DUP SUB NUM I * +
DUP F MOD SWAP F -~
IP + MEXT SWAP DROP
S STOF » »

Summary: CKSM (checksum) checks for "typos" by computing a
unique integer (which should match the value given) for a
named object.

Inputs: Level 1 — the name of an object.

Outputs: Level 1 —an integer — the checksum.

Errors: Bad Argument Type occurs if the input is not a
name. Undef ined Hame occursif the input name is

undefined.

Notes: CKSHM is optional but highly recommended, and is most
generally useful in the HOME directory.

CIRCUIT REDUCTION TOOLS: Reference 17



Convert Capacitance To Impedance:

Summary:

Examples:

18

C*Z (18662)
€ % C '"-isCuxCh' »

This routine uses the equation

Z=R+i mL-_1
oC

where i = V-1 , and o is the sinusoidal, angular fre-
quencyinradians/second. C#Z returnstheimpedance,
Z, for the specified capacitance, C, which it takes from
Level 1 of the stack.

Problem: Convert a 5-pf capacitance to an impedance.

Solution: 2 SCI 'w' PURGE 2E-12 C=*Z

Result: '=Ci/(w¥3.8BE-12>>"' (f flags 35
and 36 are both set).

Problem: Whatis theimpedance of the capacitorin the
previous problem if the circuit has an angu-
lar, radian frequency of 377 radians/second?

Solution: Assuming the result of the previous example

is on the stack: 377 'w' STO EVYAL.
Result: '-Ci-1.89E-9>'

Problem: Convert the symbolic capacitor value ' CA'
to symbolic impedance.

Solution: 'w' PURGE 35 SF 36 SF 'CR' C32

Result: '=Ci-Cw*CAH>>'

HP-28S Software Power Tools: Electrical Circuits



Outputs:

Units:

Errors:

Notes:

Level 1 —areal or complex number (in rectangular for-

mat only), an algebraic object, or a name object — the
capacitance value, C.

Level 1 —a complex number or an algebraic expression
—the impedance value, Z. The type of object output de-
pends on four factors: (i) the type of the input object; (ii)
the status of flag 35 (constants mode); (iii) the status of
flag 36 (results mode); (iv) the contents of ' W' .

o mustbegiveninradians/second. C givenin farads (f),
will return a Zin ohms (Q2). Any other coherent, inter-
nally consistent unit system will work, also.

Undef ined Mame will occur if either an input
name or 'W' is undefined when flag 36 is clear.
Infinite Result willoccurifC=8 (or (8, @2)

and flag 59 (infinite result action) is set.

Since the HP-28S has no w character, lowercase W is
used instead. If a strictly numeric result is desired,
'w' must contain the appropriate angular frequency
for the circuit element. Note thatif ' W' is accessible
(i.e. at the same level or "upward" on the memory dia-
gram) from the current directory, the defined value of
L will then be used in the calculations. Flag 45 (multi-
line display mode) will affect the appearance of com-
plex and algebraic results. If flag 35 (constants mode)
is clear, 1 will be replaced by {8y 12 in symbolic
results.

CIRCUIT REDUCTION TOOLS: Reference 19



Convert A “A” Impedance Configuration
To A “Y” Impedance Configuration:

D2Y (123730)

UPH + + * A B C
C*#T~-REBE *
C*#T -~ »>»

Summary: D+Y convertsa three-element “A” network to an equiva-

lent “Y” network, as shown here:

D+Y expects the three “A” impedances to be put onto
the stack in clockwise order. The resultant “Y” imped-
ances will be returned in clockwise order, also.

Example: Problem: Given a “A” network with impedances Z, = 4,

20

Z,=2+i5,and Z_ = i3, find an equivalent “Y”
configuration.

Solution: 2 FIX 4 '2+i*¥5' 'i*¥3' D3Y
+MUM

Result: (-B.42y1.362 (thisis Z,)

Then: DROP *NUM

Result: (2.88,8.36) (thisis Z ;)

Then: DROP -+NUM

Result: (8.96,8.72) (thisis Z,)

HP-28S Software Power Tools: Electrical Circuits



Inputs:

Outputs:

Units:

Errors:

Notes:

Level 3 —areal or complex number (in rectangular for-

mat), or an algebraic or a name object—the impedance
value, Z,.
Level 2 —any type allowed for Level 3 — the impedance
value, Z,..
Level 1 —any type allowed for Level 3 — the impedance
value, Z..

Level 1 — the impedance value, Z, ..
Level 2 — the impedance value, Z, ..
Level 3 — the impedance value, Z,,.

The types of the output objects depends on the types of
input objects and the states of flag 35 (constants mode)
and flag 36 (results mode).

Output units will match the input units only if input
units are all identical. Ohms are conventional, of
course.

Infinite Result will occur if the sum of the
input impedances is zero and flag 59 (infinite result
action)isset. Undef ined Result will occurifall
inputs are zero. Undef ined Mame will occurifan
input name is undefined and flag 36 (results mode) is
clear.

None to speak of.

CIRCUIT REDUCTION TOOLS: Reference 21



Create Circuit Reduction Tools Menu:

Summary:

Example:

Inputs:

Outputs:

Units:

Errors:

Notes:

22

EET (19328)

« HOME °"EE TOOLS *

EET moves to the "WRK directory and it creates a
custom menu containing the Circuit Reduction Tools.
See TOOLS for more details.

None necessary.

None.

None.

Not applicable.

EET will not work properly unless the directory ® WRK
has already been created ("MWRK is subordinate to

?EE, which, in turn, is subordinate toHOME , as shown
in the diagram above).

PutEET into theHOME directory “‘EET phoneHOME”),

so that you can always begin using your Circuit Reduc-
tion Tools on a moment's notice.

HP-28S Software Power Tools: Electrical Circuits



Notes (Yours)
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Summary:

Example:

Inputs:

Outputs:

24

Convert Hz. To Radians/Second:

F2w (13381)

€ +* F 'Z2¥F*nm' »

This routine uses the equation o =2nF

where ® is the angular frequency in radians/second,
corresponding to F, which is the sinusoidal frequency
in cycles/second (Hz.). F #W returns o for the specified
F, which it takes from Level 1 of the stack.

Problem: Convert 100 Hz to radians/second.
Solution: STD 188 F3w
Result: 'ZBB%w' (ifflags 35 and 36 are both set.)

Then:  *MUM (unnecessary if flag 35 were clear.)
Result: &£28.32318528718

Level 1 — areal number, an algebraic object, or a name
object — the frequency value, F, in Hertz. An algebraic
or name-type input must be ultimately reducible to a
real number.

Level1 —areal number or an algebraic expression—the
angular frequency, ,in radians/second.

The type of output object generated depends on three
factors: (i) the type of input object; (ii) the status of flag
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Units:

Errors:

Notes:

35 (constants mode); (iii) the status of flag 36 (results
mode). Depending on these conditions, F#u will re-

turn different outputs, as follows:

If flag 35 is set, a resultant algebraic expression will
contain ' m'. If not, the result uses a numerical ap-
proximation of 7.

If flag 36 is set and the input object containes name
objects, the resulting object will also contain name
objects — that is, the input name objects will not be
evaluated. But if flag 36 is clear, any input name
objects are evaluated and replaced with their numeric
contents in the output object.

If F is given in Hertz, ® will be returned in radians/
second. Anyotherinternally consistent set of units will

work, also.

Undef ined Mame will occur if an input name is
undefined and flag 36 (results mode) is clear.

Since the HP-28S has no w character, use lJ instead.

CIRCUIT REDUCTION TOOLS: Reference 25



Summary:

Examples:

26

Distribute Current Through
Two Parallel Impedances:

IDIST (93390)

A

BI«AEBEB+EBE

€ 3
I * OVER » A I # ROT
g

&

Given two parallel impedances and an input current,
IDIST finds the current through each impedance.

Problem:

Solution:

Result:
Then:
Result:

Problem:

Solution:
Result:
Then:
Result:

A total current of 2£62° flows through two
parallel impedances, Z, = (10,37.7) and Z, =
(0,-265). Find the current through each
impedance.

DEG 2 FIK C18,37.7> (Q,-265)
(2,622 P*R IDIST R3P
(B.34,-133.372) (I,=0.342135.37°)
SWAP R+P

(2.32,99.482 (I,=2.33259.48°)

A current of I amperes flows through a net-
work of 2 parallel impedances, Z, and Z,.
Find the current through each impedance.

'ZR' 'ZB' 'I' IDIST
"ZA*1/CZA+ZEY Y (Thisis I)
SWAP

'ZBx1/CZA+ZBY ' (Thisis 1))
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Inputs:

Outputs:

Units:

Errors:

Notes:

Level 3—areal or complex number (rectangular format

only), an algebraic object or a name object — the first
impedance value, Z,.

Level 2—any type allowable at Level 3 —the second im-
pedance value, Z,.

Level 1 — any type allowable at Level 3 — the total

current value, 1.

Level 1 — a complex number (rectangular format only)
or an algebraic expression — the current value, 1.
Level 2 — a complex number (rectangular format only)
or an algebraic expression — the current value, I,.

The types of output objects generated depend on: (i) the
input object types; (ii) the status of flag 35 (constants
mode); (iii) the status of flag 36 (results mode).

Use internally consistent units (e.g. ohms for imped-
ances and amperes for currents).

Infinite Result willoccurifthe sumoftheim-
pedances is B or {H, B) and flag 59 (infinite result
action) is set. Undef ined Mame will occur if an
input name is undefined and flag 36 (results mode) is
clear.

None to speak of.
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Summary:

Examples:

Inputs:

28

Distribute Current Through
N Parallel Impedances:

IDSTN @34624)

+ I MN«NDUPH 1 N
- START ZADDP MERT
#¥ 2+ T « 1N START

SWAP ~ N ROLL NEXT
» ¥

¥ o= == &

Given N parallel impedances and an input current,
IDSTH finds the current through each impedance.

Problem: A total of10 amperes of current flows through
a network of 4 parallel impedances with the
following values: Z, = 1 ohm; Z, = 2 ohms; Z
=3 ohms; and Z, = 4 ohms. Find the current
through each of these impedances.
Solution: 2 FIX 1 2 3 4 18 4 IDSTH
Result: 1.28 (Thisis )

Then: DROP
Result: 1.68 (ThisisI)
Then: DROP
Result: 2.48 (Thisis L)
Then: DROP

Result: 4.88 (ThisisI,)

Levels N+2 through Level 3 —real or complex numbers
(rectangular format only), or algebraic or name objects
— the impedance values, Z, through Z,, respectively.
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Outputs:

Units:

Errors:

Notes:

Level 2—areal or complex number (rectangular format

only), or an algebraic or name object — the total current
value, 1.

Level 1 —a real number — the number of impedances,
N.

Levels 1 through N — complex numbers (rectangular
format) or algebraic expressions — the current values,
I, through I,, respectively.

The types of output objects generated depend on: (i) the
types of the input objects; (ii) the status of flag 35
(constants mode); (iii) the status of flag 36 (results
mode).

Useinternally consistent sets of units (e.g. ohms forim-
pedances and amperes for currents).

Infinite Result will occurifany of the imped-
ances is B (or (83 B2) and flag 59 (infinite results
action) is set. Undef ined Mame will occur if an
input name is undefined and flag 36 (results mode) is
clear.

IDSTH uses (and therefore requires) ZADDF.
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Convert A Parallel IZ Source
To A Series VZ Source:

[23V2 33969

€+ 2«1 2% 2%
b

Summary: This routine converts from a parallel-connected cur-
rent source and impedance to a series-connected volt-
age source and impedance, as shown below:

—

i Z
Im z —> ViV
Example: Problem: Convert a current source, I, and a parallel

impedance, Z, to an equivalent voltage source
with a series impedance.

Solution: 'I' 'Z' IZ#*VWZ

Result: 'Z' (the series impedance value)

Then: SHAP
Result: 'I¥*Z' (the voltage source value)

Inputs: Level 2 — a real or complex number (rectangular for-
mat), or an algebraic or name object — The current
source value, L.
Level 1 — a real or complex number (rectangular for-
mat), or an algebraic or name object — the parallel
impedance value, Z.
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Outputs:

Units:

Errors:

Notes:

Level 1 —acomplex number (rectangular format), or an

algebraic expression — the series impedance value, Z.
Level 2—a complex number (rectangular format), or an
algebraic expression — the voltage source value, V.

The types of the output objects depend on the types of
input objects and the states of flag 35 (constants mode)
and flag 36 (results mode).

Use internally consistent units (e.g. amperes for cur-
rents, ohms for impedances, and volts for voltages).

Undef ined Mame will occur if an input name is
undefined and flag 36 (results mode) is clear.

None to speak of.
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Summary:

Examples:

32

Convert Inductance To Impedance:

L+Z (17337
€+ L 'izdwxl)' ®

This routine uses the equation

Z=R+iloL-1
oC

where i = V-1 , and o is the sinusoidal, angular fre-
quencyinradians/second. L#Z returns theimpedance,
Z, for the specified inductance, L, which it takes from
Level 1 of the stack.

Problem: Convert a 0.1-h inductor to an impedance.

Solution: STD 'w' PURGE .1 L=*Z

Result: 'i#¥Cw#*.12>' (ifflags 35 and 36 are both
set).

Problem: What is the impedance of the inductor in the
previous problem if the circuit has an angu-
lar, radian frequency of 377 radians/second?

Solution: Assuming the result of the previous example

is on the stack: 377 'w' STO EVAL.
Result: '1¥37.7'

Problem: Convert the symbolic inductor value L, to a
symbolic impedance.

Solution: 'w' PURGE 35 SF 26 SF 'LA' L=»Z
Result: 'i¥Cw*LA>'
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Inputs:

Outputs:

Units:

Errors:

Notes:

Level 1 —areal or complex number (in rectangular for-
mat only), an algebraic object, or a name object — the
inductance value, L.

Level 1 — a complex number or an algebraic expression
—the impedance value, Z. The type of object output de-
pends on four factors: (i) the type of the input object; (ii)
the status of flag 35 (constants mode); (iii) the status of
flag 36 (results mode); (iv) the contents of ' W' .

o must be given in radians/second. L given in henrys
(h), will return a Z in ohms (Q2). Any other coherent,
internally consistent unit system will work, also.

Undef ined Mame will occur if either an input
nameor ' W' is undefined when flag 36 (results mode)
is clear.

Since the HP-28S has no o character, lowercase W is
used instead. If a strictly numeric result is desired,
'w' must contain the appropriate angular frequency
for the circuit element. Note thatif ' W' is accessible
(i.e. at the same level or "upward" on the memory dia-
gram) from the current directory, the defined value of
W will be then used in the calculations. Flag 45 (multi-
line display mode) will affect the appearance of com-
plex and algebraic results. Ifflag 35 (constants mode)
is clear, 1 will be replaced by €8s 12 in symbolic
results.
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Summary:

Example:

Errors:

Notes:

34

Generate the MODE Menu:

MODE G&v8348)

« 36 F57? { SRES® 2 <
SRES > IFTE 35 FS?7 {
SCON® 2 £ SCOM 2
IFTE + 34 FS? { SSOL
> € §S0L® > IFTE +
'TOOLS' + MENU °EE
“WRK ®»

MODE creates a small custom utility menu useful for
setting certain HP-28S system modes that affect the
tools described in this book. Since itis a menu-creation
routine, it is not meaningful to talk about inputs,
outputs, or units.

None needed.
None.
MODE uses (and therefore requires the presences of)

SRES® ,SRES,SCON",SCON,SS0L,SS0L",and
the "EE and "MWRK menus.
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Summary:

Example:

Inputs:

Outputs:

Units:

Errors:

Notes:

Convert Two Real Numbers To ' M*¥e™{i*a) ':

R*e (266189)

€« +NUM SWAP +MNUM
SWAP R*C C»*R RCLF 36
SF 'i' ROT # 'e'
SWAFP ~ ROT SWAP =
SWARFP STOF »

R+e converts two real numbers into an expression of
the form 'M¥e™ (1% ', where Mis the magnitude
and ais the angle of the complex vector.

Problem: Key in the number 5e1%%3,

Solution: 2 FIX 3 .93 R*e
Result: 'S*¥e™(i¥B.93>'

Level 2 — a real number — the magnitude, M.
Level 1 — a real number — the angle, a, in radians.

Level 1 — an algebraic object — the complex expression.
Real numbers themselves are unitless.
Bad Argument Type occursfor non-real inputs.

The angle (00) is always expressed in radians.
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Summary:

Example:

Inputs:

Outputs:

Units:

Errors:

Notes:

36

"Convert Two Real Numbers To ' Re+i#1Im':

R+i (@936998)

« »MHUM SWAP +NUM
SWAP R»C C»R RCLF 36
SF ROT ROT 'i' OVER
SIGH * SWAP ABS * +
SWAP STOF »

R+1i converts two real numbers into an expression of
the form 'Re+i*Im', where Re is the real portion
and Imis the imaginary portion of the complex vector.
Problem: Key in the number 3+i4.

Solution: 2 FIX 3 4 R+*i

Result: '3+i%4'

Level 2 — a real number — the real portion, Re.
Level 1 — a real number — the imaginary portion, Im.

Level 1 — an algebraic object — the complex expression.
Real numbers themselves are unitless.
Bad Argument Type occurs for non-real inputs.

None to speak of.
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Convert Resistance To Impedance:

R*Z (9842)

€ + R 'R' »

Summary: R+Z uses the equation Z=R+i [mL -1
oC

(where i = V-1 , and o is the sinusoidal, angular fre-
quency in radians/second) to return the impedance, Z,
for the specified resistance, R.

Example: Problem: Convert a 100Q resistance to animpedance.
Solution: STD 188 R3*Z

Result: 180
Inputs: Level 1 — any type of data object — the resistance, R.
Outputs: Level 1 — the input object returns unchanged.
Units: Z will be returned in the same units as the input, R.
Errors: None.
Notes: R+Z performs no real function; it is included here for
completeness.
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Summary:

Example:

Inputs:

Outputs:

Units:

Errors:

Notes:

38

Convert Two Real Numbers To ' " (M, x> ':

R+% (192694)

« *NUM SWAP +MUM
SWAP R*C RCLF STD
nret ROT +STR + STR»
SWAP STOF =»

R+ converts two real numbers to a complex expres-
sion — in the polar form ' " (M, > ', where M is the
magnitude and o is the angle of the complex vector.
Problem: Key in the number 5£53.13°.

Solution: 2 FIX 5 33.13 R»°"
Result: '"(35,953.13>"'

Level 2 — a real number — the magnitude, M.
Level 1 — a real number — the angle, a, in degrees.

Level 1 — an algebraic object — the complex expression.
Real numbers themselves are unitless.
Bad Argument Type occurs for non-real inputs.

The angle (&) is always in degrees. R+ uses (and
therefore requires the presence of) the function °.
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Set Symbolic Constants Mode:

SCON @26¢7)
« 39 SF 36 SF MODE *»

Summary: SCON is a selection on the MODE custom utility menu.
SCON is useful for quickly setting the HP-28S sym-
bolic constants (and symbolic results) mode, which af-
fects the tools described in this book. The setting/
clearing of this mode shows in the custom MODE menu
by the appearance/disappearance of the ® character
after the name of the mode — just as in the HP-28's

built-in MODE menu.
Example: None needed.
Inputs: None.
Outputs: None.
Units: Not applicable.
Errors: None.
Notes: SCON uses (and therefore requires the presence of)

MODE. Since symbolic constants mode requires sym-
bolic results mode, both of those flags are set.
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Clear Symbolic Constants Mode:

SCON® (16863)
« 33 CF MODE =»

Summary: SCON" is a selection on the MODE custom utility
menu. SCOMN® is useful for quickly clearing the HP-
28S symbolic constants mode, which affects the tools
described in this book. The setting/clearing of this
mode shows in the custom MODE menu by the appear-
ance/disappearance of the ® character after the name
of the mode — just as in the HP-28's built-in MODE

menu.

Example: None needed.

Inputs: None.

Outputs: None.

Units: Not applicable.

Errors: None.

Notes: SCOM" uses (and therefore requires the presence of)
MODE.
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Summary:

Example:

Inputs:

Outputs:

Units:

Errors:

Notes:

Set Symbolic Results Mode:

SRES (14136)

« 36 SF MODE =»

SRES is a selection on the MODE custom utility menu.
SRES is useful for quickly setting the HP-28S sym-
bolic results mode, which affects the tools described in
this book. The setting/clearing of this mode shows in
the custom MODE menu by the appearance/disappear-
ance of the ® character after the name of the mode —
just as in the HP-28's built-in MODE menu.

None needed.
None.

None.

Not applicable.
None.

SEES uses (and therefore requires the presence of)

MODE.
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Clear Symbolic Results Mode:

SRES®" 169v9)

« 36 CF MODE =»

Summary: SRES" is a selection on the MODE custom utility
menu. SEES"® is useful for quickly clearing the HP-
28S symbolic results mode, which affects the tools de-
scribed in this book. The setting/clearing of this mode
shows in the custom MODE menu by the appearance/
disappearance of the ® character after the name of the
mode — just as in the HP-28's built-in MODE menu.

Example: None needed.

Inputs: None.

Outputs: None.

Units: Not applicable.

Errors: None.

Notes: SREES"™ uses (and therefore requires the presence of)
MODE.
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Set Symbolic Solutions Mode:

SS0L (14896)

« 34 CF MODE =»

Summary: SS0L is a selection on the MODE custom utility menu.
SS0L is useful for quickly setting the HP-28S sym-
bolic solutions mode, which affects the tools described
in this book. The setting/clearing of this mode shows in
the custom MODE menu by the appearance/disappear-
ance of the ® character after the name of the mode —
just as in the HP-28's built-in MODE menu.

Example: None needed.

Inputs: None.

Outputs: None.

Units: Not applicable.

Errors: None.

Notes: SS0L uses (and therefore requires the presence of)
MODE.
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Clear Symbolic onstants Mode:

S80L" A713))
« 34 SF MODE »

Summary: SS0L" is a selection on the MODE custom utility
menu. SS0L " is useful for quickly clearing the HP-
28S symbolic constants mode, which affects the tools
described in this book. The setting/clearing of this
mode shows in the custom MODE menu by the appear-
ance/disappearance of the ® character after the name
of the mode — just as in the HP-28's built-in MODE

menu.

Example: None needed.

Inputs: None.

Outputs: None.

Units: Not applicable.

Errors: None.

Notes: SS0L" uses (and therefore requires the presence of)
MODE.
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Generate the TOOLS Menu:

TOOLS (€8357E9)

€ { R*i R*" R3e »+i
3% 3a R2Z L3Z C32
F+w w*F w ZADDS
ZADDP IDIST VMDIST
IDSTH YDSTH YZ+IZ2
I1Z2+VZ ¥+D D»Y MODE >
MENU "EE °"HWRK *

Summary: TOOLS creates a menu of all the basic Circuit Reduc-
tion Tools, then moves to the °"WRK menu, which is
subordinate to ("below") the °EE menu. Thus ®WRK

has access to TOOLS.
Example: None needed.
Errors: None.
Notes: TOOLS uses (and therefore requires the presences of)

R+i,R+" R3*e,»1,2" 3e R3+Z L3Z,C3+Z,Fru,
w+F,w,ZADDS, ZADDP, IDIST, VDIST,IDSTH,
VDSTH, Y2212, 123V, ¥Y+D, D+Y, MODE, and
the "EE and "MWRK menus. Note that W itself is an
itemin this menu, to allow convenient storage into and
purging of that variable.
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Summary:

Examples:

46

Distribute Voltage Across
Two Series Impedances:

VDIST (96963)

*ABYXAEB+A
¥ OVER ~ B V * ROT
» ®

N R

Given two series impedances and an input voltage,
VDIST finds the voltage across each impedance.

Problem: A total voltage of 2£62° is applied across two
impedances connected in series, Z, = (10,37.7)
and Z, = (0,-265). Find the voltage across
each impedance.

Solution: DEG 2 FIX (18,37.72> (B8,-263)
(2,62) P*R VYDIST R23P

Result: (2.33,39.48) (V,=2.33,59.48°)

Then: SWAP R*P

Result: (8.34,-133.372 (V,=0.34,-135.37°)

Problem: A voltage of V volts is applied across a series
of 2 impedances, Z, and Z,. What is the
voltage across each impedance?

Solution: 'ZA' 'ZB' 'V' VDIST

Result: 'ZB¥V~/(ZA+ZB>"' (ThisisV,)

Then: SWAP

Result: 'ZA*¥V~/(ZA+ZB)' (ThisisV,)
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Inputs:

Outputs:

Units:

Errors:

Notes:

k1

Level 3—areal or complex number (rectangular format
only), an algebraic object or a name object — the first
impedance value, Z,.

Level 2—any type allowable at Level 3 —the second im-
pedance value, Z,.

Level 1 — any type allowable at Level 3 — the total
voltage value, V.

Level 1 —a complex number (rectangular format only)
or an algebraic expression — the voltage value, V.
Level 2 — a complex number (rectangular format only)
or an algebraic expression — the voltage value, V,.

The types of output objects generated depend on: (i) the
input object types; (ii) the status of flag 35 (constants
mode); (iii) the status of flag 36 (results mode).

Use internally consistent units (e.g. ohms for imped-
ances and amperes for currents).

Infinite Result willoccurifthe sumoftheim-
pedances is B or (84 B) and flag 59 (infinite result
action) is set. Undef ined Mame will occur if an
input name is undefined and flag 36 (results mode) is
clear.

None to speak of.
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Summary:

Examples:

Inputs:

48

Distribute Voltage Across
N Series Impedances:

VDSTN «@21847)

« + ¥ MN&NDUPHN 1 N
1 - START + MEKT ¥
SWAP » » T « 1 N
START T * N ROLL
NERT » » »

Given N series impedances and an input voltage,
YDSTH finds the voltage across each impedance.

Problem: A total of 15 voltsis applied across a series of
4 series impedances with these values:
Z, =10ohm; Z, =2 ohms; Z_ = 3 ohms; and Z,
=4 ohms. Find the voltage across each of
these impedances.

Solution: 2 FIX 1 2 3 4 15 4 VYDSTH

Result: &.88 (ThisisV,)

Then: DROP
Result: 4.98 (ThisisV,)
Then: DROP
Result: 3.88 (Thisis V)
Then: DROP

Result: 1.38 (ThisisV,)
Levels N+2 through Level 3 —real or complex numbers

(rectangular format only), or algebraic or name objects
— the impedance values, Z, through Z,, respectively.
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Outputs:

Units:

Errors:

Notes:

Level 2—areal or complex number (rectangular format

only), or an algebraic or name object — the total voltage
value, V.

Level 1 — a real number — the number of impedances,
N.

Levels 1 through N — complex numbers (rectangular
format) or algebraic expressions — the voltage values,
V, through V,, respectively.

The types of output objects generated depend on: (i) the
types of the input objects; (ii) the status of flag 35
(constants mode); (iii) the status of flag 36 (results
mode).

Useinternally consistent sets of units (e.g. ohms forim-
pedances and amperes for currents).

Infinite Result will occurifany of the imped-
ances is B (or (84 @) and flag 59 (infinite results
action) is set. Undef ined Mame will occur if an
input name is undefined and flag 36 (results mode) is

clear.

None to speak of.
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Summary:

Example:

Inputs:

50

Convert A Series VZ Source
To A Parallel IZ Source:

VE+IZ2 (36249)

€ FINZ2E&NZ 23
S

This routine converts from a series-connected voltage
source and impedance to a parallel-connected current
source and impedance, as shown below:

— T} e ’ *

z

vty —> Im z

Problem: Convert a 50-volt voltage source, in series
with an impedance of (1,-5), to an equivalent
current source with a parallel impedance.

Solution: 2 FIX DEG 28 (1,-32 VZ=*IZ2

Result: ¢(1.88,-5.88) (theparallelimpedance)

Then: SHAFP R*P

Result: (9.81,73.69) (I=9.81£78.69°

Level 2 — a real or complex number (rectangular for-
mat), or an algebraic or name object — the voltage
source value, V.

Level 1 — a real or complex number (rectangular for-
mat), or an algebraic or name object —the series imped-
ance value, Z.
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Outputs:

Units:

Errors:

Notes:

Level1 —acomplex number (rectangular format), or an

algebraic expression —the parallel impedance value, Z.
Level 2—a complex number (rectangular format), or an
algebraic expression — the current source value, L.

The types of the output objects depend on the types of
input objects and the states of flag 35 (constants mode)
and flag 36 (results mode).

Use internally consistent units (e.g. amperes for cur-
rents, ohms for impedances, and volts for voltages).

Undef ined Mame will occur if an input name is
undefined and flag 36 (results mode) is clear.
Infinite result willoccuriftheinputZiszero
and flag 59 (infinite result action) is clear.

None to speak of.
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Summary:

Example:

Inputs:

52

Convert Radians/Second To Hz:

w*F (13988)

€ > 1w 'wRsm' ¥

This routine uses the equation F=w/2n

where ® is the angular frequency in radians/second,
corresponding to F, which is the sinusoidal frequency
in cycles/second (Hz.). Ww#*F returns F for the specified
o , which it takes from Level 1 of the stack.

Problem: Convert 37/2 radians/second to Hz.
Solution: STD 3 w ¥ 2 ~ w3F

Result: '3*mw- 227" (flags 35 and 36 both set.)
Then: COLCT

Result: .72

Alternate Solution: 3 T ¥ 2 + w3*F *NUM
Result: . 49999999999

Problem: Convert (n-2)r radians/second to Hz.
Solution: 'N' 2 = W ¥ w3F

Result: 'CH-2)*¥w~2-m"' (flags 35 and 36 set.)
Then: COLCT

Result: '.2¥C(-2+N>'

Level 1 — a real number or complex number (in rectan-
gular format only), an algebraic object, or aname object
— the angular frequency value, ®, in radians/second.
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Outputs:

Units:

Errors:

Notes:

An algebraic or name-type input must be ultimately
reducible to a complex or real number.

Level1 —areal number or an algebraic expression—the
frequency, F, in Hz. (cycles/second).

The type of output object generated depends on three
factors: (i) the type of input object; (i1) the status of flag
35 (constants mode); (iii) the status of flag 36 (results
mode). Depending on these conditions, F#w will re-
turn different outputs, as follows:

If flag 35 is set, a resultant algebraic expression will
contain ' W' . If not, the result uses a numerical ap-
proximation of x.

If flag 36 is set and the input object contains name
objects, the resulting object will also contain name
objects — that is, the input name objects will not be
evaluated. But if flag 36 is clear, any input name
objects are evaluated and replaced with their numeric
contents in the output object.

Ifw isgiveninradians/second, F willbe returnedin Hz.
Any other internally consistent units will work, also.

Undef ined Mame will occur if an input name is
undefined and flag 36 (results mode) is clear.

Since the HP-28S has no o character, use W instead.
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Convert A “Y” Impedance Configuration
To A “A” Impedance Configuration:

YD (174867

¥ 40 &
¥ ) ok W
N~ 0D
— D m
D *® O
N+ &
- + D
m 4 m
N - ok
¥ & @

Summary: Y'2+D converts a three-element “Y” network to anequiva-

lent “A” network, as shown here:

y4 B ZAB
ZC
—_—
Z ZAA ZAC
A

Y'#D expects the three “Y” impedances to be put onto
the stack in clockwise order. The resultant “A” imped-
ances will be returned in clockwise order, also.

Example: Problem: Given a “Y” network with impedances Z, , Z,,

54

and Z,, find an equivalent “A” configuration.
Solution: 'ZR' 'ZB' 'ZC' Y=D
Result: 'C(ZA*ZB+(ZB*ZC+ZC*ZA) >~ ZB'

(thisis Z )

Then: DROP

Result: 'CZA*¥ZB+(ZB*ZC+ZC*ZAX 2~ ZA'
(this is Z,;)

Then: DROP
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Inputs:

Outputs:

Units:

Errors:

Notes:

L—gﬁ%f:%z% .,
Result: ' (ZH*ZB+(EB*ZC+ZC*2H) )/ZC !
(this is ZAA)

Level 3 —a real or complex number (in rectangular for-
mat), or an algebraic or a name object — the
impedance value, Z,.

Level 2—any type allowed for Level 3 —the impedance

value, Z;.

Level 1 — any type allowed for Level 3 —the impedance

value, Z..

Level 1 — the impedance value, Z, .
Level 2 — the impedance value, Z,;.

Level 3 — the impedance value, Z,,.

The types of the output objects depends on the types of
input objects and the states of flag 35 (constants mode)
and flag 36 (results mode).

Output units will match the input units only if input
units are all identical. Ohms are conventional, of
course.

Infinite Result will occurifanyinputimped-
ance is zero and flag 59 (infinite result action) is set.
Undef ined Result will occur if all inputs are
zero. Undef ined Mame willoccurifaninputname
is undefined and flag 36 (results mode) is clear.

None to speak of.
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Summary:

Examples:

56

Add Two Parallel Impedances:

ZRDDP (44879)

< <+ H

B 'INVCINYCRX+

INVCB2 ' »

'ZADDP' adds two parallel impedances together,
yielding a single equivalent impedance, using the

equation

Problem:

Solution:
Result:

Problem:

Solution:
Result:

Problem:

Solution:

Result:

Then:

Z = 1

1 1
o+
Z, Zy

Find the single impedance equivalent to the
parallel impedances (2,3) and (1.2,4.5).

2 FIXR (2,3> (1.2,4.5> ZADDP
(8.89,1.86>

Find the single equivalent impedance for
parallel impedances Z, and Z,,.

'ZA' 'ZB' ZADDP
"IMVCINVMCZA2+INYCZB2 > !

If, in the previous problem, Z, were (4.3,2),
and the total (equivalent) impedance were
(2.99,1.25), find Z,.

(4.3,2> 'ZRA' STO (2.99,1.25>
"IMVCINYCZAY+INVC(ZB) »=
(2.99,1.25>"

'ZB' ISOL EVAL
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Inputs:

Outputs:

Units:

Errors:

Notes:

Result: (9.69,3.12>

Levels 2 and 1 —real or complex numbers (rectangular
format only), algebraic objects, or name objects — the
two parallel impedance values.

All inputs should be ultimately reducible to complex or
real numbers.

Level 1 —a complex number (rectangular format) or an
algebraic expression — the total equivalent impedance

value.

The output object type depends on the input object
types and on the status of flag 36 (results mode): Ifflag
36 is set when name-type input objects are used, the
output object will also contain names. Otherwise, any
input names are replaced with their numeric contents
in the output object.

Output units will match input units (assuming that all
input units are identical).

Infinite Result will occurifboth impedances
ared (or (B, B)) and flag 59 (infinite result action) is
set. Undef ined Mame will occurifaninput name
is undefined and flag 36 (results mode) is clear.

None to speak of.
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Summary:

Examples:

Inputs:

58

Add Two Series Impedances:

ZRDDS (13691)

€ + A

B 'A+B' *»

'ZADDS ' addstwoseriesimpedances together, yield-

ing a single equivalent impedance, using the equation

Z,=2,+Z,.

Problem:

Solution:
Result:

Problem:

Solution:
Result:

Problem:

Solution:
Result:
Then:
Result:

Find the single impedance equivalent to the
series impedances (2,3) and (1.2,4.5).

1 FIX (2,3 (1.2,4.5> ZADDS
(3272

Find the single equivalent impedance for
series impedances Z, and Z.

'ZR' 'ZB' ZADDS
'ZA+ZB'

If, in the previous problem, Z, were (4,2), and
thetotal (equivalent)impedance were (4.1,5),
find Z,,.

(4,2 'ZA' STO ¢(4.1,5) =
'ZA+ZB=C(4.1,5>"'

'ZB' ISOL EVAL

(8.1,3.82

Levels 2 and 1 —real or complex numbers (rectangular

format only), algebraic objects, or name objects — the

two series impedance values.
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Outputs:

Units:

Errors:

Notes:

All inputs should be ultimately reducible to complex or

real numbers.

Level 1 —a complex number (rectangular format) or an
algebraic expression — the total equivalent impedance
value.

The output object type depends on the input object
types and on the status of flag 36 (results mode): Ifflag
36 is set when name-type input objects are used, the
output object will also contain names. Otherwise, any
input names are replaced with their numeric contents
in the output object.

Output units will match input units (assuming that all
input units are identical).

Undef ined Mame will occur if an input name is
undefined and flag 36 (results mode) is clear.

None to speak of.

CIRCUIT REDUCTION TOOLS: Reference 59



Summary:

Example:

Inputs:

Outputs:

Units:

Errors:

Notes:

60

Y

n Polar Formt uctio:
" 91127

A « RCLF DEG M
P

*+ M
R+C P»*R SWAF STOF
»

¥ D R

? is an auxiliary function that converts two real num-
bers into a polar complex number of the form { My o>,
where M is the magnitude and a is the angle of the
complex vector. This function is used byR*® and+",
so you'd probably use those routines rather than this
low-level function directly.

None needed.

Level 2 — a real number — the magnitude, M.
Level 1 — a real number — the angle, o, in degrees.

Level 1 — a complex number — in polar format.
Real and complex numbers themselves are unitless.
Bad Argument Type occursfornon-realinputs.

The angle (X) is always in degrees. ™ must be placed
in a directory at least as "high" as #® and R+".
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Notes (Yours)
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Convert (Re, Im) To 'M*xe™~{ixx>"':

Summary:

Examples:

Inputs:

Outputs:

62

e 271113)

« (1,82 % »HUM C»E
R+C ECLF 26 SF EAD
SWAP R+*P C2R 'i'
SWAP * 'e' SWAP © *
SWAFP STOF *»

+2 converts a complex number from any evaluable
format to this exponential format: 'M*e™i¥q',
where [ is the magnitude of the vector in the complex
plane and & is the directional angle, in radians.

Problem: Find 4e!™ + 1.5e!%32 — in exponential format.

Solution: 2 FIX w 4 » i * EXP 4 * RERAD
C1.59,.32> P33R + e

Result: 'S.38%e"(i*¥d.66)'

Problem: Find (-1.3+i0.5) + (4.4-i2.3). Again, express

the answer in 'M¥e™i%q"' format.
Solution: {=1.3,.592 'd.4-i*%2.3' + e
Result: '3.98*e™~(i*(-8,353>>'

Level 1 — any object that can be reduced to a real or
complex number by *MHUM — the number to be con-

verted to an exponential format.

Level 1 — an algebraic expression — the formatted
exponential.
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Units:

Errors:

Notes:

#2 generates an algebraic expression that contains no

unevaluated variables ('@' and 'i"' are symbolic
constants). Thus it behaves as a symbolic complex
number, whose angle (@) is always given in radians.

Certain conversions involving combinations of *& and
other conversion routines will produce odd results be-
cause of rounding errors. For example, the sequence
(By2> ¥ *1i returns '8.73323846264E-
12+1i%2', instead of ' 1%¥2"', because #& returns
'2¥2™(1¥1.378796326793) ', instead of the
more accurate ' 2¥2™C1#¥w-22"'. You can regard
numbers smaller than 10-'° as 0; often, in fact, you can
useRMD and aproperdisplaymode(@ FIXord SCI,
etc.) to actually round to 8.

Complex numbers themselves are unitless.

Bad Argument Type will occurifaninputisnot
reducible to a real or complex number.

R+P and P*R are other conversion commands that
may be useful (and more familiar) to you in working
with the numbers you frequently encounter in circuit
analysis. But be careful! HP-28S system commands
(except P*R and some of these conversion tools) expect
complex numbers to be in — or reduce to — rectangular
form. If you use any of those system commands on
complex numbers in polar form, you'll get incorrect
results!
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Summary:

Examples:

Inputs:

Outputs:

64

Convert (Rey Im) To 'Re+i*¥Im':

*1 (224829)

€ (1,82 % »HUM CaE

RCLF Z& SF ROT ROT
i' OVER SIGH * SHWAP
AES * + SWAP STOF =»

+1 converts a complex number from any evaluable
formattoarectangularalgebraicformat: ' Ke+i*¥Im',
where Re is the real portion and Im is the imaginary
portion of the complex vector.

Problem: Find 4e'™* + 1.5e'°3%2 — in rectangular alge-
braic format.

Solution: 2 FIX m 4 » 1 ¥ ExP 4 ¥ ERD
Result: '4.23+1i%¥3.28'

Problem: Find (-1.3+10.5) + (4.4-i2.3). Again, express

the answerin 'Ee+i*¥Im' format.
Solution: {=1.32,.32 '4.4-1%2.3' + i
Result: '3.18-i*1.88'

Level 1 — any object that can be reduced to a real or
complex number by #MUM — the number to be con-

verted to an exponential format.

Level 1 — an algebraic expression — the rectangular
algebraic format.
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Units:

Errors:

Notes:

+1 generates an algebraic expression that contains no

unevaluated variables(' 1 ' isasymbolic constant). It
behaves, therefore, as a symbolic complex number.

Certain conversions involving combinations of #1 and
other conversion routines will produce odd results be-
cause of rounding errors. For example, the sequence
(B,2> *e i returns '8.73323846264E-
12+1i%2', instead of ' 1%¥2"', because #& returns
'2¥e™(i¥1.57079632673) ", instead of the
more accurate ' 2¥e™(1¥wW-22"'. You can regard
numbers smaller than 10'° as 0; often, in fact, you can
useRMD and aproperdisplaymode(@ FIXor4 SCI,
etc.) to actually round to 8.

Complex numbers themselves are unitless.

Bad Argument Type will occurifaninputisnot
reducible to a real or complex number.

R+*P and P#R are other conversion commands that
may be useful (and more familiar) to you in working
with the numbers you encounter in circuit analysis.
But be careful! HP-28S system commands (except
P+R and some of these conversion tools) expect com-
plex numbers to be in—or reduce to—rectangular form.
If you use any of those system commands on complex
numbers in polar form, you'll get incorrect results!
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Summary:

Examples:

Inputs:

Outputs:

66

Convert (Rey Im>» To ' " (M, a>':

+7 244342)

® (1,8) % 3HUM CR
R+C RCLF SWAP DEG
STD RsP 3STR "'="
SWAP + STR+ SWAP
STOF »

+% converts a complex number from any evaluable
format to this polar format: ' " (My > ', where 1 is
the magnitude of the vector in the complex plane and
X is the directional angle, in degrees.

Problem: Find 4e™™* + 1.5€i°% — in this polar format.

Solution: 2 FIX w 4 » i # EXP 4 * RAD
(1.5,.32> P3*R + »°

Result: '"(35.38,37.82>'

Problem: Find (-1.3+i0.5) + (4.4-i2.3). Again, express

the answerin ' "(Zy 02> ' format.
Solution: {=1.33.22 '4.4-1i%¥2.3' + =»"
Result: '"(3.98,-30.14>"'

Level 1 — any object that can be reduced to a real or
complex number by *MUM — the number to be con-

verted to a polar format.

Level 1 — an algebraic expression — the polar format.
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Units:

Errors:

Notes:

2+ " generates an algebraic expression that contains no

unevaluated variables. Thus it behaves as a symbolic
complex number, whose angle () is always given in
degrees.

Certain conversions involving combinations of #® and
other conversion routines will produce odd results be-
cause of rounding errors. For example, the sequence
(By22 2 3+ gives' "(2,89.9999999397) ',
instead of ' " (24 9@ ' . Thisis because #& returns
'2¥e™(i¥1.57079632673) ', instead of the
expected ' 2¥e™(i*¥w- 2> ".

Complex numbers themselves are unitless.

Bad Argument Type will occurifaninputisnot
reducible to a real or complex number.

R2P and P#R are other conversion commands that
may be useful (and more familiar) to you in working
with the numbers you frequently encounter in circuit
analysis. But be careful! HP-28S system commands
(except P*R and some of these conversion tools) expect
complex numbers to be in — or reduce to — rectangular
form. If you use any of those system commands on
complex numbers in polar form, you'll get incorrect
results!
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Chapter 3

CIRCUIT REDUCTION
TOOLS:

Discussion

This Chapter contains more examples, background and detailed discus-
sions on using the Circuit Reduction Tools.

For the actual listings of these program tools, see Chapter 2 (page 12).
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A reminder about the keystroke solutions you'll see in this section and
throughout this book:

As usual with the HP-28S, there are many ways to key in solutions to
problems, and it's just impossible to show every method. This book
simply cannot "read your mind" to know which menu or directory you're
currently using when you want to use one of these tools — so it can't give
you the most convenient set of keystrokes for your particular case.

In all these solutions, therefore, rather than specifically telling you to
press a key (e.g. or (DROP)) or to select a menu item (e.g.

or IEEXA), you'll see all commands in their "generic" form (spelled out as
if you had typed them in):

PURGE DROP
R+C P2*R
etc.
Sojust keepin mind that, depending upon what you're doing, it may well

be that instead of typing, you could more conveniently use a key or a
menu item instead.

Now then — on with the discussions....
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Symbolic vs. Numeric Calculations

The HP-28S is not just a calculator. If you wanted merely a machine to
perform arithmetic, you probably wouldn't spend the time or money on
something so sophisticated. This machine is also a symbolic equation
solver. That means you must often consider not only how to perform a
calculation, but how the forms of the input and output and the current
mode of calculation will affect your result.

For example, there's no mystery about what should happen when you
do want to do simple arithmetic (say,add 1 and 2,likeso: 1 2 +). You
should get one real-valued result, 3. But what if you want to add the
number 5 to the number Z, (like so: £A 3 +)? What kind of answer
do you want— a numeric or a symbolic result? Does £ZA have a specific
value, or is it some arbitrary variable?

To fully illustrate these questions, consider some examples:

* You want to build a symbolic expression ' A¥B+{A+B>'. Howdo
you do this?

* You have two variables 'A' and 'B"', containing numbers with
which to calculate. How would you calculate A x B/ (A + B)?

* You have an expression, 'A¥B-CA+B> "', which you want to
evaluate for many different valuesof ' ' and ' B'. Whaddya do?

* You want to find the numeric value of m+4. How?
Gad, the mind boggles with all the possibilities. But these are all quite
common and valid needs you might have —and they are perfectly reason-

able things to expect your HP-28S to do.

You must simply know the recipes.
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To work confidently with your HP-28S, you need to be familiar with two
of its system flags (internal status indicators which you can vary back
and forth between two opposite states). They are: Flag 35 (constants
mode) and Flag 36 (results mode).

Flag 35 (constants mode) determines what kind of result you'll get
when any of the system constants (1, &, MAXR, MIMR and m) are
evaluated.

For example, when flag 35 is set (which you do like this: 39 SF), and
youperform ' ' EWYAL, you'll get the symbolic result: 'mW'. Onthe
other hand, whenflag 35isclear (39 CF)performing ' w' EYAL will
give you 3. 141592653359, the nearest numerical equivalent.

Flag 36 (results mode) determines whether functions will reduce name
objects to their numeric contents.

For example, when flag 36 is set (via36& SF), the commands 'A' 1
+ give the result ' A+1'. Setting flag 36 effectively tells functions to
"leave all name objects alone." But when this flag is clear 36 CF)
functions will evaluate all name objects so as to return numeric results:
2 'A' STO 'A' 1 + yields 3,forinstance. Thus,ifyou're working
with flag 36 clear, you should remember that name objects will then
function as places in which to store numbers —not as abstract variables.
Indeed, names that don’t contain numeric objects will cause errors
when operated on under this flag setting.

Note also that symbolic constants are simply name objects with spe-
cially reserved names. Therefore, if flag 36 is clear, the machine "has
permission” when using functions to reduce all names to their numeric
equivalents — including the specially reserved names. In effect, then,
when you clear flag 36, you are overriding the setting of flag 35.
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The settings of these two flags is, of course, up to you, but you'll have
the most flexibility if you generally leave them both set, thus preserving
all names and constants in your results. Remember that when you have
a symbolic expression that you need to reduce toits numeric equivalent,
you can always do so easily with ENVAL or *+MUM.

Of course, even when you do want to change the settings of flags 35 and
36, it's not always convenient to be messing about with SF and CF
commands (and trying to remember the flag numbers, etc.).

So just remember that the selection on the TOOLS menu will send
you to amenu similarin function and appearance to the machine's built-
in MODE menu, where each menu key toggles a mode on and off:

TooLs]

The two modes are (Symbolic RESults) and (Symbolic
CONstants) --- flags 36 and 35 respectively.

Ifthe name in the menu has a little box to the right of'it, like this, ERIL,
that modeis set. Pressing that menu's key will therefore clear the mode
and the box: HEIN; pressing the key when there's no box will set the
mode and reinstate the box.

By pressing HITHE, you'll leave the MODE menu and return to the
TOOLS menu.
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Complex Number Calculations

Thesixroutines ' *Fi','#e','+°' 'R+i' 'R?e’',and'R3>""'
extend the HP-28S complex number commands by allowing you to
construct complex number expressions. These six programs always
return symbolic results; they were designed to do so — to allow you to
generate complex numbers in alternate, symbolic formats. However,
just as with any other arithmetic, the results mode (flag 36) does affect
how these expressions are combined. Watch:

2 FIX SRES" (turns off symbolic results)

1 2 R+i Result: '1+i*2"'
5 53 R»" Result: '"(5,53>"
+ Result: €4.81,5.99>

That's what you'd get with symbolic results turned off (and you would
then need touse*1,*&, or*" to put it back into a symbolic format, if
that's what you prefer). Now do the same thing again, but with symbolic
results set:

SEES (turns on symbolic results)

1 2 R+i Result: '1+i%2'

3 93 R=»" Result: ' (5,532

+ Result: '1+i*¥2+°(5,53>'

As you can see, all symbolic expressions and constants are preserved —
just as you'd expect with flag 36 set. Indeed, all six of these routines
produce results that behave in this internally consistent way. Then, if
you wanted the actual numeric value, you would use +MUMM.

So in keeping with the recommendation (on page 72) that flags 35 and
36 both be kept set (generally a more flexible status) this book will
assume such in all its results — that symbolic results and symbolic con-
stants modes are both set — unless otherwise stated.
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Keying In Complex Numbers

As you may know, there are several different complex number formats
in widespread use among different disciplines. This is irrelevant, of
course, if you never encounter any format other than the one you now
know and love. Butin case you do meet with a different format, it's good
to be able to convert back and forth — and to combine numbers in
different formats, reducing the results to your preferred format.

The first thing to realize with the HP-28S, of course, is that it hasits own
formats and conventions. The basic complex number on the HP-28S is
the Cartesian-coordinate (also called rectangular) form: (3342,
where the 3 is the real component and the 4 is the imaginary component.
All the HP-28S'’s calculations assume that a complex number is in this
rectangular form (except those operations specifically intended to con-
vert from another form to this one).

All would be well ifthis rectangular form were the only one anybody ever
used, but life is never that simple. There's also a polar form often used
in electrical engineering and it is sometimes acceptable to the HP-28S:
(33 33. 137, where thed is the magnitude of the complex vector, and
the 3. 13 is the angle it makes with the real axis. This angle may be
measured in degrees or radians (the HP-28S will assume one or the
other according to the current angle mode).

The problem is, there's no way to tell by looking at your calculator's
display in which form a complex number is being expressed. Indeed,
experienced users often develop the habit of using one form or the other,
converting between them only when necessary.

But the HP-28S makes life even easier than that. It can create and use
symbolic expressions (including the symbolic constants '&"' and '1')
as easily as numbers, thus allowing the creation of other common
complex number formats: '3+i%¥4' and 'S¥e™(i¥8.93>'
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These are the machine's renderings of the algebraic rectangular form,
R+iC, and the exponential form, Mei* they will reduce to numeric
valuesifyouuse*MHUM. Note that the HP-28S uses the mathematician's
i, rather than the engineer's j, to represent V-1. Note also that the ex-
ponential form is valid only for o in radians.

Unfortunately, there's yet another common complex number format —
the polar degree format (the engineers' favorite), which is MZa, with o
in degrees. The problem with thisis thatit's not at all convenient on the
HP-28S, because the machine lacks the £ character. However, with a
slightly different format, you can still present the same information:
'7(5,953.13>"'. Herethed isthe magnitude, and the D3. 13 is
the angle, o, in degrees. This is the polar degree format in this book.

Of course, all three of these alternate complex number forms would be
merely interesting novelties without some convenient methods for
creating and using them on your HP-28S. So this book provides three
commands that exactly parallel the HP-28S's R+C ("real-to-complex")
command — corresponding to each of these three symbolic formats:

'Re+i*IN' "M¥e”Cixad! "My !
R+1i R+e R+®

JustlikeR#*C, each of these commands takes its components from stack
levels 1 and 2 and leaves the resulting expression on level 1:

2 FIXx 1 1 R=»i Result: '1+1i
24 m4 - R+e Result: '1.41%¥e™(i*@.73>'
2 4 43 R» Result: '"C1l.41,43>"'

Of course, these commands are only for your convenience; you can
always key in these expressions directly. For example, to create the

expression ' 1+1 ', you would press (")1)H(LC)1)ENTER), etc.
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Math With Mixed Complex Formats

The real beauty of these three complex formats is that they're funda-
mentally equivalent. That is, they'll all reduce to the HP-28S's Carte-
sian rectangular form when you use #*MUM (indeed, if you apply *MUM
to the expressions on page 75, you'llget 1. 88, 1 .88 for each one
of them — try it)!

This means that you can enter complex numbers in any of the three
alternate formats, perform calculations on them, then reduce the final

result with one simple *MHUM!

For example:

1 1 R+i Result: '"1+1i'

3 34 R»" Result: '"C3,34)>'

+ 2 7 Result: 'C1+i+"(3,342>-2"'
That's getting ugly.

2 FIX #NUM Result: (1.74,1.34>

That's much better.

Yes, but what's this result in polar-degrees format? After all, if you're
used to working in a certain format, it would be ideal to get the final
result in that format, too — no?

3" Result: '"(2.28,37.322>"

Note that this command is not R#+® but +°. Keep in mind thatR+"
(along with R#*1 and R#*&) will always combine real numbers to form
a complex expression where there was none before. This is useful
mainly for entering complex numbers.

By contrast, *® (and *+1 and #&) will actually convert an existing
complex number from any other allowable format to the desired format.
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Thus, you have four basic complex number conversion routines: #*1i,
+% % and *NUM. The built-in *NUM command is included, because
afterall, it too will convert any of the other allowable formats to a certain
desired format — the HP-28S's own Cartesian rectangular format!

So, if in that last example, you really wanted to see the results in, say,
algebraic rectangular format, it wasn't necessary to use *MHUM at all:

1 1R»i 3

34 R»° +

2 7 Result: 'Cl1+i+%(3,3422-2"
i Result: '1.74+i*¥1.34"'

Try another one:

1 43 R+® Result: '"C1,43>"
LH Result: 'LMHC® (1,432
21 Result: '6.48E-13+i*0.73"'

+1 (like any of the other conversion routines) automatically evaluates
the expression before converting it to Re+ilm format. So any function
such as LN, that can take a complex expression as an argument, will
be evaluated by the conversion routines.

Notice that the result of LN(1.£45°) has a very small real portion — small
enough to be considered rounding error and replaced by 0. To do this,
you could use IM to return the imaginary portion as a real number.
Then reénter the result as the imaginary portion of a complex number
with a real portion of 0:

IM Result: 'IM(6.4BE-13+1i%8.73>'
8 SWAP
R+i Result: 'i¥8.73"

CIRCUIT REDUCTION TOOLS: Discussion 77



Solving A Complex Expression For A Complex Result

Sometimes you'll need to do algebra with complex numbers, forming
complex expressions containingvariables: '"A+i¥B-"C1,43>'

You cannot build such an object just by using the conversion tools; you
must key in the variable names by hand. Here's one method:

A’ |i| "B' ¥ + Bﬂﬂllhl: 'A+i*B"
1 45 R+" - Result: 'A+i*B-"(1,45>"'

Of course, you can always perform further operations to build a more
complicated expression, but only after the variables have been given
values can you get its numeric result or convert its format:

8 'A' STO 12 'B' STO »i Result: ' 7. 29+i*11.29'

You can also use the SOLV menu to conveniently store values into the
variables in such an expression and then evaluate the expression (with
the [EXPR=],[LEFT=] or [ RT= |commands).

To evaluate this expression: "INVCINVCZAI+INV(ZBY »!

with these pairs of variable values:

ZA 1 '2-1%3' 'C2,430"

ZB 3 2.3 '%(180,36>"

..trythis: ' INVCINVYCZA2+INYCZB) 2 ' (So)

Then: 1 [ 2a | 3 [ 2B |[ERPR= Result: B.7D
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'2-1%3"'[2a |2.3[ 26 |E¥PR=]*1
Result: 'l.47-1%8.358'
'ZA' PURGE '"(2,43>'[2a ]'"C188,36>"'[ 2¢ JE4PR=]*"
Result: '"C1.96,44,.82>"'

Note, however, that since the "SOLVer" capability itself does not extend
to complex numbers, you cannot generally use it directly to solve for the
values of complex variables in complex expressions. Instead, you must
use I SOL — and probably some other algebraic rearrangement tools.

Before using I SOL, you should become comfortable with the use of the
solution mode flag (flag 34):

34 SF 'A~2=9' 'AR' ISOL Result: 3.806
34 CF 'A™~2=9' 'R' ISOL Result: 's1#3"
34 SF 'A"3=9' 'R' ISOL Result: 2.88

34 CF 'A™~3=9' 'R' ISOL
Result: 'EXP(2*w*i*¥nl- 3>%2.83"

With flag 34 clear, the expression for the general solution in each case
is given. Arbitrary integers are represented by nl, n2, etc. Thus,
replacing N1 above with any integer will yield a valid answer.
Similarly, 51, 52, etc., represent arbitrary sign multipliers (+1), so
that replacing 51 above with either 1 or =1 will yield valid results.

With flag 34 set, you get the principal value as a result. This value is
what you get when you substitute 8 for all arbitrary integers and 1 for
all arbitrary signs.

As always, the choice of solution mode (flag 34) is up to you — and the
symbolic solutions switch, / (in the MODE menu — page 72),
helps you to easily flip back and forth. Just be aware that this book will
assume flag 34 to be clear in all examples unless otherwise indicated.
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Conversions From Passive Circuit Elements
To Impedances

Since the idea behind circuit reduction is to combine circuit elements,
this book gives you tools to convert any combinations of resistances (R),
capacitances (C), and inductances (L), to general impedances (Z).

Of course, since resistance is the real component of impedance, the con-
version of resistance to impedance is trivial; R+Z returns the original

input value: ro R3*Z Result: 72

However, theimpedances in capacitances and inductances depend on
the angular (radian)frequency of the circuit (o ), represented by the HP-
28S variable 'wW'. If this frequency is undefined, the results of
impedance conversions will therefore contain its unevaluated name, W:

'w' PURGE STD
881 C3Z Result: '=CisCw*.B881>>"
1 L2 Result: 'i*¥Cw#.1>"'

These results are entirely valid algebraic expressions, and you can thus
build more complicated expressions from them, but you cannot obtain
any numeric results from them without first assigning a value to W:

377 'w' STO 2 FIx
1 L2 i Result: 'i#¥37.78'
881 C3Z i Result: '=(i*¥2.63>"

Note that once W is defined, it remains so defined for all future
calculations, until it is redefined or undefined (PURGEd). However, if
you've requested strictly numericresults (i.e. the symbolic results mode
—flag 36 —is off), you must define W before you perform conversions. If
you don't, you'll get an error: Undef ined Hame
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These options give you a lot of flexibility in your conversions and
calculations: You can certainly define W before doing anything else (as
you just saw), so that this same frequency will be applied to all subse-
quent impedance calculations.

Alternatively, you canundefineW (with ' W' PURGE)before doing any
such calculations. This lets you build up and store complicated imped-
ance expressions, then define W later. In this way, it's easy to evaluate
the same impedance at different frequencies.

With that in mind, because AC circuit frequencies are often expressed
in Hertz (cycles/second) rather than radians/second, a pair of conver-
sion tools have been provided to make it easier for you to vary and
specify frequencies.

For example, to convert from a 60-Hz frequency to w:

68 F3uw Result: '1Z28%m'

+MNUM Result: 376.99 (radians/second)
And back again:

w3F Result: '188.58-1w'

+NUM Result: 68. 88 (Hz.)

Putting this together with the impedance conversions, you can see how
easyitisto convert, say, al0-ufcapacitor to animpedance value in a 60-
Hz. circuit:

68 Fsuw 'w' STO
1E-3 C3Z2 Result: '=C1-C128%¥7*1.80E-3)>"
*1i Result: '=-C1%¥263.262"'
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Impedance Element Combinations

There are two different ways to combine circuit impedances — in series
and in parallel — and you have some tools to suit these needs. For
example, to add two impedances...

inseries: 'ZA' 'ZB' ZADDS Result: 'ZA+ZB'
inparallel: 'ZA' 'ZB' ZADDP
Result: ' INVCINVYCZAX+INVCZB2 2!

Think of these impedance "addition" tools just like addition operations
—invoked the same way you use + in simple arithmetic. Simple? Yes,
but here's a set of examples to illustrate the power of "simple" tools:

Problem: Given the circuitbelow, find the equivalent impedance.
i
3Q 1Q
2Q

Solution: 2 FIX 2 R+Z2 3 R3Z 4 R>Z2 ZADDP ZADDP
1 B»Z2 ZADDS
Answer: 1.92 (ohms)

Problem: Find the equivalent impedance at 40 Hz.:
4h
1Q
| (3t
- 1S MW
MWW

2Q
Solution: 2 FIX 48 F»w 'w' STO
2 R¥Z2 32 C»Z2 4 L»Z2 ZADDP ZADDP
1 R3Z2 ZADDS +i
Answer: '1.868-1i%1.33E-3" (ohms)
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Problem: The circuit below has an equivalent impedance of
0.78+j94.44 at15 Hz. Find Z. Then find the equivalent
impedance if Z = 2.5+j0.3.

4Q
MWA
7 1h
% m\
20
MAWA

Solution: 2FIXR 15 F3w 'w' STO 2 R3*Z '2' 4 R3Z
ZADDP ZARDDP 1 L=»Z ZADDS
ENTER 'EQ' STO (saves this expression.)
.78 94.44 R*i = 'Z2' ISOL +i

Answer: '1.53+i*1.68" (Z, in ohms)

Then: 2.9 .3 R*1 'Z2' STO EQ =i

Answer: 'B.87+1%¥94,28"' (the equivalent impedance)

Problem: Find the total current through this circuit:

5Q
15045V 1) ==-i10 § 15Q 5
j8.66

Solution: 8 -18 R+i 15 ZADDP
o B8 8.66 R+*i ZADDS ZADDP
8 5 R+*i ZADDP 158 45 R*" SWAP -~ »°

Answer: '7(33.81,-12.99)"' (amps)

Problem: Now, in the RL branch of the circuit in the previous
problem, find the current through the inductor and the
voltage across the resistor.

Solution: 158 45 R*" 5 8.66 R*1 ~ »°

Answer: '7(15.88,-15.882>" (amps)

Then: 2 ¥ "

Answer: 'R(YD.88,-15.882" (volts)
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Current Distribution Through Parallel Impedances

You have two current distribution tools to help you calculate the current

through each element of a parallel network — once you know the total

current (very handy, for example, in the previous problem).

The first of these two tools, IDIST, distributes a total input current
over two specified impedances (and notice that the outputs appear on

the stack in the same positions as the corresponding inputs):

_» [
LI'of_::ﬂ ZAZO A

ZA= 3+j5

Z=243.2

—

2 FIX 3 3 R*1 2 -3.2 R»i 2 62 R»°

Result: '
SWAP =»" Result: '
+ " Result: *

“(2.19,181.24>"
“Cl.42,-13.79"
"(2.08,62.80>"

IDIST =»°
(this is L)
(thisis I,)

(Liora, @gain)

The second tool, IDSTH, is just like the first except that it allows
current distribution over any number of parallel impedances. Of

course, this means you must provide an additional parameter specify-

ing the number of impedances required:

Zp=j2.2
oTJ- Zg=2-2 — e
ITo't=al 44500 A r-—|ZA =1+j4

IDSTH +" Result: '
ROLL =" esult: '
ROLL =" Result: '
ROLL =" Result: '
+ + 3° Result: '

+ A p b A

°(2.94,3.39'
(1.57,12.43>"
“(2.29,148.39>"
“(8.81,95.39'
“C4.08,386>"

4 R+1i 2 -2 R»1 8 8 2.2 R+*1 4 250 R»"

(I,
(I,)
1,
1)

(Lyora, 2gaIN)
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Voltage Distribution Across Series Impedances

The two voltage distribution tools, YD IST and VD'STHM, are much like
the current distribution tools, except, of course, that they calculate the
voltage drop across each element of a series of impedances.

For example, use YD IST on this circuit (and notice that the outputs
appear on the stack in the same positions as the corresponding inputs):

-
Zp=3Q
VTOE.‘OOA’OVT Ve ||Zg = 2.2+j1
2 2.2 1 R+*i 1698
YDIST =»° Result: '°(435.64,13.56)>" (Vy)
SHAP =° Result: '"(56.65,-18.892' (V)
+ »° Result: ' ®¢168,8) "' (Vyora)

And to use ¥YD'STH on this circuit:

Zg=2.4-j5.6

—
p I,

Za=3+j2 Zo=1.8+3.5

V.= 4528V 4 Zp=j4

gl

3 2 R* 2.4 -5.6 R+i 1.8 3.5 R+*1 8 4 R+»1
43 23 R»°

4 YDSTH *" Result: '"(21.92,84.56>"' (Vp)
4 ROLL =*° Result: '"(19.81,28.25>"' (Vy)
4 ROLL =»° Result: '"C(33.48,-V2.24>" (V)
4 ROLL =*° Result: '"C¢21.63,57.34>"' v,
+ + + »° Result: '°(d45,23>"' Viomal)
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A-Y Conversions

There is also this handy pair of conversion routines: A-to-Y (0'#Y)and
Y-to-A (Y#D). These commands convert between these configurations:

In converting, you must note the clockwise order of the impedances as
they appear in the above diagram. Keep in mind that this order is

reflected on the stack — with input and output: No matter which way
you're converting, ifinputis ZA ENTER £ZB ENTER Z£C,
then outputis ZC DROP ZB DROP ZA

For example, reduce the following network to its equivalent impedance:

21 2 DY Result:
Ry = 0.8

AW

Ry = 0.4

R = 0.4
Next: 2 ZADDS Result: Ry = 0.4 1
R, = 0.8 //§§N/A\V%%\\
— A :
Rt +2

Now reduce the rest ofit: SWAP 1 ZADDS ZADDP ZADDS
Result: 1.68 (ohms)
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Active Element Conversions

Alas, most simple circuits contain not only passive elements (imped-
ances), they also have active elements —usually independent sources of
voltage or current — which make these simple conversions handy to
have:

VT@ Y2312 I 7

1 z I1Z3VZ i)

The conversions are trivial but useful for converting source configura-
tions between series and parallel. For example, to reduce the following
parallel-voltage circuit to its equivalent series-voltage and impedance:

\| : .
)

-]5

50Vt (V) 5+i5

28 8 -3 R*i VZ3IZ2 3 5 R+*i ZADDP

IZ2+VZ2 +1 Result: 'S-1i%#5"' (resultant 2)
SWAP =" Result: ' C(7BA.71,452 " (resultant V)
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Chapter 4

CIRCUIT ANALYSIS
TOOLS:

Introduction

This Chapteris to help you decide which (if any) of the Circuit Analysis
Tools you need.

88 HP-28S Software Power Tools: Electrical Circuits



What These Tools Can - And Cannot - Do For You

The Circuit Analysis Tools are three large collections of routines that
analyze voltages, currents, or input-output ratios in circuits. With the
help of these tools, you can build three kinds of circuit descriptions in
your HP-28S. Then, depending upon the type of circuit you have built,
you can:

e (Calculate voltages at points in a network of circuit elements (that's
Node-Voltage Network Analysis). Any circuit to be so analyzed may
contain resistors (R), capacitors (C), inductors (L), impedances (Z),
and independent active current sources (I) — but it may not contain
any independent active voltage sources (V);

e (Calculate currents through branches in a network of circuit ele-
ments (that's Mesh-Current Network Analysis). Any circuit to be so
analyzed may contain resistors (R), capacitors (C), inductors (L),
impedances (Z), and independent active voltage sources (V) — but it
may not contain any independent active current sources (I);

¢ (Calculate transfer ratios of ladder networks (that's Ladder Network
Transfer Analysis). Anyladder circuit to be so analyzed may contain
parallel or series resistors (RP or RS), capacitors (CP or CS),
inductors (LP or LS), and impedances (ZP or ZS), but it may not
contain any active elements. You can then calculate the inputimped-
ance (ZIN) and various transfer ratios, including Voltage and Cur-
rent Transfer Ratios, Forward Transfer Impedance and Admittance,
and Power Transfer Ratio (Gain).

Note that once you specify the type of circuit (one of the above three
types) that you're going to analyze — and then build it — you cannot then
simply change the type; you must rebuild a similar description with the
new type.
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You cannot conveniently use the Circuit Analysis Tools to:

Solve for an unknown element value or an unknown frequency value

in a circuit;

Key in and convert between different formats of complex numbers;

Convert from passive circuit elements (R, L, and C) to generalized
impedances (2);

Find equivalent single impedances for series or parallel combina-
tions of impedances;

Perform A-Y Conversions (either way);

Find Thevinin's and Norton's equivalent source-impedance combin-
ations.

For these sorts of calculations, you'll find the Circuit Reduction Tools to

be much more helpful.

90

What To Do Next

If none of these Circuit Analysis Tools seems to be what you're after,
you might try the Circuit Reduction Tools (Chapter 1, page 8).

If you wish to have all the Circuit Analysis Tools available to you,
then turn to page 94 and work through Chapter 5, keying in every
routine. Don't neglect to read all the preliminaries in Chapter 5!

If at this point, you want to pick and choose among the three kinds
of analysis tools available, then you can work through Chapter 5,
keying in only those routines necessary for the desired analysis. The
checklists on the next two pages (and the information provided in
Chapter 5) will tell you which routines are required.

Even with these checklists, though, don't neglect to read all the pre-
liminaries in Chapter 5!
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Checklists For The Three Kinds Of Circuit Analysis

The following lists give the page numbers and names of all the objects
required for the 3 types of circuit analysis — but it's not as much as it
seems; there's a lot of overlap. A * preceding an object name means it's
needed for all three kinds of analysis; a } preceding the namemeans it's
needed only for Mesh-Current and Node-Voltage analysis; a ® preced-
ing the name means “optional but recommended.”

Required For Mesh-Current Network Analysis

97 * ADD 125 * GETK 170 * PUTH
98 * AI 126 * GOTO 171 * QUIT
99 : C 128 * INIT 1721 B

100 * CALC 129+ INODE 173 EMESH
101 * CDSP 131 L 179 « SAYE
102 * CELS 138 LMESH 181 * Show
103 * CHHG 140 « LOAD 182* SIP
104 * CIMIT 146 * MAIM 183* Size
105 * CIRCS 147 HMESH 184 * SLDEL
106 « CKSH 148 MESHCALC 185 * SZCHK
107 CMESH 150 MESHELS 186 * SZDSP
114 * DEL 151 MESHSHOM 187 * TPDSP
115* EDIT 153 * Next 188 * Type
116 * EEA 155 HWODECALC 189 ¥

117 * EEREEP 160 * PAUSE 190 YMESH
118 * ERIT 161 * PREY 192 * YES?
119 * FRDSP 162 « PRINT 1941 2

120 * FRER 165 * PUTE 195 ZMESH
121 * Freq 168 PUTMESH 196 1 ZMODE
124 * GETE 169+ PUTHODE

CIRCUIT ANALYSIS TOOLS: Introduction




Required For Node-Voltage Network Analysis

97 * ADD
98 * AI

99 i [C

100 * CALC
101 * CDSP
102 * CELS
103 * CHHG
104 * CIMNIT
105 * CIRCS
106 « CKSHM
108 CHODE
114 * DEL
115* EDIT
116 * EER
117 * ERREP
118 * EXRIT
119 * FRDSP
120 * FREQR
121 * Freq
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124 * GETE

125 * GETK

126 * GOTO

127 I

128 * INIT

129+ INODE
131% L

139 LHNODE

140 « LOARD

146 * MAIN

153 * Mext

154 HNODE

155 HNODECALC
157 HWODEELS
158 MODESHOW
160 * PAUSE

161 * PREVY

162 « PRINT

165 * PUTE

169+ PUTHODE
170 * PUT¥
171 * QUIT
1721+ B

174 EHODE
179 « SAVE
181 * Show
182* SIP
183* Size
184 * SLDEL
185 * SZCHK
186 * SZDSP
187 * TPDSP
188 * Tupe
192* YES?
1941 2

196 ZHODE
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Required For Ladder Network Transfer Analysis

97 * ADD
98 * AI

100 * CALC
101 * CDSP
102 * CELS
103 * CHHG
104 * CIMIT
105 * CIRCS
106 « CKSHM
109 CP

110 CPLADR
111 CS

112 CSLADR
113« CTE
114 * DEL
115+ EDIT
116 * EEA
117 * EREEP
118 * EXIT
119 * FRDSP
120 * FRER
121 * Freq
122« FTH

123« FTZ

124 * GETE

125 * GETK

126 * GOTO

128 * INIT

130 « INZ

132 LADR

133 LADRCALC
134 LADRELS
135 LADRENGH
137 LADRSHOW
140 « LOAD

142 LP

143 LPLADR
144 LS

145 LSLADR
146 * MAIN

153 * Mext

160 * PAUSE

161 * PREY

162 « PRINT
164« PTR

165 * PUTE

CIRCUIT ANALYSIS TOOLS: Introduction

167 PUTLRADR
170 * PUTH
171 * QUIT
175 RP

176 REPLADE
177 RS

178 RSLADR
179 « SAVE
181 * Show
182* SIP

183 * Size
184 * SLDEL
185 * SZCHK
186 * SZDSP
187 * TFDSP
188 * Type
191 » VTR

192 * YES?
197 ZP

198 ZFPLADR
199 £Z5

200 ZSLADR
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CHAPTER 5

CIRCUIT ANALYSIS TOOLS:
Reference

This chapter gives the program listings and brief descriptions of the
larger network analysis tools. They are presented in this brief, ordered
format for your convenience as you initially key them in. For examples
of their uses, see Chapter 6 (page 202).

When loading and using these tools, you must already understand the
basics of object creation (including menus and directories) on the HP-
288S. Ifyou don't feel comfortable with yourlevel of understanding, turn
to Appendix B ("Some HP-28S Basics" —page 244) before youbegin to key
in these tools.
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Before you key in anything, read these important preliminaries:

First of all, with the HP-28S, there are many ways to key in solutions
to problems; it's impossible to show every method. This book cannot
"read your mind" to know which menu or directory you're currently
using when you want to call one of these tools — so it can't necessarily
give you the quickest set of keystrokes for your situation. Any set of
commands in this book, therefore — rather than specifically telling you
to press a key (e.g. or (DROP)) or to select a menu item (e.g.
IEE) — will be given instead in their generic form (spelled out as if you
had typed them in):
PURGE DROP
R2*C P2R

etc.

Sojust keep in mind that it might be more convenient for you to use keys
or menu items than to type the commands.

Next: You might never use any of these routines for anything other
than their designed purposes in this book. However, many of these
routines can be very useful to you in your own programming — and it
would certainly pay you to consider them. Therefore, each routine has
been documented in some detail. Just don't get bogged down in those
details unless you need them for your own purposes.

No matter what: To prepare your HP-28S to do any kind of circuit
analysis — before you key in any of these tools — you must give the fol-
lowing commands to create these directories (if you haven't already
done so):

HOME

'"EE' CRDIR

"EE '"MWRK' CRDIR

'"CIRC' CRDIR (°CIRC is technically optional
but recommended; you'll need it to SAVE circuits.)
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All program tools in this reference chapter are described in a consistent
format, as illustrated by the first entry on the opposite page....

Simply proceed through the routines in the order presented here (it's
alphabetized according to the name of the routine). For each routine,
check the Notes item (at the bottom) to see if you really need it for what
you want to do (or use the appropriate checklist from pages 91-93). If
you do need it, then key it in, name it and store it in the appropriate
directory, and continue on to the next one.

(7 A\
Unless specifically noted otherwise under Notes, you should as-
sume that each routineis required for successful operation of any

of the three types of circuit analysis (Node Voltage, Mesh Cur-
rent, and Ladder Network Transfer Analysis) offered here.

-

J

Each program description will be accompanied by a memory diagram
similar to the diagram on the opposite page. Thisis to help you find the
routine more easily when you're flipping through this section of the book
—and it also reminds you where (in which directory) this routine must
be located (and the Notes will remind you of this, also).

To help you check the accuracy of your keystrokes when input-
ting these Circuit Analysis Tools, each routine is listed with its check-
sum, which can be generated with the help of the CK.SM routine (listed
on page 106). Therefore, you may actually want to key in CKSHM first,
to help you check the rest of your keystrokes. CKSM is also listed with
the Circuit Reduction Tools.
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Add An Element To The Current Circuit:

Summary:

Inputs:

Outputs:

Errors:

Notes:

RDD (7B2e)

« CELS MEMU 2 CF »

ADD sets up a menu for adding to a circuit, using CELS
to provide the list of menu items. Flag 2 is cleared to tell
other routines that the mode is ADD' rather than CHHG.

None
None

Bad Argument Type willoccurifthe currentcircuit
(storedin ' CIRC')isaninvalid data object for the circuit
editor. Undef ined Mame will occurif ' CIRC' is
undefined; or, if it is improperly initialized, execution will
halt with an undefined name left on the stack.

ADD uses (and therefore requires access to) CELS. Put
ADD into the "EE directory.
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Summary:

Inputs:

Outputs:

Errors:

Notes:

98

Take The Integer Portion Of
The Absolute Value Of
The Object At The Specified Stack Level:

RI @3699)

€ + L « L ROLL AES
IF L ROLLD » =»

AI modifies the object at the specified stack level by re-
placingit with the integer portion ofits absolute value. A I
works similarly to the HP-28S's ROLL command: the
Level number specified must be the target object's Level
before the Level number was input.

Level 1 — the Level number, n, of the target object.

The target object at Level n is modified.

Too Few Araument s will occurifthe stack does not
contain the Level specified. Bad Argument Type

will occur if Level 1 does not contain a real number.

PutAI into the "EE directory.
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Add A Capacitance Element To The Circuit List:

Summary:

Inputs:

Outputs:

Errors:

Notes:

C (F332)

& "C" PUTE »

C invokes PLUTE (PUT Element) in order to add a capaci-
tance-type element (" C" ) tothecurrentcircuit(' CIEC").

Level 3 — an integer — the "from" node or forward mesh.
Level 2 — an integer — the "to" node or reverse mesh.
Level 1 — a real number — the capacitance value (C).

None.

If the circuit is empty when C is called from CHHG,
SZCHK will report "8 Element Circuit,” and
control will be passed to MAIM. Bad Argument
Type will occur if CID¥ is undefined when PUTE is
called from CHHG. Undef ined Hame will occur if
CIRC is not defined.

C is necessary for both Node-Voltage and Mesh-Current
circuit analyses. If you need it, put C into the "EE
directory. C uses PUTE.
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Summary:

Inputs:

Outputs:

Errors:

Notes:

100

Calculate A Circuit's Unknowns
According To The Circuit's Type:

CALC &73008)

€ Type "CALC" + STE=>
>

CALC performs the big calculation command specific to

the current circuit (either MODECAHLLC, MESHCAHLC, or
LADRCALC). If 'CIRC"' is improperly initialized so

that its type has no corresponding calculation routine, the
name of the undefined routine will be left on the stack:

"FRED" CIMIT CAHLC (stack: 'FREDCALC')
The routine uses to the circuit data stored in ' CALC" .
The appropriate calculation routine is invoked.

Bad Argument Type will occur if TYUPE returns
something other than a string.

PutCALC intothe "EE directory. CHLC uses (requires)
Type.
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Summary:

Inputs:

Outputs:

Errors:

Notes:

Display Summary Information

For The Current Circuit:

CDSF (33730)

« CLLCD TPDSP SZDSP
FRDSP PRUSE *

CDSP displays a synopsis of the current circuit, in the
following format:

<type> Analysis
<n>Element Circuit
Frequency= <frequency>

None.
None.

Undef ined Mame will occur if the current circuit is
undefined. Bad Argument Type orotherunpredict-
able errors will occur if the circuit data list is damaged or
improperly initialized.

CDSP uses TFDSP,SZ05P,FRDSP and PAUSE. Put
CDSP into the "EE directory.
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Summary:

Inputs:

Outputs:

Errors:

Notes:

102

List The Valid Elements
For The Current Circuit Type:

CELS @&l172)

« Type "ELS" + STR»
»

CELS uses the TUpe of the current circuit (stored in
'CIEC"') to build and invoke the name of a list — either
HODEELS,MESHELS, or LADRELS — of the valid ele-

ments for that circuit type.

None.

None.

Bad Argument Type will occurifthe currentcircuit
("CIRC'")is aninvalid data object for the circuit editor.
Undef ined Hame willoccurif' CIRC' isundefined;
or,ifitisimproperlyinitialized, execution will halt with an

undefined name left on the stack.

CELS requires Type. PutCELS into the " EE directory.
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Change The Specified Circuit Element:

Summary:

Inputs:

Outputs:

Errors:

Notes:

CHNG (38831)

« GETE DROP CELS
MEMU 2 SF »

CHHMG gets the current element (indicated by the value in
'CID®X")ofthe current circuit and places it on the stack.

CHHG takes values from 'CID®"' and 'CIRC".

Level 3 — an integer (the "from" node or forward loop);
Level 2 — an integer (the "to" node or reverse loop);
Level 1 — a real or complex number (the element value).

Bad Argument Type willoccurifthe currentcircuit
(named ' CIKC')is an invalid data object for the circuit
editor. Undef ined MHame or other unpredictable
errors (such as halting of execution) will occurif ' CIRC '
is undefined or improperly initialized.

CHHMG requires GETE and CELS. Put CHHG into the
“EE directory.
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Initialize The Circuit To The Specified Type:

CINIT @&8led)

« @ 2 »LIST 1 =»LIST
'CIEC' STO @ 'CIDR'
STO »

Summary: CIMIT expects the circuit type as a character string at
stack Level 1. It then creates the "master” circuit descrip-
tion list, named ' CIEC ', whose first element is another
list: £ "<type>" B 2. TheBistheinitial frequency of
the circuit and this value is also stored in ' CIDX "', the
circuit index.

CIMNIT does not check for valid input; it simply creates
this list, overwriting any previous contents of ' CIRC'

and CIDR'.
Inputs: Level 1 — a string ("MODE", "MESH" or "LADR").
Outputs: None.

Errors: Too Few Argument s will occur if the circuit type is
not on the stack.

Notes: Put CIMIT into the "EE directory.

104 HP-28S Software Power Tools: Electrical Circuits



The List Of Valid Circuit Types:

CIRCS @1873)

¢ MESH HODE LADR 2

Summary: CIRCS isjustasimple list —not a program object (and so

Notes:

it's meaningless to speak of Inputs, Outputs, or Errors).

This list is a series of all currently valid circuit types (the
ones made valid by the programs in this book are the three
types shown above). If other types are made valid by the
later development of other "circuit-crunching engines,"
then the names of those types could simply be added to the
above names.

The list is used to (i) determine whether or not an input
value is a valid circuit type; and (ii) generate menus
containing the currently valid circuit types.

Put CIRECS into the "EE directory.
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35

Proofread A Named j ect:

CKSM (1848278)

€ 2 32 ~ RCLF » H F
S « M RCL STD HEx &4
STHWS 43 SF 48 CF
+STR H #+5TR + 8 1 3
PICK SIZE FOR I OVER
I DUP SUB NUM I * +
DUP F MOD SWAP F -~
IF + MEXT SWAP DROP
S STOF » »

Summary: CKSM (checksum) checks for "typos" by computing a
unique integer (which should match the value given) for
the named object.

Inputs: Level 1 — the name of an object.

Outputs: Level 1 —an integer — the checksum.

Errors: Bad Argument Type occurs if the input is not a
name. Undef ined Mame occurs if the input name is

undefined.

Notes: CKSHM is optional but highly recommended, and is most
generally useful in the HOME directory.
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Store A Capacitance Into The Impedance Array:

Summary:

Inputs:

Outputs:

Errors:

Notes:

CMESH (34418)

« w * IMVY NEG 1 *
ZMESH »

CMESH stores a capacitance as an impedance (calculated
by Z = -i/(w C)) into the impedance array, ' £A" .

Level 3 — an integer — the "from" loop.
Level 2 — an integer — the "to" loop.
Level 1 — a real number — the capacitance value (C).

None.
Infinite Result will occur if the capacitance or
frequency value is zero and flag 59 (infinite result action)

is set.

CMESH is necessary only for Mesh-Current circuit analy-
sis. If you need it, put it into the " EE directory.

CMESH uses ZMESH.
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Store A Capacitance Into The Admittance Array:

Summary:

Inputs:

Outputs:

Errors:

Notes:
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CNODE (34818)

€« w ¥ INY HEG 1 *
ZHODE *

CHODE stores a capacitance as an admittance (calculated
by Y =io C ) into the admittance array, ' £A " .

Level 3 — an integer — the "from" node.

Level 2 — an integer — the "to" node.

Level 1 — a real number — the capacitance value (C).
None.

Infinite Result will occur if the capacitance or
frequency value is zero and flag 59 (infinite result action)

is set.

CHODE is necessary only for Node-Voltage circuit analy-
sis. If you need it, put it into the "EE directory.

CHODE uses ZMODE.

HP-28S Software Power Tools: Electrical Circuits



Add A Parallel-Capacitance Element
To The Circuit List:

CP (9937

& "CP" PUTE »

Summary: CP invokesPUTE (PUT Element) to add a parallel-capaci-
tance element (" CP") to the current circuit (' CIRC").

Inputs: Level 1 — a real number — the parallel capacitance value
(CP).

Outputs: None.

Errors: If the circuit is empty when PUTE is called from CHHMG,
SZCHK will report "8 Element Circuit)” and
control will be passed to MAIN. Bad Argument
Tupe will occur if CID¥ is undefined when FUTE is
called from CHHG. Undef ined Hame will occur if
CIRC is not defined.

Notes: CP is necessary only for Ladder Network Transfer analy-
sis. If you need it, put CP into the "EE directory.

CP usesPUTE.
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Summary:

Inputs:

Outputs:

Errors:

Notes:
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Create A arallel Capacitance Transfer Matrix:

CPLADR (414389)

« w % 1 SWAP ~ MEG
RFLADE *

CPLADR creates a parallel capacitance transfer matrix of
this form:

ionC 1

Level 1 — a real number — the capacitance value.

Level 1 — a two-by-two array — the parallel capacitance
transfer matrix.

Bad Argument Type will occur if the input capaci-
tance is not a real number or if ' W' is undefined.

CPLADR is necessary only for Ladder Network Transfer
analysis. If you need it, put it into the "EE directory.

CPLADE uses RPLADR.
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Summary:

Inputs:

Outputs:

Errors:

Notes:

Add A Series-Capacitance Element
To The Circuit List:

CS (18088)

« "C5" PUTE =»

CS invokes PUTE (PUT Element) to add a series-capaci-
tance element ("CS") to the current circuit (' CIEC").

Level 1 — a real number — the series capacitance value

(CS).
None.

If the circuit is empty when C5 is called from CHMG,
SZCHK will report "8 Element Circuit)” and
control will be passed to MAIN. Bad Argument
Type will occur if CID is undefined when PUTE is
called from CHHG. Undef ined Hamea will occur if
CIRC is not defined.

CS is necessary only for Ladder Network Transfer analy-
sis. If you need it, put CS into the "EE directory.

CS uses PUTE.
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Summary:

Inputs:

Outputs:

Errors:

Notes:
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Create A Series Capaciance Transfer Matrix:

CSLADR @ leda)

« w ¥ i SWAP ~ HEG
RSLADR =

CSLADR creates a series capacitance transfer matrix of
this form:

D
oC
0 1

Level 1 — a real number — the capacitance value.

Level 1 — a two-by-two array — the series capacitance
transfer matrix.

Bad Araument Type will occur if the input capaci-
tance is not a real number orif ' W' is undefined.

CSLADR is necessary only for Ladder Network Transfer
analysis. If you need it, put it into the "EE directory.

CSLADR uses RSLADR.
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Summary:

Inputs:

Outputs:

Errors:

Notes:

Calculate The Ladder Network
Current Transfer Ratio:

CTR F@s9l)

« LADEEMGHN '-1-C2RCZ2
s 12¥ZL+2AC2, 200
EVAL *»

CTR calculates the value of the Current Transfer Ratio for
a "LADR" -type circuit.

None — data is taken from ZL and ZA.

Level 1 — a real or complex number — the ratio of output
current to input current.

Infinite Eesult will occurif ' ZACZy 1 2%20L

+ZAC2,27 " is (8,82 and flag 59 (infinite result
action)is set. Unpredictable errors may occurifthe LADE
circuit is not properly initialized or contains invalid data.

CTR isnecessary only for Ladder Network Transfer analy-
sis. If you need it, put CTR into the "EE directory.

CTR uses LADREMGH.
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Delete The Current Circuit Element:

DEL (©36933)

€« SZCHK IF

"DELETE Element "
CIDX SIP + YES? THEN
CIRC CIDX 1 + DUP
SLDEL 'CIRC' STO
Size CIDX DUP2 < ROT
ROT IFTE 'CIDX' STO
END »

Summary: DEL deletes the circuit element given by ' CIDK ', after
ascertaining the element's existence and your intent to so
delete. If this was the last element in the circuit list,
'CIDK' is decremented.

Inputs: None.

Outputs: None.

Errors: None.

Notes: DEL requiresSZCHK,SIP,YES?,SLDEL andSize.
Put DEL into the "EE directory.
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Generate A Menu Of Circuit Editing Commands:

EDIT 138179

« { ADD DEL FEREY
Mext Show CHHG GOTO
FRIMT EXIT > MEMU

Summary: EDIT generates the menu of editing commands for build-
ing and altering the current circuit.

Inputs: None.

Outputs: None.

Errors: None.

Notes: PutEDIT into the "EE directory.
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Enter Circuit Analysis Tools:

EER (317833)

« "EE °"WRK ECLF 21
CF IFEER Tupe THEH
"x" EMD SHWAFP STOF
CIRCS "'" ROT + STR=»
FOS MOT « CIRCS MEMU
# '"MAIN' IFTE *

Summary: EEHA starts the circuiteditor by moving to the " WEK menu

Input:

Output:

Errors:

Notes:
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and attempting to access the current circuit (' CIRC')
with the TUpe tool. If TUP& returns an error or a type
not found in ' CIRCS ', a menu appears with the valid
circuit types, and the user selects the desired type. If
'CIRC' passes the tests, the MIAIM menu is generated.

None — EER looks for a valid circuit, named 'CIEC"'.
None.

Bad Araument Typewilloccurif' CIEC' contains
a non-list or a damaged list.

EEA uses "WRK (adirectory), Tupe,CIRCS, andMAIHN.
Put EER into the HOME directory.
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Generate An Error Beep:

ERREP (28649)

€ 1488 .073 BEEFP »

Summary: This routine generates a beep of the same frequency and
duration as the HP-28S's error beep. This beep is used by
programs in this book to signal user errors.

Inputs: None.

Outputs: None.

Errors: None.

Notes: Since EREEP could be generally useful for many HP-28S

routines, put it in the HOME directory. For the purposes
of this book, however, it's also OK in the "EE directory.
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Exit To The Main Menu:

EXIT (7383)

« MAIN »

Summary: ERIT appearsin the EDIT menu and allows the user to
leave the current circuit by exiting to the MAIMN menu.

Inputs: None.
Outputs: None.
Errors: None.

Notes: EXRIT usesMAIN. PutEXIT in the "EE directory.

118 HP-28S Software Power Tools: Electrical Circuits



Display Circuit Frequency:

FRDSP (86338)

« "Frequency= " Freq
*STR + 3 DISP »

Summary: FEDSP shows the frequency stored in the current circuit,
—on line 3 of the display, as follows:
Fregquency= <frequency>
Inputs: None (data is taken from 'CIRC").

Outputs: The frequency display shown above.

Errors: Unpredictable errors will occur if the circuit has not been
properly initialized.
Notes: FEDSP usesFrreq. PutFEDSP into the ® EE directory.

CIRCUIT ANALYSIS TOOLS: Reference 119



Store The Circuit's Frequency:

FREQ (168338)

« + F « CIRC DUP 1
GET 2 F PUT 1 SHAP

PUT 'CIRC' STO MRIM
S

Summary: FREER stores the sinusoidal steady-state frequency (in
Hz.)in the current circuit. It assumes that ' CIRC' has
been properly initialized.

Inputs: Level 1 — a real number — the steady-state, sinusoidal
frequency of the circuit.

Outputs: None.

Errors: Unpredictable errors will occur if the circuit has not been
properly initialized.

Notes: FRER usesMAIMN. Put FRE® into the "EE directory.
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Recall The Circuit's Frequency:

Freq (24687)

« CIRC 1 GET 2 GET =»

Summary: Freqrecalls the steady-state, sinusoidal frequency from
the current circuit. Fr-&q assumes that the circuit has
already been properly initialized.

Inputs: None.

Outputs: Level 1 — a real number — the steady-state, sinusoidal
frequency of the circuit.

Errors: Unpredictable errors will occur if the circuit has not been
properly initialized (e.g. the machine may Fr-&q out).

Notes: PutFreqinto the " EE directory. Notice that Frreq will

appear the same as FEER in your menu display, since
menu items can only display upper-case letters.
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Summary:

Inputs:

Outputs:

Errors:

Notes:
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Calculate The Ladder Network
Forward Transfer Admittance:

FTA ©%9%6l)

« LADREMGH '-1-C(ZAC1
s 1222L+ZACL, 200
EVAL »

F TA calculates the value of the Forward Transfer Admit-
tance for a "LADR " -type circuit.

None — data is taken from £ZL and ZA.

Level 1 —areal or complex number —the Forward Transfer
Admittance

Infinite Result will occurif 'ZAC1, 12*2L+
ZAC1, 22" is{B, B and flag 59 (infinite result action)
isset. Unpredictable errors may occurifthe circuit has not
been properly initialized or if it contains invalid data.

F THisnecessary only for Ladder Network Transfer analy-
sis. If you need it, put FTH into the "EE directory.

FTH uses LADRENGH.
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Summary:

Inputs:

Outputs:

Errors:

Notes:

Calculate The Ladder Network
Forward Transfer Impedance:

FTZ 14932)

« CTR MNEG ZL * »

FTZ calculates the value of the Forward Transfer Imped-
ance for a "LADR" -type circuit.

None — data is taken from ZL and £A.

Level 1 —areal or complex number —the Forward Transfer
Impedance

Infinite Result willoccurif ' ZACZ, 1 2% 2L+
ZAC2, 22 ' is (B, @) and flag 59 (infinite result action)
isset. Unpredictable errors may occurifthe circuit has not
been properly initialized or if it contains invalid data.

F TZ isnecessary only for Ladder Network Transfer analy-
sis. If you need it, put FTZ into the "EE directory.

FTZ usesCTR.
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Get The Current Element From The Circuit:

Summary:

Inputs:

Outputs:

Errors:

Notes:
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GETE ©ed42e)

« SZCHK CIRC CIDx 1
+ GET LIST» DEOFP =

GETE recalls the current circuit element (as specified by
'"CIDR")fromthecurrentcircuit(' CIRC"). SZCHK is

used to determine whether or not the circuit is empty.
None — data is taken from 'CIRC".

Level 4 — an integer — the "from" mesh or node.

Level 3 — an integer — the "to" mesh or node.

Level 2 — a real or complex number — the element value.
Level 1 — a character string — the element type.

Unpredictable errors will occur if the circuit has not been
properly initialized.

GETE uses SZCHK. Put GETE into the " EE directory.
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Get A Keystroke And Return Its Name:

Summary:

Inputs:

Outputs:

Errors:

Notes:

GETK (32639)

« DO UNTIL KEY END »

GETK is useful for getting a single keystroke input from
the user. The routine causes the HP-28S to pause and wait
for the keystroke. Then it will return that key's name to
Level 1 of the stack. GETK will run indefinitely if no key
is pressed.

Any keystroke except (oN).
Level 1 — the key's name.

Pressing will halt the program and not return a key
name — possibly leaving a @ on the stack if so halted.

Since GETK could be useful for many HP-28S routines,
put it in the HOME directory (for use with this book, the
"EE directory is also OK).
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Go To The Specified Circuit Element:

Summary:

Inputs:

Outputs:

Errors:

Notes:
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GOTO (933e4)

« ABS IP 1 MAX Size
MIM +HUM 'CIDX' STO
EDIT »

GOTO stores the integer value in Level 1 into ' CIDX ',
thus moving the circuit pointer to the specified value. If
this index value is less than 1, it will default to 1. Input
values greater than the size of the circuit will default to the
number of the last circuit element. Complex numbers and
vectors/arrays will not cause error messages, but their
magnitudes (HBS) willbe used as the inputindex. GOTO
returns to the EDI T menu when done.

Level 1 — an integer — the index.
None.
Undef ined Mame will occurif the input value is an

undefined name. Bad Argument Type will occurif
the input value is a list, binary integer or program object.

GOTO usesSize andEDIT. Put GOTO into the "EE
directory.
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Add A Current Element To The Circuit List:

I (Fed0)

« "I" PUTE =»

Summary: I invokesPUTE (PUT Element)in order to add a current-
type element (" I ") to the current circuit (' CIRC").

Inputs: Level 3 — an integer — the "from" node.
Level 2 — an integer — the "to" node.
Level 1 —areal or complex number — the current value (I).

Outputs: None.

Errors: If the circuit is empty when I is called from CHHG,
SZCHK will report "8 Element Circuit," and
control will be passed to MAIN. Bad RArgument
Type will occur if CID'® is undefined when PUTE is
called from CHHG. Undef ined Mame will occur if
CIEC is not defined.

Notes: I is necessary only for Node-Voltage circuit analysis. If
you need it, put I into the "EE directory. I usesPUTE.
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Initialize The Current Circuit:

INIT 144431)

« IF "INITIALIZE"
YES? THEN CIRCS MEMU
ELSE MAIM EMD =

Summary: IMIT asks the user whether or not the circuit should be
initialized. Iftheresponseisyes,a menu of possible circuit
types (actually, initializing routines) is presented and the
program exits. Otherwise (if the response is no), control is
passed back to the MAIM menu.

Inputs: None.
Outputs: None.

Errors: None.

Notes: IMIT uses YES? andMAIN. Put INIT into the "EE
directory.
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Store A Current Into The Current Array:

INODE 43689

« NMEG + V « IF DUPZ2
# MOT THEMN - DUP

SIGN V * 'V' STO ABS
11ELSE L1 ROT 1 -1

END 1 'VA' ¥V PUTK »
»

Summary: IMNODE stores a current into the current array.

Inputs: Level 3 — an integer — the "from" node.
Level 2 — an integer — the "to" node.
Level 1 —areal or complex number — the current value (I).

Outputs: None.

Errors: Infinite Result will occur if the current value is
zero and flag 59 (infinite result action) is set.

Notes: IMODE is required for both Node-Voltage and Mesh-Cur-
rent analyses — but not Ladder Network analysis. If you

need it, put it into the "EE directory.

IMODE uses PUTA.
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Calculate The Input Impedance:

INZ (132439)

« LADREMNGH 'CZAC1,12
#¥ZL+Z2AC1, 2227 C2ZAC2, 1
JRZL+ZACZ, 200 EVAL
®

Summary: INZ calculates the input impedance for the current
LADR-type network.

Inputs: None (data is taken from existing objects).

Outputs: Level 1 — a complex number — the input impedance
value (INZ).

Errors: Infinite Result will occur ifis (B, B2 and

flag 59 (infinite result action) is set. Unpredictable
errors may occur if the circuitis not properly initialized
or if it contains invalid data.

Notes: INZ uses LADRENGH. Put INZ into the "EE direc-
tory.
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Add An Inductance Element To The Circuit List:

Summary:

Inputs:

Outputs:

Errors:

Notes:

L 7e94)

& "L" PUTE »

L invokes PUTE (PUT Element) in order to add an induc-
tance-type element("L" )tothecurrentcircuit(' CIEC").

Level 3 — an integer — the "from" node or forward mesh.
Level 2 — an integer — the "to" node or reverse mesh.
Level 1 — a real number — the inductance value (L).

None.

If the circuit is empty when L is called from CHHNG,
SZCHK will report "8 Element Circuit)” and
control will be passed to MAIN. Bad Argument
Tupe will occur if CID® is undefined when PUTE is
called from CHHG. Undef ined Mame will occur if
CIRC is not defined.

L is necessary for both Node-Voltage and Mesh-Current
circuit analyses. If you need it, put L into the "EE
directory. L uses PUTE.
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Initialize A New LADR-Type Circuit:

Summary:

Inputs:

Outputs:

Errors:

Notes:
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LADR (2496%)

« "LADR" CIMIT MAIN
®

LADR initializes the current circuit and gives it the type
"LADR". All information previously in the current cir-
cuit is lost.

None.

None — initial values are written into CIRC.

None.

LADR is necessary only for Ladder Network Transfer

analysis; it is useless for the other two kinds of circuit
analysis.

LADPR usesCIMIT andMAIN. PutLADR into the "EE
directory.
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Prepare A Menu For LADR Calculations:

LADRCALC (28989)

« { INZ FTA PTR CTR

VTR FTZ EXIT * MENU
®

Summary: LADRCALC creates a menu of the possible ladder net-
work calculations. The extraitem, 'EXIT',isincluded
to allow the user to leave the menu without necessarily
performing a calculation.

Inputs: None.

Outputs: None.

Errors: None.

Notes: LADRCALC is necessary only for Ladder Network Trans-
fer analysis. If you need it, put it into the " EE directory.
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List Of Valid Elements In ALADR-Type Circuit:

LADRELS @7943)

{ RS RP CS CP LS LP
Zs ZP ERIT 2

Summary: LADPEELS isjust asimplelist—not a program object (and
so it's meaningless to speak of Inputs, Outputs, or
Errors).

LADRELS is the list of element types permissible in a
"LADR" type circuit. This listis used to create the ADD
and CHHG menus. If other types of elements are made
valid by later modification of the appropriate calculations
routines, then the names of those new element types could
simply be added to the above names.

Notes: LADRELS isnecessaryonly for Ladder Network Transfer
analysis. If youneed it, then putitinto the " EE directory.
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Main Ladder Calculation Engine:

LADRENGN (3743832)

« IF 2 FC? THEN 2
IDH DUP 8 COW R=»C
'ZA' STO Freq 2 *# 1
¥ »NUM 'w' STO CIRC
2 GET LIST+ DREOP HUM
CHR IF "LC" SHWAP POS
DUP THEHN IF ==
THEN w ¥ ELSE w *
NEG INMY EMD i * =*MUM
ELSE DROP END 'ZL'
STO CIRC 3 OVYER SIZE
SUB LIST+ 1 SHWAP
START LIST+» DROP
"LADR" + STR* 'ZAR'
SWAP STO* NEXT 3 SF
END »

Summary: LADREMGH is the main calculation routine for Ladder
Network Transfer analysis. First,it testsflag 3toseeifthe
impedance array, 'ZA"', needs calculating. If so, it
creates the complex impedance array, initializes the cir-
cuit radian frequency ' W', stores the value of the lastim-
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Inputs:

Outputs:

Errors:

Notes:
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pedance in ' ZL ', and then interprets the circuit list to
calculate the value of ' £A" .

At the end of the routine, flag 3 is set to indicate that the
impedance array is current and does not need to be recal-
culated in order to perform other ladder network calcula-
tions.

None — data is taken from the CIRC and other objects.
None — results are stored in the array, £A.

Unpredictable errors may occur if the circuit has not been
properly initialized or if it contains invalid data.

LADREMGH is necessary only for Ladder Network Trans-
fer analysis. If you need it, put it into the " EE directory.
Note that LADRENGHN will appear identical to LAD-
RELS in your menu display, since both names are longer
than the menu can display.

LADREMGHM usesFrreq,RSLADR,RFLADR,CSLADR,
CPLADR,LSLADR,LFLADR,ZSLADR,and ZFLADR.

HP-28S Software Power Tools: Electrical Circuits



& BE

Display The Current LADR-Circuit Element:

LADRSHOW (793399

« GETE + ¥V Y « "#"
CIDX SIP + 58 CHR +

n 1} + 'T! + II.II + 134
CHR " " + ¥ *5TR +

IF DUP "=" POS NOT
THEN "=" + END + 1
FC? « 1 DISP » IFT *»
»

(®='s here are NEWLINE characters.)

Summary: LADRSHOW displays the current ("nth") LADR element:

#<n>1 <type>
P <value>

Inputs: None.

Outputs: The display described above.

Errors: Unpredictable errors occur with an uninitialized circuit.
Notes: LADRSHOMW is necessary only for Ladder Network Trans-

fer analysis. If you need it, put it into the " EE directory.
LADRSHOW uses GETE and SIP.
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Store An Inductance Into The Impedance Array:

Summary:

Inputs:

Outputs:

Errors:

Notes:
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LMESH 28a851)

€« w ¥ 1 ¥ ZMESH *»
LMESH stores aninductance as an impedance (calculated
by Z =iw L)) into the impedance array, ' £A".
Level 3 — an integer — the forward loop.
Level 2 — an integer — the reverse loop.
Level 1 — a real number — the inductance value (L).
None.
Infinite Result will occuriftheinductance orfre-
quency value is zero and flag 59 (infinite result action) is

set.

LMESH is necessary only for Mesh-Current circuit analy-
sis. If you need it, put it into the " EE directory.

LMESH uses ZMESH.
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Store An Inductance Into The Admittance Array:

Summary:

Inputs:

Outputs:

Errors:

Notes:

LNODE (19769)

£ W ¥ 1 ¥ ZNODE »
LNMODE stores an inductance as an admittance (calcu-
lated by Y = -i/w L) into the admittance array, ' £A"'.
Level 3 — an integer — the "from" node.
Level 2 — an integer — the "to" node.
Level 1 — a real number — the inductance value (L).
None.
Infinite Result will occur if the inductance or
frequency value is zero and flag 59 (infinite result action)

is set.

LMODE is necessary only for Node-Voltage circuit analy-
sis. If you need it, put it into the "EE directory.

LMODE uses ZNODE.
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Load A Saved Circuit:

LOAD (37874e)

« IF Size THEHN

"OVERWRITE Currents=Circuit"
YES? NOT 'MAIN' IFT

ENMD °"CIRC VYARS

'EXIT' + MENU *»

(The ® here is the NEWLINE character.)

Summary: LOAD presents a menu of SAYE'd circuits (from the
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®CIRC directory) from which to choose. Pressing one of
the named keys will make that circuit the current circuit.
If the current circuit is non-empty, LORD will prompt the
user with:

OVERMWRITE Current
Circuit?
Y ar N>

A "yes" response (see YES?) will cause the chosen circuit
to overwrite the current circuit. Otherwise control is
passed back to MAIN and the current circuit is retained.

An additional, non-circuit entry is provided in the menu:

EXIT allows you to abort the LOARD operation without
loading or overwriting.
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Inputs:

Outputs:

Errors:

Notes:

Keyboard — a "yes" (either (Y) or or "no" (any other)
keystroke — to confirm overwriting of the current circuit
with the one specified.

None.

Garbage will be left in the stack if is pressed in
response to the (Y oF N> prompt. Undef ined
MName will occur if the current circuit is undefined. Bad
Argument Type or other unpredictable errors will
occur if the newly-loaded circuit's data list is damaged or
improperly initialized.

LOAD is an optional routine. You do not need it in order
to perform any of the three kinds of circuit analysis unless
you wish toname and save different circuits in the HP-28S
(which is certainly very handy). If you do use LORD, put
it into the "EE directory.

LOAD usesSize, YES?, MAIM, and EXIT.
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Add A Parallel-Inductance Element
To The Circuit List:

LP (18188

« "LP" PUTE *»

Summary: LP invokesPUTE (PUT Element) to add a parallel-induc-
tance element ("LP") to the current circuit (' CIRC").

Inputs: Level 1 — a real number — the parallel inductance value
(LP).

Outputs: None.

Errors: If the circuit is empty when LP is called from CHNG,
SZCHK will report "@ Element Circuit,)" and
control will be passed to MAIN. Bad RArgument
Type will occur if CIDR is undefined when PUTE is
called from CHNG. Undef ined MName will occur if
CIRC is not defined.

Notes: LP is necessary only for Ladder Network Transfer analy-
sis. If you need it, put LP into the "EE directory.

LP uses PUTE.
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Create A Parallel Inductance Transfer Matrix:

Summary:

Inputs:

Outputs:

Errors:

Notes:

LPLADR (23498)

« w * 1 ¥ RPLADR *

LPLADR creates a parallel inductance transfer matrix of
this form:

Level 1 — a real number — the inductance value.

Level 1 — a two-by-two array — the parallel inductance
transfer matrix.

Bad Argument Type will occur if the input induc-
tance is not a real number orif ' W' is undefined.

LPLADR is necessary only for Ladder Network Transfer
analysis. If you need it, put it into the " EE directory.

LPLADR uses RPLADR.
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Add A Series-Inductance Element
To The Circuit List:

LS delvl)

« "LS" PUTE =»

Summary: LS invokes PUTE (PUT Element) to add a series-induc-

Inputs:

Outputs:

Errors:

Notes:
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tance element ("LS") to the current circuit (' CIRC").
Level 1 —areal number —the series inductance value (LS).

None.

If the circuit is empty when LS is called from CHHG,
SZCHK will report "@ Element Circuit,” and
control will be passed to MAIN. Bad HArgument
Type will occur if CIDX is undefined when PUTE is
called from CHNG. Undef ined MName will occur if
CIRC is not defined.

LS is necessary only for Ladder Network Transfer analy-
sis. If you need it, put LS into the "EE directory.

LS uses PUTE.
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Create A Series Inductance Transfer Matrix:

LSLADR @3397)

€« w * 1 ¥ RSLADR *

Summary: LSLADR creates a series inductance transfer matrix of

this form:
1 iolL
0 1
Inputs: Level 1 — a real number — the inductance value.

Outputs: Levell —atwo-by-two array—the series inductance trans-
fer matrix.

Errors: Bad Argument Type will occur if the input induc-
tance is not a real number or if ' W' is undefined.

Notes: LSLADR is necessary only for Ladder Network Transfer
analysis. If you need it, put it into the "EE directory.

LSLADR uses RSLADE.
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Display The Main Circuit-Editor Menu:

MAIN @24264)

« "WRK { INIT EDIT
LOAD SAVE CALC FREQ®
QUIT > MEMU 1 CF 2
CF 3 CF CDSP ABORT =»

Summary: MAIHM createsthe main circuit editor menu, clears flags1,

Inputs:

Outputs:

Errors:

Notes:
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2, and 3 (which are the printing, ADD/CHMG, and LADR
calculation flags respectively), displays the current circuit
information and then aborts, ensuring that the program
does not return control to any calling program.

None.
None.
Undef ined Mame will occur if the current circuit is
undefined. Bad Argument Type orotherunpredict-
able errors will occur if the circuit data list is damaged or

improperly initialized.

MAIM uses CDSP. Put MAIN into the "EE directory.
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Initialize A New MESH-Type Circuit:

MESH (23246)

« "MESH" CINIT MAIN
»

Summary: MESH initializes the current circuit and gives it the type
"MESH". All information previously in the current cir-
cuit is lost.

Inputs: None.

Outputs: None — initial values are written into CIRC.

Errors: None.

Notes: MESH is necessary only for Mesh-Current circuit analy-
sis; it is useless for the other two kinds of circuit analysis.

MESH usesCIMIT andMAIN. PutMESH into the "EE
directory.
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Perform The Mesh-Current Calculation:

MESHCALC 17129

« MODECALC =»

Summary: MESHCALC callsMODECAHLC , whichinterprets the cur-

Inputs:

Outputs:
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rent circuitlist and creates the two complex arrays, ' ZH '
(the impedance array) and ' ¥A' (the voltage source ar-
ray). It then divides ' ¥YA"' by ' ZRA"' to give the array of
mesh currents.

First, SZCHK is called to test for an empty circuit. If all
is well, the cyclic frequency is then converted to a radian
frequency and stored in ' W' . Next, the maximum mesh
number ("n") is found and used to set the dimensions of
'ZA' and 'VYA'. Then it the mesh storage routine
("ZMESH") is called for each element .

None — all data is taken from CIRC and other objects.

Levell —an array of complex numbers —the mesh currents
for the current circuit (with "n" meshes), in this format:

[L<I>]
[<1,>]
[<I>]

[<1>11
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Errors: Undef ined Mame will occur if CIRC is undefined.
Bad Argument Type will occur ifCIRC contains a
non-list or a damaged list. Unpredictable errors will occur

if the circuit has not been properly initialized.

Notes: MESHCHALC is necessary only for Mesh-Current circuit
analysis. If you need it, put it into the "EE directory.
Notice thatMESHCALC will appear the same asMESH in
your menu display, since both names are as long or longer
than menu items can display.

MESHCALC uses MODECALC.
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List Of Valid Elements In AMESH-Type Circuit:

MESHELS @36¢7)

{RCL ZVEXIT 2

Summary: MESHELS isjust asimplelist—not a program object (and

Notes:

150

so it's meaningless to speak of Inputs, Outputs, or
Errors).

MESHELS is the list of element types permissible in a
"MESH" type circuit. This listis used to create the ADD
and CHNG menus. If other types of elements are made
valid by later modification of the appropriate calculations
routines, then the names of those new element types could
simply be added to the above names.

MESHELS is necessary only for Mesh-Current circuit
analysis. Ifyouneedit, then putitinto the " EE directory.
Notice that MESHELS will appear the same as MESH in
your menu display, since both names are as long or longer
than menu items can display.
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Display The Current MESH-Circuit Element:

MESHSHOW (1316849)

« GETE» F TV Y <
"#" CIDx SIP + 38
CHR + " " + F SIP +
1] _} n \l} n n 142 CHR
OVER + + + + + T SIP
+ "= 4+ 134 CHR " "
+ YV »5TR + IF DUP
"«" POS NOT THEW "=*
+ EMD + 1 FC? « 1
DISP » IFT » »

(The ®'s appearing here are all
NEWLINE characters.)

Summary: MESHSHOW displays the current ("nth") element (as indi-

Inputs:

cated by 'CID® ') of the current circuit (contained in
'CIRC")in the following format:

#<n>i <forward> # <type>  <reverse>
P <value>

None.
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Outputs: The display described on the previous page.

Errors: Bad Argument Tupe will occurif SIP encounters
any object which does not evaluate to a real number (or,
Undef ined Mame will occur if that object is an unde-
fined name). Unpredictable errors will occur if the circuit
has not been properly initialized.

Notes: MESHSHOMW is necessary only for Mesh-Current circuit
analysis. If you need it, put it into the "EE directory.
Notice thatMESHSHOMW will appear the same asMESH in
your menu display, since both names are as long or longer
than menu items can display.

MESHSHOI uses GETE and SIP.
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Move To And Display The N

ext Circuit Element:

Next (128382)

€ SZ2CHK Size CIDX ==
1 'CIDX+1' IFTE
'CIDX' STO Show *»

Summary: Mext increments by one the the circuit index (CID®),
except under two conditions: Ifthe circuitis empty (i.e. if
CIDX is B) SZCHK reports the condition and passes
control to MAIM. Ifincrementing ' CID® ' would make
it greater than the S1Ze of the circuit, ' CIDR ' isset to
1, thus "wrapping" around to the circuit's first element.

Inputs: None.
Outputs: None.

Errors: Bad Argument Type will occur if 'CIDKR' is
undefined or contains a non-real value, or if ' CIRC'
contains a non-list or a damaged list. Undef ined
Name will occur if 'CIRC' is undefined. If Tupe
returns a string that gives a nonexistent name when com-
bined with "SHOW" , that name will be left on the stack.

Notes: Mext uses SZCHK,Size, and Show. PutMext into
the "EE directory.
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Initialize A New NODE-Type Circuit:

Summary:

Inputs:

Outputs:

Errors:

Notes:

154

NODE (24999)

« "NODE" CIMIT MAIM
»

MODE initializes the current circuit and gives it the type
"MODE". All information previously in the current cir-
cuit is lost.

None.

None — initial values are written into CIRC.

None.

MODE is necessary only for Node-Voltage circuit analysis;
it is useless for the other two kinds of circuit analysis.

MNODE usesCIMIT andMAIN. PutMODE into the "EE
directory.
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L

B E R

Perform The Node-Voltage Calculation:

NODECALC @377387)

« SZCHK Freq 2 # w *
+NUM 'w' STO CIDX 8
1 Size FOR I I
'CIDR' STO GETE
DROPZ2 MAX MAX MNEXT
SWAP 'CIDX' STO
(8,8> DUP2 OVER ROT
2 »LIST SWAP CON
'ZA' STO SWAP 1 2
+LIST SWAP CON 'VA'
STO CIRC LIST» 2
SWAP START LIST=»
DROP Tupe + STR=»
NEXT DROP VA 2R ~ »

Summary: MODECALC interpretsthe current circuitlistand creates
the two complex arrays, ' ZA "' (theimpedance array) and
'W'A' (the current source array). It then divides ' ¥A'
by ' £A"' to give the array of node voltages.

First, SZCHK is called to test for an empty circuit. If all
is well, the cyclic frequency is then converted to a radian
frequency and stored in 'W'. Next, the maximum node
number is found and used to set the dimensions of ' ZA '
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Inputs:

Outputs:

Errors:

Notes:
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and 'YA'. Then the node storage routine is called for
each element. MODECHLC is used for both node and
mesh calculations.

None — all data is taken from CIRC and other objects.

Level 1 —an array of complex numbers — the node voltages
for the current circuit (with "n" nodes), in this format:

[L<v>]
[<V2>]
[<v,>1

[<v>1]

Undef ined MName will occur if CIRC is undefined.
Bad Argument Type willoccurif CIEC contains a
non-list or a damaged list. Unpredictable errors will occur
if the circuit has not been properly initialized.

NODECRALC is necessary for both Node-Voltage and Mesh-
Current circuit analysis — but it's unnecessary for Ladder
Network analysis. Ifyouneed MODECALC, putitinto the
"EE directory.

MODECALC uses SZCHK, Freq, Size, GETE, and
Tupe.
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List Of Valid Elements In ANODE-Type Circuit:

NODEELS (@33&9)

CRCLZI ERIT 2

Summary: HODEELS isjustasimplelist—not a program object (and
so it's meaningless to speak of Inputs, Outputs, or
Errors).

HMODEELS is the list of element types permissible in a
HODE-type circuit. This listis used to create the ADD and
CHHG menus. If other types of elements are made valid
by later modification of the appropriate calculations rou-
tines,"” then the names of those new element types could
simply be added to the above names.

Notes: MODEELS is necessary only for Node-Voltage circuit
analysis. Ifyouneedit, then putitinto the ® EE directory.
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Display The Current NODE-Circuit Element:

MODESHOW (1143846)

«GETE + FTW Y «
"§n CIDX SIP + 58
CHR + " " + F SIP +
" " Y OVER + + + T

SIP + "«" + 134 CHR
"4y a5TR + IF
DUP "=" POS NOT THEN
"s" + END + 1 FC? &
1 DISP » IFT » »

(The ='s appearing here are all
NEWLINE characters.)

Summary: HODESHOWM displays the current ("nth") element (as indi-
cated by 'CID® ') of the current circuit (contained in
'CIRC")in the following format:

#<n>: <from> # <type> * <to>
P <value>

Inputs: None.
Outputs: The display described above.

Errors: Bad Argument Type will occurif SIP encounters
any object which does not evaluate to a real number (or,
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Undef ined Hame will occur if that object is an unde-
fined name). Unpredictable errors will occur if the circuit

has not been properly initialized.

Notes: NODESHOMW is necessary only for Node-Voltage circuit
analysis. If you need it, put it into the " EE directory.

NODESHOMW uses GETE and SIP.
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Pause A Program For Two Seconds:

PRAUSE (18492)

« 2 WAIT »

Summary: PAUSE suspends program execution for two seconds —
useful for prolonging the time that a message is displayed.

Inputs: None.
Outputs: None.
Errors: None.
Notes: Since PAUSE could be generally useful to other HP-28S

routines, put it in the HOME directory. For the purposes
of this book, however, the "EE directory is OK, too.
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Move To And isplay The Previous Crcit Eleen:

PREY (132368)

« SZCHK CID® 1 > !
CIDx-1' 'Size' IFTE
'CIDR' STO Show »

Summary: PREY decrementsbyonethecircuitindex (CID®), except
under two conditons: If the circuit is empty (i.e. if CID¥
has a value of @), then SZCHK reports this condition and
passes control toMAIM. Ifdecrementing ' CIDK ' would
make it less than 1, 'CIDK ' is set to the S1Ze of the
circuit, effectively "wrapping" to the last circuit element.

Input: None.
Output: None.

Errors: Bad Argument Type will occur if 'CIDR' is
undefined or contains a non-real value, or if 'CIEC'
contains a non-list or a damaged list. Undef ined
Mame will occur if 'CIRC' is undefined. If TUYpPe returns
a string that produces a nonexistent name when combined
with "SHOW", that name will be left on the stack.

Notes: PREY uses SZCHK,Size, and Show. Put PREY into
the "EE directory.

CIRCUIT ANALYSIS TOOLS: Reference 161



Print The Current Circuit:

PRINT @82849)

« SZCHK 1 SF CIDx 1
Size FOR I I 'CIDx'
STO Show PR1 DROP CE

MEXT 1 CF 'CIDx' STO
»

Summary: PRINT prints a sequential listing of the current circuit
(all"n" elements) on the infrared printer. For each element,
PRIMT uses the same format for the printer as Show
uses for the display (but the format depends on the circuit

type; the one shown here is for a MODE-type circuit):

#1: <from> * <type> * <to>
P <value>

#21 <from> * <type> + <to>
P <value>

#3: <from> * <type> * <to>
P <value>

#<n>i <from> * <type> * <to>
P <value>

If the circuit is empty, nothing will be printed, but the
display will showd Element Circuit.
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Inputs:

Outputs:

Errors:

Notes:

None.
The printed listing described on the previous page.

If Type returns a string that produces a nonexistent
name when combined with " SHOW" | execution will halt,
and that name will be left on the stack. Undef ined
Hame will occur if CIRC is undefined. Bad Argu-
ment Tyape will occur if CIRC contains a non-list or a
damaged list.

PRIHMT is an optional routine. You do not need it in order
to use any of the three kinds of circuit analysis unless you
want to be able to make paper print-outs of the elelments
and configuration(s) of the circuit(s) you analyze. If youdo
use PRIMT, put it into the "EE directory.

PRINT uses SZCHK,Size, and Show.
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Calculate The Ladder Network
Power Transfer Ratio:

FTR @1833)

« CTR AES S ZL EE
INZ EE ~ * »

Summary: PTRE calculates the value of the real Power Transfer Ratio
(the Power Gain) for a LADRE-type circuit.

Inputs: None — data is taken from £L and ZA.

Outputs: Level 1 — a real number — the real Power Transfer Ratio.

Errors: Infinite result will occur if either 'ZACZ2, 1 2 *2L+
ZAC23 22" or the real portion of ' ZAC1, 1 2% 2L+

ZACL, 22 72AC2, 1 2% ZL+2AC2, 22 ' is zero.

Notes: P TR isnecessary only for Ladder Network Transfer analy-
sis. If you need it, put PTR into the "EE directory.

PTR usesCTRE and INZ.
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Put A Circuit Element Into The Ciruit:

PUTE Q26943)

€ 2 FS7 'SZCHK' IFT
"PUT" Type + STRE=
CIRC IF 2 FC? THEN B8
+ Size 1 + 'CID®'
STO END CIDX 1 + ROT

PUT 'CIRC' STO EDIT
3

Summary: PUTE puts the circuit element on the stack into the cur-
rent circuit at the indexed location. Either PUTHODE,
PUTMESH, or PUTLADR is called, depending on the
circuit's Type.

PUTE also determines whether it has been called by ADD
(flag 2 clear) or by CHHG (flag 2 set): if it's called from
ADD, then a new elementis added to the end of the list and
CID® is updated to point to it; if it's called from CHHG,
then SZCHK is called to determine if the circuit is empty,
and CIDA is left unmodified. In either case, control is
passed to EDIT upon completion.

Inputs: The necessary inputs depend on the circuit type, as fol-
lows:
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Outputs:

Errors:

Notes:
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For a MESH-analysis circuit:

Level 3 — an integer — the forward mesh.
Level 2 — an integer — the reverse mesh.
Level 1 — a real or complex number — the element value.

For a HODE -analysis circuit:

Level 3 — an integer — the "from" node.
Level 2 — an integer — the "to" node.
Level 1 — a real or complex number — the element value.

For a LADR-analysis circuit:
Level 1 — a real or complex number — the element value.
None.

If the circuit is empty when PUTE is called from CHNHG,
SZCHK will report "8 Element Circuit,)" and
control will be passed to MAINM. Bad Argument
Tupe will occur if CID® is undefined when FUTE is
called from CHHG. Undef ined Mame will occur if
CIRC is not defined.

PUTE uses SZCHK, Type, Size, and EDIT. Place
PUTE into the "EE directory.
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Prepare To "Put" Into a LADR-Type Circuit:

FUTLADR (19138)
« 2 *LIST »
Summary: PUTLADE puts the bottom two stack values into a list,

preparing for storage into the current circuit.

Inputs: Level 2 —areal or a complex number — the element value.
Level 1 — a string — the element type.

Outputs: Level 1 —a list object — the list of two input values.

Errors: Too Few Argument s will occurifthe stack does not
contain the Levels specified (at least two).

Notes: PUTLADRE is necessary only for doing Ladder Network

Transfer analysis. If you need it, put it into the "EE
directory.
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Prepare To "Put" Into a MESH-Type Circuit:

PFUTMESH (13118)
« PUTHODE =

Summary: PUTMESH callsPUTHODE, which "cleans" (i.e. takes the
absolute values of the integer portions of) the forward and
reverse mesh numbers. Then it puts the bottom four stack
values into a list, preparing for storage into the current
circuit.

Inputs: Level 4 — an integer — the forward mesh specifier.
Level 3 — an integer — the reverse mesh specifier.
Level 2 —areal or a complex number — the element value.
Level 1 — a string — the element type.

Outputs: Level 1 — a list object — the four "cleaned” input values.

Errors: Too Few Argument s will occurifthe stack does not
contain the Levels specified (at least four).

Notes: PUTMESH is necessary only for doing Mesh-Current
circuit analysis. If you need it, put it into the "EE

directory.

PUTMESH uses PUTMODE.
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Prepare To "Put" Into ANODE-Type Circuit:

PUTNODE (321€86)

« 3 Al 4 AT 4 =»LIST
®

Summary: PUTHODE "cleans" (i.e. takes the absolute values of the
integer portions of) the "from" and the "to" values. Then it
puts the bottom four stack values into a list, preparing for
storage into the current circuit.

Inputs: Level 4 — an integer — the "from" node specifier.
Level 3 — an integer — the "to" node specifier.
Level 2 —areal or a complex number — the element value.
Level 1 — a string — the element type.

Outputs: Level 1 —a list object — the four "cleaned" input values.

Errors: Too Few Argument s will occurif the stack does not
contain the Levels specified (at least four).

Notes: PUTHODE is necessary for both Node-Voltage and Mesh-
Current analyses — in the " EE directory, if you need it.

FUTHODE usesAIL.
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Summary:

Inputs:

Outputs:

Errors:

Notes:
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Put Element Ve nto An Array:

PUTx (@83229)

« * AV « SWAP FOR I
2 »LIST A SWAP DUPZ2
GET ¥ »MHUM I SIGH #*
+ PUT -2 STEP » »

PUTX combines a circuit-element value with array ele-
ments whose indices appear on the stack. The value is
added tothe arrayelements whoseloopindex (I)is positive
and subtracted from elements whose index is negative.

Levels 5 through (2n+4) —all 2n of them are integers — the
row/column indices of the array.

Level 3 and 4 — two integers giving the range for the loop
index, from low to high, respectively.

Level 2 — the array name.

Level 1 — the circuit element value.

None.
Bad Argument Yalue will occur if a loop index is
beyond the available indices of the array. Undef ined

Mame will occur if the array name is undefined.

Put PUTX into the "EE directory.
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Leave The EER Application:

QUIT A7143)

« HOME 23 MENU *

Summary: BUIT leaves the Circuit Analysis Tools by moving to the
HOME directory and activating the USER menu.

Inputs: None.

Outputs: None.

Errors: None.

Notes: Put UIT in the "EE directory.
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Add A Resistance Element To The Circuit List:

Summary:

Inputs:

Outputs:

Errors:

Notes:

172

R (fe882)

% "R" PUTE »

R invokes PUTE (PUT Element) in order to add a resis-
tance-type element("R" )tothe currentcircuit(' CIRC").

Level 3 — an integer — the "from" node or forward mesh.
Level 2 — an integer — the "to" node or reverse mesh.
Level 1 — a real number — the resistance value (R).

None.

If the circuit is empty when R is called from CHHNG,
SZCHK will report "8 Element Circuit )" and
control will be passed to MAIN. Bad Argument
Type will occur if CID¥ is undefined when FUTE is
called from CHNG. Undef ined HName will occur if
CIRC is not defined.

R is necessary for both Node-Voltage and Mesh-Current
circuit analyses. If you need it, put R into the "EE
directory. R uses PUTE.
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Store A Resistance Into The Impedance Array:

Summary:

Inputs:

Outputs:

Errors:

Notes:

RMESH (8317)

« ZMESH *

RMESH stores a resistance as an impedance (calculated
by Z = R)) into the impedance array, ' £A".

Level 3 — an integer — the forward loop.
Level 2 — an integer — the reverse loop.
Level 1 — a real number — the resistance value (R).

None.

Infinite Result will occurif the resistance value
is zero and flag 59 (infinite result action) is set.

RMESH is necessary only for Mesh-Current circuit analy-
sis. If you need it, put it into the " EE directory.

RMESH uses ZMESH.
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Store A Resistance Into The Admittance Array:

Summary:

Inputs:

Outputs:

Errors:

Notes:

174

RNODE 9347)
<« ZMODE *»
RHMNODE stores a resistance as an admittance (calculated
by Y = 1/R) into the admittance array, ' ZA"'.
Level 3 — an integer — the "from" node.
Level 2 — an integer — the "to" node.
Level 1 — a real number — the resistance value (R).

None.

Infinite Result will occurifthe resistance value
is zero and flag 59 (infinite result action) is set.

RMODE is necessary only for Node-Voltage circuit analy-
sis. If you need it, put it into the " EE directory.

RMODE uses ZMODE.
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Summary:

Inputs:

Outputs:

Errors:

Notes:

Add A Parallel-Resistance Element
To The Circuit List:

RP (18222)

« "RP" PUTE =»

EP invokes FUTE (PUT Element) to add a parallel-resis-
tance element ("EP") to the current circuit (' CIRC").

Level 1 — a real number — the parallel resistance value
(RP).

None.

If the circuit is empty when PUTE is called from CHHG,
SZCHK will report "8 Element Circuit )" and
control will be passed to MAIN. Bad Argument
Type will occur if CID¥ is undefined when FUTE is
called from CHHG. Undef ined MHame will occur if
CIRC is not defined.

EP is necessary only for Ladder Network Transfer analy-
sis. If you need it, put EF into the "EE directory.

EP uses PUTE.
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Create A Parallel Resistance Transfer Matrix:

Summary:

Inputs:

Outputs:

Errors:

Notes:

176

RPLADR (©&6741)

« IHY »HUM 1 8 ROT 1
{22 » *ARRY »

EPLADRE create a parallel resistance transfer matrix of
this form:

Level 1 — a real number — the resistance value.

Level 1 — a two-by-two array — the parallel resistance
transfer matrix.

Bad Argument Type will occur if the input resis-
tance is not a real or complex number.

RPLADR is necessary only for Ladder Network Transfer
analysis. If you need it, put it into the " EE directory.
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Summary:

Inputs:

Outputs:

Errors:

Notes:

Add A Series-Resistance Element
To The Circuit List:

RS 182835

& "RS" PUTE »

RS invokes PUTE (PUT Element) to add a series-resis-
tance element ("RES") to the current circuit (' CIRC').

Level 1 —a real number — the series resistance value (RS).
None.

If the circuit is empty when ES is called from CHHG,
SZCHK will report "8 Element Circuit ) and
control will be passed to MAIM. Bad Argument
Type will occur if CIDR is undefined when PUTE is
called from CHHG. Undef ined Hame will occur if
CIRC is not defined.

RS is necessary only for Ladder Network Transfer analy-
sis. If you need it, put ES into the "EE directory.

RS uses PUTE.
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Create A Series Resistance Transfer Matrix:

RSLADR @&7998)

« »NMUM 1 SHAP 8 1 {
2 2 > *ARRY »

Summary: RESLADE creates a series resistance transfer matrix of

this form:
1 R
0 1
Inputs: Level 1 — a real number — the resistance value.

Outputs: Level 1l —atwo-by-two array — the series resistance trans-
fer matrix.

Errors: Bad Argument Type will occur if the input resis-
tance is not reducible to a real or complex number.

Notes: RSLADR is necessary only for Ladder Network Transfer
analysis. If you need it, put it into the "EE directory.
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Save The Current Circuit Under A Specified Name:

SAVE @98e031)

« IF DUP TYPE ==
THEW °"CIRC YARS OVER
IF POS THEN DUP »STR
" Exists=0QYERWRITE"
+ YES? NOT « DREOP
MAIN *» IFT EMD "<«"
"WRK CIRC +STR +

" "WRK 'CIRC' STO "
+ CIDX *STR +

" 'CIDK' STO MAIW="
+ STE+* SWAP °CIRC
STO MAIN ELSE

"SAVE Error=Hot A Hame"
1 DISP ERREP EHD =

(The ='s here are NEWLINE characters.)

Summary: Given a name in Level 1 of the stack, SAYE stores the
current circuit into that name in the "CIRC directory.
SAVYE first tests the Level-1 object to see if it's really a
name. If not, a message is displayed and the program
terminates. Ifit is aname —but one that already exists in
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Inputs:

Outputs:

Errors:

Notes:
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the "CIKC directory — another prompt appears, inquir-

ing as to whether the current contents of that name should
be overwritten. If so, then the current circuit's data is
overwritten into the name. If not, control is passed back
to the MAIM menu, and no storage takes place.

Level 1 — the name into which the current circuit is to be
stored.

Keyboard — A "yes" (either (Y) or (ENTER)) or "no" (any other)
keystroke to confirm overwriting of the current circuit
with the one specified.

None.

Too Few Argument s will occur if no object is found
on Level 1 of the stack. SAYE Error Mot A Hame
will occur if the Level 1 object is not a name. Garbage will
be left in the stack if is pressed in response to the €'’
or M prompt.

SAHYE is an optional routine. You do not need it in order
to perform any of the three kinds of circuit analysis unless
you wish to name and save different circuits in the HP-28S
(which is certainly very handy). If you do use SAYE, put
it into the "EE directory.

SAYE uses YES?,MAIM, and ERREP.
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Display The Current Circuit Element:

Show 3E1480)

« Type "SHOW" + STR=»
3

Summary: Show displays the current circuit element by invoking

Inputs:

Outputs:

Errors:

Notes:

the appropriate SHOW program (either HODESHOM,
MESHSHOW or LADESHOMW).

None —data is taken from the CIRC list and from CI D,

A display giving the current element's information in an
appropriate format (this example is for a HODE circuit):

#<n>i <from> * <type> * <to>
P <value>

If TYP2 returns a string that produces a nonexistent
name when combined with " SHOW" | execution will halt,
and that name will be left on the stack. Undef ined
Mame will occur if CIEC is undefined. Bad Argu-
ment Type will occurif CIRC contains a non-list or a
damaged list.

Show uses Type. Put Show into the "EE directory.
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Convert The Integer Portion Of A Real Number
To A String:

Summary:

Inputs:

Outputs:

Errors:

Notes:
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SIP (F3219)

« IP »HUM RCLF SHAP
STD +5STR SWRP STOF »

SIP (String Integer Part)is useful in generating displays
of integers. It evaluates the object at stack Level 1 into a
real number, whose integer portion is then converted to a
string.

Level 1 — any object that will return a real number when
evaluated by *MHUM.

Level 1 — a character string (of numerals).

Bad Argument Type will occur if the input object
doesnot evaluate to areal number. Undef ined Mame
will occur if the input object is an undefined name.

Since SIP is generally useful, put it in the HOME direc-
tory (for use with this book, the ® EE directory is also OK).
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Get The Current Circuit Size:

Size (19382)

« CIRC SIZE 1 - »

Summary: S1zZe returns the number of elements in the current
circuit by getting the 3 I ZE of the circuit list (CIRC) and
subtracting 1 (for the header element — a list containing
the type string and the frequency). S1ze will return@ if
CIRC is undefined.

Input: None.
Output: Level 1 — a real number — the number of circuit elements.

Errors: Bad Argument Type will occurif CIRC contains a
real number, complex number or binary integer.

Notes: Put Size into the "EE directory.
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Delete An Element Of A String Or List:

Summary:

Inputs:

Outputs:

Errors:

Notes:
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SLDEL (138433

« * MM&DUP 1 H1
- SUB SWAP M 1 +
OVER SIZE SUB + » »

SLDEL deletes consecutive elements from a string or list,
from a "starting position” (less than 1 defaults to 1) to an
"ending position" (greater than the object'sS I ZE defaults
tothatSIZE). Ifthe starting position exceeds the ending
position, no deletions occur.

Level 3 — the string or list;
Level 2 — a real number (the starting index);
Level 1 — a real number (the ending index).

Level 1 — the "edited" string or list.

Bad Argument Type will occur when wrong input
types are given.

Since SLDEL is generally quite useful, putitin the HOME
directory (for this book, the " EE directory is also OK).
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Determine If The Current Circuit Is Empty:

SZCHK (127384)

« Size MOT « CLLCD
ERREFP SZDESP PRUSE
REORT » IFT »

Summary: SZCHK performs a test to see if the circuitlistis empty. If
so, this fact is displayed with an error beep, and the pro-
gram aborts.

Inputs: None.

Outputs: None.

Errors: Bad Argument Type will occurif CIRC contains a
real number, complex number or binary integer.

Notes: SZCHK usesSize, SZD5SP,EEREP, and PAUSE. Put
SZCHK into the "EE directory.
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Display The Current Circuit Size:

SZDSP (81479)

% Size SIP
" Element Circuit" +
2 DISP »

Summary: SZDSP displays the number of elements in the current
circuit as follows:
<n>Element Circuit
Inputs: None — data is taken from CIRC.
Outputs: The above display format.

Errors: Bad Argument Type will occurif CIRC contains a
real number, complex number or binary integer.

Notes: SZDSP usesSize and SIP. PutSZDSP into the "EE
directory.
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Display Current Circuit Type:

TPDSP (d4e404)

€ Type Analysis" +

1 DISP »
Summary: TFDSP displays the current circuit's type on line 1 of the
display, in the following format:
<type> Analysis
Inputs: None — data is taken from CIEC.
Outputs: The display shown above.
Errors: Undef ined Mame will occur if CIEC is undefined.

Bad Argument Type will occurif CIKC contains a
non-list or a damaged list.

Notes: TFDSP uses Type. Put TFDSP into the " EE directory.
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Get The Current Circuit Type:

Tupe @3185)

« CIRC 1 GET 1 GET =»

Summary: TYpe gets the type string from the current circuit. It
assumes that the circuit list (CIEC) has been properly
initialized.

Inputs: None — data is taken from CIRC.

Outputs: Level 1 — a string denoting the circuit type: "HODE",
"MESH", or "LADR".

Errors: Undef ined Mame will occur if CIRC is undefined.
Bad Argument Type willoccurif CIEC contains a

non-list or a damaged list.

Notes: Put TYpPe into the "EE directory.
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Add A Voltage Element To The Circuit List:

V (7874

€ "y PUTE »

Summary: % invokes PUUTE (PUT Element)in order to add a voltage-
type element ("%") to the current circuit (' CIEC").

Inputs: Level 3 — an integer — the forward mesh.
Level 2 — an integer — the reverse mesh.
Level 1 —areal or complex number —the voltage value (V).

Outputs: None.

Errors: If the circuit is empty when ¥ is called from CHHG,
SZCHK will report "8 Element Circuit,” and
control will be passed to MAIN. Bad Argument
Type will occur if CIDR is undefined when PUTE is
called from CHHG. Undef ined Mame will occur if
CIEC is not defined.

Notes: Y is necessary only for Mesh-Current circuit analysis. If
you need it, put % into the "EE directory. % uses PUTE.
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Store A Voltage Into The Voltage Array:

VMESH (14468)

« MEG IMODE »

Summary: YMESH stores a voltage into the voltage array.
Inputs: Level 3 — an integer — the forward loop.
Level 2 — an integer — the reverse loop.
Level 1 —areal or complex number —the voltage value (V).

Outputs: None.

Errors: Infinite Result will occur if the voltage value is
zero and flag 59 (infinite result action) is set.

Notes: YMESH is required only for Mesh-Current analysis. If you
need it, put it into the "EE directory.

VMESH uses INODE.
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Calculate The Ladder Network
Voltage Transfer Ratio:

VTR (15884)
« FTA HEG ZL * *
Summary: YTR calculates the value of the Voltage Transfer Ratio for
a "LADRE" -type circuit.

Inputs: None — data is taken from £L and ZA.

Outputs: Level 1 —areal or complex number — the Voltage Transfer
Ratio.

Errors: Infinite Result will occurif ' ZAC1, 1321+
ZAC1, 27" is (8, B2 andflag 59 (infinite result action)

is set.

Notes: Y TR isnecessary only for Ladder Network Transfer analy-
sis. If you need it, put ¥ TR into the "EE directory.

VTR usesFTH.
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Ask A Yes-Or-No Question:

YES? 183218)

€ 35TR CLLCD

"PelY or MH»" + 1
DISP € "¥Y" "ENTER" >
GETK POS CLMF »

Note: The ® you see here should be
keyed in as a NEWLINE character

(press JNEWLINE)).

Summary: YES7? builds a yes-or-no question from the object in Level
1. This object is converted to a string and displayed as
follows:

<input object>7

Y or M2

The program will then await (indefinitely) a one-key re-
sponse, for which it will accept any keystroke except (ATTN).
Any keystroke besides (Y) or will be taken as a MO
response and will return a@ (FALSE). Butal or2 will
be returned for (Y) or (ENTER), responses, respectively, which
are both taken as YES (TRUE).

This allows the following kind of construction:
IF "Are You Done" ¥YES?
THEH Finish

ELSE DoMore
EHD
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Inputs: Level 1 — the object with which to prompt; Keyboard — a
single keystroke other than (ATTN).

Outputs: Level 1 — a real number (8, 1 or 2 , depending on the
responding input keystroke).

Errors: Too Few Argument s will occur if no prompt object
is on the stack. Garbage will be left in the stack if is
pressed.

Notes: YES? uses GETK. Since YES? is generally useful, put

it in the HOME directory (for this book, the " EE directory
is also OK).
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Add An Impedance Element To The Circuit List:

Summary:

Inputs:

Outputs:

Errors:

Notes:
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£ (7348)

« "Z2" PUTE =»

Z invokes PUUTE (PUT Element) in order to add an imped-
ance-type element (" 2" )tothe current circuit(' CIRC").

Level 3 — an integer — the"from" node or forward mesh.
Level 2 — an integer — the"to" node or reverse mesh.
Level 1 —areal or complex number — the impedance value

.
None.

If the circuit is empty when £ is called from CHMNG,
SZCHK will report "8 Element Circuit )" and
control will be passed to MAIN. Bad Argument
Type will occur if CID® is undefined when PUTE is
called from CHHG. Undef ined Mame will occur if
CIRC is not defined.

Z is necessary for both Node-Voltage and Mesh-Current
circuit analyses. If you need it, put £ into the "EE
directory. £ uses PUTE.
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Store An Impedence Into The Impedance Array:

Summary:

Inputs:

Outputs:

Errors:

Notes:

ZMESH (14741)

« INY ZMNODE »

ZMODE stores an impedance value into the impedance
array, ' £A"'.

Level 3 — an integer — the forward loop.

Level 2 — an integer — the reverse loop.

Level 1 —areal or complex number — the impedance value
2.

None.

Infinite Result will occurifthe impedance value
is zero and flag 59 (infinite result action) is set.

ZMESH is necessary only for Mesh-Current circuit analy-
sis. If you need it, put it into the " EE directory.

MESH uses ZMODE.
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Sore An Impedence Into he Admittance Array:

ZNODE (438823)

« INY + ¥V « IF DUPZ2
¥ MOT THEM + DUP 3
ELSE DUPZ SHWAFP DUFZ2
DUFP ROT DUP -3 EMD 3
"ZAY VW PUTR » »

Summary: ZMODE stores an impedance value as an admittance

Inputs:

Outputs:

Errors:

Notes:

196

calculated as Y = 1/Z) into the admittance array, ' £A".

Level 3 — an integer — the "from" node.
Level 2 — an integer — the "to" node.
Level 1 —areal or complex number — the impedance value

(2).
None.

Infinite Result will occuriftheimpedance value
is zero and flag 59 (infinite result action) is set.

ZNODE is necessary for both Node-Voltage and Mesh-
Currentcircuitanalyses. Ifyouneedit, putitintothe "EE
directory.

ZMODE uses PUTH.
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Summary:

Inputs:

Outputs:

Errors:

Notes:

Add A Parallel-Impedance Element
To The Circuit List:

£P (18374)

& "ZP" PUTE »

ZP invokesPUTE (PUT Element) to add a parallel-imped-
ance element (" ZP") to the current circuit (' CIRC").

Level 1 — a real or complex number — the parallel imped-
ance value (ZP).

None.

If the circuit is empty when £P is called from CHHG,
SZCHK will report "8 Element Circuit)” and
control will be passed to MAIN. Bad Argument
Tupe will occur if CID® is undefined when PUTE is
called from CHHG. Undef ined Mame will occur if
CIEC is not defined.

ZP is necessary only for Ladder Network Transfer analy-
sis. If you need it, put £F into the "EE directory.

ZP uses PUTE.
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Create A Parallel Impedance Transfer Matrix:

Summary:

Inputs:

Outputs:

Errors:

Notes:
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ZPLADR (12818)

« RFLADR »

ZPLADR creates a parallel impedance transfer matrix of
this form:

Level 1 —areal or complex number — the impedance value.

Level 1 — a two-by-two array — the parallel impedance
transfer matrix.

Bad Argument Type will occur if the input imped-
ance is not a real or complex number.

ZPLADR is necessary only for Ladder Network Transfer
analysis. If you need it, put it into the " EE directory.

ZPLADR uses RPLADR.
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Summary:

Inputs:

Outputs:

Errors:

Notes:

Add A Series-Impedance Element
To The Circuit List:

£S5 (18437)

« "Z25" PUTE »

25 invokes PUTE (PUT Element) to add a series-imped-
ance element ("Z25") to the current circuit (' CIRC").

Level 1 —areal or complex number — the series impedance
value (ZS).

None.

If the circuit is empty when £5 is called from CHMHG,
SZCHK will report "8 Element Circuit)” and
control will be passed to MAIM. Bad Argument
Tupe will occur if CID¥ is undefined when PUTE is
called from CHHG. Undef ined Mame will occur if
CIRC is not defined.

25 is necessary only for Ladder Network Transfer analy-
sis. If you need it, put £5 into the "EE directory.

£S5 uses FUTE.
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Create A Series Impedance Transfer Matrix:

ZSLADR (2861)

« RSLADR »

Summary: ZSLADE creates a series impedance transfer matrix of

this form:
1 Z
0 1
Inputs: Level 1 —areal or complex number — the impedance value.

Outputs: Levell —atwo-by-two array —the series impedance trans-
fer matrix.

Errors: Bad Argument Type will occur if the input imped-
ance is not a real or complex number.

Notes: ZSLADR is necessary only for Ladder Network Transfer
analysis. If you need it, put it into the " EE directory.

ZSLADR uses RSLADR.
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Notes (Yours)
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CHAPTER 6

CIRCUIT ANALYSIS TOOLS:
Examples And Discussion

This chapter presents examples and some more in-depth discussions of
the ideas and techniques available to you when you use the Circuit
Analysis Tools. When using the tools discussed in this chapter, you must
have keyed in the necessary objects from the previous chapter already
(for the three kinds of circuit analysis, there are three corresponding
checklists on pages 91-93).

Itis not necessary to key in all the objects in the previous chapter —just
the ones required for the kind of circuit analysis you want to do.
However, whether or not you're using all three kinds of analysis, it
behooves you to read straight through this chapter and look at all
the examples, because each will teach you something in general about
the ways in which all of the analyses work.
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The Circuit Editor

Before you get into the actual examples of any of the three kinds of
circuit analysis, you need to know how to build an accurate description
of a circuit for your HP-28S. The circuit editor provides you with one
consistent, menu-driven interface for building any of the three different
types of circuits.

The Initialization Menu

To begin building a circuit, you type (for Electrical Engineering
Analysis) and press to see the following Initialization Menu:

2

=F
i:
'MESH | MODE JLADR ] | | |

EED, BT and are the choices you have for building three dif-
ferent types of circuits (for Mesh-Current Analysis, Node-Voltage
Analysis, and Ladder Network Transfer Analysis, respectively).

The three different types of circuits are incompatible. To perform differ-
ent kinds of analyses on a given circuit, you must enter the circuit once
for each kind of analysis.

Right at this point, then, is where you decide what kind of analysis you
want to do on the circuit you're going to build. Then by pressing the ap-
propriate key on the above menu, you'll initialize a new circuit to that
type of analysis.
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The Circuit Information Display

Press IFTITA to see a Circuit Information display appear briefly:

HODE Analusis
d Element Circuit
Fregquencuy= G

If there had already been a circuit (of any type) currently defined (i.e. if
any objects named ' CIEC' and 'CID® ' had already existed in the
'"7WEK" directory), then the first thing you would have seen after
invoking EEA would have been a Circuit Information display similar to
the one above — and it would have been reporting the type, size and
frequency of that already-existing circuit. But in this first instance,
because there was no such pre-existing circuit, you were presented with
the Initialization Menu first (on the previous page), tolet you choose the

type.

So, what does this first Circuit Information display tell you?

e Tt tells you that this circuit will be a HODE-analysis type circuit;

e B Element Circuit tells you that the circuit has @ compo-
nents — and this number will change as you add elements to the
circuit.

* Frequencyd= Hindicatesthatyouhaven'tyet specified the sinu-

soidal steady-state frequency for this circuit.
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The MAIN Menu

A Circuit Information display lasts only briefly, so now you'll see the
MAIN menu. Look at each of its items (and keep in mind that it has a
second "page" of selections, too — which you reach with the key):

INIT

s
.
i m
Tt
[ INIT|EDIT |LOAD | SAVE | CALC |FREQ

allows you to re-initialize the current circuit. Here is where
you can change your mind and "re-zero" (erase all the ele-
ments) or even change the type of the current circuit (yes —
there is now a "current circuit" — though it has no elements).
So if you press I, you'll see this display:

rJ
m
=

-
= =
—

1—

b
-
I_
Al
—
-t
e

The question being asked here is, "Do you really want to
destroy the information in the current circuit by re-initializ-
ing it?" If you press either (Y) or (ENTER), that will be considered
a "yes" response, and you'll go back to the Initialization Menu
(see page 203). Any other keystroke (except (ONJ[ATTN), which
ungracefully halts the program) will be taken as a "no”
response. In that case, the Circuit Information display (see
the previous page) will be displayed again (with the same in-
formation as before), and then you'll return to the MAIN Menu.
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from the MAIN Menu presents you with yet another menu, the
EDIT Menu, which (naturally) contains all your options for
editing the current circuit:

Ll LULER
EE ER BN

L ADD | DEL | PREV | NEXT | SHOM | CHNG |

This menu also has a second page (and again, use the
key to see and use it). Here are the items on the EDIT menu:

IEITM  produces a menu of circuit elements specific to the
circuit type you are editing. Since the ADD menu is
circuit-specific, its uses will be discussed and dem-
onstrated in the different circuit-analysis examples.

AW  deletes the current circuit element from the circuit
ifit exists. If the circuitis empty (the only time that
might fail) you will see:

H Element Circuit

Otherwise, you will be asked:

DELETE Element 17
CY oor M2
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where the element number is the current element's
number(i.e.,it'snot necessarilythe 1 shown above).
Pressing (Y) or will delete the element. Any
other keystroke (except will abort the
delete. You will always be left in the EDIT menu.

are three related commands. displays the
current element in a circuit-dependent format (and
will therefore be discussed in more detail in the
specific circuit analysis examples). moves to
the next element before displaying it (making it the
new current element). Similarly, IZJXW moves to
the previous element. Both [IIXW and ETEEl will
"wrap around" the ends of the circuit — "starting
over" again if you try to move beyond either end of
the circuit. All three will display the error message

d Element Circuit

if the circuit has no elements.

[CHNG | allows you to change the current element. This is
another circuit-dependent routine and will be dis-
cussed in the circuit-specific sections.

(on the next page of the menu) allows you to go to a

specific circuit element. To use it, you key in the
number of the element to which you want to go and
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press [ If the input number exceeds the size
of the circuit, the circuit size will be used. If the
input numberis less than 1, 1 will be used instead.
To display the new current element, press EHIITTN.

is an optional routine (it's only useful if you have a
printer) that prints the circuit list, from beginning
to end, in the format of SHOW.

leaves the EDIT menu, redisplays the Circuit Infor-
mation display and shows you the MAIN menu.

Back now in the MAIN menu are these two optional routines,
to SAVE the current circuit (under a name of your choosing)
in an isolated directory (" CIEC), where it cannot easily be
destroyed; then to recall (LOAD) that circuit for later calcula-
tions. Thus the commands 'HUEBIE' I will store the
currentcircuitinthe " CIEC directoryinthename ' HUBIE ' .
Ifthat name already existsin the * CIEC directory, you'll see:

'HUEIE' Exists
OVERMWRITE?
Y or M2

As always, pressing (Y) or says "Yes," thus overwriting
the contents of ' HUBIE ' ; any other keystroke except
says "No", which will abort the SAVE. Either way, you'll
return to the MAIN menu via the Circuit Information display.

loads a saved circuit. If the current circuit isn't empty, you'll

be asked if it's OK to lose whatever you have in the current
circuit by overwriting it with a saved circuit. A "yes" response
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CALC

QUIT

produces a menu of saved circuits:

HUBIElERIT] | | | |

Selecting any of the named circuits (in this example, [II3{1)
will LOAD that circuit and return you to the MAIN menu. Note
that there is no "PURGE-like" routine to easily eliminate un-
necessary circuits from the °CIRC menu. Todelete ' HUBIE ',
press XTI, to move to the °CIRC menu, then (') [ and
to delete. The CUSTOM menu won't change, but if
you EXIT back to the MAIN menu and press again, you'll
verify that the deleted circuit is indeed gone.

IEFil is an extra item on the LOAD menu which allows
you to abandon the LOAD menu and goback into the
MAIN menu without altering the current circuit.

is the button you press to do the actual "circuit-crunching.”
The results are different for each circuit type, so you'll hear all
about later, as you do specific examples.

next in the MAIN menu, lets you store a sinusoidal, steady-
state frequency for the circuit. To use it, key in the frequency
(in Hertz) and press [{JX=1. The Circuit Information display
appears, verifying that this frequency has been stored.

This final item in the MAIN menu is on the second "page."
=144 allows you to leave the circuit editor (by moving to the
HOME directory and turning on the USER menu). None of
your circuit information will be altered — it will be there the
next time you invoke I M.
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Examples Of Circuit Analysis

Now you're going to see the Circuit Editor "in action." Read through all
of these examples —even if they don't involve the kind of circuit analysis
you want to do. Every example is meant to demonstrate something.

Node-Voltage Network Analysis

Node-voltage analysis allows you to enter a circuit composed of resis-
tances (R), capacitances (C), inductances (L), general impedances (Z)
and independent (sinusoidal, AC) current sources (I) — in any number
and combination. You may not use voltage sources.

The result of the analysis is an array of voltages, as measured between
the reference node (node 0) and each other node (node 1, 2, etc.) For the
purposes of this book, a node is defined to be the junction between any two
or more circuit elements. Any node can be designated the reference node
(0), and the numbering of the other nodes can be rearranged, but there
must be a reference node (this is the node that is defined to be at a "zero"
or "ground" voltage level —the standard against which all other voltages
are measured). Also no node number may be skipped. Thatis, in a four-
node network, you must number the nodes 0, 1, 2, 3. You may not
number the nodes 0, 2, 3,4 —nor 1, 3, 4, 5 — the program won't work.

Look at this first example:

D @ g ©
5Q 0+i2
.
©

m 1040°A Q =50
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To calculate the node voltages in this circuit, do the following:

Type EEA ENTER). If there is no current circuit, select IZTIIA from the
Initialization menu. Ifthereis a current circuit, save it if you like, and
select from the MAIN menu, respond with (Y] to the initialization
query, and select IRITTA from the initialization menu.

You should be back to the MAIN menu now, so press [E4ll. Now, you
want to add elements to the circuit, so press IEITM:

This ADD menu presents you with your options for adding elements to
the circuit you're building. To add an element, you put information on
the stack in the following order:

<"from" node>
<"to" node>

<element value>

Then you select the element type from the menu. For example, here's
what you do to add the current source between nodes 0 and 1:

B 1 189 BEE (doit now).

The element menu goes away and you're back in the MAIN menu. Select
EHIIM now to see what you've done (and set a2 FI# display mode so
that your displays will look like these examples): 2 FI# HIIT. Here's
the result:
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#1: B =+ I + 1
b 18,85

L ADD | DEL | PREV | NERT | SHOM | CHNG |

This says, "Element number1 is a current source from 0 to node 1whose
valueis10 (that's 10 +j0)." This exactly corresponds to what you input.
So now you input the other elements in the same way:

el 25 me

("The next elementis aresistor from node 1 to node 2 whose valueis 5.")
A S I S O

("The next element is a resistor from node 0 to node 3 whose valueis 5.")
2 2 (6,2 N Bl

("The next element is an impedance from node 3 to node 2 whose value
is 0+j2)."

EE 9 2 16

("Thenextelementisaresistor fromnode 0 tonode 2 whose valueis10.")

Some things to notice about what you just did:

1. Notice the use of j here, instead of i. It's difficult to know which to
use here: Electrical engineering convention usually prefers j, but the
HP-28S uses the symbolic constant, 1. However, since the machine's
requirements need not concern you, these diagrams and discussion
will use the engineers' j.

2. Asyou know from keying in the objects necessary for MIESH- and/or
HODE- type analyses, there are objects named C, I,L,F, %, and 2,
all storedin the °EE directory. Be careful not touse these or any other
°EE names for your own circuit variables when doing circuit reduc-
tions orother "side calculations." Suggestion: put subscripts on your
circuit elements: E1, ZH, etc.
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. You don't need to press IEITM before keying in the element informa-
tion. Since IEITM merely brings up the menu of elements, it can be
pressed at any time before the element name is needed. This is
generally true of the various menusin these tools: Changing menus
does not alter the contents of the stack in any way.

. Anytime you temporarily use an HP-28S system menu (e.g. f[COMPLX),
you can always get back to your Circuit Tool's current custom menu
(e. g. EEA, EET, ADD, LOAD) by pressing [J[CUSTOM).

. Theinductance between nodes 2 and 3 is given in the problem as an
impedance and not as an inductance (you can tell because induc-
tance in henrys is a real quantity, but the impedance of an induc-
tance is imaginary). Therefore, it must be input as a general imped-
ance rather than as an inductance.

. Noneoftheimpedances of the circuit elements depends on the circuit
frequency. Onlyinductors and capacitors are frequency-dependent,
so a frequency need not be input to solve this problem.

. The complex number used for the inductance must be in the HP-
28S's rectangular format. If you prefer to "think" and "key in" in
polar form or any of the symbolic forms made available by the Circuit
Reduction Tools, you must then use those tools to convert to the HP-
28S's recatngular format before selecting the element type.

. The current source is assumed to cause current flow from the "from"
node (0 in this case) to the "to" node (1 in this case). Either changing
the sign on the current source's value (-10.00) or reversing the "from"
and "to" nodes would denote current flowing in the other direction.

. You could have keyed in these elements in any order; the numbering
of the elements here is for identification purposes only (true only for
Node-Voltage and Mesh-Current analyses).
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Now that you've finished loading the circuit, you should scan through
it to see if you've made any mistakes: Press EII¥I.

#3: B+ B 3+ 2
b 18,84

L ADD | DEL ] PREY | NERT | SHOM [CHNG |

Asyoucansee, thisis element #5, the fifth and last element you entered.

Press 1.

#1: B > I =+ 1

k18,08
| ADD | DEL | PREY | NEXT [SHOW |CHNG

This is element #1 again — the first element you entered. Thus
"wrapped around" from the last element in the circuit back to the first.

Take a little time right now and practice using IITEN, ETF, and

to move around the circuit, just to get a feel for them — and to check
the accuracy of this circuit description you've just built for your HP-28S.

214 HP-28S Software Power Tools: Electrical Circuits



Now, to calculate the node voltages, you select to go out to the
MAIN menu, then simply ETTH.

=PI

ol ]
4,372 11

Emlﬂﬂlﬂ}!ﬂ

(gl T
P
Qa0aC]
Miff
q'ul"_l'lf'_l'l

I 00

o
A,
oy

(This display assumes multi-line display mode is set.)

What you have here is an array of node voltages. Of course, it's easy
enough to read off the answers right now: "V, (that is, the voltage
difference between node 1 and node 0, V.-V, where V, is defined to be
zero) is 84.50+j8.73. And V, is 34.50+j8.73, etc.

But what if you'd prefer to see these in polar format? No problem — but
to make this resulting array more convenient to use, give it a name:

'"A'" STO.
Now, to find the polar-formatted voltages V., V, and V,:

A 1 GET RE*P Result: (84.95,5.94>
So V, = 84.95£5.90° volts.

A 2 GET E#P Result: {25.39,14.21>
So V, = 35.59£14.21° volts.

H 2 GET E+#+F Result: (232.84,-7.59)
So V, = 33.04£-7.59° volts.
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At this point, press to see what's in the current directory (the "WRK
directory):

g (24,95,5. 28>
21 (35,59, 14. 215
i: 25.04,-7.53)
A ] vA | 2h | W] CI0% [CIRC]

I contains the node voltage solution array that you just stored;
I contains the current array — the array of independent current
sources (its name is shared by the node and mesh analysis programs —

hence its rather inappropriate name here);

IEM contains the array of impedances, built from the circuit descrip-

tion;
B is ' W', the radian frequency of the circuit;

contains the index to the circuit list — the number of the current
element;

contains the circuit list — the circuit description itself.

Actually, YA and £A were used to calculate the solution, so you can also
manually calculate that solution array (what you since named 'A"' ):

VYA ZR ~
This is actually quicker than returning to the MAIN menu and using

(@cusToM) ITTXA), because CALLC actually reloads these arrays

from the circuit description before performing the array division.
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Try another example....

For the following circuit, find the voltage between nodes A and B (i.e.

find V,-V,) at a frequency of 66 Hz.:

24mh

®

m 100°A i
[

"0

12mh

29§

First you must properly number the nodes, making either A or B the ref-

erence. Thus:

)

9.7mh

24mh

- ,fom\;,ﬁ_,

12mh

J@i
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Next, build the description:

SASSY INIT [§3] HODE | EDIT |
81 rm ?.7E-2
1 2 MW 24E-Z e
1 2 pmm 1ZE-Z m
2 2 IIN 2
8 3 NN S
1 3 w19 e

Now go back to the MAIN menu, specify the frequency and grind away!

[EXIT JL-R FREQ |

The result is another solution array — a 3x1 array of rectangular-
complex node voltages (in this order): V, (=V -V)), V, (=V,-V),V, (=V,-V,).
And to see these in more familiar polar format: 'H' STO 2 FI¥

A 1 GET E»F Result: C17.55,-86.822
So V, = 17.55/-86.82°

A 2 GET R»F Result: (2.13,34.262
So V, = 2.15/34.26°

A 3 GET R=»P Result: (13.89,3.13)
So V, = 13.09£3.18°

Now, as you will recall, you defined V,; tobe V,, (i.e. just V,),soV,; =V
= 2.15/34.26°.

2

218 HP-28S Software Power Tools: Electrical Circuits



Tryrearranging the node numbers to see what youget—e.g. change node
1 to 0, node 3 to 1, and node 0 to 3:

[INIT J63] NODE | EDIT

81 I 19 (thiscouldalsobel B EIIN -159 HEED
8 2 Emm 12E-3

8 2 KT 24E-2

8 3 oM °.7E-3

1 2 IIm 2 o

1 2 N S

[EXIT [SI-WFREC § CALC |

Then to see these in more familiar polar format: 'H' STO and

A 1 GET RE=3#P Result: (21.589,36.462
So V, = 21.89.56.46°

H 2 GET E»P Result: C18.74,587.332
So V, = 18.74.87.55°

A 3 GET R=FP Result: €17.353,93.18>
So V, = 17.55£93.18°

Notice that V, in this second configuration is of equal magnitude but of
opposite direction (i.e. 180° off) from V, in the first configuration—as you

would expect.

To calculate V,; using this arrangement, since V,; = V,-V,, do this:

"ACZ,12-AC3, 12" EVYAL R#*F  Result: (2. 13,34, 262

SoV,, =V,V,=215/34.26° — same as before (as it should be)!
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As afinal example and a demonstration of how to use [, rearrange
the circuit so that it looks like this:

Y|
© @
10mh w
M 12mh
@344230 A %@ 20uf == 29%
) %39
®
Likeso: @Al 1 EHI@ 2 EHG
#1: 8 + I =+
P 16.0868EAH
| ADD | DEL | PREY | NERT [SHOM | CHNG |

Then: DROP <324,23> P+*R

#1: + I +1
P (S1.30E8, 13.225E8

| ADD | DEL | PREY | MERT [SHOM |CHNG

Then: DROFP 14E-&

$3: B+ C + 2
b 14.06E-5

L ADD | DEL | PREY | NEXT | SHOI |CHNG |
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DROFP 1BE-3 (SHOM |

#4: 0 + L =+ =
b 18.08E-=

L ADD | DEL_J PREV | NERT | SHOI | CHNG |

e 1 2 28E-& e HIM

#7: 1 + C + 2
B 25, GEE-S

L ADD | DEL | PREV | NEXT JSHO |CHNG

[EXIT [ CALC =R

1: [[ ¢9.22,908,142 ]
[ (-Z36.69,623.682 1]
[ INIT|EDIT | LOAD | SAVE J CALC |FREC |

Things to note:

1. LI pulls the information out of the current circuit element in the

2.

then becomes the current element.

CIRCUIT ANALYSIS TOOLS: Examples And Discussion

order that you input it. Thus, Level 3 has the "from" node, Level 2
the "to" node, and Level 1 the element value, ready for you to change
if you need/want to. also presents you with the element menu
so that you can alter the element type as well. If you abort the [l
operation by using [Ffill, the element information will be left on the
stack, and the original contents of the element will be retained.

IEITM always adds a new element to the end of the circuit list, no
matter which element is the current element. The ADD'ed element

221



Mesh-Current Network Analysis

Mesh-current analysis allows you to enter a circuit composed of resis-
tances (R), capacitances (C), inductances (L), general impedances (Z)
and independent (sinusoidal, AC) voltage sources (V) — in any number
and combination. You may not use current sources. The circuit is
defined and configured with loop currents in the following general
scheme (the circuit must consist of at least one current loop containing
at least one voltage source and one passive impedance):

I(
AN

BT
AMWWA

The result of the analysis is an array of these defined loop current

values. For the purposes of the tools in this book, when you select and
identify loop currents, you should be sure that at least one and no more
than two currents pass through each element — and when two currents
passthrough an element, they flow in opposite directions. Each element
of the mesh is considered to receive a forward current from one current
loop and a reverse current from another. If there is no such reverse
current, then it is considered to be coming from a non-existent loop "0."
Also no loop number may be skipped. That is, in a four-loop network,
you must number the loops 1, 2, 3, 4. You may not number them1, 2, 3,
5, for example — the program won't work.

Look at this first example:

100 30
(—bw | )
50 0°A H(\) I = 530uf I % 10mh
|
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The two loop currents, I, and I, are defined as shown. Notice that both
I, and L, flow through the capacitor, but in opposite directions.

To analyze this example circuit and solve for the two currents:
2 EMG EER

Then, if there is no current circuit, select from the initialization
menu. If thereis a current circuit, save it if you like, and select G
from the MAIN menu, respond with (Y] to the initialization query, then
select from the Initialization menu.

Atthe MAINmenunow: Il EITH 1 9 S9 NN
In other words, "add a 50£0°-volt source to current loop 1, with no
reverse current through it."

Nextelement: IEFTTH 1 9 19 BN
In other words, "add a 10Q resistor to current loop 1, with no reverse
current through it."

Nextelement: IFITH 1 2 SZ0E-5 EEE

In other words, "add a 530-uf capacitor to current loop 1, with a reverse
current through it from current loop 2." So in this case, the element is
shared between loops 1 and 2 with the currents opposing. Press
now to see how this is represented:

-
!

#3231
kP SSE

- . -
L+ £

-+
. HE-&

L ADD | DEL | PREV | NERT | SHOW | CHNG |

1=
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This element is the last in loop 1. Continue now by keying in the
elements of loop 2 (although the order in which you key in elements is
immaterial). Of course, since the shared capacitance has already been
entered, you shouldn't enter it again.

Nextelement: IEFIIH 2 9 2 B
In other words, "add a 3Q resistor to current loop 2, with no reverse
current through it."

Lastelement: IFTTH 2 U 10E-2 YN
In other words, "add a 10-mh inductor to current loop 2, with no reverse
current through it."

Now IFF1ll and solve this at 60 Hz: 60 [I1I=1 14

You'll get a 2x1 array of the loop currents. To make them easier to read,
extract them from the array format and convert the values to polar
format:

AREY+ DREOP R3P Result: (4.4&2EQ, -68. 7SEQD
So I, = 4.468.-60.75°

SHAFP E=*P Result: (2.396E8, 6. 873EB)
So I, = 2.896./6.873°
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As a second example, find the current in loop 2 in the following circuit:

5+j0 2+j3 4+j0

3040%?@@0145 raeﬂ'o @ )t 20 4%V
N

2 FIx HHl () CEE1 EHl

1 020 MW O 1 9 5 N eE

1 2 (8,2 IIN NEE 2 9 (2,3 IIIN N
236N BN C Y4 IIN BEE

2 8 -29 M O EHE

Since there are no frequency-dependent elements, you don't need to
store a frequency, so [IX#, then 2 GET E=*P
Result: €1.73,48.13>  Sol, =1.732£40.13°

Now, what if you were to delete the 20V source and change the 0+j5 im-
pedance to 1+j5? How would this affect the current through loop 2?

Find out: ] (the third element is the Z = (0,5).)

Then: @META 1 + (add1 to the impedance. Note that the forward and
reverse current loop numbers are in stack Levels 3 and 2 respectively,
so everything's all set to reénter as the new Z value) I

Then: 188 IHIT (you may not remember how many elements there
are, but since you know you want to delete the last one in the list, just
give a ridiculously large element number; the default for such an error

is the last element.) | EXIT |

2 GET E=»F
Result: {2.23,2.352 So I, = 2.28£2.85°
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Ladder Network Transfer Analysis

Ladder network transfer analysis is a circuit reduction method by
which you treat the branches of the circuit as rungs as aladder and then
reduce the network to a single impedance by step-wise combination of
adjacent elements. As well as this input impedance, you can then
calculate various output/input ratios (e.g. current, voltage, power).

The program provided here allows for parallel and series elements
which may be resistors, capacitors, inductors or general impedances.
For example, reduce the following circuit to its equivalent impedance:

—AWW——— W
5Q 4Q
0+j2 0+j5 10Q

TypeEEA EMTER. Ifthereis no current circuit, select from the
Initialization menu. Ifthereis a current circuit, save it if you like, and
select from the MAIN menu, respond with (Y) to the initialization
query, and select from the Initialization menu. You should be
back to the MAIN menu then, so press and you're ready to begin
building this ladder network.

Note: InalLADR-type circuit, the order in which you enter the elements
is significant. The lefthand end of the ladder is considered to be the
input end, where a "driving source" would be connected; the righthand
end is therefore considered the output end, and so the last element on the
far right is considered the load impedance (called Z, in the programs).
You must enter this element first, then continue to work back from right
to left (i.e. from output end to input end), keying in the elements as you
encounter them in traversing the ladder in that direction.
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Thus, begin this example with the 10 ohm resistance: IETTH 18 T

In aladder network, you consider the elements in the vertical branches
to be added in parallel, and the elements in the horizontal branches to
be added in series. Therefore, each element type has both a series and
a parallel entry in the ADD menu (as you've probably noticed by now):

1:
2z
3:
ks L RP | Cs | CP | Ls | LP

(press to see the of this menu.)

Continue now to build this circuit: IEIT (9, 5> B
DN 4 I KN (9,2 IEE EIE © B 3

Since none of the elements in this circuit are frequency-dependent, you
don't need to input the circuit's frequency. Just [fIXdl....Now you have
the CALC menu, which gives you options to calculate any of six different
transfer functions for the circuit. Try each of them:

2 FIX EE
Result: {5.333,1.667> Input Impedance
FTR

Result: ¢3.359E-4,-A.819> Forward Transfer Admittance

Result: @.821 Power Transfer Ratio (real power gain)
CTR

Result: (H.823,-8. 188> Current Transfer Ratio
UTR

Result: (-8,804,Hd. 129> Voltage Transfer Ratio
FT2

Result: (-H.32332,1.80a)> Forward Transfer Impedance
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Now, store that circuit: [F34ll 'LADEL1' EHIHA

...and try another example:

50Q 10ph

100pf T 50pf =< 50Q

(LADR W EDIT
280 KN NI S9E-12 Eom 16E-& I
166E-12 KA 150N ADD |

-wvvvifooo“

This circuit contains capacitances and inductances, so you must specify
a frequency — say, 1 MHz.: 1E6 [Ei3=). Then: [TIX4....

3 ENG ETEm
Result: C184. 1E8,62.280E8> Input Impedance
FTA

Result: ¢(=7. 182E-3, 4. ¥&9E- 32 Forward Transfer Admittance
: 219.5E-3 Power Transfer Ratio (real power gain)
: (-1.03%E8,308.29E-3> Current Transfer Ratio
: (3359.1E-3,-238.3E-32 Voltage Transfer Ratio
th: (31.93EB,-2.314EB) Forward Transfer Impedance

[
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Go back to the first circuit now and make the following changes, then
calculate the equivalent impedance of the resulting circuit:

¢ Change the 0+j2 impedance to a 5.3 mH inductance.
¢ Change the 0+j5 impedance to a 13.3 mH inductance.
¢ Set the circuit frequency to 60 Hz.

5Q 4Q

5.3mh %13.3mh % 10Q

Here's what you do:

[ LOAD | LADR1 I EDIT |

2

DROP 13.3E-2 mam
[NEXT

DEOF 5.2E-2
[ERIT |

=15I FREC: [l CALC |

BETHE Result: (5. 222EA, 1. 865EB2 The new input impedance.
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Appendix A

Expanding On The Tools

This appendix gives some more details on "slick and efficient” use of the
two sets of Circuit Tools. It also suggests waysin which you can actually
add to their capabilities with some programming of your own.
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Plotting Frequency Sweeps

Often youmay want to know how various parametersin a circuit depend
onthe frequency of the sinusoidal driving sources. Look at this example:

® ® ©)
P
2Q 60pf

200°A m ;Jr 120pf 20mh % 3Q

©

Using The Circuit Reduction Tools

If you symbolically reduce the above circuit using the Circuit Reduction
tools (the EET menu), what you'll have is essentially an equation for an
impedance as a function of (radian) frequency:

2 EMG EET 'w' PURGE (bypurgingtheobjectcalled'w',you
prevent the HP-28S from associating
any specific value with it.)

[ MODE | (set symbolic results mode —ifit's not
set already—so that the HP-28S won't
generate an error by trying to evalu-
ate the now-undefined name, 'W"'.)

eB0E-12 3

20E-3 2 ZADDE

128E-12

(The current source doesn't contribute to the circuit's impedance so you
leave it out when reducing the impedances to one equivalent.)

Nowit's easy to generate a plot of the resulting algebraic expression, but

since this expression is for an impedance that will evaluate to a complex
number, some modifications must be made before it can be plotted.
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First, the result must be transformed into a real number, since you can
plot only real parts of a complex number (e.g. magnitude or angle, real
portion orimaginary portion). Some useful functions for thisinclude RE
(real portion), IM (imaginary portion), ABS (magnitude), and ARG (the
angle in the current angular mode). So, suppose you want to plot the
magnitude as a function of the frequency. You would use ABS (perform
this now on the expression sitting on the stack: ABS).

Secondly, you'll probably want to plot the magnitude versus the cyclic
(Hz.) frequency, F, rather than the radian frequency, ® . So you simply

store a conversion expressioninto 'Ww': 'F' F3w 'w' STO
Then:
(8,0 @RI (set lower limits for the x- and y- axes)
(16864, 125> LG (set upper limits for the x- and y- axes)
'F' orEg (F is the independent variable, not o )
(DRAM |

‘ o

___’_.4—-—?_———

And you can also get a semi-log plot of this same information (where the

x-axis is the common log of the actual frequency) ranging from 0 to, say,
10 Mhz:

'F' ALOG F->w 'w' STO (7, 18808
(PMAY I DRAM |
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Using The Node And Mesh Analysis Tools

Inorder to vary the frequency for plotting the results of either the MESH
or NODE analyses, you must store the frequency and perform CALC for
each point you plot. A first attempt at a routine to help you do this might
look like this:

« F FEERQ CALC =»

Asin plotting with the Circuit Reduction Tools (see the previous pages),
F is the frequency (the independent variable) which FEER transforms
and stores for use by CHLC, which would then perform tha calculation.
Unfortunately, FEEE! (as written on page 120) first calls the program
MAIM which effectively aborts the calculation. So rewrite the program:

« F FERQ CALC =»

where FRilis « + F « CIRC DUP 1
GET 2 F FUT 1 SHAF
FUT 'CIRC' STO » »

(This is the FRER program without the call to IHIM. To type this in
quickly, youcanjust ' FEER' KECL, then edit out the MAIHM call, and
'"FRR' STO. Putthisinto the °EE directoryifyou plan touseitalot.)

Now, this still won't work as a plot, since PLOT can use only real values
to plot (not arrays of complex numbers). So you must pick a mesh
current/node voltage from the returned array and transform it into a
real value (using RE, IM, ABS, ARG, or another transformation):

« F FER CHLC 2 GET
AES

This program returns the magnitude of the third mesh current or node
voltage, given a frequency, F. Now that is a PLOTtable function.
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So here's the sample circuit again. Generate the plot of the voltage at
node 3, as a function of the frequency:

® @ ®
2Q 60pf

20/0°A —~ 120pf gzom % 3Q

©

EEA HE () [Id EXHl

3 0 NEIIN 20 O

2 2 N Z

8 3 KM 1Z6E-12

2 0 KON Z0E-2

1 6 IIN 5

2 1 KM 689E-12

(6,8 @EHA 128,305 A
IFI
« F FRRQ CALC 2 GET AES =
[DRA |

:

As you can see, because CHLC must be called for each point, the plot
takes several minutes. The process can be sped up greatly, with the loss
of some detail, by entering a larger resolution factor (say, 10) with the
command of the PLOT menu.
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Using The Ladder Analysis Tools

Plotting with the ladder analysis tools is much like plotting with the
mesh and node analysis tools; you need to use FEE! instead of FEE® to
change the frequency. The main difference is that the plotting program
for ladder analysis must clear flag 3.

For example, to plot the magnitude of the input impedance of the circuit
on the previous page — as a function of frequency:

EEA

2 NN EIE c9E-12 Ko
ZBE-Z NN NN 2 KN EEE
128E-12 N NCE

« F FR&! 2 CF IMZ RES »
(8,8 @]

(5688, 73> M

9 [NexT) N @FPREY) [IIT

Note that flag 3 is cleared before the call to the calculation routine (I HZ
in this case). Flag 31is an optimizing feature of the ladder analysis tools.
When it's set, the circuit list is not "re-crunched" before the calculation,
thus speeding up multiple calculations on the same circuit. Clearing
flag 3 therefore forces a "re-crunching” of the circuit—necessary because
you want to evaluate it each time at a different frequency.

You may want to add 2 CF to your FEL! program — it has no effect on
node or mesh calculations.
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A Quick Note On Logarithmic Plots

As was mentioned briefly in the discussion of plotting with the Circuit
Reduction Tools (page 232), log or semi-log plots are quite easy:

To get a semi-log plot of the function ' SRC{X 2 ', where the y-axis is
logarithmic (base 10), you would transform the function to:

'LOGCSRICKHI Y " or & K SR LOG »
To get a semi-log plot where the x-axis is logarithmic, you would either:
e Store 'HLOGCY? ' in'#' (thismay mean that you 'll also need to
give the commands '"Y' IIIAd in the plotting menu to tell the
plotter that ' is the new independent variable).
* Rewrite the function so that it is a function of ' HLOGCK > ' .
'"SRCALOGCRI D or<< W ALOG S>>
Either way, you will need to remember that the logarithmic axis must

be rescaled (by using FIMIHM and FPIMAX) to reflect that it is now scaled
in factors of 10 rather than the actual x- or y- values.

Log-Log plots are merely combinations of the two methods:

'LOGCSEICALOGCR2 22 or & ¥ ALOG SG LOG =

For odd logarithmic bases, replace HLOGC® > (which is equivalent to
# 7™ 18)with A ™M whereHM is the base you want. ReplaceLOG (%) with
something like LOGH: € + W ¥ 'LOGCRIALOGCH> ' =
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Programming With The Circuit Reduction Tools

The Circuit Reduction Tools were designed to work in the same fashion
as the built-in HP-28S commands: You key in values and invoke the
function; the results being left on the stack. So you can program with
them just as you can with the built-in commands.

For example, the results of node and mesh analyses are arrays of
complex numbers in rectangular form, but voltages and currents are
commonly represented in polar form. Here's a program that will take
the resultant array and convert it to individual complex numbers in
degree-polar form (the relative order of the numbers is preserved):

YIOUT:  « + A « A SIZE 1 GET
1 SWAP FOR I A I GET
+7 HEXT » »

Something else that you might want to dois to program a certain circuit
configuration. For example, here's a useful little program if you have
the following simple circuit pattern within which you want to vary only

"0 e
L R

D o

the element values:

O

rany

R C <« 68 Fu
TO L L=»Z R RE*Z
C C+Z ZRADDF 1

LECea: €« ¥
"

AL
&

N
oo

&

The name, LECEH, tells you that you must key in the L, R and C values
in that order and that they will be combined at 60 Hz. The result will
bereturnedin ' Ee+i%#Im' format. Note thatifyou were to omit*1,
this program it could be used to generate algebraic objects.
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Adding Elements To The Analysis Programs

Ifthere are new circuit element types that you want to be able to process
with the circuit analysis tools, there are ways to add to the possible
element types of each tool. Be careful though: While adding certain
element types to the circuit editor is relatively easy, others will require
changing the calculation routines so that they correctly process your
new element type.

This discussion can only be considered as an introduction to the subject,
since a more detailed description would require more space than is
reasonable here. Also, it is not this book's intent to teach the subject of
mathematical circuit analysis, so most of the descriptions will of neces-
sity be brief and assume that you already understand the mathematics
of the matter.

In most (if not all) cases, the objects defined here should be stored in the
°EE directory.

Node And Mesh Analysis
The mesh and node analyses are almost identical; in either case, the
circuit element list is interpreted and the elements are put into their
respective arrays in very similar manners.
For node analysis, the matrix equation looks like this:
YV=1I

Here Yis the admittance matrix, Vis the node-voltage vector and Iis the
node current vector.
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For mesh analysis, the matrix equation is:

1=V

Here Zis theimpedance matrix, V is the node-voltage vector and Iis the
mesh-current vector.

To add elements to the ADD menu of each of the analyses, it is a simple
matter of adding the element name to the appropriate element list (see
pages 157 and 150, respectively, for full descriptions of these lists):

ExIT 2

(Node Elements:) NODEEL 2 1
2 N ERIT >

S{RCL
(Mesh Elements:) MESHELS € R C L
You should note that the node analysis routines only supports passive
elements and current sources while the mesh analysis routines only
support passive elements and voltage sources. Since pressing the
appropriate menu key from the ADD menu should perform the function
of adding that element to the circuit list, the element name should

actually call a program.

Consider the addition of a general admittance element to the mesh
analysis program. The name Y should be added to IESHELS and the
following program should be stored into that name, "Y' :

@ "y" PUTE »

This is true for both active and passive element types. The character
string is the name of the element. FUTE (put element) puts the new
elementin the circuit list in the same way for the particular circuit type
as it does for any other elemant. For mesh elements, the stack must
contain the forward current loop number, the reverse current loop
number, and the element value, in that order.
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Then the element must have a corresponding conversion routine. For
passive elements, the routine must convert the element value into an
impedance. For active elements, the conversion is to a voltage.

Thus, for ', the following conversion routine is necessary:
YMESH: « IMV ZMESH *»

After converting toimpedance (Z=1/Y), the routine calls ZMESH, which
places theimpedance into the impedance array. The processisidentical
for node analysis, so

YHODE: « IMY ZMODE »

Notice that the name of the conversion/storage routine must be the
element name combined with the analysis type (Y + MESH = YMESH).
For active elements, the process is identical except that the element
storage routines are named IMODE and YMESH.

Ladder Analysis

The Ladder Network Transfer Analysis program in this book uses a cal-
culating technique called a chain-parameter matrix, adapted from the
HP-41 Circuit Analysis Pac. The technique defines a parameter matrix
for each element type, and the parameter matrices for all circuit ele-
ments are multiplied (in the order of the elements' occurrences in the
circuit) to produce an overall equivalent parameter matrix.

The parameter matrices for the circuit elements allowed in this book's
programs are givenin Chapter 5 (pages109,111,142,144,175,177,197,
and 199). However, there are many other possibilities. Here are some
others that are also listed in the HP-41 Circuit Analysis Pac:
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Element Type Schematic

Series LC —LIL( %

Parallel L.C éL

Transformer (n:1) ) % {
Gyrator (o) TD 47 )

Transmission Line (8, Z ) o
Open Stub (8, Z)

Shorted Stub (6, Z)
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To create a new element type, say the shorted stub, first add the new
element name to the LADEELS list:

LADRELS: € ES REP C5 CP LS LP £5
ZP SSTUEB EXIT 2

As with mesh/node analysis, the new element name must name the
program that stores the element value:

S5TUE: « "SSTUE" FPUTE =

Note that SSTUE requires two input values — Z, and 6 — but FUTE
expects only one value on the stack for ladder analysis. The easiest way
around this is to combine the two inputs into a single data object, such
asalistor—better yet—a complex number. Thus, touse thenewSSTUB
program, press ((), then key in the Z, value, press *), key in the 6 value
and finally, invoke SSTLE.

Again, just as with mesh/node analysis, there must be a conversion/
storage routine called SSTIUELADE. This routine will take the input
value and create the corresponding array. Note that the routine
assumes that 0 is in degrees.

SSTUELADRE: « RCLF DEG SHAF C»R
TAM * 1 * INY =HUM
SWAP STOF 1 8 ROT 1
L2 2 » *AERY ®

Note: The ladder calculation engine (LADEEMGH) will not allow
the loadimpedance (that's the first element youkeyin—on the
far righthand end of the ladder) to be anything other than a
parallel or series capacitance, inductance, resistance or gen-
eral impedance.
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A Short Note On Units

All of the circuit analysis routines assume standard (or at least consis-
tent) units. If you commonly use some other units, you can use the
processes described on the previous two pages to define new element
types in your preferred units.

For example, in node analysis, to be able to key in capacitances in, say,
picofarads (pf), you could do the following:

1. AAdPICOC to the HODEELS list;

2 Create the object PICOC: « "PICOC" FUTE *;

3. Create the object PICOCHODE: « 1E-12 * CHODE * .
Notice how the third step takes advantage of the fact that CHODE does

most of what's necessary; all you need to do is to scale the capacitance

value.
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Appendix B

Some HP-28S Basics

Just in case you need a refresher, here are a few sample programs
together with the steps needed to key in, name, edit, store and use them.

"How Do I Load A Program?"
Consider the following program:

€« +ab<«a'F' STOx

b F + *HUM "The answer
is " SHWAP *STE + CLLCD
1 DISP » »

You might key it in this way:

(—=]Lc]ATSPACE] B« AL JLc]F ] I STOoRE) EALER
(DIEE(ENTER)

Youmight keyitinthat way—or youmight not— because there are many
ways to do it. Take a look now at some of the details here:

The («) keystroke signals the beginning of a pro-
gram,; it will always be the first key you press when entering a program.
It also turns on the alpha cursor (W), so that certain typing aids help to
make loading the program easier. For example, you don't need to type
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spaces in between the keystrokes («)and —it's done automatically.
This saves you many keystrokes, because spaces must be keyed in
exactly as they appear in a program listing. Notice that pressing any
menu key (such as [HIE) will also automatically put a space before and
after the command name it types.

However, no spaces are needed around either the % or ' characters,
because they are delimiters (like "', %<, [, €, #, SPACE and NEWLINE),
used by the HP-28S to delimit objects. The HP-28S puts spaces around
the ¥ simply to improve readability.

Notice that case is also significant. The & and b must be lowercase, so
you press (LC) before keying them in.

"How Do I Name It?"

Once you've keyed a program into the HP-28S so that it's on the stack,
you'll need to give it a name by which you can call it and use it.

To give a program a name, the program must be on Level 1 of the stack.
Then you need to put a unique and fairly descriptive name on the stack
at Level 1 — pushing the program to Level 2. You should put single
quotation marks (') around this name to prevent the HP-28S from
trying to evaluate it when you it.

So, for example, toname the above program FRED (assuming the correct
and complete program is now sitting at Level 1 of the stack), press

(TEXRIEID)(STO)

This procedure will overwrite any object named FRED in the current
directory, so you should take care that the name is unique!
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"How Do I Change It?"

Now suppose you want to change the stored program (you keyed it in
wrongly or you want to enhance it). You could recall the program (put
it on the stack), edit it (with EDIT) and re-store it, or you can VISIT it,
which accomplishes all three things in one.

Type (" JFIR]EID)@VISIT). You can now move around the program with

the cursor keys. Typing anything new will overwrite unless you're in
insert mode ((NS)), in which case what you typed is inserted. For
example, add a NEWLINE to the end of the " The answer is "
string. To do it, press (Y]Y(Yl®>]<«). The cursor is over the quotation

mark. Press (#) to delete the space and to insert the
newline. While VISITing, NEWLINE characters actually cause anewline

break in the program line.

Press now to accept the changes —or will abort the edit
without changing the program. Then recall the program (press

(" JFIRIEID)@RCL). Notice that the newline character is replaced by a
= Thisrecalled programis a copy of the FRED program; changes to this

copy won't affect the original unless you re-store it ("JFJRJE)D)(STO)).
Press to remove the program from the stack.

"How Do I Use It?"

Once you've loaded your program, all you need to do to useitis call it by
name: (F]RJEJD)ENTER). Ifthe stack was empty before you started, you'll
get an error (TOO Few Argument =) because the program needs
input. The moral here is that you must always know the requirements
of your program before you run it. In this case, the program needs two
real numbers on the stack and another real number named 'F'. So

start again: (QJ(JE)(sT0) (1)ENTER) () ENTER) EXRIEJD)ENTER).
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The answer is 2. You should also notice that the name Il appears
on a menu key when you press (USER). All things that you, the user, create
are stored in user memory and showed to you by the USER menu.

"Where Do I Put It?"

For convenience, and organization, you can divide your USER menu
(user memory) into directories — named areas partitioned off from the
rest of user memory. The main directory is HOME, but you can create
other sub-directories. A typical diagram of directories might be:

HOME
T~
BEE TEMP UTILE
/N TN
BCIRC  OHEE OTHER  STRHG

The directory you are inis the current directory. The directory contain-
ing your current directoryisits parent. All directories sharingthe same
parent are called siblings; all the subdirectories of a directory are its
daughters. If you were in directory UTILS above, the parent directory
would be HOME; the sibling directories, °EE and TEMP; the daughter
directories, STRING and OTHER. To put FRED into UTILS, you'd press
to move there before storing FRED.

Here's why this matters: Typing the name of an object will evaluate that
object only if it can be found either in the current directory or its parent
(or grandparent or great-grandparent, etc.). If your current directory is
STRNGin theabovediagram, you could successfully evaluate (run) your
program, FRED, only if it were stored in either STRNG, UTILSor HOME.
Were it anywhere else, you could not name it and find it. This means that
since HOME is every directory's ultimate parent, an object "living at
HOME" can be found and evaluated from any directory.
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RDD
Al
C»Z
CALC
CDSP
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CHMHG
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CIMIT
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CIRCS
CKSH

CMESH
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Index
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223-4 227-8 234

91-3 98 169
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91-3100215-6218-9221
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91-3 101 146
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ERRBP
EXIT
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26 45 84
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91-2 129 190 240

93130 164 227-8 235

30 45 87

91-2 131 150 157 218-9
221 224 234 239

32 45 80 82-3 231 237

93 104-5 132 203 228

93100133
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93 113 122 130 135-136
242

137181

91 138
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MESHELS
MESHSHOWM
MODE
Mext

HODE

MODECALC
MODEELS
MODESHOM
PAUSE
PREY
PRINT
PTR

PUTE

PUTLADR
PUTMESH
PUTMODE
PUTHX
QUIT

R

R+e
R+i
R+Z
R+"
RMESH
RHODE
RP
RPLADR
RS
RSLADR
SAVE
SCON
SCON®
Show

SIP

Size

SLDEL
SRES
SRES*®
SSOL
ssoL®

91100102 150 239

91 151-2 181

34 39-45 72 79 231

91-3115153207 214 220-
1
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234

91-2 100 148-9 155-6
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PO Box 1928 SOLVE and INTEGRATE Corvallis, OR 97339

What is the Users' Library?

In1974 Hewlett-Packard established a Users' Library to provide HP
calculator users with useful and easily available programs. Users (like
you) submitted programs on topics ranging from technical solutions to
business and entertainment. They were reviewed and, if accepted,
made available to other users for basically the cost of reproduction.

Who is Solve and Integrate?

In February of 1988, Solve and Integrate took over management of
the Users' Library. Our president, John Loux, worked at Hewlett-
Packard for over 5 years, spending 3 of those years in the Users' Library
reviewing programs and providing technical support. Though we are
not affiliated with Hewlett-Packard, we hope to provide you the same
fine service, plus new and exciting products and services in the future.

How does the Library work?

We have over 8,000 Library programs that are described in three
catalogs (HP-41/71/75; HP-67/97; and Series 80). Catalogs are sold
separately or as part of membership. Yearly membership includes: the
current catalog, a software credit to use toward library programs, and
a subscription to our quarterly newsletter.

You can also order HP hardware (any available calculators) and
accessories (peripherals, modules, Solution Books, or Application Pacs)
from us. Calculator purchases include complimentary memberships.

The Library and you -

The Library is meant to be a service to you, the user. For it to
continue to keep pace with new products, we need help — particularlyin
the area of program submittals. Since the HP-28S is a relativaly new
machine, we are in the process of building a library for it, and we are
interested in hearing from you!



PO Box 1928 SOLVE and INTEGRATE Corvallis, OR 97339

For the HP-28S:

Please send me a list of available HP-28S software.
I'd like to be a Users' Library member. Annual membership
includes a catalog, $20 credit toward the purchase of Library
software and a quarterly newsletter.

Enclosed is $25 (US and Canada)

Enclosed is $40 (All other countries)

I have some software that I think others could use. Please
send me a program submittal package.

For the HP-41,HP-71B, HP-75:

Please send me the current software catalog.
Enclosed is $10 (US and Canada)
Enclosed is $15 (All other countries)

I'd like to be a Users' Library member. Annual membership
includes a catalog, $20 credit toward the purchase of Library
software and a quarterly newsletter.

Enclosed is $25 (US and Canada)

Enclosed is $40 (All other countries)

I have some software that I think others could use. Please
send me a program submittal package.

For the Series 80:

Please send me the current software catalog.
Enclosed is $5 (US and Canada)
Enclosed is $10 (All other countries)

I'd like to be a Users' Library member. Annual membership
includes a catalog, $25 credit toward the purchase of Library
software and a quarterly newsletter.

Enclosed is $25 (US and Canada)

Enclosed is $40 (All other countries)

I have some software that I think others could use. Please
send me a program submittal package.

(Prices are subject to change without notice.)

OVER w



General information

Please send me information about custom PROGRAMMING.
Solve and Integrate will translate any existing Library soft-
ware or write new software to your specifications.)

Please send me information about custom BARCODE. (Solve
and Integrate will print HP-41 barcode for your HP-41 pro-
gram.)

I would like to know/like you to know:

Please make your check payable to Solve and Integrate OR

VISA or MasterCard # Exp.

Your signature Phone ()

Name

Address
City State Zip

Return form to: Solve and Integrate
P.O. Box 1928
Corvallis, OR 97339
(5603) 754-1207



Are You A Programmer Or An Author?

If you have talents for programming or writing that you would like to
share with others, then consider publishing your work:

e If you have written and completely documented software for any
Hewlett-Packard handheld calculator/computer, then send it with a
self-addressed stamped envelope to:

Solve and Integrate Corporation
Attention: Submittals Editor
P.O. Box 1928
Corvallis, Oregon 97339-1928 U.S.A.

Depending upon the scope of the software you've developed, you
could be considered for:

(1) Contributor status in Solve and Integrate's Users' Library;

(ii)  Co-author status for a "Software Hand Tools" book (a collec-
tion of related programs similar in size and scope to an HP
Solutions Book);

(iii) Co-author status fora "Software Power Tools" book (similarin
size and scope to this book).

¢ Ifyouhave a manuscript or proposal for a book that teaches readers
concepts and problem-solving in some area of math, science or tech-
nology (similar in size and method to Grapevine's Easy Course
books), then send it with a self-addressed, stamped envelope to:

Grapevine Publications, Inc.
Attention: Submittals Editor
P.O. Box 118
Corvallis, Oregon 97339-0118 U.S.A.



Two other great books on your HP-28S. You won'’t want to miss them!

An Easy Course in Using the
HP-28S

Ifyou'relooking foraclear, straight-
forward explanation of the powerful
HP-28S, then this is your book!
Authors Loux and Coffin sort through
the myriad features of this machine,
giving you the pictures and the prac-
tice you need to make the HP-28S
your favorite calculating tool.

You'll learn about this and more:

The Display ¢ Menu keys
Posting Memos ¢ Keyboards
Real Numbers ¢ Flags
Strings e Lists
Complex Numbers ¢ Matrices
Algebraic Objects ¢ Vectors
Programs

User Defined Functions

HP-28S Software Power Tools:
Utilities
Whether or not you’re experienced
with the HP-28S, you’ll find this book
to be a great collection of advice, good
habits and sound programming prin-
ciples.

¢ Directory Manipulation

¢ Display Formatting

¢ Graphics/Plotting

¢ General Object Manipulation
¢ Printer Manipulation

¢ Program Development

¢ Sorting/Searching

Learn clear, clean and convenient
methods for arranging and naming
the objects and directories in your
HP-28S’s memory, so that as you
gather tools and routines, "there’s a
place for everything —and everything
in its place.”

Here’s a list of all our other books:

¢ An Easy Course In Using The HP-42S
¢ An Easy Course In Using The HP-14B
¢ The HP-14B Pocket Guide: Just In Case

An Easy Course In Using The HP-32S

An Easy Course In Using The HP-22S

An Easy Course In Using The HP-27S

An Easy Course In Using The HP-17B

The HP-17B Pocket Guide: Just In Case

An Easy Course In Using The HP-19B

The HP-19B Pocket Guide: Just In Case

The HP Business Consultant Training Guide (HP-18C)
Using Your HP-41 Advantage: Statics For Students
An Easy Course In Programming The HP-11C And HP-15C
An Easy Course In Using The HP-12C

An Easy Course In Programming The HP-41

An Easy Course In Using The HP-16C

Grapevine Publications, Inc.
P.0. Box 118
Corvallis, OR 97339-0118



To Order Grapevine Publications' books:
T Call our Toll-Free Line and charge the books to VISA or Mastercard, or

£ Fill out this Order Form and return it to:
Grapevine Publications, P.O. Box 118, Corvallis, OR 97339

____copies of An Easy Course In Using the HP-42S ...... @ $22.00ea. $
___ copies of An Easy Course In Using the HP-14B....... @ $22.00 ea. $
copies of The HP-14B Pocket Guide: Just in Case @ $ 5.00 ea. $
copies of An Easy Course In Using the HP-328S....... @ $22.00ea. $
copies of An Easy Course In Using the HP-228S....... @ $22.00ea. $
copies of An Easy Course In Using the HP-19B....... @ $22.00ea. $
copies of The HP-19B Pocket Guide: Just in Case @ $ 5.00 ea. $
copies of An Easy Course In Using the HP-17B....... @ $22.00ea. $

copies of The HP-17B Pocket Gude: Just in Case.... @ $ 5.00 ea. $
copies of The HP Business Consultant (HP-18C).... @ $22.00 ea. $
copies of An Easy Course In Using the HP-12C ...... @ $22.00 ea. $
copies of The HP-12C Pocket Guide: Just in Case @ $ 5.00 ea. $

copies of An Easy Course In Using the HP-288S...... @ $22.00ea. $
copies of HP-28S Power Tools: Electrical Circuits . @ $18.00 ea. $
copies of HP-28S Power Tools: Utiliti€s ....cccecrsesnsenas @ $18.00ea. $
copies of An Easy Course In Using the HP-278S ...... @ $22.00ea. $

copies of An Easy Course In Program. the HP-41... @ $22.00 ea. $
copies of Computer Science on Your HP-41....... @ $15.00 ea. $
copies of Using Your HP-41 Advantage: Statics .. @ $12.00 ea. $
copies of An Easy Course In Using the HP-11/15C. @ $22.00 ea. $

copies of An Easy Course In Using the HP-16C ...... @ $22.00ea. $
(Prices valid through February 5, 1990) Subtotal = $§
Post Office Shipping and handling ADD $ 2.50

(allow 2 weeks for delivery)
TOTAL PAYMENT $

Please make your check payable to Grapevine Publications, Inc. OR

VISA or MasterCard # Exp.date
Your Signature Phone( )

Name

Shipping Address

City. State Zip

Call Grapevine's Toll-Free Number:

1-800-338-4331
(In Oregon: 754-0583)



Reader Comments

We here at Grapevine love to hear feedback about our publications. It
helps us write books tailored to our readers' needs. If you have any
specificcomments or advice for our authors after reading this book, we'd
appreciate hearing from you!

Which of our books do you have?

Comments, Advice and Suggestions:

May we use your comments as testimonials?

Your Name: Profession:
City, State:
How long have you had your HP calculator?

Please send Grapevine Catalogues to the following persons:

Name
Address
City State Zip

Name
Address
City State Zip




This cover flap is handy for several
different things:

--Tuck it just inside the front cover
when you store this book on a
shelf. That way, you can see the
title on the spine.

--Fold it inside the back cover--out

of your way--when you're using
the book.

--Use it as a bookmark when you
take a break from your reading!
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HP-28S Software Power Tools

Electrical Circuits

Engineers and soon-to-be-engineers! Here are the software tools
‘you've been waiting for! Now you can use your HP-28S, with its
complex-matrix-crunching power, to analyze your steady-state AC

circuits.

You can do either mesh or nodal analysis, construct general networks
and ladders, and use a host of small utility routines to do side calcula-
tions as you wish. You'll build clear, friendly, easy-to-edit descriptions
of your circuits, which may have any of the following elements in series
or in parallel: Resistors, capacitors, inductors, independent voltage
sources, independent current sources. Then you can vary the frequency
of your sources and plot results, either on the display or the infrared
printer. And you can name and store your circuits for later use, too!

No matter how little experience you have with the HP-28S, you'll never
be "snowed under" while trying to get this program up and running.
Every routine is explained, every piece of the program is documented,
and a little diagram of the HP-28S' memory is always handy, ready to
show you "where" you are and what you're doing. The best news yet is
this: There is an appendix of additional routines and pointers to allow
you to customize the core program to your own preferences. This book
teaches you about the machine even as it guides you through this easy

and powerful software!
ISBN 0-931011-25-k

00025
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