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How To Use This Book

Please take a moment to familiarize yourself with the formats used in this
book.

Organization. Each chapter in this book covers a different area of
electrical engineering. Sections within each chapter highlight the use of
each program. The sections are organized like this:

m Description of the program, including equations and variables used.
m Special remarks and limitations.

m General instructions.

m Keystroke examples.

m Program listings.

About the Examples. Unless otherwise stated, the keystrokes and
displays shown in each section assume the following conditions:

m The required programs have been keyed into the calculator.

m The stack is clear and you’re using the specified display format.
Generally, this does not affect the results of the example, but your
displays may not exactly match the ones in this book.

m The SIZE is set to 25 registers (the default). The number of registers
needed (if any) is listed under “Remarks.”

As you work the examples, remember that lowercase letters are displayed
as uppercase letters when they appear in menu labels.
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If You Have a Printer. Many of the programs in this book will produce
printed output if printing is enabled. Press [J[PRINT) (A] = FiOH to
enable printing.

If you are not using a printer, be sure to disable printing (l[PRINT] (A]
FOFFE )to avoid losing results.

About Program Listings. It is assumed that you understand how to
key programs into your calculator. If you’re not sure, review part 2,
“Programming,” in the owner’s manual.

If you print your programs, remember that the printer may print some
characters differently than they are displayed. (For example, the +
character is printed as :..) Also note that some printers cannot print the
angle character (&).

About the Subject Matter. Discussions on the various topics included
are beyond the scope of this book. Refer to basic texts on the subjects of
interest. Many references are available in university libraries and in
technical and college bookstores. The examples in this book demonstrate
approaches to solving problems, but they do not cover the many ways to
approach general problems in electrical engineering,

Our thanks to Dex Smith of TwentyEighth Street Publishing for developing
this book.
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Circuit Calculations

This chapter contains programs that solve for an unknown circuit
parameter (when the other parameters are known), define a power
triangle from voltage and current, and convert impedances between delta
and wye circuit configurations.
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Voltage Division (“V=")

For a circuit in the following general form, the “V-+” program solves for
any of the four complex values provided the other three are known.

Z,)Vr
2Tz, + 2,
Variables Used.
In Equation Description in Program
Vr Terminal voltage (volts). WT
vV, Voltage across impedance Z,. Ve
Z, Impedance (ohms). Z1
Z, Impedance (ohms). 22

Since any of these values can be a complex number, the Solver cannot be
used. The following program (“V--"") emulates the Solver by displaying a
menu containing the four variables in the above equation.
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Remarks.

m “V=" does not alter the angular and coordinate modes; you may use
them as you wish when keying in complex values.

m Flag 21 (printer enable) is set or cleared to match flag 55 (printer
existence). This automatically produces printer output if flag 55 is set.
Program Instructions.
1. Key the “V=” program (listed on page 10) into your calculator.

2. Press Y= (to run the “V+” program).
3. Use the variable menu displayed by the program to store the known
values.

4. Press the key for the value you want to calculate.
5. To work another problem, go to step 3; to quit, press [EXIT].

Example. Given the following circuit and voltage measurements, what
must the impedance, Z,, be?

Q '\/\, T+

Z 0
80/10° V (’\;) 2|70/30° vV

o

Select Degrees and Polar modes, select the FIX 2 display format, and run
the “V-+ program.

B(MODES] | iEi; B[MODES) FOLHAE x: B.00
BOGF) FI: 02XEQ 4+ [er [ ve [ 21 22| | |

Store the known values.

80 ([ENTER] 10 M(COMPLEX] = %'T VT=80.680 <£10.60
L vr | va | 21| e | | |

1: Voltage Division 9




15 gy 71=15.00
Cot Jwe [es e ] |

70 [ENTER] 30 M[COMPLEX] | 42 V2=7r8.080 «£30.60
Lvr | ve | a1]ee ] | |

Now, solve for the unknown impedance.

2 22=37.71 £79.29
Lot | ve |21 |2 | | 2|

The unknown impedance (Z,) is 37.71 4.79.29° ohms.

“V="" Program Listing.

Program: Comments:

Ba £ 148-Bute Pram

a1 LEL "W Defines menu variables.

B2 MMAR VT

B2 MYAR "2

E4 I.*II"'IHE: IIZI "

@5 MYAR "Z2"

B& CF 21 Sets or clears flag 21 to match flag
By F57 55 55.

B2 SF 21

8% LEL &8 Displays the variable menu and
18 CLA stops.

11 YARMEML "=t

12 STOF

10 1: Voltage Division



16 WE@ IND ST ¥
7 GTO 0@

w000
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(1))

RARIh}

by

w fa fa D0
= o

(X

DN}

o
I

4:

i

ATOH
ATON

LEL =&
RCL "Ez2"
E:I::L::{ " l'l'lT n
RCL "Z1"

* LASTH
.

5TO vz
I"'I I El,l n I'..IE n
RTH

LEL B2
RCL "Z1"
RCL+ "Z2"
RCLx: w2t
RCL+ "Z2"
STO "W
VIEM "WT"
RTH

LEL 48
RCL "yEn

P RCLx “21Y

RCL "yT"
LASTH
STO “Z2"
YIEW "Z2"
RTH

Determines which variable was
selected by subtracting the ASCII
codes of the first two characters in
the variable name. For example,
whenyoupress 21  to calculate
Z1, the program branches to LBL 41
because the ASCII code of “Z” is 90,
the ASCII code of “1” is 49, and

90 - 49 = 41.

Calculates V2.

Calculates VT.

Calculates Z2.
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45 LBL 41 Calculates Z1.
47 RCL "z2"

48 RCLx "WT"

49 RCL: "wa"

S@ RCL- "z2"

51 5To "Z1"

32 WIEW "Z21v

53 EHD
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Current Division (“I=-"")

For a circuit in the following general form, the “I+” program solves for
any of the four complex values provided the other three are known.

Z1 Z2
o
AY!
I, = 1T
Z,+2Z,
Variables Used.
in Equation Description in Program
Ir Terminal current (amps). I.T
I, Current in impedance Z,. Iz
Z, Impedance; (ohms). 21
Z, Impedance, (ohms). £z

Since any of these values can be a complex number, the Solver cannot be
used. The following program (“I+"”) emulates the Solver by displaying a
menu containing the four variables in the above equation.
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Remarks.

m “I+” does not alter the angular and coordinate modes. You may use
them as you wish when keying in complex values.

m Flag 21 (printer enable) is set or cleared to match flag 55 (printer
existence). This automatically produces printer output if flag 55 is set.
Program Instructions.
1. Key the “I+” program (listed on page 15) into your calculator.
2. Press _ I%  (torun the “I+” program).

3. Use the variable menu displayed by the program to store the known
values.

4. Press the key corresponding to the value you want to calculate.
5. To work another problem, go to step 3; to quit, press [EXIT].

Example. Given the following circuit, what is the input current (I7) if
the current (1) through the 1002 resistor is 12 X 45° amperes?

o O

Iy 12&5°A‘
$17.sn $1on

Select Degrees and Polar modes, select the FIX 2 display format, and run
the I+ program.

W(MODES)  neE: MMODES) FOLAR  [x: 0.00
BD0SF FIy 02(XEQ) I+ Cur 1 Tza [za [ | |

Key in the three known values.

175 21 21=17.50
Loy | 12 [ a1 2] | |
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=2
Pt

12 [ENTER] 45 l[COMPLEX] &

Now calculate the unknown current.

I.T

22=10.080
Ly | 12 | 21|22 | | |

12=12.0808 £45.060
Lir | 12 | a1 |28 ] | |

I1.T=18.86 £45.608
[ .7 | 12 | 21 ]2 ] | |

The unknown current (I7) is 18.86 X 45° amperes.

“I="" Program Listing.

Program:

....
[x]
=

[x)

Ja 153 | N e

155-Bute Pram >
LeL "I=+"
MYAR "I.T"
MYARRE "Iz2"
MYAR "Z21"
MYAR 22"

P
AR A )

DU

[
n

Do ]
oo I

-
n]

.,_

[ix]
=
[N

CLA
VHRMEHL " I+"
= STOF

[P
[

AT

AT

1e WE@ IHD ST =
¥ GTO 86

e
L) B SN A A

—

Comments:

Defines menu variables.

Sets or clears flag 21 to match flag
5.

Displays the variable menu and
stops.

Determines the selected variable by
subtracting the ASCII codes of the
first two characters in the variable
name. For example, when you press

- 1.T ,the program branches to
LBL 27 because the ASCII code of
“I” is 73, the ASCII code of “.” is 46,
and 73 - 46 = 27.
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LICC KOO KO T LV
L) I A I LV

-

T

Do RS W ]

Ju

DO 0 3 B0 3 0 0 I I % I ]
1=

|

~] 1T

DO I N )
R |

L
P @D 0

Fu
W]

o

n

noon
TR D R i Y x ]

n

16

LEL 22

9 RCL "Z21t

RCLx "I.T'
RCL "Zz2"
LASTH

I

sTO "Iz
VIEW "I2"
RTH

LEL 27
RCL "Z2"
RCL+ "Z1"
RCLx 12"
RCL+ "Z1"
5TO "I.T"
VIEW "I.T'
RTH

LEL 4@
RCL "Z1"
RCLx "I.T'
ROL: 12"
RCL- 21"
sTO "z
VIEW "Z2"

2 RTH

LEL 41

 RCL "Iz2"
= RCL=

RCL "I.T"
LASTH
sTO "Z1"
VIEW "Z1"
EMD

1: Current Division

Calculates 12.

Calculates I.T.

Calculates Z2.

Calculates Z1.



Power Triangle (““PWR3”)

The “PWR3” program calculates any value for the power triangle,
provided that certain other values are known.

P = Vicos 6
0 _ S=Vv
Q = Visin 8 Q = Visin 0
Lagging Leading
S=Vi
9
P =Vicos 8
Variables Used.
In Figure Description in Program
V Voltage (volts). Y
I Current (amperes). I
P Average power (watts). F
Q Reactive power (vars). o
S Apparent power (watts). S
Power factor (cos 6). pf

Remarks.

m Be sure to enter V and I as complex numbers. If the values in V" and 1
are not complex numbers, the program will stop and display
Irwalid Tupe. If you generate this error, restart the program by
pressing [EXIT] (XEQ] FHEZ .

m The “PWR3” program sets Degrees and Polar modes.
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m The “PWR3” program uses flag 10 to control the calculations of V
and I.

® A minus sign preceding a (result or input) value for power factor
indicates a lagging power factor.
Program Instructions.
1. Key the “PWR3” program (listed on page 20) into your calculator.
2. Press FHEZ (to run the “PWR3” program).
3. Use the variable menu displayed by the program to store the known
values and to calculate the unknowns:
To calculate P, Q, S, or pf:
a. Key in the voltage (in polar form) and press = %
b. Key in the current (in polar form) and press = 1
c. Calculate any of the four values by pressing = F |
G % ,or FF
To calculate the voltage, V:
a. Key in the current (in polar form) and press 1
b. Key in the apparent power and press s
c. Key in the power factor and press = FF .

d. Calculate the voltage by pressing =

To calculate the current, I:
a. Key in the voltage (in polar form) and press = % .
b. Key in the apparent power and press 8
c. Key in the power factor and press | FF .
d. Calculate the current by pressing = I

4. To work another problem, go to step 3; to quit, press [EXIT].
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Example. For a circuit with an applied voltage of 100 X.10° volts and a
resulting current of 2.85 X —40° amperes, determine the power triangle
and the power factor.

Select the FIX 2 display format, and run the “PWR3” program.

BDISP)  FIy 02 PURS

100 [ENTER) 10 M(COMPLEX] % V=100.00 £10.00

L v [ + | p | @ | 5 |PF |

2.85 [ENTER] 40 [*/-] 1=2.83 £-40.60
B(COMPLEX] I Lv | v [ p [ & [ 5 |PF|

F P=183.19
Ly | v [ p | & | ¢ |PF|

The average power is 183.19 watts.

o (=218.32
Lv [ 1+ ] e | ¢ | s | PF|

The reactive power is 218.32 vars. (The sign of the power factor (rf)
indicates if @ is a leading or a lagging value.)

o

The apparent power is 285 watts.
FE

The power factor is 0.64. Because a minus sign indicates a lagging power
factor, the reactive power, Q, is also lagging. If all other variables remain
unchanged, what voltage would be required to increase the apparent
power to 300 watts?

300 & S=300.808
[ v | 1+ | e | & | 5 |PF|
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" V=105.26 «£10.60
Lv | v | p | & | 5 |PF|

The required voltage is 105.26 X.10.00° volts.

“PWR3” Program Listing.

Program: Comments:

KX
2

192-Bute Pram

LEL "PHRZ" Declares the menu variables.
I‘,-‘ l..ll H E: " l.'.' n

III1"|'IHF: n I "

MYAR "

HI'."HF-: IIL:!II

" I,-l I'I'IF‘E 1] :E; n

" r,1 ll'.l F' E: n F' f- n

—
LAV )

[ T o T e O o T |
[ O 1 S S T O I

[n ]
=J

DEG Sets Degrees and Polar modes. Sets
FOLAR or clears flag 21 to match flag 55.
CF 21

F=% 55

2 &F 21

-
DU i

Doy Y o I |

—_ .
[ =

: LEL A Displays variable menu and stops.
4 YARMEHU "“FLRZ" Pressing redisplays the menu.
15 CLA
1e STOF
17 ATOR
15 ¥=87

13 GTO A

—_ -
w0

28 HWTOA The ASCII character code of the
2101 first letter in the variable name is
22 AROT subtracted from 73 to determine

22 R4 which routine to execute.

24 73

26 MER IND ST ¥

20 1: Power Triangle



3 GTO A

LEL 12
2 RCL "I°
HER E
RTH

n

Ze LEL @&
o7 RCL "y

HE

41 LEL @7

42 HER 29

43 RCL "W
44 RECLx "I"
43 RES

45 RECLx "pf"
47 HES

42 RETH

onoon DN
[ N ]

n
I R I

oo

n

[n)

Ao D
— D

on
oo

onoon on
Do I s B R |

i 0

L

VIER IMD ST L

Stores the variable name into the
Last X-register and displays the

result.

Calculates V.

Calculates 1.

Calculates P.

Calculates Q.

Calculates S.

1: Power Triangle
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T

T 1T

D n b

T T T

(2]
[ BN I B |

i B M B B Bt Y IR |

DO N |

[xx]
Do IS B x )

8 w N o T N T T O A v

OV RS Y w Y« Y |
Fo 0 [

LEL E Calculates V' if flag 00 is set, or I if
COMPLEX flag 00 is clear.
RCL "pf"

F=? @

+=

RCOS

+

EHTER

EMTER

RCL "S5

Rt

DL ) D - R

IS I

COMFLE
FC?C Ba
+ -
ETH

on

(a3}

-

LEL C Calculates the magnitude of V7.
E:l::L " I "

EI:L}:: IIII.'III

AES

FETH

[

LEL =9 Calculates pf.
RCL “wn

COMFLE

RCL "I"

COMPLER

MOy

R

L) [ A ]

()

DO |

DoY)

[N
LASTH
SIGH
+.7=

5TO "R
EHD

on

=J T

1: Power Triangle



Frequency Response of Transfer Function
(“FQRS!’)

For a transfer function of the form

K(Z,S +1)

2 22,8
S¥ (Z,S +1)(Z5S +1)[S—2+ 4 +1]
W,

G(S) =

0 Wo

the “FQRS” program calculates G(S) and log | G(S)| for any input
frequency w (where S = jw).

Variables Used.

In Equation Description In Program
K Transfer function parameter. K
N Transfer function parameter. H
Z, Transfer function parameter. |
z, Transfer function parameter. 2z
Z; Transfer function parameter. 2=
Z, Transfer function parameter. 24
wy Transfer function parameter. Wk
w Input frequency, 2xf (radians/sec). 1
Remarks.

= For type 0 systems, enter N = 0.

m Z,,Z,, and Z; can be entered as 0. If there is no quadratic term, enter
Z,4 as 0 and w; very large compared to 1/Z5, where Z; is the smallest
first-order term used (other than zero).

m The “FQRS” program sets Degrees and Polar modes.
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Program Instructions.
1. Key the “FQRS” program (listed on page 26) into your calculator.
2. Press FEFES (to run the “FQRS” program).

3. The program prompts you for values of K, N, Z,, Z,, Z,, Z,, and wj.
At each prompt, key in the value and press [R/S].

4. The program displays G(S) and log |G(S)| and stops. Press
to go to step 3 for another problem.

Example. Find G(S) and log |G(S)| for

12(S + 0.6)
S (S +1)(5%+6S +36)

G(S)=

The frequency, w, is 0.01 rad/sec.
First put G (S) into proper form:

2(167S +1)

2
S(S +1) [%] +[%]+1

Select the FIX 2 display format and run the “FQRS” program.

G(S)=

BOISP]  F14 02 FGRS Eog gg
e R
1 ¥135°00
A

24 1: Frequency Response of Transfer Function



1 R/S)

0 [R/S)

.5 [R/S)

6 R/S)

.01

G(S) and log |G(S)| for the given conditions are 20.00 X -89.71° and

1.30.

1: Frequency Response of Transfer Function
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“FQRS” Program Listing.

Program: Comments:

aa
@1
@z
a3
a4
a5
BE
oy

=
w0

DOCEES I ) T S TR LI N w e LT I A T b I o Y o

(S}

(U U (RO TR e VI I L VT I G T S T I I B e B i e B B i

L I SN T SV ]

* 159-Bute Pram 3

LEL "F@RS" Prompts for each input value.
IMPUT “K"

IMPUT “H"

IMPUT "Z1"

IHPUT 22"

IMPUT "Z3"

IHPUT "Z4"

IMPUT "w@"

LEL &8 Calculates G(S).
IHPUT "w"
LEG

RECT

1

L
ECL+ "w@"
ntz

2

RCLx "Z4"
RCLx "w"
RCL+ "w@"
+

COMFLE

1

RCL "Z3"
RCLx "w"
COMPLER

1

RCL "Zz2"
RCL¥ "w"
COMPLEX

b3

FOLAR
COMPLEX
Q8

1: Frequency Response of Transfer Function



LU

CRN RN ORI S B
[T I S ot Y I R I o

L L
o

[y}

-1

[ R ]

) I ) Y R N R
DO W

(o n O B IR ) ) Ry |
Pod o= o0 0 = I N

T

RCLx "H"
+
+-

PRT)
EEON

RCL "w"
RCL "H"
N

174

wnay
COMFLEX
RECT

RCL "KE"
EHTER
RCLx "Z21"
RCLx "w"
COMPLES

*

POLAR Displays results.
"EEG="

ARCL ST =«

AES

LOG

FUhelOs GOSN ="

ARCL ST &

AYIEW

EHD
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RC Timing (““RC”’)

The “RC” Solver program computes any of the six variables in the
following figure and equation, provided the other five are known.

v
(o]
Vo
VP —
—o Vv
— C

Vi = V,e("t/RC) 4 V2[1 - e(-t/RC))
By rearranging terms, the equation can be written as:

tC
L Vi-m
¢ V, -V,

where e is the base of natural logarithms.

-R =0.

28 1: RC Timing



Variables Used.

In Equations Description In Program
Vv, Voltage before step (volts). W1
V, Voltage after step (volts). W2
V; Instantaneous voltage (volts). Vi
R Resistance (ohms). R
C Capacitance (farads). >
t Time (seconds). 1
Remarks.

m The “RC” Solver program uses only real-number inputs.

m For voltages across the resistor and capacitor, Vp + Vi = V applies
at all times.

Program Instructions.

1. Key the “RC” Solver program (listed on page 31) into your
calculator.

2. Select the “RC” Solver program: press l[SOLVER] = FiC

3. Use the variable menu to store the five known variables: key in the
value and press the corresponding key.

4. Press the key corresponding to the unknown variable. The Solver
searches for the unknown and displays the solution (if one can be

found).
5. To work another problem, go to step 3, or press to
quit.

Example. A 555 type of integrated circuit timer uses an external RC
configuration for time determination. When used as a one-shot, its output
pulse terminates when the capacitor charges to two-thirds of the supply
voltage. Until the pulse starts, the capacitor is shorted so V1 = 0. Given a
supply voltage of 12V and a 47 uF capacitor, what size resistor should you
use to generate a one-second pulse?
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Select the ENG 3 display format and the “RC” Solver program.

BGER CEHG 5 GEEED

0. M1 |V1=8.88@EG I
v [ vea ] W [ R [ C] T |

|'~."2= 12.08EQ |
[vi | va | w | R | | T |

2 3E12x w1 Vi=8.000ED
(vt lvel vkl clT]

4764 C=47.80E-6

Lvi fva | w ] R | c ] T |

iF t=1.000E0
[va Jwa [ w ] r [ €] 71 |

R=19.37E3
Lvifvefw /] R | ] 7|

Use a 19.37 Kohm resistor.

30 1: RC Timing



“RC’’ Program Listing.

B8 ¢ 53-Bute Pram > 2 RCL "wav
61 LEL "RC" 2 LASTH
B2 MVAR "w1" 4 -

2 MVAR "wan 5 =+

Doy I on )
Ja

r.1 I'.IIHF: 1" I.I.l i "

[n 53

[ R I R I S S e e e S

85 MYAR “R" 7 LH
85 MYAR “C 8 +o-
87 MYAR "t 9 RCLx "C*
gs 1 @ RCL+ "t
B3 RCL “"wi® 1 1%
18 RCL v 2 RCL- "R"
11 - 23 EHD

1: RC Timing 31



Delta-Wye Conversions (“DY”’)

This program allows you to convert impedance values between delta and
wye configurations. That is, given the three wye values (Zy,, Zy,, and
Zy5), you can calculate any of the three delta values (Z,,, Z,3, and Z;3).
Likewise, given the delta values, you can calculate any of the wye values.

1 2
Z12
1 2
Zyq Zy2
Z43 Z23
4
3 Y3
3
Variables Used.
In Figure Description In Program
Zyq Impedance (ohms). 21
Zyy Impedance (ohms). Zve
Zys Impedance (ohms). 23
Zy, Impedance (ohms). 21z
Z3 Impedance (ohms). 213
Zy Impedance (ohms). 223
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Remarks.

m Flag 21 (printer enable) is set or cleared to match flag 55 (printer
existence). This automatically produces printer output if flag 55 is set.

m The program will give erroneous results (original inputs) if the
calculated outputs are used directly as inputs.
Program Instructions.
1. Key the “DY” program (listed on page 35) into your calculator.

2. Select the coordinate mode you want to use: press [J[MODES]
FELCT for Rectangular mode, or l(MODES] Fiil HF for Polar
mode.

3. Press [ to run the “DY” program.

4. The program displays a variable menu containing the six variables in
the above illustration.
To calculate wye values,

a. Store each of the three delta values by keying in the value and
pressing the corresponding menu key.

b. Press the key for the wye value you want to calculate. (Repeat
for each of the other two unknown wye values.)
To calculate delta values,

a. Store each of the three wye values by keying in the value and
pressing the corresponding menu key.

b. Press the key for the delta value you want to calculate.
(Repeat for each of the other two unknown delta values.)

5. You can work as many problems as you want. The menu stays active
until you press [EXIT] or select an application menu.
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Example. Given the following delta circuit, determine the equivalent
wye circuit.

0 +i22Q2

4541 5-i170

Select the Rectangular mode and the FIX 4 display format, and run the
“DY” program.

B(MODES] ‘FET BDISP) F14 04 x: B.8000
e [avi|ave [ av3] aia | 283 | 213 |

Enter the delta values.

45 Z1= Z213=45.0000
(2vi [ ava [ 2v3 | eta | 223 | 213 |

0 [ENTER] 22 [J[COMPLEX] : 71 = Z12=0.0000 i22.0000
[2vi]eve [ 2va | 212 | 223 [ 243 |

5 17 Z23=5.0000 -i17.0000

BCOMPLEX] 7% [Zvileve | 2va | 242 | 223 [ 243 |

Now calculate each of the wye values.

241 2Y1=1.9684 i119.60640
(2vi [ ava [ 2v3 ] 212 | 223 | 213 |
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“DY”’ Program Listing.

Program:

BE £ 219-Bute Pram 3
“31 LE:L " [:".‘.'ll
BE I>,1I..IIF1E: " :']'1 "
B3 MYAR “Zv2"
64 MVAR "ZY3
8BS MVAR "Z12"
Be MVAR “"Zz23"
A7 MYAR "Z13"
Bz CF 21

B3 FS? 55

18 SF 21

11 LEL H

2 WARMEMU "Dy"
2 STOR
14 ATOX
15 XTOA
16 ATOX
7 WTOR
2 ATOX
19 XTOA

<+
g

[n ]

on

HEG IMD ST =

DO P

ZY2=7.6238 i1.4376
(2vd | ava [ 2v3 | 212 | 223 | 213 |

ZY3=2.9406 -i15.5941
Lavi ] eve [av3] 212 | 223 | 243 |

Comments:

Declares menu variables.

Sets or clears flag 21 to match flag
55.

Returns the ASCII character codes
of the selected variable name and
restores the name in the Alpha
register.

Adds the ASCII codes of the last two
characters of the selected variable
and subtracts 95 to determine which
subroutine to execute.
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onoon
(1))
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L B
a3
L |
r

STO IHD ST

FC? 58

MIEW IMD 5T L

GTO A

LEL 42
FCL "Z12"
RCLx "Z13
GTO @1
LEL 44
RCL "Z1z"
GTO &8

LEL 43
FCL "Z132v

2 LEL BA

LEL 81
RCL 212"

5 RCL+ "Z13"
7 RCL+ "Z23"
2 RTH

LEL @4
RCL "Zyar

GTO az
=
22"

GTO @z

LEL B&
RCL "Zv1"
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Stores the variable name in the Last
X register and displays the result.
Division by zero is detected with flag
25 (error ignore) and an appropriate
message is displayed. If this happens,
line 31 is skipped because flag 50
(message) is set.

Calculates Zy ;.

Calculates Zy,.

Calculates Zy 3.

Shared subroutines.

Calculates Z;,.

Calculates Z;3.

Calculates Z,3.
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LEL &2 Shared subroutine.

LASTH
RCLx "Z¥E"
+

RCL “Zve"
RCLx "ZvE"
+

[P AN
G ST

FTH

LEL B3 Division by zero indicates an open
F'=0pen Circuit" circuit (infinite resistance). Infinity is
9, 99e499 approximated with 9.99 x 10*%,
AYIEW

EHD
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Network Analysis

This chapter contains programs for performing mesh and nodal network
analyses for circuits containing any combination of resistors, capacitors,
inductors, and general impedances. Circuits for mesh analysis may also
contain voltage sources and circuits for nodal analysis may contain current
sources.

Circuits are entered into the calculator using the “CIRCT” program and
then processed by running the “MESH” or “NODAL” program.

38 2: Network Analysis



Using the Circuit Editor (“CIRCT”)

“CIRCT” is a menu-driven program that allows you to add, delete, and
print elements in a circuit. The circuit elements are stored in a matrix
named CIRCT, where each row in the matrix contains an element.

Required Programs. “CIRCT” (page 45), “EL?” (page 151), and
“Y?N” (page 157).
Starting the “CIRCT’ Program

If there are no elements stored in CIRCT (if no circuit exists), you'll see
this display when you run the “CIRCT” program:

XEQ)CIRCT { O-Element Circuit %
TN I

Or, if the matrix CIRCT exists, the program assumes that it contains n
circuit elements (where n is the number of rows in the matrix), and you’ll
see a display like this:

XEQ) CIFECT { 7-Element Circuit 2
Lo JOEL ] |  [PRINT]INIT |

You can view the elements in the circuit by using the [A] and [¥] keys.

# If the CIRCT matrix exists but does not contain circuit
information that the “CIRCT” program recognizes, the
Note program can be thrown far off course. To prevent this from

happening, either clear the CIRCT variable (l[CLEAR
CLY CIRCT) before starting the program, or initialize the circuit as
shown in the next section.
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Initializing the Circuit

To initialize CIRCT (that is, to delete the CIRCT matrix), press :IHIT
:,{":v‘.'IJ E 5 ‘

STHITE INITIALIZE Circuit?
[ves | [ 1 [ I WO |

SYER { B-Element Circuit
T I I I .

When there are no circuit elements, note that the [EL , FRIHT, and
IHIT menu keys are not displayed or active.
Displaying Circuit Elements

Use the [4] and [¥] keys to move up and down through the list of
elements.

Here’s a typical display:
Element Number Element Location
(3):20°4
Element Type __1_20.00AS0.00

W_J

Element Value

For nodal analysis this display reads: “The third circuit element is a
voltage source connected between node 2 and node 4 with a value of
120.00 X.60.00° volts.” (For mesh analysis, the location numbers would
represent meshes 2 and 4.)

When a circuit element is displayed, the menu keys = HDLx ,  DEL ,
FRINT,and IHIT are active even though they are not visible. (If you
press [¢] to clear the message, you'll see that the menu is active.)
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Adding Circuit Elements

1.

Use the [A] and [¥] keys to move to the position in the list of circuit
elements where you want to add an element. The new element will
be inserted after the displayed element.

Press @ HDE |, the first menu key. (The menu keys are active, even
though the message temporarily covers them.) The program
displays Laocation: # [EMTERI # and a menu of the six types
of circuit elements.

Key in the location of the element.

For mesh analysis: mesh# [ENTER] mesh#, where the two mesh
numbers indicate the meshes that share the element. For an
element in a single mesh, press mesh# [ENTER].

For nodal analysis: from-node# [ENTER] to-node#, where the
circuit element is connected from the first node to the second.

The order of the location numbers is important only when entering
a voltage or current source. For example, the illustration on page
40 shows a voltage rise from node 2 to node 4. If the node numbers
had been entered in the opposite order, the value should be
negative to represent a voltage drop from node 4 to node 2.

Press a menu key to specify the type of element you want to add:
R (resistor, ohms)
. © (capacitor, farads)

. (inductor, henrys)

_ (general impedance, ohms)
M (voltage source, volts)

1 (current source, amperes)

The program displays a menu of the common units for the element
you’re entering. Key in the value of the element and then press the
appropriate key. (For example, to enter a 1,000-ohm resistor you
could press 1000  OHM or1 KOHH )

All elements are converted to their default units (see the table on
page 44) before being added to CIRCT.
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To add another element, go to step 3. To return to the main menu, press
EXIT].

Examples later in this chapter demonstrate how to use the “CIRCT”
program for entering circuit elements for mesh and nodal analyses.

Deleting a Circuit Element

To delete a circuit element:
1. Use the [A] and (V] keys to display the element you want to delete.

2. Press | DEL , the second menu key. (The menu keys are active,
even though the message temporarily covers them.)

3. To prevent accidentally deleting an element, the program displays
DELETE E1 -=rfn=rn'c ?Press  YES to complete the operation.
(Press  or [EXTT] if you change your mind.)

Printing the Circuit

key. Note that this printing is slower than most other prmtmg operations
because it involves printing graphics in the display.

The following sample output was printed after entering the circuit
on page 54:

-

{ 7-Element Circuit >

B

(Lt
158.98 «10.88
1
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Quitting “CIRCT”

Press to exit the “CIRCT” program. After exiting, if you don’t run
any other programs (or move the program pointer in any other way), you
can restart “CIRCT” by pressing [R/S].

Saving Circuits

To save a copy of your circuit:
1. Press to quit “CIRCT”.
2. Press CIFCT torecall a copy of CIRCT.

3. Press [STO] [ENTER] name (ENTER] to store a copy of CIRCT
(where name is the name of a new variable).

4. Press to restart the “CIRCT” program.

To restore a saved copy of a circuit:
1. Press to quit “CIRCT”.
2. Press riame to recall a copy of a circuit that’s been saved.
3. Press CIRET to store a copy of the matrix into CIRCT.
4. Press to restart the “CIRCT” program.

Storing Elements

The CIRCT variable contains a three-column matrix. Each row in the
matrix represents a single circuit element:

m The first column contains a number in the form tt.mmnn where tt is
the type code for the element (see the table below), mm is the first
location number, and nn is the second location number. If tt.mmnn is
negative, the value for the element is complex.

m The second column contains the real value of the element in the
default units (see the table below). Voltage and current sources are
stored in Polar form; all other elements are stored in Rectangular
form.

m The third column contains the imaginary part of the element value.
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Element Type Units Type Code
Resistor Ohms 82
Capacitor Farads 67
Inductor Henrys 76
General impedance Ohms 90*
Voltage source Volts 86*
Current source Amperes 73*

*If the element value is a complex number, the type code is negative.

Remarks.

44

CIRCT is an n x 3 matrix containing the circuit elements. An example
of entering the elements of a circuit is contained in the next section,
“Mesh Analysis.”

Values for all elements are displayed using the default units (see the
table above).

Flag 09 is set when the editor is extracting a complex value from
CIRCT.

Flag 10 is set if there is no variable CIRCT.
Flag 25 is used to determine if CIRCT exists.
Register Ry, contains the current circuit-element number.

Register Ry, contains the total number of circuit elements.
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“CIRCT” Program Listing.

Program: Comments:

B8 { 626-Bute Pram >

a1 LBL "CIRCT" Initializes the program.

62 PROFF

B3 CLx

B4 STO B8

B3 STO 61

Be CF 18

BY SF 25

B2 IMDEX "CIRCT"

B3 FC?C 25

18 SF 18

11 F5? 18

12 GTO A

% RCL "CIRCT"

14 DIM?

15 HPY

16 5TO 81

¥ LEL A Defines the menu for the program. If
12 CLMEHU flag 10 is set (no circuit), defines

19 "ADD" only the “ADD” key.
28 KEY 1 GTO &
21 "DEL"

Z2 FC? 18

23 KEY 2 GTO &
24 "PRINT"

25 FC? 16

26 KEY 5 HER 12
27 "INIT"

!
—

15,1
[}

22 FC? 18

29 KEY & GTO B
@ KEY 7 ORER BF
21 KEY 8 =ER 83
Z2 EEY 9 GTO 99
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FS? 18
1

F5?C 14
GTO a3
RCL &8
“w=a7
GTO 16
RCL &1
A
GTO @3
R4

R+

RCL "CIRCT"
LIM?

F+

1

LBL 83
2

LIM "CIRCT"
INDE:x "CIRCT"

LEL @4
CLX

1
STOIJ
R+

R+

2: Using the Circuit Editor

Displays the menu and stops.

Inputs a circuit element using the
“EL?” utility on page 151.

Inserts the new circuit element into
the CIRCT matrix.

Increases (or creates) the CIRCT
matrix for the new element.

Stores the new circuit element into
CIRCT.
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matrix.
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CIRCT matrix.
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Displays the current element. If

Ry = 0, then displays top-of-list
message. (Note that line 128
contains three blank spaces between
the double quotes.)
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17 LEL &7 Alpha string to produce graphic
177 Mesee| | eeest capacitor.
172 RETH
172 LBL V& Alpha strings to produce graphic
123 "e<E" inductor.
121 4
122 XTOA
123 R e"
124 XTOA
185 FUEs«"
126 R4
127 RETH
128 LEBEL 24 Alpha string to produce graphic
189 "eeB00000gee" impedence.
198 RTH
191 LEL 25 Alpha string to produce graphic
192 “"£f££E00L0efaf" voltage source.
192 RTH
124 LEL 7= Alpha string to produce graphic
195 "eeZ0DDasTae" current source.
196 RTH
197 LEL B2 Deletes the current circuit element.
132 RCL 84
9 H=@7

288 GTO A

"DELETE Element?"

2 RER "Y7H

P H=@

GTO A

SF 25

= DELF

7 FC?C 25
5 GTO 14
9 RCLIJ

DR
ALY
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STO B
1

STO- a1
GTO A

LEL B& Initializes the pointers and deletes
"IMITIALIZE " CIRCT variable.
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LEL &7 Decrements the element pointer.
RCL 88

1

ne|?
RCL 81
STO @
RTH

LEL &z Increments the element pointer.
1

STO+ @89

RCL 81

RCL @/
ney?
CLx
STO D&
ETH
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245 LBL 12 Prints the graphic display for circuit
246 RCL B1 elements in CIRCT.
247 1E-3

248 ®

249 STO @a

258 LBL 13

231 HER B4

2532 PROH

2332 PELCD

234 CLA

235 FEA

236 PROFF

257 IS @8

238 GTO 12

299 CL=

268 STO 88

261 RTH

262 LEL 99 Exits all menus.
263 ERITAHLL

264 EHD

52
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Mesh Analysis (“MESH”)

The “MESH” program (listed on page 57) calculates the mesh currents of
a circuit containing any combination of resistors, capacitors, inductors,
general impedances, and voltage sources. (If the circuit you want to
analyze contains current sources, convert them to voltage sources.)

How “MESH” Works. “MESH” uses the elements in the CIRCT
matrix to create the following matrices:

Z
L= G = harg = MATX
Variables Used.

In Equation Description In Program
n x 3 matrix containing circuit CIRCT
elements.

V/ Impedance matrix, Z. MATH
Voltage matrix, V. MATE

I Solutions matrix. MAT:
Radian frequency, 2xf (radians/sec). 1

Since the variable names MATA, MATB, and MATX are used, you can
use the Simultaneous Equations application to work with the data after
using “MESH?”. Press l[MATRIX] =IM& nn (where nn is the number of
mesh currents).

Remarks.
m Flag 08 is cleared for mesh analysis.

m Flag 10 is set when the location numbers are equal (for mesh
analysis).

m “MESH?” leaves the calculator in the Polar mode.

m Register Ry, contains the element counter. Register Ry, contains the
number of mesh currents. Register Ry; is used for intermediate
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results. Be sure to set the SIZE to at least four registers (Jl(MODES]
(v] iS1ZE 4 (ENTER)) before running “MESH”.

Programs Required. “MESH” (page 57), “CIRCT” (page 45),
“C—Z” (page 148), “EL?” (page 151), “FQ?” (page 149), and “Y?N”
(page 157).

Program Instructions.

1. Enter the circuit elements using the “CIRCT” program. Press
[EXIT) when you are finished.

2. If you want the results to be prmted press B(PRINT) (A) | FOH
enable printing. If you’re not using a printer, be sure to disable
printing (press l(PRINT] (&) FOFF ).

3. Press HMESH (to run the “MESH” program).

4. When you see MHo. Mesh Current=7?, keyin the number of
mesh currents and press [R/S].

5. When you see Radian Frequencu{Zwf »?, key in the radian
frequency and press [R/S]. (This value is used only if the circuit
contains capacitance or inductance.)

6. The mesh currents are then calculated and displayed. If you’re not
using a printer, press after each result is displayed.

Example: Calculating Mesh Currents. Use the “CIRCT” program
to enter the following circuit. Then execute “MESH” to calculate the
mesh currents, I3, I, and I5.

16Q

(1 j20Q

+
@ 150/10%y

/
249 G\V 160
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First, select FIX 2 display format and then enter the circuit elements using
the “CIRCT” program.

BDISP) i F14 02 (XEQ)CIECT { 7-Element Circuit 2
Lhep J DEL | 1 [PRINT] INIT |

If the circuit contains any elements, delete them by initializing it.

IHIT YES { @-Element Circuit 2
Laeo | 1 1 1 1 |

Now, add the new elements to the circuit.

_RDD Location: # CENTER] #
Le | € [ L [ 2 ] ¥ | 1 |

Enter all of the elements in mesh 1. Since the voltage source isn’t shared
by another mesh, its location is entered like this:

1 [ENTER v Value?
tv [ v T | 1 1

Enter the value for the voltage source.

150 ([ENTER] 10 l[COMPLEX] i Location: # CENTER] #
Lk [ ¢ | v | 2] v ] 1 |

Enter the location and value for the 16-ohm resistor. Like the voltage
source, the resistor is unique to mesh 1, so its location is entered the same

way (1 [ENTER]).
1[ENTER] R

16 OHM Location: # C[ENTER] #
[ B | ¢ | L | 2 | % | 1 |

Since a complex impedance is provided for the inductor, enter it as a
general impedance. This element is shared between mesh 1 and mesh 2,
so enter both location numbers.

1[ENTER]2 Z O [ENTER] 20 Location: ¥ LENTER] #
@COMPLEX]  CHHM CR 1 clvcelizlel ]

Enter the capacitor shared by mesh 1 and mesh 3 in the same way.

1 [ENTER] 3! # @ O [ENTER] 24 Location: # [ENTER] #
BCOMPLEX] (CiHM LR 1 ¢ ] v ]2 1% 11 |
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Now enter the elements in mesh 2 that have not already been entered.

2 [ENTER]: K 32 0OHH Location: # [ENTER] #
( k| ¢ | v ] 2 | % | 1 |
2([ENTER]3: F 12 (HH Location: # [ENTER] #
LR | € [ L [ 2 | ¥ | 1 |

Enter the last element, which is the capacitor unique to mesh 3. (Note
that you could have entered these elements in any order.)

3 [ENTER] i # ' O [ENTER] 16 Location: # [ENTER] #
m.[COMPLEX] OHHM L e 1 ¢ I L 1 2 [ ¢ | 1 |

Press [EXIT] to return to the main level. You’ll see the last element that
you entered.

EXIT (7):3 =3
B.00 -il6.00

At this point you can use [A] and [¥] to view the elements in the circuit.

Exit from the “CIRCT” program and calculate the mesh currents. If you
want the results printed, press l(PRINT) [A] FOH to enable printing.

EXIT .80
>< 34 [%]%]

(XEQ) MESH Noé Mesh Currents?
x: 8.

Key in the number of mesh currents.

3 Ragi ST Frequency(2nf>7
x: B.

Since the inductor and capacitors were given as complex impedances, the
frequency will not be used. Press to display the current in mesh 1.

I1=
X: 6. 28 £4.72
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If you’re not using a printer, press to display the current in mesh 2.

R/S]

I12=
x: 2.61 £53.37

If you’re not using a printer, press again to display the current in
mesh 3.

R/S]

I3=
x: 3.89 £-2.73

“MESH” and “NODAL” Program Listing.

Program: Comments:

BE £ 491-Bute Pram >

A1 LEL "MESH" Clears flag 08 (to indicate mesh
Bz CF B2 analysis) and prompts for the
A3 "Ho. Mesh " number of mesh currents.

84 F"Currents?"

@5 GTO A

A& LEL “"HODAL" Sets flag 08 (to indicate nodal
Ay SF B2 analysis) and prompts for the
82 "Mo. Hodes?" number of nodes.

a3 LBL A Stores the number of mesh currents
18 RCL B2 or nodes.

11 FPROMPT

2 STO @2

13 EMTER Creates the complex matrices MATA
14 HMEWMAT and MATB, and prompts for a
15 EMTER frequency.

1& COMPLER

17 STO "MATA"

12 DIM?

121

28 5TO B8

21 HEMMAT

22 EMTER

23 COMFLER

24 STO "MATE"

25 WER "FoE"
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STOIJ

FC?C 25

GTO D

RCLEL
HER IMD 5T

w0 -

TO+ @86
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2 GTO a

LEL E
FZ7? @i
1-¥
EHMTER
R+
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IMDEX "MATA"
STOIJ
RCLEL
Ft
F57 14
GTO b
STOEL
R4
AN ¢
STOIJ
Rt

2: Mesh Analysis

Displays a “working” message and
sets or clears flag 21 to match flag
55.

Sets the index pointer to the current
element (identified in Ryg). If this
generates an error, then the end of
the CIRCT matrix has been reached.

Recalls the element type code and
executes the appropriate subroutine
to add the element value to MATA
and MATB.

Increments the element pointer and
repeats the loop for the next
element.

Accumulates an element value into
MATA. If flag 10 is set (indicating an
element shared by two meshes or
connected to the reference node),
adds the value only to the matrix
element on the main diagonal. If flag
10 is clear, the value is accumulated
to the appropriate matrix elements
not on the diagonal. Note that values
accumulated along the diagonal are
positive; values accumulated in other
matrix elements of MATA are
negative.
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Stores a value into the matrix.

Stores a resistor value.

Stores a capacitor value.

Stores an inductor value.

Stores a general impedance value.
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2: Mesh Analysis

Stores a current or voltage source
into MATB. Since the two types are
not distinguished, all sources are
assumed to be voltage sources for
mesh analysis or current sources for
nodal analysis.

Adds a current source connected to
the reference node.

Adds a voltage source (mesh
analysis) or a current source not
connected to the reference node
(nodal analysis).
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SF 21 Prepares to display the results.
IHDEX "MATH"

—_
n
LR |

n

LEL d Recalls each result from MATX and
RCLIJ displays it with the appropriate label.
R+ If a printer is being used (flag 55
"t set), the value is appended to the
Fs7? @2 label.
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2: Mesh Analysis

Increments the column pointer and
recalls a matrix element.

Decodes the element location into
two mesh or node numbers in the X-
and Y-registers.

Sets flag 10 to indicate that the two
location numbers are the same.

For nodal analysis (flag 08 set),
displays an error message if the
location numbers are equal. (The
numbers do not make sense if
they’re equal.)

Sets flag 10 if the reference node is
used.

Error message.



Nodal Analysis (“NODAL”)

The “NODAL” program (listed on page 57) calculates the node voltages
of a circuit containing any combination of resistors, capacitors, inductors,
general impedances, and current sources. (If the circuit you want to
analyze contains voltage sources, convert them to current sources.)

How “NODAL’” Works. “NODAL” uses the circuit information in the
CIRCT matrix to create the following matrices:

Zz
Variables Used.

In Equation Description In Program
n x 3 matrix containing circuit CIRCT
elements.

Z Impedance matrix. MATHA

v Voltage matrix. MATH

I Current matrix. MATE
Radian frequency, 2af (radians/sec). W

Since the variable names MATA, MATB, and MATX are used, you can
use the Simultaneous Equations application to work with the data after
yow've finished using “NODAL”. Press l[MATRIX] S IHME nn (where
nn is the number of nodes).
Remarks.
m Flag 08 is set for nodal analysis.
m Flag 10 is set when one location number is zero (for nodal analysis).
m “NODAL” leaves the calculator in Polar mode.

m Register Ry contains the element counter. Register Ry, contains the
number of nodes. Register Ry; is used for intermediate results. Be
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sure to set the SIZE to at least four registers (ll[MODES] (V] SIZE
4 [ENTER)) before running “NODAL”.

Programs Required. “MESH” (page 57), “CIRCT” (page 45),
“C—Z” (page 148), “EL?” (page 151), “FQ?” (page 149), “Y?N” (page
157).

Program Instructions.

1. Enter the circuit elements using the “CIRCT” program. Press
EXIT] when you’re finished.

2. If you want the results to be printed, press lJ[PRINT] (A] @ FOH to
enable printing. If you’re not using a printer, be sure to press
B(PRINT] (A] FOFF to disable printing.

3. Press HOGAL (to run the “NODAL” program).

4. When you see Ho. Hodes?, key in the number of nodes and
press [R/S].

5. When you see Radian Freguencu(2wf 7, key in the radian
frequency and press [R/S]. (This value is used only if the circuit
contains capacitance or inductance.)

6. The node voltages are then calculated and displayed. If you’re not
using a printer, press after each result is displayed.

Example: Calculating Node Voltages. Use the “CIRCT” program
to enter the following circuit. Then execute “NODAL” to calculate the
node voltages, V3, V5, and V.

6-j40
—
80
1 2 ™ 3
/V\/ T © 1
10/5°A

3@5°A@

\

o

4+jgnﬂ $17n
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Begin by selecting FIX 2 display format and running “CIRCT”.

BDISP] FI: 02(XEQJCIRCT { 7-Element Circuit 2
Laoo | GEL | | [PRINT] INIT |

If “CIRCT” has any elements stored in it, delete them by initializing it.

IHIT @ YES { B-Element Circuit 2
Laoo | 1 1 1 |

Now, add the new elements to the circuit.

AL Location: # [ENTER] #
| R ¢ T v ] 2] vl |

Enter the current source from node 0 to node 1.

0 [ENTER] 1 I 3 [ENTER] 35 Location: # LENTER] #
B(COMPLEX] & I T O

Enter the resistor from node 1 to node 2.

1[ENTER]2 F 8 0OHH Location: # [ENTER] #
| R | ¢ [ v J 2] v | 1 |

Enter the impedance from node 0 to node 2.

O(ENTER]2 Z 4 ([ENTER]9 Location: # [ENTER] #
B(COMPLEX]  iOHM I A O O

Enter the resistor from node 0 to node 3.

O(ENTER])3 'K 17 T1iHH Location: # [ENTER] #
| R 1 ¢ 1 L ] 2 ] v | 1 |

Enter the current source from node 3 to node 2. (Note that if you entered
this source from node 2 to node 3, the sign is reversed: —10 X5°A.)

3([ENTER}J2 I ' 10 [ENTER Location: # LENTER] # |
5 B[COMPLEX]  F I A T N U

Enter the impedance from node 2 to node 3.

2[ENTER]3 Z 6 [ENTER Location: # LENTER] ¥
4 7Z) BCOMPLEX] ~ OHM I I T U B
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Press [EXIT] to return to the program’s main menu.

EXIT

(6):2 =3
6.00 -i4.00

At this point you can use [4] and (¥] to view the elements in the circuit.
Exit the “CIRCT” program and calculate the node voltages. If you want

EXIT

HODH

v: 1.0608
x: 34.00

No. Nodes?
»:

Key in the number of nodes. (Do not include the reference node).

3 R/S]

Ragian Frequency(2nf>?
x: 8.

Since no capacitors or inductors were entered, the frequency is not

needed; press to calculate the results.

Vi=
x: 68.66 £47.83

If you’re not using a printer, press to display the voltage at node 2.

V2=
x: 45.46 £53.34

If you’re not using a printer, press again to display the voltage at

node 3.
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V3=
x: 58.87 £126.80




Impedance of a Ladder Network (“LADDR”)

This program calculates the input impedance, Z,,, of a ladder network.
Elements are added one at a time starting with the element furthest from
the terminals where Z, is measured. The first element must be connected
in parallel.

Given an input admittance of Y, , adding a shunt (parallel) R, L, or C
results in a new input impedance:

4

1
Y, +|— +]
in [R,, 10]

1 1
Yoo = |Yie + |0 -
new m [ JwLp]

Y, +(0+jwCy)

Adding a series R, L, or C, we have:

( ¢

-1
! +(R.+J'0)]

r 1 -1
Yoew = | Y, + (0+ij,)]

-1

.1
+ {0 -
Yo [ ’wC.]

where Y = 1/Z and w = 2nf.
Variable Used. Zin is the impedance looking into the ladder network.

Remarks.

m Elements are entered in rectangular form; however, the input
impedance is displayed in polar form. (If you want the impedance
displayed in rectangular mode, you can change line 29 of the
“LADDR?” program listing to 2% RECT and then delete line 31.)
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m If a circuit element is given as a complex impedance, key in the
complex value and then add it to the circuit using = EF  and

m Flag 00 is set when Z;, = 0.

m Flag 21 (printer enable) is set or cleared to match flag 55 (printer
existence). This automatically produces printer output if flag 55 is set.

Programs Required. “LADDR” (page 70), “C—Z” (page 148), and
“FQ?” (page 149).
Program Instructions.

1. Key the required programs into your calculator.

2. Press LACDDE (to run the “LADDR” program).

3. Whenyou see Radian Frequencgi2wf 7, key in the radian
frequency and press [R/S]. (If the correct frequency is already in the
X-register, just press [R/S].)

4. The program displays a menu of the elements that can be added.
For each element in the network (starting with the element furthest
from the terminals where Z,, is measured), key in the value of the
element and then press the corresponding key.

_ EF  (parallel resistor, ohms)

. LF  (parallel inductor, henrys)

_CF  (parallel capacitor, farads)
RS (series resistor, ohms)

LE  (series inductor, henrys)

£S5 (series capacitor, farads)

The series elements are not displayed until the first parallel element
has been entered. Each time you add an element, the new
impedance is displayed.

5. To quit, press [EXIT). After quitting, you can restart “LADDR” by
pressing [R/S].
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Example. Find the input impedance of the following circuit at a
frequency of 1 MHz:

650pF
o . || *

Zi $1oooo 120 uH $ 1000

Select the FIX 2 display format and run the “LADDR” program.

BDISP)  F14 i 02 LAGDR Rac@iiarir Frequency(2nf>?
x: @

The frequency is given in Hz. Convert it to radians/second.

El6lr] x2[x Zin=0.00 <0,00
LRP J P e ] ] § ]

Enter the four elements (working right to left). Notice that the current
value of Z;, is displayed after each element is entered.

100 EF |Zin=18@.9@ £0.008 |
LRP | LP | CP | RS | LS | CS |

650 [E] 12 CsS Z2in=264.49 «£-67.78
| RP | LP | CP | RS | LS | C5 |

120[E)]6 [*~) LF £in=384.34 £-56.67

( RP | LP | cP | Rs | L3 | C5 |

1000 EF Z2in=3086.73 £-41.82
[ fP [ LP | CP | RS | LS | CS |
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The input impedance is 306.73 & —41.82° ohms.

“LADDR’ Program Listing.

Program:

B8 £ 154-Bute Pram 2
@1 LBL "LARDDR"
Bz HER "FQE7?"

a3 SF 60

]
Ia

CLx

EMTER

- COMPLER
STO "Zin"
CF 21

F5? 55

SF 21

AR
on

i o B
Do BT I xR s &

—

1 CLMEHU
12 LEL A

3 "RP"

4 KEY 1 XER 81
15 "LP"

16 KEY 2 XEQ @
17 "CP"
12 KEY

[

o

HER B3

19 F5?
28 GTO
21 "RS"
22 KEY 4 HER 04
23 "Ls"

24 KEY 5 XER
25 "cs"

m =
[xx )

=
n

26 KEEY & HER B&

Comments:

Inputs the frequency using the
“FQ?” utility on page 149.

Sets flag 00 (until the first element is
entered).

Initializes Z, and sets or clears flag
21 to match flag 55.

Defines the menu keys for entering
elements in parallel.

If flag 00 is clear, declares the menu
keys for entering elements in series.

Decodes the element location into
two mesh or node numbers in the X-
and Y-registers.
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LT

w

0ro0d 0
[ R |

[¥u)

o
@

[

n
o0

o

LEL

MEHMU

E

FOLAR

VIEW "Zin"
RECT
STOP

GTO

LBEL
1%
GTO

LEL
HEEG!
GTO

LEL
“ER

= LEL

RCL

A
a1

a7
"Zin"

FC?C B@

1.4
+

148
STO
RTH
LEL
“ER
GTO

LEL
HER

LEL

a5
IIL_}Z "

B4

- STO+ "Zin"
¢ EMD

Displays the menu and the input
impedance. (If you want the
impedance displayed in rectangular
mode, you can change line 29 to
2% RECT and delete line 31.)

Converts a resistance to admittance.

Converts an inductance to
admittance using the “C—Z” utility
on page 148.

Converts a capacitance to admittance
using the “L—Z” utility on page 148.

Adds a parallel element.

Converts a capacitance to
impedance.

Converts an inductance to
impedance.

Adds a series element.
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Filter Design

This chapter contains programs for calculating component values for
standard active filters and for Butterworth filters between equal

terminations.
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Active Filter Design (“AF”)

This program calculates element values for the standard active filter
circuits shown below. You must provide F (the corner or center
frequency), G (the midband gain), PF or a (the peaking factor), and C (a
capacitor). The program then displays (and optionally prints) the list of
elements that form the desired filter.

Low Pass Filter.

L 4
Ry
—cs
Mt
+
Ry ~
vb' v
c
2

Ry +
(o]
o I o
Cs = C
c, = 4€(G +1)
PF?
PF
Ri= ——"—r
1 4G 1rf0C
PF G

R;

= = R,
4rf,C(G +1) G +1

R4 = GRI
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High Pass Filter.

p— R

+ 0

[~ 2]
[ 2
o
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Bandpass Filter.

L
¥ [
R +
1 3 +
Ve $Rz A
o . o
C3=C,4=C
1
Ry=
1" G2rf,CPF
1

2
—— -G |2xf(CPF
(25 -] 2rre

2

Rs= Pranf,c
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Variables Used.

In Equations Description in Program
fo Center frequency (Hz). F
G Midband gain (db). G
PF Peaking factor. FF
C Capacitor (farads). C

Remarks. Flag 21 (printer enable) is set by the program.

Program Instructions.
1. Key the “AF” program (listed on page 78) into your calculator.
2. Press AF  (to run the “AF” program).
3. Press IHFLT. The calculator prompts for F, G, PF, and C.
a. Key in a frequency, F, in Hertz; press [R/S].
b. Key in the midband gain, G; press [R/S].
c. Key in a peaking factor, PF; press [R/S].
d. Key in a capacitance, C, in Farads; press [R/S].

After entering these values, the program returns to the main menu.
4. Press LOWF (low pass), HIGHF (high pass), or ERHL (band

pass) to calculate the elements needed to build the particular filter.
5. When all of the elements have been displayed, press to return

to the main menu. Then go to step 3 to work another problem or

press [EXIT] to quit.

Example. Design a high-pass active filter with the following
characteristics: F = 10 Hz, G = 10, PF = 1, and C = 1 uF.

Select the ENG 3 display format and run the “AF” program.

@OISP)  EHG 03 [(XEQ) HF % 0, DOOED
[LoviplHiGHPTEND ] | [INPUT]
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IHFUT v: 0. DBOED
F?0. PB0ED
10 R/S) v: 10, ODED
G?0.BOPEA
10 R/S) v: 10. BOED
PF?0. 0BPEA
1 [R79) v: 1.0B0ED
C?0. BO0ED
(E 6 */] R/S) %: 1. P00DE-6
[LoviPIHIGHPIERRDG] | [INPUT]
HIGHFE RZ2=
x: 7.579E3

If you’re not using a printer, press after each result.
R/S] RS=
E:334.253

C1=C3=C=
x: 1.088E-6

Ca=
x: 108, BE-9

<. 100.BE-9
[LOMPIHIGHPIERND] | [INPUT]
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“AF”’ Program Listing.

Program:

ol
81
B2
B3
B4

B35

[ o B A ]
T

R o N w B |

. s =
L) I

—_
=] O

[xa]

0

L I S

o =]

[ RN v ]

CEUI (NI 0 T T T I W T W T T I LR I
[

£

78

{ 289-Bute Pram 2
LEL "AF"

SF 21

CLMENU

"LOWP"

KEY 1 HER R
"HIGHF"

KEY 2 HEQ B
"BAHD"
EEY 2 HEQ
"IHFPUT"
EEY & HER
EEY 9 GTO

)

Dol o)
o0

LEL &8
CLD
MEMU
STOP
GTO &

LEL A
IIRI n

RCL "PF"
4

RCLx "G
KEQ @4
HKEQ @2
IIRS"
RCLx "G
ENTER
EMTER
LASTH

1

+

KEQ B3

3: Active Filter Design

Comments:

Defines the menu for selecting a
filter type.

Clears any message that may be
displayed, displays the menu and
stops. Pressing redisplays the
menu.

Calculates the elements for a low
pass filter.



o)
o n

LTV dh]
YA e |

£ o0
(S x ]

42

on £
w0 00

ononoon o
O TR I O I =

n

n

noon oo
W03 =] T 0

S I £ ]

n
]

()]
—
!

AR ]

[n S0 1
LA I T LR

LT SR o)

[yl
()Y

T T

[
DY s N |

=] =)

-] =] =]
RN R L

"R4"
R

KEQ @S
nea

1

RCL "G"
RCLx "C"
4

R

RCL "FF"
H2

HER @8
"CS=C"
LEL 18
RCL "C"
GTO as

LEL B

n RE "
HEQ B4
rRCL "GQ"

)

[

CL+ "PF"
1.8
YER 82
"RS"
2
CLx "Ggv

MER B4
F:':L}". " F-F n
HER 82

"Ci=C3=C"

Calculates the elements for a high
pass filter.
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-1
|

#EG 18
"l:;4 un

3 s

=4 =] =]

[Ou R |
oy 3
—
[
=
o

3 LEL C Calculates the elements for a band
a8 "R1" pass filter.

21 2

22 HEQ 64

2% RCLx "G

24 ENWTEE

25 EMTER

ECL:‘,' IIGII
1%

HER @3
!IRE "

CL

]

OO0 O Q0

oy N w I R B Y

¥}

21z

Q92 RCL "FF"
Q3 HeZ

EL

93 RCL- "G*
e X

A7 1-8

28 HER @2

n E:E; "
CLx
o]

oD 00
1

RN
2

-
[ux]

B2 Ak

HER B8
"CE=Cd=0n
GTO 18

—
(]

Ca e e e el ]
P

= =
L | I O T L

LEL 84 Calculates nFC.
FI

RCLx "F"

RCLx wCn

2 RTH

[ T
i > I R N ]
P = w00 =
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113
114
115
11&
117
112
112

=

O K R O L I V]

e e s
Dy I R I O

,_..
ra

-]

LBEL I
ExITAHLL
IMFUT “F"
IMPUT "G
IMFUT "“FF"
IMFUT "C*
RTH

LEL 8z
EXITALL
|_II=II

FZ7? 335
ARCL ST =
AYIEL

& LEL 83

EMD

Exits all menus and inputs F, G, PF,
and C.

Exits all menus. If results are being
printed (flag 55 set), puts label and
value on the same line.

Ends program.
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Butterworth Filter Design (“BF’’)

This program calculates component values for Butterworth filters
between equal terminations. Inputs are termination resistance, passband
characteristics, and attenuation at some out-of-band frequency.

Before the filter elements can be calculated, a normalized frequency must
be computed from the desired cutoff or center frequency and passband
characteristics. The normalized frequency is computed by one of these

formulas:

Low Pass

Band Pass

o - w
BWw

w, =

High Pass
o

W, = —
w

Band Elimination

BWw
@ -

[

The basic form of the filter is this Jow-pass prototype:

—c;

—O0—@

whose elements are given by the following set of formulas:
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= sin =13,5..,n -1
nf. R n ! "
L; = R sin (2i - 1)7(, i =2,4,6,..,n
Tfe

where:

1+ In(2x107448/10 _ 1)
2In(w/wp)

n = INT

Once the low-pass values have been calculated, if another passband
characteristic is desired, the filter components are changed by one of the
frequency transformations shown on the next page.
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Passband Circuit Elements

Characteristic

Low pass (o I I

High pass o__fWY\ O O I i O

L, =
h C, =
©oChn h ool
BW
pr = 2
wo Cn
Band pass O—NW\—-I I—O

Lp BW
BW 2

c Cn @0 L n

bp " Bw
L,BW
Lpe = 2
“o
L pe Che
Band elimination O—NW\—| I—O
1 C,BW

CpBW w02 1

bo =
L, BW

84 3: Butterworth Filter Design



Variables and Storage Registers Used.

In Equations Description In Program

R Resistor (ohms). F

F, Center frequency (Hz). Fe

wp Center frequency (radians/sec.). Ros

F, Attenuation frequency (Hz). Fi
Amount of attenuation (dB). A

BW Band width (Hz). EMW

Band width (radians/sec.). Ro2

Filter type (1-4). Ro7

n Filter order. Ros

i Element counter. Ri

Remarks.

m Flag 01 (set and cleared by the program) is used for branch control.
m Flag 21 (printer enable) is set by the program.

m Registers Rgg, Rjo, Ry3, and Ry, are used to store intermediate results.

Be sure to set the SIZE to at least 15 registers (ll[MODES] (V]
S1ZE 15 [ENTER)).

m The “BF” program sets Radians mode.

@ The program will give erroneous results if asked to
calculate a filter order when A is small (when AdB is close
Note to Loss (wg)).
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Program Instructions.
1. Key the “BF” program (listed on page 88) into your calculator.
2. Press EF  (torun the “BF” the program).

3. The program displays a variable menu containing R, F0, F1, A, and
BW. Store a value into each variable by keying in the value and then
pressing the corresponding menu key.

4. After each of the five values has been stored, press [R/S].

5. The program displays Tur=7 and a menu containing the four types
of filters. Press one of these keys to select a filter type:

LOKFE (low pass)
HIGHF (high pass)
EFRZS (band pass)

EELIM (band elimination)

6. The program then calculates and displays N and the filter elements.

If you’re not using a printer, press after each result is
displayed.

Example. Design a 100-Hz wide Butterworth filter centered at 800 Hz
with a 30-dB attenuation at 900 Hz. R, is 50 ohms. The termination
resistance, R, is also 50 ohms.

Select ENG 3 display format and run the “BF” program.

B0DISP)  EHG 03 (XEQ) EF x: 0. DPDED
(R 1 Fo [ Fi| i [EW [ |

Store the five inputs.
50

R=50.00EQ
LR | Fo [ Fi | o |EW] |

FB=800.0eQ
LR | Fo | Fi ] a |EW] |

900 F1 F1=900. BED
[f Jro [ Fil o [En] |
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30 H IR=38 . BBED l
L R | Fo | F4 ] o [EW] |

100 EM BW=100.06EB
LR ] Fo | F1 | f |EW] ]

Continue with the program.

Tupe?
[LOWP[HIGHP [EPRzZ[EELIM] | ]

Select a band-pass filter. If you are not using a printer, press after
each result is displayed.

BRASS % 6. 000:0

RS
SRl
O
SRERE
S
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Therefore, the filter you’ve calculated looks like this:

500 113mH

154mH 41mH

“BF”’ Program Listing. This program demonstrates that local labels
do not have to be unique within a program as long as careful
consideration is given to the local label search order (described in the
owner’s manual).

Program:

I T on T o o R o AU R X
s U (Y TS TN P

- e e e TS
I OS N N I  R x

-

294-Bute Fram
LEL "BF"

MYAR "R"

MVYAR “Fa"

MYAR "F1"

MVAR "A"

MYAR "Bl

RAD

LEL A
YARMEHL "EF"
CLA

STOR

ALEHG

HeEAT?

GTO A

3: Butterworth Filter Design

Comments:

Declares the menu variables and sets
Radians mode.

Displays the variable menu and
stops. Pressing is the only way
to continue the program.



T
n

DOV (0 X 3] M T
Do s B n ] =J I

O I

Foin

DT AN ]

LN AR ]
= T n

]

LEk]

Y
—

g

=

44
45
46

5

3 LEL
48 3

RCL "F@"
KEQ 18
5TO @1

CLMENL
"LOWP"
KEY 1 GTO
"HIGHP"
KEY 2 GTO
"EPASS"
KEY 3 GTO
"EELIM"
KEY 4 GTO
KEY 2 GTO

: LEL E

MEHMLI

" TIJF:'E"? "
FROMPT
GTO B

LEL C
1
GTO 81

LEL D

L]
(=

GTO

[
—

m

GTO

[ )
—

T

LEL
4

LEL &1
EXITALL
STO &8y

5F 21

[

Converts the center frequency to
radians/second.

Defines the menu for selecting a
filter type. The key is defined
to return to the variable menu.

Displays the menu and prompts for a
filter type. Pressing redisplays

the menu.

Calculates the elements of a low pass

filter (type 1).

Calculates the elements of a high
pass filter (type 2).

Calculates the elements of a band
pass filter (type 3).

Calculates the elements of a band
elimination filter (type 4).

Exits all menus, stores the filter type,
and sets flag 21 for proper output.
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onoon o
DO N

8

onoon
o

on
T

onoanoan

DA w 1Y

T
¥ OO TN DU S o R R Y |

D s n Y

[nx)

on

T

T T

bt B B B Y I B x )
b s SO ) (R ST I Y I o R o I Y IR R ]

==

[ wx ]

=
L

(ORI B B

M -

Do
L) I A

: RCL “EW"
3 HE@ 18

STO Az
LEL 88
ECL "F1"
ECL "R"
18

1613

®OT

LH
STO B2
wlxy
HER
H“ER
RCL

LA
ST

.,_
o -
-
[ix]

[ xS |

-
[ix]

-
m
ol

A

IP
STO 839
STO 18

np=n

R
=Y 2D

AIF
AYIEN
AbY
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Converts the band width to
radians/second.

Calculates the filter order.

Displays the filter order. If results
are being printed (flag 55 set), the
label and result are displayed on the
same line.

Evaluates the Butterworth equations.



0
T

o0

L B |

[ B I A A n ]
=
e s B I O VIO

T 11

o

[¥u}
E N A
—

1T

[
I+ M

RCL+ &9
SIH

e
o<

By

)

[
s

LEL &%
STO 14
RCL "R"
-1

FCL 11
Y
Y

®

DoV W)
[xx )

LU oy B I 1
O TN N B

=
o

1=
DO s S

[ Y s BEY WY I o BN u Y w BN u
[ I oy I ]

—
1%
L
[y
=

9 GTO IMD Calculates the frequency

118 LBEL 81 transformation for the particular
111 RCL+ B1 filter type.

112 HER B&

112 GTO B

114 LEL 82

115 RCLx 81

116 178

117v HEGR B

112 +--
119 GTO 8¢
128 LEL ©
121 5F 81
122 RCL+ B2
123 HER 85
124 XER &8

25 HES
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126 1.1
127 RCL 81
122 H+2
129 =+

138 XERQ B&
131 +--
132 GTO oa
32 LBL B84
SF 81
RCLx @z
FCL 81
w2
RER Be
HEG BE
AES
142 RCL 81
142 w42
144 =

145 1.8
146 HKER BE&
147 +--

. -
0ro0d O 0
LA I

3w
a N

el
£ o0
Ll U Y u]

142 LEL @4 Displays a pair of filter elements.
149 F57 B1
158 CLA

151 ¥=Ba7

152 F"L"

153 ®<8?

154 F"C"

155 RCL 11
156 AIF

157 k="

158 Re

159 ABS

168 ARCL ST ¥
161 F"t"

162 FC? 81
162 AVIEW

164 FE7C 81
185 RETH
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—_ .
T T
=)

=J
)

W o= @

T N f

DU I R |

Y I Bt Tt B I I B B

LY I LT B R I

et b b b b b b b b b b ek ek b b ek b b ek ek ek bk b ek b b b
Doy B n ]

CFw N o S w SN w SN w SN SN T O O T O O O A

D S 1 B O T O

)

DoURES B n |
LR (R wa  |

]

I R R e i
[

150

Lot

DSE 14 Repeats the Butterworth calculations
GTO 83z for each element.
FTH

LEL &7 Calculates the normalized frequency
5T0 14 for the particular filter type.
GTO IMD &7
LEL B4

AEG B2

GTO &8

LEL B2

#ER @1

LEL &8

178

4=

GTO @5

LEL &1

RCL 14
RCL+ 81
GTO a5

LEL Bz

RCL 14

are

RCL 81

Hrz

RCL+ 14
RCL+ B2
LEL 85

AES

STO 12

RTH

LEL @& Multiplies by - 1°.
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283 LBEL 1@ Converts the frequency in the X-
2a4 2 register (in Hz) to radians/second.
285 =

28 PI

287

283 EMD
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4

Transmission Lines

This chapter contains programs that calculate the impedance of a lossy
high-frequency transmission line and the high-frequency characteristic
impedances for five types of transmission line configurations.
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Transmission Line Calculations (“LINE’)

This program calculates the input impedance of a lossy transmission line
terminated in Z; . The program provides an exact solution when the
distributed line parameters R, (defined asvV L +C ), R, and G are given. It
provides an approximate solution when R, and the conductor and
dielectric losses are given.

- ]

Zin ZL
o— H
>
< : >

The transmission line shown has a lumped model composed of elements
L, C,R, and G as follows:

_——— YN 4\/\, _————

¢« =

AX
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From this model the following equations can be derived:

L

R. = =
0 c
R VR

r = — = ——
L R,

G
=L -y R,G
E§=¢ v

where:

L = inductance/unit length.
C = capacitance/unit length.
G = conductance/unit length.
R = resistance/unit length.

v =3x10%v,.

v, = relative phase velocity.

f = frequency, Hz.

w = 2nf radians/second.

and
12
a=\/;_v [rg —u12+\/(r2+u12)(g2+wz)]
B = \/;_v [wz-rg +\/(r2+wz)(g2+u)2)]m
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The approximate solution is:

Re{Z,} = Ry 1+1[°'C_a”][3a”+ao]

2 Bo Bo
@p ~ ¢
a=0o; tap

5 5, 1+1[u]2

2 Bo
where:
ac = conductor loss, nepers/unit length = 0.5(R/Ry)
ap = dielectric loss, nepers/unit length = 0.5(GR)
Bo = w/v
Then
1+Tpe
Zyw =2, — L |ohms.
1- FL e —2
where:
Z, -Z
T, = ZL =0
Z, +2Z,
! = line length

Z; = impedance of termination (ohms)
Z, = characteristic impedance of line = Re{Z,} + j Im{Z,} (ohms)

~ = propagation constant of line = a + j
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Z, and v are computed differently depending on which solution is
selected.

Re{Z ————~R°—[ P+ V(1 + W) (g wz]m
e{ 0}_\/W’g (r + )(g + )

*R 2
Im{ZO}=Wiwz)[—(lg +u)2)+\/(r2+u)2)(g2+w2)]

The + sign is chosen when g > r and the — sign is chosen when g < r.

Variables Used.

in Equations Description In Program
f Frequency. f
v, Relative phase velocity. W
R, Characteristic impedance. 4]
! Line length. 1
Z; Impedance of termination. gL
Remarks.

m Flag 21 (printer enable) is set or cleared to match flag 55 (printer
existence). This automatically produces printer output if flag 55 is set.

m Registers Ry thru Rog are used for storing intermediate results. Be
sure to set the SIZE to at least seven registers (Jl[MODES] (V]
ZIZE 7 [ENTER]) before running “LINE”.
Program Instructions.
1. Key the “LINE” program (listed on page 102) into your calculator.
2. Select the desired angular and coordinate modes.

3. Press LIHE (torunthe “LINE” program). The program
displays a variable menu containing f, v,, Ry, /, and Z; (displayed as
F, VR, R0, L, and ZL).

4. Store a value into each variable by keying in the value and pressing
the corresponding menu key.
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5. After all five variables have been stored, press [R/S].

6. Select an exact or approximate solution.

For an exact solution:
a. Press EXACT.

b. The program prompts for G. Key in the conductance value
and press [R/S].

©. The program then prompts for R. Key in the resistance value
and press [R/S].
For an approximate solution:
a. Press AFEOS.

b. The program prompts for the conductor loss. Key in the value

and press [R/S].

c. The program then prompts for the dielectric loss. Key in the
value and press [R/S].

7. The value for Z,, is calculated and displayed. To calculate another
solution, go to step 6. To work a new problem, press and go
to step 4.

Example. A transmission line has the following properties:
R = 1.2664 ohms/cm.

G = 0.00004187 siemens/cm.

Ry = 55 ohms.

v, = 0.85.

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

Select Degrees and Polar modes, select FIX 2 display format, and run the
“LINE” program.

B(MODES] | iEiz’ E[MODES] FOL AR x: B.68

29 EF

f'=2, BBB, BBB, BBa. 640
LF I v | Ro | L Jar ] |
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55 F@
3.5 &k
75 [ENTER] 30 (*/]

B(COMPLEX] =L

R/S)

4.187 [E] 5 [*/]

1.2664

Vr=08.85
LF L ve [ Ro | L |2t ] |

RO=55. 88
LF [ vr | Ro | L |2t ] |

1=3.50
CF T e [ Ro | L [20] |

ZL=r5.88 «£-36.608
| F | vR | Ro | L |2 ] |

X: 2o 7O
EdneT] | ] | [HPRO:]

Z2in=48.81 «£28.48
ExncT] | | 1 [#PRO:]

The required input impedance is 48.01 X 28.48° ohms.
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“LINE” Program Listing.

Program: Comments:

L 484-Bute Pram

LEL "LIHE" Defines the menu variables and sets
MVAR MfM or clears flag 21 to match flag 55.
MYARR "W

MYARE "E@"

MYAR "1"

MVAR "ZL"

CF 21

e
=00

SF 21

Mo
M =

oo
¥

[xx]
o

[xx ]
on

=

[}
DV B I Y

—
)

—
D

LEL A Displays the variable menu and
CLA stops. The program continues only
' VARMEMU "LIME" when is pressed.

STOF

ALEMHG

wERT?

GTD A

—_
[ -

—_ -
AU ) I Y

- —-
J [a g

7 RCL "f" Calculates intermediate results used
g 1e18 by both solutions.

[¥u]

STO B84

K]
b

FI

s

[
—

VT
AR AN

O
O
M)

—

STO
RCL

<
—

n

IF I B I Y

0y

COUI NI N KR N

)
el

-ICLX Illl'llr_ll
TO B8

31 5
2 =+
22 5TO B8z
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i

on

T

DN O I N RN ]

[ I o R |

L
-

2

L I I < e By
Do RN w I Y s SR | R <8

OO

onodnonon

on

n
()

Pu B n O w s SO s LS w s B SO x R I I
s I R R I

T

ENEEA EEN N,

M

LEL E Displays a menu for selecting the
CLMEHU type of solution. The key is
"ERACT" defined to go back to the variable
KEY 1 ®ERQ C menu.

"HFRO®"

EEY & HER D

EEY 9 GTO A

MEHU

STOR

GTO E

LEL Calculates the “exact” solution.
E=XITHLL
IHFUT "G"
IHFUT "R"
RECL= QA
RCL+ "RE@"
STO 81
FECL "G"
RECL= "REA"
STOx @a
RCL B2

Do I w |

RCL @1
+FoL
SERT
5TO 61
HEDY
STO B8
RCL @3
RCL @A
POl

SRRET

-] T
iy
w -
S |
[xn ]
—

Doy S I wn )

LN o

2

STO B2
RCL+ @5
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o 02

TN

D RS WX

—

Y
-
7
-
i
FE
-
)
S
(=
-
[
P
b
P
o

L w0
DoV I

NN Y I Y N n ]
VIR N TR Y R~ Y

L S Sy e Y BT s B &
[xn]

o

Do I oy B N n ]
I O N I N S ]

—
A

L e o T o T ot T o O |
Ll N I B s T 1 |

104

LEL D Calculates the “approximate”
EXITALL solution.
CLMEHU

"C loss?"

FROMFT

STO &g

"I loss?"

FROMPT

STO B3

RCL "1

FCL "Wr"

FCL B4

FI

-
[cx]

o =
on
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112
11z

114 5

1135
11a
117

112 5

119
126
121
122
123
124

-
L

e
Mo O
DO RN |

—
WO

=
[ix]

L) I cA TN KN

[n)

o =]

Do RN u ]

JE R R R W I W I TN (N WO N I X ]

b b b bk b ek b ek b b b b
iy
DOV SN

— -
o B
n £

w3
- 1
o

.|
Doy ]
Doy e

!

ARy
L
N

1=
L)

R ]

+ = o+

POl

sTox "RE"
MY

S T I:I " ":'l - n
RCL @1

M2

-
[ux]
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o=

-
nocnCnon on N b
[ L) B U TN I S I i o Y

n

on
=J

on
o

- e
LAOURRS L}

on
o

e T T T

T T
L) I R NI

T

T 1]

bt I B IR TN N BN BN B s )
I x U I S U W BN w I B 4

-
DoURCY I

o0 00
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[xx]

106

& LEL E Completes the calculations for both
" POLAR solutions.

= RCL "ZL"
S COMFPLEX

STO 8&
LS
STO @81
RCL &85
RCL a2
+REC
+=
Et+i

STO 83
RCL 8&
Ell::L_ " l'l'lr_ "
RCL &1
RCL+ "R@"
+REC

1

+

+FOL

1%

MY
+.=
MY

*REC

=+FOL
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(AL ) R O

L T O O R R
Y]

Do BN u ]

[ I Y]

o
Ha 0 Do

LY N w Y
=4

v

DN a]
Do YR I )

[

iy
U AN |

=

OO O I I T T o e e e e e S e I T i S S S
Dan) L
i

= fin
=J T N f 3 M

0
A

[x ]
(¥ x]

iU X e
e
[xx ]

—

1,

,-
A
[N

RCLx "REE"

RCL "Wpn
+
COMFLE®

[Tl JC—T}

S1n=

ARCL ST =

AYIEL
EML:

Displays the result and returns to the

menu at LBL B.
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Transmission Line Impedance (“TLI’’)

This program calculates the high frequency characteristic impedance (Zy)
for five types of transmission lines:

Open two-wire line:

z- 2| 2
er
38

Si i d: (
ingle wire near groun Zy = 1 log 4h ]
Ve L d
Balanced wires near ( 1
ground: z 216 1 12D |, |D
0 ,—er 0g d h
Wires in parallel near L]+
ground: Z. = 69 log - 4 1+ 2
0 ,—er 0g d D
Coaxial line: Zy = 60 In D
Ve d
Variables Used.
In Equations Description In Program
D Wire spacing. L
d Wire diameter. dia
h Height of wire (above ground). b
& Relative permittivity. =)
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Remarks. Flag 21 (printer enable) is set or cleared to match flag 55

(printer existence). This automatically produces printer output if flag 55 is
set.

Program Instructions.
1. Key the “TLI” program (listed on page 111) into your calculator.
2. Press TLI (torunthe “TLI” program).

3. Use the variable menu displayed by the program to store the

required inputs for the particular line configuration you’re working
with.

4. Press [R/S].

5. The program displays Lire Confis? and a menu containing the
five types of line configurations. Select a configuration by pressing
the corresponding menu key:

OF  (open two-wire line)
. ZH  (single wire near ground)
B (balanced wires near ground)
- B (wires in parallel near ground)

£ (coaxial line)
6. The value of Z; is displayed and the program returns to the input
menu (step 3).

Example. Calculate Z; of RG-218/U coaxial cable with wire spacing,
D = 0.68 in., wire dia = 0.195 in., and ¢, of the polyethylene
insulation = 2.3.

Select FIX 2 display format and run the “TLI” program.

BOISP] FIx 02 (XEQ) TLI x: 8.00
[ o Jow [ 0 | E ] [ |

Store the inputs.

68 [ D=0.68
[ 0 Jom] H | E ] | |
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195 IR |d ia=0.208 I
L 0 o | H | E | | |

23 E |e=2. 30 |
[ 0 [ ow | v | E ] | |

Calculate Z, for the coaxial configuration.

Line Config?
Lof [ sk ] & [ P | | |

Z20=49.42
L0 lowm] o | EJ | |

Now calculate Z, for an open two-wire (air) line with D = 6 in. and
dia = 0.0808 in. (¢, of air = 1).

6: b D=6.00
[ 0 [on | 0 | E ] ] |

0808 DIH |d ia=0.68 |
Lo o | o | EJ | |

108 e=1.00
I T T I

Line Config?
L of | sk | & [ P [ € | |

_OFp |28=688 .08 I
L0 fowm | v | E | | |
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This time, calculate Z; of an air line (¢, of air = 1) consisting of a single
0.1285 inch diameter wire 6 inches from a ground plane.

1285 ['IA dia=08.13
Lo fow [ W | ET [ |

6. H h=6. 0808
Lo | om] H | E ] | ]

1B e=1.00
| 0 [ tn ] H | E | ] |

Line Config?
[op I sW] & | P [ C ] |

EW |28=313.44 |
[ 0 Join | 0 | E ] | |
“TLI” Program Listing.

Program: Comments:

...
[x]
oyl

£ 225-Bute Pram

LeL "TLI" Declares menu variables and sets or
MMAR "D clears flag 21 to match flag 55.
MYAR "dia"

MYAR "h"

MYAR "e"

CF 21

FS? 55

2 5F 21

-
™I E Dk

Do B o B v |
R IR AT | I = T I

[xn ]
[ |

-
[x]
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a9
18

<
<

T

[ O
[n4Y

-]

LOCRE TR P N
i S w I v ]

PN

n

DO R I S )

[a)

I N (LI NI N
Ll LY I Y |

112

LEL A
VARMEH
CLA
STOR
ALEHG
n=@7?
GTO A

e CLMEHMU

n I:IFI "
KEY 1
"Sh
KE'Y
n E: "
KEY
" Fl "
KE'Y
" E: "
KE'Y
KEY

[

Lk}

By

on

R}

MEHLI

"Line Config?"

FROMPT
GTO A

LEL &1
HER @y
LH
126
GTO

[n )
(1))

LEL

AR
oM

L
m
fou ]
1=

"]
-
00
1
T

U eTLIM

HER

HER

HER

HER

HER
GTO

1

,_ .,.
L) [
DN ()]

(]
T

n

I &

Displays the variable menu and
stops.

Defines the programmable menu for
the five configurations. The
key is defined to return to the
variable menu.

Displays the menu and prompts for a
selection. After the appropriate
routine is executed, returns to the
variable menu.

Calculates Z for an open two-wire
configuration.

Calculates Z, for a single wire near
the ground.
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> LEL 83 Calculates Z, for balanced wires
} WER @9 near the ground.

174

1

=+

SERT

F 1ok

13 REQ 8v

b

~

LoaG

2 276

T GTO B8

i

n
T 0

nonoon
L a I R |

(4]
o

(253

Fo 3 [0

T

T

Da S s SR u 1) i
on

T T
Y

i,
un]

B B Y Bt Bt |

on

=] =J =] =]
o=

LEL 94 Calculates Z, for wires in parallel
HER B9 near the ground.

1

+

HER B8
SRRT
REG B2

X

LoG

3

GTO B

R U

LEL 85 Calculates Z, for a coaxial line
RCL "D" configuration.

RCL+ "dia"

LH

=15

LEL @& Completes the calculation and
RCL "e displays the result.

SQRT

" er: "

ARCL ST =

AYIEHW

ETH
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[¥u]

=

O I R |

DOC S

DOCEN x ]

TN p

[ I |
DO N |

L0
Doy IS ]

O 0 0 0

L0 L0
RS N

oo

114

LEL &7
RCLx “Ov
FCL+ "dia"
ETH

RCL® "h"
RCL+ "dis"

2 RETH

LEL &%

RCL= "h"
ECL+ "D
nt2
EHL

Calculates an intermediate result.

Calculates an intermediate result.

Calculates an intermediate result.
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5

Amplifier Analysis

This chapter contains programs that calculate small-signal properties of a
transistor amplifier and automate a method of transistor bias
optimization.
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Transistor Amplifier Performance (“TAP”’)

This program calculates certain small-signal properties of a transistor
amplifier given the h-parameter matrix and the source and load
impedances. The program calculates current and voltage gains, and input
and output impedances.

zs 14 I2
i o <=
Y ——

V4
Vs v, H | Vs $ L

in z out

Equations. The definition of the h-parameter matrix is:

AR A

The current gain is:

4 = %) _ ‘h!
' 1 1+ ho ZL
The voltage gain is:
v, AiZp
A'I = — = Z
V1 in

The voltage gain with a source resistor is:

a2 AZL
v Vg Ziu+ZS
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The input impedance is:
Z,'n = h,’ + h, ZLA,'

The output impedance is:

h; + Zg
Zod =
hohi + hyo Zg - hy h,
Variables Used.
In Equations Description In Program
h; Matrix h-parameter. hi
h, Matrix h-parameter. bt
hg Matrix h-parameter. hf
h, Matrix h-parameter. bz
Zg Source impedance. 2=
Zy Load impedance. 21

Remarks. Flag 21 (printer enable) is set or cleared to match flag 55
(printer existence). This automatically produces printer output if flag 55 is
set.
Program Instructions.
1. Key the “TAP” program (listed on page 120) into your calculator.
2. Press THE  (to run the “TAP” program).

3. Use the variable menu displayed by the program to store the four
h-parameter values (h,, h,, h;, and h,, ) and the source and load
impedances (Zg and Z;).

4. Press to display the result menu.

5. Press the appropriate menu key for each result you want to
calculate:

m HI todisplay the current gain, A;.
m  AHY todisplay the voltage gain, 4, .
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m  AYE  to display the voltage gain with a source resistor, A4, .
m ZIH to display the input impedance, Z,, .
m Z0UT to display the output impedance, Z,,; .
6. Press [EXIT] to return to the variable menu (step 3).
Example. What are the small-signal properties of a transistor that has

the following h-parameter matrix and has source and load impedances of
1,000 and 10,000 ohms, respectively?

1100 250E-6
| 50 25E-6

Select the FIX 4 display format and run the “TAP” program.

BDSP) FIx 04[XEQ) TAF

Using the variable menu, enter each of the six input values and then press

B/S).

1100 HI hi=1, 100.0000
[ Wl ] We | HF ] A0 | 25 | 2L |
250 €] 6 F/2) . HR hr=0.0003

LH ] HE | WF | WO | =5 | 2L |

50: HF h{=58.8000
[ H | HR | HF | HO | 2% | 2L |

25[E) 6 SHO ho=2.500PE-5
(W T HR [ W | WO | 25 | 2t ]

Zs=1, 800. 0000
| H | HR | HF | WO | 25 | 2L |
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10000 =L

Z1=10, b06. 8600
ICTI ICT T T O

x: 8. 0000
L | av [ avi] 2N JeouT] |

For each of the outputs you want to calculate, press the corresponding

menu key.

.

ZIH

Z0UT

Press [EXIT] to return to the input menu.
EXIT

Ai=-40.06800
Lal | av | avs | 2IN JeOUT] |

Av=-4006.006808
Ll | v | avs ] N jaouT] |

Rvs=-2608.08000
LAl | av | avs | 2IN JeOuT] |

Zin=1, 80@.0000
[ fl | av | avs ] 2IN JaouT] ]

Zout=52, 5608. 80600

Lat | v [ avs] 2IN JeouT] |
x: 52, 5608.0000

L H | HR | WF | HO | 27 ] 2L |

From here you can work another problem or press [EXIT] again to quit.
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“TAP” Program Listing.

Program: Comments:
Ba L 227-Bute Pram
a1 LBL "TRP" Declares the menu variables and sets
a2 MVAR "hi" or clears flag 21 to match flag 55.
B2 MYAR "hr"
B4 MMAR "hf"
B85 MVAR "ho!
Be MVYAR "Zs"
867 MWAR "Z1"
g2 CF 21
B3 F5? 55
18 SF 21
1 LEL A Displays the variable menu and
12 YARMEHU "“THF" stops.
12 CLA
14 STOF
15 ALEMNG
16 H=87
1¥ GTO A
15 CLMEHU Defines the programmable menu for
12 "Ai" displaying the results. The key
2B KEY 1 RER 81 is defined to return to the variable
21 "Aw menu.

KEY 5 RER

B85
KEY 9 GTO A

)
[ }
T
[y
-
29

38 LEL a4 Displays the programmable menu
31 MEHU and stops. The menu is redisplayed
a4z STOR after each result.

23 GTO 88
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i B

[ER VI TR )

o po0 0
[l R LR

oY
[§]

DU

o

RN

I

on

noonn dnonoanoCn

[l I S T O T S o BN w I xS (R O o | B S N

T

T T

T

[ T T e

(2]

LEL @1 Calculates A4;.
HER @Y

" H i "

GTO B&

LEL B2 Calculates 4, .
HER B2

L =TPL

GTO B&

LEL &z Calculates 4,, .
#ER B2
RCL+ "Z2="

n H l,‘,l s n
2 GTO Be
LEL &4 Calculates Z,, .
AER B3
"Zin"

GTO 8

LEL a5 Calculates Z,,; .
RCL "hi"
RCL+ "Z="
LASTH

RCL "ho"
®

LASTA
RCLx "Z="
+

RCL "hf"
RCLx "hr"

n=s

Zout "
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T T T
LU W R |

=4 = 0
[y

=] =) =~

L) I A R ]

P B B i Y B |

DU N W I O B B A

]

000 00

o oo Q0
Y IR I A T L

[}
=

122

LEL B& Displays a result.
}_ n = "

ARCL =T X

AVIEM

RTH

LEL &7 Calculates A; .
RCL "hf"

RCL "hao"
RCLx "Z1"

RTH

LEL 8= Calculates Z;, .
#ER @y

RCLx "Z1"

EHTER

RCLx "he"

RCL+ "hi"

EHD
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Transistor Amplifier Bias Optimization
(“BIAS”)

This program automates the method of bias optimization described in
“Designing Class ‘A’ Amplifiers to Meet Specified Tolerances,” by Ward
J. Helms (Electronics, August 8, 1974). The program requires you to
specify a set of parameters from which it determines, by an iterative
technique, the optimum values for Ry, R,, Rg, and Ry, . The minimum
power gain is also computed.

O Vee

out

R f RE

How ““BIAS”’ Works. First, values are input for the variables listed in
the table on page 126. Then, the transistor’s thermal resistance is
calculated:

0ja = (Tmax _25°C)/PD
and the minimum load resistance and emitter resistance are estimated:

014 Vee?

RL =
! 4'4(T.lmax - Ty max)

=RLn

REI = 0‘1RL1 = REn
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Next, the quiescent, maximum, and minimum collector currents are
calculated:

VCC

Ipg = ———=2
% " 2(Ry, + Rg)

Iomax = Ioq (1 + Algg)

I min = Icq (1 - Algg)

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

Tmax = 014 lcg (Ve /2) + Tamax
Veex = VBE1min + AVpE 108 (Ig max/11) = 0.0022 (T sy - 25°C)
Tin = 014 Ioq (Voe /2) (1 = (Algg *) + Tamin

VBen = VpE1max + AVpE 108 (Lo min/I1) = 0.0022(Tin - 25°C)
Now, a better estimate of the emitter resistance can be made:

_Z(VBE{ - VBE’N)
ICmax - ICmin

Re(m+1) =

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

RE(n +1) = REn

0.5%
REn < ©

If at any time the condition Ty, > T max Occurs, Ry, is increased by 10%.

When the iterative procedure is complete, Trax, I¢ maxs L mins a0d 1o min are
displayed.
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Values for

hFE max = Maximum worst-case current gain at T,y OF Ty and I max

or IC min

and

RFE min = Minimum worst-case current gain at Tya, OF Ty and I pax

or I i

are determined from the transistor’s data sheet. The Thevenin-equivalent

resistance (Rp) and voltage (Vgg) of the amplifier’s bias network are

calculated:

hFEmathEmin [RE(n +1) (ICmax - ICmin) + Vpex - VBEN]

5 =
hFEmax IC min ~ hFEminIC max

Vep = Veen + Icmin((Rp /hrEmin) + RE(n + 1))
Now the bias resistors are calculated:

— RB VCC
YU Vi
RB VCC

Ry,= —2-%
VCC - VBB

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

_ Rp Ry, hpE min
Rg (Rp + hpgminRE )

Ap

Veoe? Ry,

Ps = (1 - Algg )? | —=—2—
s = ( cqQ) S(R, + Ry )?
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Variables Used.

In Equations Description In Program
Vee Source voltage (volts). VCC
Algg Maximum desired percentage dICE
variation of quiescent current.
T4 max Maximum ambient temperature TAmax
(use the maximum case
temperature for a transistor
mounted on a heat sink).
T4 min Minimum ambient temperature. TAMmin
T max Maximum junction temperature. Tz
Py Maximum rated power FL
dissipation at 25°C.
I, Collector current, usually I1
selected for convenience so that
I; and 10 I; at 25°C bracket the
expected operating point.
AVge Typical base-emitter voltage d"EE
change over the range of |; to
101, at 25°C.
VBE1 min Minimum base-emitter voltage at YEEImin
I, at 25°C.
VBE1 max Maximum base-emitter voltage VEE1max
at |, at 25°C.
hrE max Maximum worst-case current Rot
gain at T OF Trin @nd g oy OF
ICmin .
RFE min Minimum worst-case current Rq2
gain at T, of Tpin @nd g ey OF
ICmin .
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Remarks.
m Flag 01 is used for branching control.
m Flag 02 is used to control the labels given to results.

m Flag 21 (printer enable) and flag 55 (printer existence) control printer
output.

m Registers Ry through Ry are used for storing intermediate results.
Be sure to set the SIZE to at least 10 registers (ll[MODES] (V]

5 1ZE 10 [ENTER]) before running “BIAS”.
Program Instructions.
1. Key the “BIAS” program (listed on page 130) into your calculator.
2. Press EIAS (torunthe “BIAS” program).
3. Input the variables as prompted; press after each entry.

4. After the last input, the program calculates and displays T, and
I . The program then calculates and displays T, and o,

5. When you see Hrax?, key in a value for the maximum worst-case
current gain at Ty OF Tpin and Igpngz OF Loy - Press [R/S].

6. When you see Hrin7, key in a value for the minimum worst-case
current gain at T,y OF Tpin and Igyaz OF Iomin - Press [R/S].

7. The program then calculates values for Rg, Ry, Ry, R,, and Ap.
If you are not using a printer, press after each result is
displayed.

Example. A single-stage class “A” amplifier is connected to a 30-volt
power supply. Calculate the maximum power output and maximum power
gain obtained from a transistor over an ambient temperature range of 0°C
to 70°C, with a maximum quiescent-current variation of +20% (or .2).

From the transistor’s data sheet,

T max = 150°C

PD =036 W

AVgg = 0.10 v from 3 to 30 mA
VBE1min = 0.52 v at 3 mA at 25°C

0.72 v at 3 mA at 25°C

VBE Imaz
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I, = 0001 A
hi’Emaz = 600

hrEmin = 100

Select ENG 2 display format and run the “BIAS” program.

BDISP) EHG 02 [XEQ) EIAS

30 [R/S)

2[R/S)

70 R/S]

0 R/S]

150 (R/S)

.36

.001

v: 8. 00EQ

: Y. E
VCC?0.080EQ

v: 30.0EQ
dICR?8.00EQ

v: 208.E-3
TAmax?68.0BEQ

Y: 70.BEQ
TAmin?8.00EQ

v: 8.00EQ
TJmax?08.BBER

v: 158.EQ
PD?0.80EQ
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.1 [R/S]

.52 [R/S]

.72 [R/S]

R/S)

Y- 100,E-3
YBE1min?0.00ED

v: 920.E-3
VBE 1max?8.88EQ

Tmax=148.E8
Imax=18.BE-3

Tmin=r4.B0ED

Imin=12.8e-3

Hmax?

x: S80.E-3

Refer again to the transistor’s data sheet and input hpg,,., -

600 [R/S]

NOW, lnput hFEm.in .

100 (R/S]

Hmin?

x: 680.EQ

RE=
x: 115.E8

RL=
x: 888.EQ

R2
x: 4.18E3

R1=
x: 45.8E3
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R/S]

“BIAS” Program Listing.

Program:

-
[ux]

£ 552-Bute Pram
LEL "EBIRS"
IMFUT "WCCv
IMFPUT "dICa"

-
)

[y I T T T v

—
2

-
[x )

B4 IMPUT "THma:x"
83 STO a8y

1
]

INPUT “TAmin"
5TO @3

INPUT " Tomax"
INFUT "FD"

5TO @9

IHFUT "I1"
INFUT "dvEE"
INFUT "WEE1min"
IHFUT "WEE1max"

oo

[xx]
DU BN w I B B 5 4

et b b b
¥ OO N N

on

CF a1
SF @8z
SF 21
ECL "Tdmax"

1T

-]

ax}

225
(5]

CL+ @2
TO 83

':L " I'l.ll::l:: "
-2

U B N N N
ey s xR

[ I I

£ D2

LI B ]

-l'-'sli_l"'
= —
—
I =
= w
o

DU OO E I KR NI SO N I I AW R I o i e

Doy ]
|

)

AP=
x: 22.9E0

Comments:

Inputs values.

Initializes values for iterative
process.
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B p

DO R BN ]

L) |

DA NN )

oo =)

Doy By ]

R SR )

R NS A, B N, DA, N O T Rt N SO YT U Y A L Y
O F 03 R o G ouD 00 =) oo

noonoCn

[ |

0Ty T
3 B S T S T o BN O T I 0 1

T T

T
T

T T

LS W Y |

1T

-1

o

STO &:
@.1

ik}

x
STO 84

LEL @& Begins iterative loop.
RCL "":"CC"

EMTER
EHTER
FCL &z
RCL+ &4

ST0
oL

RCL “dICi"

1

+

HER 84

RCL+ "WEElmin"
STO 83

1

RCL “dICi"

HAZ

=
(=
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+5=
1
RCL- "dIC@"
AER @4

RCL+ "WEElmax"
STO 8
RCL 85

(WL

D I SN R N

N

LT
GTO B2

RCL+ B4
ECL+ "dICE"
RCL B4

OO U I xS BN B N B IR B BN BN |

o 00 o= 0o 00 =] T

%CH Repeats iterative loop as needed.

o =) T
]
n

R Ny R Iy

— T -+ o
Dl
—

DO O I N ]

DI B | R
D}
L n )
[x ]

|:_.‘ K
28 Toal
=] o a1

yu)
DO S

v
I
A

]

X
2

LEL &1 Prompts for hpgp,., and Apgp, .
CF a1

oo
L)

e "Hraw?"
37 PROMPT
F2 STO Bl
FF "Hmin?"

FEOMPT
STO @82

- = 0
Y
[xx ]

A
=
—

DS

A Calculates Rp.
RCL "dICi"

o

[ I B x|
o 0 [

= RCL=
7 RCL=
: RCL+

[V
[n)
T
I
o
1=

et bk b b b b
[xx]
on
[xx]
In

—
[x]

D]
DN |

DI
N
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Al
D N ]
-
e
o
[ I o I x|
= [

r RCL- "dICav

FCLx 81

& RCL+ "dICov
" RCLx B2

eal el
[y L
L
o I o I x )
o e [0

% RCL- "dICav

w

Ll

T

[ T
DO N R R N |

DO I |

—_ .
o B
— w0

—
fa
[

143
144
145
146

RCL “MCC
RCL® @7
LASTH

RCL B8z
FCL B84
n E:E "

= HER 82

" E:L "

sER B2

Calculates Vpp.

Calculates R;.

Calculates R;.

Recalls R;, and Rg, and then
displays each of the four values in
the stack.
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oo oon dnodnodnoanoon
RS R N e U I CR A L

b b b b ek bk b b b

(039

()
-

T T T

[xg
L) I SN

[ng
(03]

el e
T [y
DO |

[y B
L

=0

L) I O O RV

b b ek b b ek b b

b Bt B Y Bt Bt Bt B x ]

(23]

et e e b
[ R R N N |
[OURN W R |

DOCI &% B

134

IIEIII
HEQ B2
RCLx B2
RCL @7
LASTX
RCL @4
RCLx B2
+

o=
Do I ]
]

" HF' n

LEL B2
l_ll:ll

F Dl B~ —
P I bt

ARCL ST =¥

AVIEM
E4
ETH

LEL &=
Fs? b1
“ER A
25

2.2E-3

RETH
LEL A

"Trax="
FC? @z
"Tmin="
ARCL ST
B
RTH

Calculates and then displays the
power gain. (When the RTH at line
168 is reached, the program ends
because there are no pending
subroutine calls.)

Displays a result and rolls the stack
down one register (for the next
result).

Calculates temperature.

Displays proper label and
temperature.
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$

[}

—_ . e e b e e e e
0 00 00 Q3 00
[ o= @ 00~ N

Wl oD

e BN e SR B S A

Da RN w I w I o N w S w Y w Y u ]
x5

,_
hix]
—
[x)

03 O o=

RO S N RN I S e i T

D I ]

-y
fucn

oo
=1 0T N 5

ol

[ I X I

=

]

LEL @4 Calculates current.
ECLx 88

FS? @1

HER I

RCL+ "I1"

LG

ECLx "dYEE"

+

RETH

LEL I Displays proper label and current.
Fs? B2

F' Imax="
FC?C B2
F'Imin="
ARCL ST =
AYIEL

FTH

STO @7
CL®

STO 64

LEL &35 Increases R;, by 10%.
1.1

STOx @2

GTO &8

EML
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6

Truth Tables

This chapter contains two programs for testing logical expressions. The
first program, “PTTBL” (print truth table), allows you to print a complete
truth table. The second program, “ITTBL” (interactive truth table), allows
you to display any row of a truth table.
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Writing a Logical Expression as a Program

Before using “PTTBL” or “ITTBL” you must enter a logical expression.
This is done by writing a program that represents the expression.

Each of the storage registers Ry, through Rys holds a 1 or 0. These are the
inputs to the function that you write. In your program recall each register
as it’s needed and use the Boolean logic functions (AND, OR, and XOR)
to create the expression.

Here’s a simple example. This program represents the expression 4 OR
B, where A is stored in Ry; and B is stored in Ry,.

.,_
[ix]
1

£ 18-Bute Pram 2
LEL "OR"

ECL 81

RCL 88

OF

EHD

-
DAU

[ ]
I R Y

-
[ix]

(]
on

The calculator’s built-in NOT function returns the 36-bit logical NOT of
the number in the X-register. To perform a single-bit logical NOT,
execute these three functions:

SIGH
LAST:

The logical expression
(4 AND B AND C) OR (A AND B AND C )

can be represented with the following program (assuming A is in Ry, B is
in R017 and Cisin Roo).
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“EXMPL’’ Program Listing.

Program: Comments:
B8 { 21-Bute Pram
A1 LEL "EsMPL" Calculates A AND B AND C.
B2 RCL @&z
a3 RCL 81

B4 AND
A5 RCL aa
@5 AHD
87 RCL @G Calculates C.
BE SIGH
@3 LASTH

18 -

11 RCL &1 Calculates B .

2 SIGH

12 LASTH

14 -

15 AHD Calculates B AND C.

16 RCL &2 Calculates 4 AND B AND C.
17 AHD

12 OR Calculates (4 AND B AND C) OR
12 EHD (AANDB ANDC)

# Since the name of your program is stored in a variable

(FCN), do not use a global label longer than six characters.
Note
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Printing a Truth Table (“PTTBL”)

This program prints a truth table for a logical expression written as
previously described. You must provide the name of the function (global

label) and the number of the most significant input bit. (Bits are

numbered right to left; the right-most bit is number 0 and is stored in

Ryo.)

Required Programs. “PTTBL” (page 141) and “FCN?” (page 156).

Variables Used.

Description

In Program

Function name.
Loop counter.
Most significant bit.

FCH
count

m=hb

Remarks.

m Registers Ry, through Rys are used as input registers (bits) for the
Boolean expression. Be sure to set the SIZE to at least six registers

(M(MODES] (Y] S1ZE 6 [ENTER]) before running “PTTBL”.

m This program clears all of the storage registers.

m Flag 12 is used to produce double-wide output from the printer.

Program Instructions.
1. Key the “PTTBL” and “FCN?” programs into your calculator.

2. Key in the program that represents the logical expression (described
in the “Writing a Logical Expression as a Program” section on page

137).

3. Press FTTEL (to run the “PTTBL” program).

4. When you see Function Hame?, use the ALPHA menu to type

the name of the function (global label). Press [R/S].
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5. The program then prompts you for the most significant bit (ri=k?).
Key in the number of the highest register you want to use as an
input to your function (1 <msb <5).

6. Press to print the truth table.

Example. Print a truth table for the expression on page 137. (If you
haven’t done it already, key in the “EXMPL” program on page 138.)

Run the “PTTBL” program.
FTTEL

Function Mame?
[MECOE] FGHI [ukLMNOP: [RETUN] IRY2]

Key in the name of the logical expression you want to print.

EXMPL EXMPL_
[HECOE] FGHI [JKLM[NDPR [RETUN IV

v: B

msh?@

Since the logical expression uses three inputs (4, B, and C), the most
significant bit is stored in Rg,.

2 v: 1
x: B
Printer Output.
218 EXMPL
2868 5]
21y 8
190 1
191 (5]
1169 (=
111 1
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“PTTBL” Program Listing.

Program: Comments:

.,_
fix]
=
hx]

[x ]
R I I R e 7

{ 168-Bute Pram o

LEL "PTTEL" Prompts for a function name using
HEG “"FCH?" the “FCN?” utility. Printing is
FROM enabled.

CF 12

CLET

ALL

DA
USSR R B A

,.,.
LR R}
o

IHFUT "m=b" Prompts for the number of the most
1 significant bit and sets up the loop
counter.

D I oy B n )
Do BN I B |
ra +

[E—y
.

"oount "

Prints a single blank line.

28 RCL "mzh" Prints a table header. (Note that line
21 LEL @8 27 has seven blank spaces between
22 ARCL 5T & the double quotes.)

23 oo

24 DSE ST ¥

23 GTO B

2o ARCL ST X

27 ko "
22 ARCL "FCH®
29 kUL

36 FRA

31 SF 12
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32 LBL 81

23 CLEG

24 RCL "count™
33 IFP

26 RCL "msb"

27 LBL B2

22 BIT?

29 HER B4

4@ DSE ST A

41 GTO @2

42 BIT?

43 HER B4

44 HER IMD "FCH"
43 CLA

45 RCL "mzhb"

47 LBL @2

42 ARCL IHD ST
43 DSE ST =

S8 GTO |z

51 ARCL IHD ST
33 l_ll "

32 ARCL =T ¥

54 PEA

35 IsG "count®
56 GTO 81

a7 CF 12

52 RTH

59 LEL B4

8 1

&l STO IMD ST %
&2 R4

&3 EHD
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Initializes the inputs (storage
registers) and prepares to print a
row in the truth table.

Stores the input bits into the
appropriate storage registers.

Evaluates the expression for the
given inputs.

Accumulates the input bits into the
Alpha register.

Accumulates the output bit into the
Alpha register. (Note that line 52
has four blank spaces between the
double quotes.)

Prints a line in the truth table and
completes the loop.

Resets the double-wide flag and
ends.

Stores an input bit into the storage
register identified in the Y-register.



An Interactive Truth Table (“ITTBL”)

This program allows you to change any of the inputs and display the
corresponding output. Here’s a typical display:

Given these inputs, the expression produces this output
)

\/

%1
| o | o | o | 14 | 14 [ 1 |

Ros Ros Roz Roz Ro1 Roo

Required Programs. “ITTBL” (page 145) and “FCN?” (page 156).

Remarks.

m FCN (the function name) is the only variable used by this program.

m Registers Ry, through Rys are used as input registers (bits) for the
Boolean expression. Be sure to set the SIZE to at least six registers
(M(MODES] (Y] =1IZE 6 [ENTER]) before running “ITTBL”.

m This program clears all of the storage registers.

m This program does not produce printed output.

Program Instructions.

1.

Key the “ITTBL” and “FCN?” programs into your calculator.

Key in the program that represents the logical expression (described
in the “Writing a Logical Expression as a Program” section on page
137).

Press ITTEL (to run the “ITTBL” program).

When you see Furction Hame?, use the ALPHA menu to type
the name of the function (global label). Press [R/S].

The program enters an interactive mode. The menu labels represent
the inputs (Rgs through Ryy) as shown above.
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To change one of the inputs, press the corresponding menu key.
The program returns the result to the X-register. By toggling the
inputs you can view the value of the expression for any combination
of inputs.

6. To quit, press [EXIT].

Example. Change the inputs and view the value of the expression. (If
you haven’t done it already, key in the “EXMPL” program on page 138.)

Run the “ITTBL” program.

ITTEL Function Name?
[RECDE] FGHI [JELMINOPG [RETUN] G

Key in the name of the logical expression you want to print. (If you just
worked the example in the previous section, FCN probably still contains
“EXMPL”. Press [¢]; if you see EXMFL, then simply press to
continue.)

EXMPL EXMPL_
(HECOE] FGHI [JKLM[NOP&[RETUN] IR 2]

X: B
|““““l

Toggle the most significant bit (bit 2 for this example) by pressing the
fourth menu key.

@ (the key) x: 1

Notice that the output (X-register) is now-1. Now toggle bits 1 and 0 (the
fifth and sixth menu keys).

d (the key) x: @

Lo | o | o | 4 ] 1 ] o |
a8 (the key) x: 1

L o | o | o | 1 | 1 | 1 |
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When you’re finished, press [EXIT] to quit.

EXIT v: 1
x: 1
“ITTBL” Program Listing.
Program: Comments:
B8 £ 125-Bute Pram
a1 LBEL "ITTEL" Prompts for a function name using
Bz WER "FCH?" the “FCN?” utility.
B2 ALEHG
B4 w=87
BS GTO 8%
a5 BEIMM Initializes by selecting Binary mode,
A7 ALL selecting ALL display format, and
82 CLRG clearing the storage registers and
89 CLMEHU programmable menu definitions.
16 KEY 2 GTO @83 Defines the key to branch to
11 LEL A LBL (9. Defines the six top-row
2 CLA menu keys using the numbers in the
12 ARCL B85 corresponding storage registers as
14 EEY 1 XE@ &1 menu labels.
15 CLA
1 ARCL B4
17 KEY 2 HER B2
12 CLA
19 ARCL @z
28 KEY 2 RER B3
21 CLA
22 ARCL Bz
22 KEY 4 REQ B84
24 CLA
23 ARCL 81
26 EEY 5 HEQ B3
27 CLA
22 ARCL B8
29 EEY & RER B&
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HER IMD "FCH"

MEMU
STOP
GTO A

LEL ©1
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>