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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 onesin this book.

m The SIZE is set to 25 registers (the default). The number ofregisters
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.

How To Use This Book 5



If You Have a Printer. Many of the programsin this book willI produce
printed outputif printing is enabled. Press [i[PRINT] [A]
enable printing.

 

If you are not using a printer, be sure to disable printing (l[PRINT] [4]

FOFF)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 Publishingfor 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.

1: Circuit Calculations 7



 

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
2 z+ 2,

Variables Used.

In Equation Description In Program

Vr Terminal voltage (volts). WT

V, Voltage across impedance Z,. Wz

Z, Impedance (ohms). 21

Z, Impedance (ohms). Zz      
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 notalter 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 outputif flag 55 is set.

Program Instructions.

1. Key the “V+” program (listed on page 10) into your calculator.

2. Press Y= (torun 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 wantto 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?

 

 

Z2|70/30° Vv
80/10° V    

  

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

  xX: 8.88.B(MODES] FOLHAER
a : EEEEYEEE: u 02 i

    

Store the known values.

80 10 B[COMPLEX] MT VT=00.00 £10.00
[vtlveletLee]||
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Z1=15.00
[orJve[24[22|||

 

70 30 [(COMPLEX] V2=7v0.88 £30.80
[vr|va|21|]2]||

 

Now, solve for the unknown impedance.
 

 

22=37.71 £79.29
[or|ve|21|22|||

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

“V="’ Program Listing.

Program: Comments:

BE 142-Bute Pram >

H1 LBL "w=" Defines menu variables.
82 MYAR "WT"
BZ MYAR "Wa"
B84 MVAR "21M

Ba MVWAR "Zz"

ge CF 21 Sets or clears flag 21 to match flag
87 FS? 55 55.
Bz SF 21

a3 LEL 86 Displays the variable menu and
18 CLA stops.

11 YAEMEHL "4+"

12 STOP

10 1: Voltage Division
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LEL =&

RCL "Z2"

RCL= "WT

RCL "21"

LAST:
+

STO "wat

YWIEW "Wat

RTH

LEL &2

RCL "21"

FCL+ "22"

RCL "Wa

RCL+ "22"
STO “wT

VIEW "MT

RTH

LEL 4@
RCL "wan
RCLx "21"
ROL "WT"
LAST:

5To "Zan
VIEW "Za"
RTH

Determines which variable was
selected by subtracting the ASCII
codes ofthe first two characters in
the variable name. For example,
when you press 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 12.

Calculates VT.

Calculates Z2.
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4& LEL 41 Calculates Z1.

47 RCL "Zz"
48 RCLx "wT"
43 ROL+ "war
=a RCL- "Zan
51 570 “Z1"
a2 NMIEM "S11

53 EHD

12 1: Voltage Division



 

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.

 

 

 

 

Oo

/ /
T 2

Z4 2

oO

Zr
27 Z,+ 2,

Variables Used.

In Equation Description In Program

Ir Terminal current (amps). I.T

I, Current in impedance Z,. Iz

Z, Impedance, (ohms). Z1

Z, Impedance, (ohms). Zz    
 

Since any ofthese 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

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

 

(to run the “I+” program).

 

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 (I,) through the 1002 resistor is 12 X45° amperes?

 o oO
>

It 12/a5° AY

a =n

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

B(MODES]   

 

 

'BMODES] FOLHR |x: 0.00
02 (XEQ] IEFIFOIFI  

Key in the three known values.

17.5
 

 

Z21=17.50
HEEEEEEEE
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12 [ENTER] 45 B[COMPLEX]IZ

Now calculate the unknown current.

 

 

 
22=10.080
[LT122122]||

 

12=12.00 £45.00
HEENEEEEEN

 

 
1.7=18.86 £45.00
NENEEEEEE|

The unknown current (I7) is 18.86 XA45° amperes.

“I+” Program Listing.

Program:

1
5
— 1
0

LEL "I+"
MYAR "I.T"
MYAR "Iz"
MYAR "ZL"
MYAR "Zz

T
y

I

al
a
l

m
o
O
a
T

N
o
e

O
d
[
0

= CF 21

3 SF 21

=
o
o
o
=
)
I

p
a
I
)

LEL &é
CLA
VARMEMU "I+"
STOR—

=
=

[
0
=
0
0

ATOM
ATOM

16 MEQ IMD ST
17 GTO G8

—
=

n
o

a

155-Bute Fram

Comments:

Defines menu variables.

Sets or clears flag 21 to match flag
55.

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

I.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.

1: Current Division 15
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» RCL
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7 RCL

LEL 22

RCL "21"

RCL

RCL
LASTH

"IT
non
Sl

oS +

STO "12"
VIEW “I2"
RTH

LEL 27
RCL "zz"
RCL+ "Z1"
RCL: "Iz
RCL: "Z1"
5TO "1.7"
VIEW "I.T'
RTH

= LEL 48
RCL "ZL"
2 RCL=

3 RCL+
"I.T
nian

RCL- "Z1"
oe 1” n=3sonSTO "22

2 WIEM "Za"
: RTH

LEL 41
n I = "

HH I . TT"

LASTH

5TO "Zi"
We I El nu z i "

END

Calculates 12.

Calculates I.T.

Calculates Z2.

Calculates Z1.
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Power Triangle (“PWR3”)

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

 

 

 

 

P = Vicos §

4 S=v
Q = Visin 4 Q = Visin 8

Lagging Leading
S=VI

g

P = Vicos §

Variables Used.

In Figure Description In Program

4 Voltage (volts). y

Current (amperes). I

Average power (watts). F

Reactive power (vars). 2

tr
I
Q

YW
~

iy
]Apparent power (watts).

Powerfactor (cos 6). pf      
Remarks.

m Be sure to enter I and I as complex numbers. If the values in Vand 1
are not complex numbers, the program will stop and display
Irealid Tape. If you generate this error, restart the program by
pressing FHES .

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. Keyin the voltage (in polar form) and press

b. Key in the current (in polar form) and press

 

C. Calculate any of the four values by pressing
i Lyir ororPe.

 

To calculate the voltage, V:

a. Key in the current (in polar form) and press

 

b. Key in the apparent power and press =

  

c. Key in the power factor and press

d. Calculate the voltage by pressing 4.

To calculate the current, I

a. Keyin the voltage (in polar form) and press

 

b. Key in the apparent power and press

 

  
 

c. Key in the power factor and pressF

d. Calculate the current by pressing

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 A -40° amperes, determine the power triangle
and the powerfactor.

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

BDISP] 02 FHREZ
 

  

 

 

100 10 @(COMPLEX]% V=100.00 £10.00
[vTVJF|&]5|Pr|

2.85 [ENTER] 40 [*/]     [=2.85 <-40.08
IETCE   B(COMPLEX] | 

 

  
The average poweris 183.19 watts.
 

 

R=218.32
v+Pp@5PF

    

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

S=285.00
IIEN

  

The apparent poweris 285 watts.

iFF Pf=- 8 . 64

IBEGCEEEEE

 

The powerfactor 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 aa0 |
v+P|]a5PF

1: Power Triangle 19

 



V=105.26 «£10.00
[v|+|p|@|5|PF

 

   

The required voltage is 105.26 X.10.00° volts.

“PWR3” Program Listing.

Program: Comments:

~
~

1
a
!

192-Bute Pram

LEL "FMRI" Declares the menu variables.

MWYARRE "Ww"

MYwAR "I"

MYARE "PF"

MYAR "iQ"

MYAR "5"

" MYARE "pf"

—
=

1
a

15
0

[x
]

Fa
o

0
0
[
O
o

e
e

15
0

15
0

T
n

we
ll
s’

[n
j

= =
]

t
e LEG Sets Degrees and Polar modes. Sets

FOLAR or clearsflag 21 to match flag 55.
CF 21

F357 55
> SF 21

D
a

I
an

]
T
o

ou
0

0
0

Pr
oc

e
f
r
e
t
s

[
a
=

: LEL HA Displays variable menu and stops.
4 YARMEHU "FLRZ" Pressing redisplays the menu.

13 CLA

16 STOP
1V ATOR

12 ==087

12 GTO AH

t
e

p
t

a
1
0

28 =TOA The ASCII character code of the

211 first letter in the variable nameis

22 AROT subtracted from 73 to determine

22 Ra which routine to execute.

24 73

26 WER IHD ST ¥
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.
]

ASTD ST L Stores the variable name into the[
4
a

22 STO IMD ST L Last X-register and displays the
29 VIEW IMD ST L result.

28 GTO A

LEL 13 Calculates V.

RCL "I"

» SF 8a

HER B

ETH

w
e
r
o

v
3
=

oa
o
R

0
3
0

i
T LEL 88 Calculates I.

ROL "uy"
CF Ba

HER B

ETHFo
o
0

0
3

0
a
0

p
o
u

0
0

=~
]

T ot
e!

J
u
— LEL

HER 2
RCL
RCL

AES
RCL: "pf
"AES
RTH

D
N

ev
]

w
o
o
] Calculates P.

a
J
a
[
a

J
a

Fo
o
3

[ad

in

“
f
e
f
p

=
)

Ch

43 LEL 8&2 Calculates Q.

a8 REQ 29

a1 REQ C

52 RCL "pf"
53 ACOs

od ZI

55 ETH

57 LEBEL 18 Calculates S.

52 HER OC

59 HES

ed RTH
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LEL E Calculates V if flag 00 is set, or I if
COMPLEX flag 00 is clear.
RCL "pt"
Fz? 88
+=
ACOs

+

ENTER

EHTEER
RCL "5

Rt

MEY
COMPL

FCC
+=

RTH

Ei
BE

LEL C Calculates the magnitude of VI.
RCL "I"

RCL: my
RES

RTH

LEL 29 Calculatespf.
ROL “w
COMPLE.

RCL "I"

COMPLE

EA
F4

cos

LAST
SIGH
+=

STO "pf"
EHD
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Frequency Response of Transfer Function
(“FQRS”’)

For a transfer function of the form

K (ZS +1)
 G(S) =

 
N S2 22,8

SY (ZS +1)(Z3S +1) |— + +1
wd 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. Z1

Z, Transfer function parameter. £2

Z, Transfer function parameter. 23

Z, Transfer function parameter. 24

wy Transfer function parameter. Wi

w Input frequency, 2#f (radians/sec). 1

Remarks.

m 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 wy very large compared to 1/Z;, 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 FORE(to run the “FQRS” program).

3. The program prompts you for values of K, N, Z,, Z,, Z,, Z,, and wj.
At each prompt, keyin 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

G(S) = 12(S + 0.6)

S(S +1)(S%+6S +36)
 

The frequency, w, is 0.01 rad/sec.

First put G (S) into proper form:

2(167S +1)
2

S(S +1) 3 SHEE

 G(S)=

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

   
   

 

   

 

   

 

BOisP] 02 FRRZ ¥.9. 29

269 RE:

¥13500

rer AE   
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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 A —89.71° and
1.30.
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“FQRS” Program Listing.

Program: Comments:

L 1539-Bute Pram 2

LEL "FQRS" Prompts for each input value.
IHPUT "EK"

IMPUT "H"

IMFUT "21"

IMPUT "Z22"

IMPUT "23"

IMPUT "24"

IMPUT "w@"

= 1 el
e
’

m
o
m
m
m

=]
0
N
f

0d
O
o

=
GE

x)

LEL @a8 Calculates G(S).
IMPUT "uw"

DEG

RECT

31

Hay

RCL+ "wa"

are

iv 2

18 RCL= "Z4"

19 RCL "uw"

28 RCL+ "wa"

21 +

COMPLE

1

RCL "22"

RCLx "uw"

COMPLER

x

=
b
b

p
b

p
b

p
k

f
k

f
b

n
N

o
F

0
[
a
=

3
0
0

f
e

2h
]

o
f
w
r

“J
1

C
O

0
0

0
0

0
0

0
d
0

P
O

P
D

P
D

P
D

P
D

T
D

P
d

P
a

o
o

0
3
=

D ' i

9 RCL "Zz"

RCL "w"

1 COMFLE=

2 x

2 POLAR

4 COMPLEX

a 9a

26 1: Frequency Response of Transfer Function
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O

0
3

=
)
O
n

f
a

L
n

[n
) =

f
d
=a

i

RCL"H"
+

+=
LSSLS
Ce S|

RCL "Mw"

FECL "HH"

ES

1.4
LIALy
“el ~

s COMPLE.

RECT

RCL "KE"

EMTER

RCL» "21"

RCL Mw

COMPLE=
ot
A

POLAR Displays results.

"GLEy="
ARCL ST &
HES

LOG
FULLOG GCS) I="
ARCL ST &
AY IEW
EMD
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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.

 

Vv
Oo

Vo

V)

—o V

— C 
V, = V,e(-t/RO) 4 v, (1 i, e(-t/70))

By rearranging terms, the equation can be written as:

tC

Vi - V1
-e 1 r—

V, - Vi

wheree is the base of natural logarithms.

 -R =0.

28 1: RC Timing



Variables Used.

 

 

 

In Equations Description In Program

V, Voltage before step (volts). 1

V, Voltage after step (volts). WZ

V; Instantaneousvoltage (volts). Wi

R Resistance (ohms). F:

C Capacitance (farads). i

t Time (seconds). t   
 

Remarks.

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

m For voltages across the resistor and capacitor, Vr + V; = 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 ll[SOLVER]Ei.

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 capacitoris 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.
 

  
 

 

H(DISP] 3 %: ©. DOPED
BSOLVER] rirara

V1=0.000ED
ECSUETIIA

 

 

V2=12.80E08
[v1|va|w|FR|]CT|

 

2 3E12x)

 

Vi=8.B08EH
[ve|va|]w|BR|]C|T|

 

47 [E]) 6 [*/2)

 

C=47.0BE-6
[v1|ve|w|BR|]C|T|

 

 

ntPEt |
[v1|ve|Ww|BR|]C|T|

 

 

R=19.37E3
[va|ve]w|BR|]CC]T

Use a 19.37 Kohm resistor.
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“RC” Program Listing.
15

10
— 1
5
) ROL "v2"

LASTH
£ S98-Bute Pram >

LEBEL "RC"

MVAR "W1"

MYAR "M2

MYAR "Mi

MVAR "RE"

MYAR "CC"

MVYAR "Lt"

1

RCL "Wit

RCL "wit

f
o

L
R
]

J
o

0
3
[
O
o

J
o

0
3

M
O

= a
d

15
)

on

— i
o
}

LH
+.—

RCL= "CC"

RCL= "tt"

17%

RCL- "RR"

EHD

1 i
n

i
T

[o
y

cn
]

o
O

0
3

=
)
J
f

1a
)

12
0

o
D

0
0
=

D
o

F
a

P
Y
0
=

=
=
e
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—
_

re
le |

0
[
a
=
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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
Zy,), you can calculate any of the three delta values (Zy,, Z,3, and Z;3).
Likewise, given the delta values, you can calculate any of the wye values.

 

 

1 2

Z42
1 2

Zy Zyp

Z13 Z23

Zz3 Y3

3

Variables Used.

In Figure Description In Program

Zy1 Impedance (ohms). Z5'1

Zy Impedance (ohms). Ze

Zy; Impedance (ohms). 203

Zy Impedance (ohms). 71:

Z3 Impedance (ohms). 21s

Z3 Impedance (ohms). 723    
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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]
for Rectangular mode, or [MODES] FilAFfor Polar

 

mode.

3. Press DY torunthe “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 + i22€}

450 5-170

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

 

x: 8.08000
[aveave2v3212223213

 

 

Z13=45. 0000
[Zvi2ve2v3212223243

 

 

0 22 M[COMPLEX] Z12 Z12=0, 0000 122. 0000
ETEEEEEEEEEE

5 [ENTER] 17 FF) 223-5. 0000 -117.0000
BCOMPLEX] Z:3 EEEEOEEE

Now calculate each of the wye values.
 

2v1 Z2Y¥1=1.96084 119.6840
[aveava2v3212283243
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ZYe=7.6238 11.4376
[avd|ave|ava|212|223|213

 

 

Eyria -i15.5941 |
[2v1ava|2v3|212|223|213|

“DY’’ Program Listing.

Program: Comments:

£ 219-Bute Pram >

LEL "Dv" Declares menu variables.

MYARE "ZY"

MYAR MZva
MYAR ZS
MYAE "212"

=~ MYAR "Zz23"

MMAR "213"

p
d AA
]

an
el
le
’

o
y
I
)

m
o
m
O
n

N
o
d
e

0
3
J

o
e

o
I i
I

1
5
=
]

K
N

te
!

[a
n]

o
u
d

0
0 CF 21 Sets or clears flag 21 to match flag

FS? 55 55.

SF 21

—
p
-

— LEL HA Returns the ASCII character codes

C MARMEML “Dy of the selected variable name and

STOP restores the name in the Alpha
ATO register.
aTOA

S ATH

“TOA

2 ATONE

3 BTOA

a
a

—

i
T

C
N

f
a
O
0
3

y|
—
_
I

Za + Adds the ASCII codes of the last two

21 9 characters of the selected variable

22 - and subtracts 95 to determine which

22 HSER IMD ST = subroutine to execute.

|
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oo
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0
0
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]
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0
0
3

0
d
0

i
T

w
o
o
d
J

o
r

oa
k!

a Fed
e

[
J

J
a

,

I
a

o
e

LnIa 1

$a Ty
a

fa =
]

n
o
p

u
O

N
n
t
e

n
i
n

n
o
n

i
n

F
o

0
3

[0
D

i
n
i
T

F

A=TO ST

FC2C

“ER Baz

STO IMD

FC?

YIEW IMD ST L

GTO A

LEL

FECL
RCL

GTO

LEL

RCL

GTO

LEL

RCL

LEL
RCL=

LEL

RCL "Z12"
RCL+ "Z13"
RCL+ "Z23"
ETH

LEL

FECL

GTO

LEL

FECL

GTO

LEL

RCL "Z%1"
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~
~

1
5
)

[
I
r

o
r

f
o

i
a
l

on
AA
]

r
r

a i
T

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 Zy3.

Shared subroutines.

Calculates Z,.

Calculates Z,.

Calculates Z,3.



n
o
o
n

i
n

o
u

0
=
]

i
T

T
s

I
a
T
J

T
n

o
f

a
M
o

i
T

i
T

-
.
]

i
T

i
r
Ci
o

o
O

=
]

=
]

=
]

I
a
d

LEL 82 Shared subroutine.
RCL "Z%1"

RCL= "ZYa"

LASTH

RCLx "2s"
+

RCL "Zva2"
RCL "Za"
+

HOY
RTH

LEL @&3 Division by zero indicates an open
F'=0pen Circuit" circuit (infinite resistance). Infinity is
9.99499 approximated with 9.99 x 104%,
AVIEW

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.
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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:

 

CIRCT { B-Element Circuit 2
KTHI  

Or, if the matrix CIRCTexists, the program assumes thatit contains
circuit elements (where n is the number of rowsin the matrix), and you'll
see a display like this:
 

CIRCT { 7-Element Circuit 2
ETHIEEEECT

You can view the elementsin the circuit by using the [4] and [V] keys.

 

og 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 (lj(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

 

 

SIHIT INITIALIZE Circuit?
[ves]1TTWNo  

 

 

{ B8-Element Circuit >
ICTIIII 

When there are no circuit elements, note that the[:
ITmenu keys are not displayed or active.

 

  

Displaying Circuit Elements

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

 

Here's a typical display:

Element Number Element Location

(3) : 2-04

Element Type —135500460.00   
——

Element Value

For nodal analysis this display reads: “The third circuit elementis 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 elementis displayed, the menu keys
FREIHT,and IHITare active even though they are notvisible. (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 the first menu key. (The menu keys are active, even
thoughthemessage temporarily covers them.) The program
displays Location: # [EMTER] # 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
elementin a single mesh, press mesh# (ENTER).

For nodal analysis: from-node# [ENTER] to-node#, where the
circuit elementis 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:

(resistor, ohms)

(capacitor, farads)

(inductor, henrys)

(general impedance, ohms)

 

(voltage source, volts)

  
(current source, amperes)

. The program displays a menu of the commonunits 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 =~OHMor1 KOHM.)

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 laterin 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 [¥] keysto display the element you wantto delete.

2. Press , 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 Element? Press YESto complete the operation.

 
 

  

(Press r if you change your mind.)

Printing the Circuit

, the fifth menu
key. Note thatthis printing is slower than most other printing 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 3
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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 yourcircuit:

1. Press to quit “CIRCT”.

2. Press CIRCT
3. Press name to store a copy of CIRCT

(where nameis the name of a new variable).

4. Press to restart the “CIRCT” program.

 

To restore a saved copy ofa circuit:

1. Press to quit “CIRCT”.

2. Press ns

3. Press CIRC
4. Press to restart the “CIRCT” program.

=to recall a copy of a circuit that’s been saved.  

 

Ito store a copy of the matrix into CIRCT.

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*

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

Remarks.

44

CIRCTis 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.”

Valuesfor 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 CIRCTexists.

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:

y
e

1
5
0

-
—

[
h
o

L e2e-Bute Pram >

LEL "CIRCT" Initializes the program.
FEOFF

CLx

STO Ba

STO @1

» CF 18

SF 25

IMDER "CIRCT"

FC?C 25

SF 18

FS? 18
12 GTO A

2 RCL "CIRCT"

R
N
A
L

O
n

E
d

F
o

0
3
[
0

[a
n]

o
n

[a
n]
1

o
n
E
E

e
o
0
0

t
p

fr
oc

k

LEL HA Defines the menu for the program. If
CLMEHU flag 10 is set (no circuit), defines
"ADD" only the “ADD”key.
KEY 1 GTO

"DEL"

FC? 18

KEY 2 GTO

"FRIMT"

FC? 18a

KEY 5 WER 12

"IMIT™

FC? 1d

KEY & GTO

o
D

0
0

=
)

[a
n]
t
e

[a
n]
[
4

o
O

0
0
=

T
n

O
N

f
e

O
D
O
e

= wad
e’

I

O
3
0

F
d

P
O

P
d

P
d

F
d

P
d
3

P
d
0

To
d
=
=

a KEY 7 KER 87
1 EEY & =EQ B32

2 KEY 3 GTO 29
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T
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T

LEL BE

REG Be

MEHL

STOP

GTO B

LEL &1
HE@ "EL?"
FC?C 83
GTO A

FS? 18

1

FS?C 18

GTO az

RCL 8a

#=a7

GTO 18

RCL @1

ney?

GTO a5

F4

F4

RCL "CIRCT"

LIM?

F4

1
+

LEL B32

LIM “"CIRCT"

INDE: "CIRCT"

LEL @4

CL¥

1

STOIJ

R4

F4
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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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STO+ @1

GTO a1

LEL a5 Inserts a new row into the CIRCT

I+ matrix.

IHSE

F4

RF

FCLI

i
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o
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o
O

0
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0
0

0
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o
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22 GTO a4

32 LEBEL 14 Inserts a new row at the top of the
4 Ra CIRCT matrix.
25 1

Qe EMTER

27 STOIJ
22 IMSE

23 GTO 04
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FOLAR
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FEAL?

2 Ra

= Ry

o
u

o
o

=]
0

i
a
J

O
N

P
t

p
t

p
b

p
b

p
d

p
d

e
d

[n
p]

J
o

0
0
[
0

[
a
p

i
T
0 on

o
T

b
b

p
h

p
h

e
h

p
k

p
h

p
k

p
k

=
J
=
I

T
v

T
n

fo
l
=
0

o
O

0
0

=
)

-
.
]

P
r
k

fe
ck

fe
ed

s

J
a

0
0

=]
=]

=]
i
f

1
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AER IMD ST T

AGREAFH

RTH

LEL C Displays top-of-list message.
RCL @1

HIF

F'-Element

F'Circuit 2"

AVIEW

RTH

LEL 22 Alphastring to produce graphic
MeeLe ELE EE! resistor.
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T LEL &7

"ett | += | Eee!

Alphastring to produce graphic
capacitor.
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]
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» RTH
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o LEL 7& Alpha strings to produce graphic

"&eE inductor.
4

“TOA

Fre”
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0
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LEL 2&8 Alphastring to produce graphic
CCE impedence.
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LEL && Alphastring to produce graphic
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o LEL &2 Deletes the current circuit element.
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GTO A

"DELETE Element?"
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STO G3
1
sTO- @1
GTO A

LEL Bg

216 "IMITIALIZE *
217 F"Circuit?"
212 HER "YIH"
219 $=@%7
zz GTO A
221 LEBEL 14
222 CLY "CIRCT"
223 CLK
224 STO BE
225 STO 81
226 SF 18
227 GTO A

o
D

0
0

F
d
0

F
d

P
d

B
d

T
d

P
d

[a
d

L
O
O

C
0

O
d

L
a

0
)
P
d
a

n
f
r
a
o

RCL G
1

HCE?
RCL a1

STO G8

RTH

236 LEL 68
237 1
233 STO+ @8
239 RCL 81
24@ RCL 08
241 H>Y7
242 CLY
243
244

=TO 88

FTH

Initializes the pointers and deletes
CIRCTvariable.

Decrements the element pointer.

Increments the element pointer.
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245 LBL 12 Prints the graphic display for circuit
245 RCL 81 elements in CIRCT.
247 1-3

258 LBL 13
251 HER Ga
252 PROM
253 PRLCD
S54 CLA

on | FRA
PROFF
ISG Ba
GTO 13
CL
STO BE
RTH
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LEL 99 Exits all menus.
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Mesh Analysis (“MESH”)

The “MESH” program (listed on page 57) calculates the mesh currents of
a circuit containing any combination ofresistors, 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 = irs = MATX

Variables Used.

In Equation Description In Program

n x 3 matrix containing circuit CIRCT
elements.

Z Impedance matrix, Z. MATH

Voltage matrix, V. MATE

I Solutions matrix. MAT

Radian frequency, 2xf (radians/sec). by    
 

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 B(MATRIX] = IMG 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 Rg, 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 (ll[MODES]

(¥] 4 [ENTER]) before running “MESH”.

Programs Required. “MESH” (page 57), “CIRCT” (page 45),
“C—2Z” (page 148), “EL?” (page 151), “FQ?” (page 149), and “Y?N”
(page 157).

    

Program Instructions.

1. Enterthe circuit elements using the “CIRCT” program. Press
EXIT] when you are finished.

2. If you want the results to be printed, press [}(PRINT] [4]
enable printing. If you're not using a printer, be sure to disable
printing (press [PRINT] [4] ).

3. Press (XEQ] | (to run the “MESH” program).

4. When you see Hao. Mesh Currents? key in the number of
mesh currents and press [R/S].

 

    

 

5. When you see Radian Freguencu(2wf »?, 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, I;, I,, and I.

160

(1 1 j20Q

+

150/10%%

) /
-j24§2 (s¥ -j16 62
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First, select FIX 2 display format and then enterthe circuit elements using
the “CIRCT” program.

BOP) 02 (XEQ) CIRECT { 7-Element Circuit 3
ICTET(14Ni
 

 

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

 

{ B8-Element Circuit >
ETHII

Now, add the new elements to the circuit.

[Location: # CENTER] #
IGEFEU

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 : Value?
ETHEEEWN

Enter the value for the voltage source.

150 [ENTER] 10 [COMPLEX]V Location: # [ENTER] #
ICII

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]    16 CHM Location: # [ENTER] #
[|R|¢|LJ2|v|1|

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

   1 (ENTER _ 0 [ENTER] 20 Location: ¥ [ENTER] #
   

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

  

  

1 [ENTER] 3 0 [ENTER] 24 Location: # [ENTER] #
(*/=) B[COMPLEX]

=

(HM IE CFI
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Now enter the elements in mesh 2 that have not already been entered.
 

2 [ENTER

 

Location: # [ENTER] #
HEEEEFEEE.

 

2 [ENTER] 3

 

Location: # [ENTER] #
IGEECTF

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] 0 [ENTER] 16 [Cocation: # [ENTER] ¥
2) BCOMPLEX] OHM ICEENEOOFTA

 

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

you entered.
 

EXIT (7)i3 =
.08 -i  
 

Atthis point you can use [A] and (¥] to view the elementsin the circuit.

Exit from the “CIRCT” program and calculat themesh currents. If you
want the results printed, press lJ[PRINT] [A] FOH
 

EXIT

 

  
 

 

 

No. Mesh Currents?

  

 

x: B.

Key in the number of mesh currents.

3 Rad i2 Frequency(2mf>?
x: a 
 

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

Il=
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]
 

 
I2=
x: 2.61 £353.37  

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:
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— | LEL "MESH"
CF a2

"Mo. Mesh
F'"Currents7"
GTO AH
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m
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0
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o
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> LEBEL "HODAL"
FSF Bg

2 "Ho. Modes?"
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x
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a
=
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i
=

-~ 15
! LEL A

RCL G2
PROMPT

2 5TO BZ

o
w

p
o
h

f
d
s

e
h

[
J

EHMTER

HEWMAT

EHTER

COMPLEX

STO "MATAR"

LIM?

1

STO 8d

HEWMAT

EHMTER

= COMPLE:

STO "MATE"

oS WER "FRE
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f

O
d

[
n
p

F
d

[
0
=
=

p
e

w
=
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3

=
]

1
[
a

[
a

To
a
a

t
T
)

I]

£ 491-Bute Fram 2

Comments:

Clears flag 08 (to indicate mesh
analysis) and prompts for the
number of mesh currents.

Sets flag 08 (to indicate nodal
analysis) and prompts for the
number of nodes.

Stores the number of mesh currents

or nodes.

Creates the complex matrices MATA
and MATB, and prompts for a
frequency.
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"Working. ..

AYIEW

FS? 55

SF 21

LEBEL =

INDEX "CIRCT"

RCL Ba

1

SF 25

STOIJ

FC?C 25

GTO Db

RCLEL

AER THD ST =

2 Ry

INDEX "MATA"

STOIJ

RCLEL
Rt

FS? 1a

GTO b

STOEL

R4

"ly

STOIJ

Ft

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 Ry). 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 ofMATA 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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Calculates the results using matrix
division.

Prepares to display the results.

Recalls each result from MATX and
displays it with the appropriate label.
If a printer is being used (flag 55
set), the value is appended to the
label.

Flag 77 is tested to determine when
the end ofMATX has been reached.
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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 ofresistors, 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:

 

 

 

Ve = Year MAT
Variables Used.

In Equation Description In Program

n x 3 matrix containing circuit CIRCT
elements.

Zz Impedance matrix. MATH

Vv Voltage matrix. MAT:

I Current matrix. MATE

Radian frequency, 2xf (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
you've finished using “NODAL”. Press lj[MATRIX] SIMnn (where
nn is the number of nodes).

Remarks.

m Flag 08 is set for nodal analysis.

m Flag 10 is set when one location numberis zero (for nodal analysis).

m “NODAL” leaves the calculator in Polar mode.

m Register Ry, contains the element counter. Register Rg, contains the
number of nodes. Register Rg; is used for intermediate results. Be
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sure to set the SIZE to at least four registers (J[MODES] [V]
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. Enterthe circuit elements using the “CIRCT” program. Press
EXIT] when you're finished.

2. If you want the results to be printed, press li[PRINT] [4]
enable printing. If you’re not using a printer, be sure to press
B(PRINT] (A] FOFFto disable printing.

3. Press MODAL(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 Frequencu(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, V1, V5, and V3.

  

6-40
—l

80

—MW—t——
10/5°A 

3/35° A 4 +90 =m

 o
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Begin by selecting FIX 2 display format and running “CIRCT”.
 

BDISP] FIX02 CIRCT { 7-Element Circuit 2
[HOD |DEL ||[PRINT]INIT |

If “CIRCT”has any elementsstored in it, delete them by initializingit.
 

 

{ B-Element Circuit 2
ENI

Now, add the new elements to the circuit.
 

 

Location: # [ENTER] #
HEESEFEEEE.

Enter the current source from node 0 to node 1.
  

  

 

 

 

0 1 3 35 Location: # [ENTER] #
B(COMPLEX] HESEFEEEE.

Enter the resistor from node 1 to node 2.

1 2:8TIHH Location: # [ENTER] #
HEEEFEEEE

Enter the impedance from node 0 to node 2.

0 [ENTER] 2 4 [ENTER] 9 Location: # [ENTER] #
B(COMPLEX] 0HM IIIFA

 

  

 

 

Enter the resistor from node 0 to node 3.

0 32  

 

17OHH Location: # [ENTER] #
RJ¢ JL [2]¥% |1 |

 
 

Enter the current source from node 3 to node 2. (Note thatif you entered
this source from node 2 to node 3, the sign is reversed: —10 X.5°A.)
    

 
 

 

   

3 2110 Location: # [ENTER] #
5 B[COMPLEX] A aiao

Enter the impedance from node 2 to node 3.

2 3Z6 Location: # [ENTER] #
4 BCOMPLEX] (HM LR |cJt]2fv]1 |
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Press [EXIT] to return to the program’s main menu.

EXIT
 

(6)i2 =3
6.80 -i4.00  
 

Atthis point you can use [A] and [¥] to view the elements in the circuit.
Exit the “CIRCT”program and calculate the node voltages. If you want
the results printed, press [}(PRINT] (A]

EXIT

HODA

 

 

 
 

 

 

No. Nodes?
xX: 8.8  

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

3 R/S]
 

Radign Frequency(2wf>?

 x: 8.
 

Since no capacitors or inductors were entered, the frequency is not
needed; press to calculate the results.
 

Vi=
x: 68.66 £47.03  

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

Ve=
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: 98.87 £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 Yy,, adding a shunt (parallel) R, L, or C
results in a new input impedance:

Y,, +

 

1 .
— +j0
R, jo)

 Yow = [Yin + 0-1]new mn | iat]

Yio + (0+jwGC)

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

/

 

 

/ -1
1 ;

+ (R, +j0
| Yin (R, jo)

/ 1 -1

) + 0 + jwL,
new 1 Yin ( Jw )

( -1

1 . 1
—_— 0-

Y; | ae
   

where Y = 1/Z and w = 2xf.

Variable Used. Zinis the impedance looking into the ladder network.

Remarks.

m Elements are entered in rectangular form; however, the input
impedanceis displayed in polar form. (If you want the impedance
displayed in rectangular mode, you can change line 29 ofthe
“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 iin the
complex value and then add it to the circuit using and

  

  

u 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 [XEQ] LACE (to run the “LADDR” program).

3. When yousee Radian FrequencuadZwf 7, key in the radian
frequency and press [R/S]. (If the correct frequencyis already in the
X-register,just press [R/S].)

4. The program displays a menu of the elements that can be added.
For each elementin 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)

 

(parallel inductor, henrys)

 

- . (parallel capacitor, farads)

   
(series resistor, ohms)

series inductor, henrys)

(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—o 1 t

Zin = 10000 120 uH = 1000)

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

BDISP)  FI1x02 LADDER Rad i2 Frequency(2nf)?
x: .

 

 

   

The frequency is given in Hz. Convertit to radians/second.

[El 6 B(x] (x] 2 [x] Zin=0.00 £0.00
ITCE

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

 

 

 

   

 

 

100 Zin=100.00 £0.00
EEEEEEEEEE

650 (E] 12 ene Zin=264.49 £-67.78
HEEEECESEEE

120 [E) 6 qe Z2in=384.34 £-56.67
    [RP|LP|cP|RS|LS|€5|

 

 

ercee £-41.82 |
IGEEECGEEE
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The input impedance is 306.73 A. —41.82° ohms.

“LADDR” Program Listing.

Program:

x
] pr x
)

i
=

M
y
=

5 + 154-Bute Fram >

LEL "LADDER"

“EQ "Fav0
[x

n]
0

-~
—

a
!

[
E
R

» SF Bd

[a
n]
J
u CL

EHTER

= COMPLE

STO "Zin"

CF 21

F237? 55

SF 21

m
o
f
o

O
n
I
E
l

o
D

C
o

=
)

Ts
O
n

—
t

11 CLMENLU

12 LEL A
3 "RP"
14 KEY 1 HE@ 81
15 "LP"
16 KEY 2 HER 82
7 "CP
8 KEY 2 WED 83

15 F57 Bi
26 GTO EB
21 "RS"
22 KEY 4 XEQ 64
23 "LS"
24 KEY 5 HER @5
25 "Cs"

26 KEY & MEQ 86

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 elementsin series.

Decodes the element location into

two mesh or node numbers in the X-

and Y-registers.
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27 LBL BE

22 MEHU

29 POLAR

28 VIEW "Zin"

21 RECT

22 STOP

22 GTO A

24 LBL B81

25 1748

26 GTO @7

27 LBL B82

28 HER "C2

29 GTO 87

48 LBL @3

41 HER "L=2"

42 LEBEL B87

42 RCL "Zin"

44 FC?C 68

45 1-4

45 +

17 17%

42 STO "Zin"

43 RTH

S56 LEBEL 86

S91 AER "C2

a2 GTO 84

52 LBL 85

od HER “"LaZ2

55 LEL 84

SE STO+ "Zin"

EHD

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.

 ®

J
Ee

 
 

 

Ri= ———
1 4G rf,C

PF __G »
Arfo,C(G +1) G +1!
 R; =

R, = GR,
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High Pass Filter.

 

 

  
 

—— C4 Rg

|| || :° ¢
+ || ||

Cy Cj + +

Vv, =" Vv,

° . °

C1=C3=C

_CCa= 5

R, = PF

2nfac2 + 3

Rs 2G +1
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BandpassFilter.

 

 

  
 

 

R Cc +1 3 +Vv, R= 2 A

0 o >

Cy;=C4=0C

1Ri=—
1” G2nfCPF

R, = 1

2—~_ -G|2rf,CPF= | fo

2R= —=—
>" PF2rf,C
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Variables Used.

 

 

 

In Equations Description In Program

fo Center frequency (Hz). F

G Midband gain (db). iG

PF Peaking factor. FF

C Capacitor (farads). >   
 

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 __HE(to run the “AF” program).

3. Press 1HFLIT. 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 LOWE(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 = 10Hz, G = 10, PF = 1, and C = 1 uF.

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

 

x: 8. 080EQ
[LOWPIHIGHPJERND]|[INPUT]
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IHRUT

10 [R/S]

10 (R/S)

1 [R/S]

[El 6 CA) R/S)

HIGHFE

 

   

 

   

 

   

 

vy: 1.080EQ
C?8.0800EDQ   

 

x: 1.000E-6
[LOWPIHIGHP[ERND]|[INPUT]  

 

R2=
X: 7. I7IE3   

If you're not using a printer, press after each result.

[R/S]
 

RS=
x: 334. 2E3   

 

   

 

Ca=
x: 100, PE-9   

 

x: 1008.0E-9
[LOWPIHIGHP]ERND]|[INPUT]
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“AF” Program Listing.

Program:

Ba { 289-Bute Pram

a1 LBL "AF"

az SF 21

az CLMENLU

a4 "Loup"

2 KEY 1 RE@ A

» "HIGHP"

KEY 2 HER B

"BAND"

KEY 2 HER

"IHFUT™

KEY & REQ

KEY 2 GTO

o
T i

=
=
=
T
E

F
O

=
=

3
0
0

0
0
=
]

o
l

0
-

w
o

LEL Ba

CLD

MEHL

STOP

GTO Bat
t

p
h

p
k

p
h

N
f

=
J

: LBL A
"pi"

RCL "PF"
4

RCLx "G"
HER 64

KER @2
"RE"
RCLx "G"
ENTER
ENTER
LAST
1
+

®ER BagC
3
0
0
0

L
O

P
O

P
S

T
S
P
T
I
D
D
O

P
D
e
e

J
o
O
I
F
)
=
o
u

0
3

=
)
O
C

B
e
C
O
O

E
0
0
0
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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.



i
T

L
n

Fo
o

0
0

0
0

C
O

0
0

C
0

o
f

0
0

=
)

I a
[
0

N
e

o
O

0
d

on
a
n
d
n

a
n
o
n

d
n
o
d
n
o
C
n

on
N
o
e
W
r
y

o
w
n

0
0

=
]

T
a

[
a
]

i
T

o
m
I

F
o

0
3
O
o

i
n

A
I

n
n

=
]

=
]

=
]
=
]

0
0
0
=

i
T

= F
o
0
[
0
0

11 Fd 1"

E+

KER a3
n ca n

1
RCL ng"

RCL nce

at

AER 82

LEL E Calculates the elements for a high
"RZ" pass filter.

nEQ a4

RCL "G"

t
+
a

o

RCL: "PF"
1-H
KER 83
n" ES un"

CLx "iG"

+
[
J

HER @4
RCLx "PF"

o
oREQ Bz

"C1=C: =" n

LE
A

3: Active Filter Design 79



Z
n

=
)

=~
)

=
]

=
]

o
w
o
=
]

u
O

C
0
0
0

0
0

C
0
J

a
0

C
0
=
I

J
N

F
e
0
3
o
e

o
O

0
0

0
0

0
0

O
D

0
D

O
D

a
f

o
u

on0
o
n
n

w
D

n
O
n
o
u

o
w
n

O0
3

=
)
0
J

F
e
3
O
o

I
-
—
i
!

“EG 18
ned 1

RCL+ "G"
GTO ag

LEL ©
"Pl u"

z
HER Bd
RCLx "GC"
ENTER:
EMTER
RCL» "iG"
1.7%
HER BS
npn

CL

RCL "FF"
HAZ

RCL- "G"

1.7%
HER EE
un |] 1

CL

B12
BE HOY

Bd HER BS

[a
n]

i
f

b
t

p
t

p
h

p
b

p
b

p
t
=
0

[x
n]

Fa
o

0
0

[
0
=

= iT

~
0

I
d

P
b

fr
oe
ch

f
o
b

f
e
d
e

f
e
b

f
e
d
e

—
=
=
T
T

[a
3
=

5
0

v
0

0
3

=
]

"CE=C4=Cn
co GTO 168

LEL B44

FI

RCL: “F"
RCLx "Cv
-,

* RTH
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Calculates the elements for a band

pass filter.

Calculates nFC.



11=

114

115

116

117

112

113

[
2

T
d

[a
d

P
d

P
d

T
d
i
=

—
—

N
o

0
0
o
e

p
t

[1
d

=]
I

LBL I

EXITAHLL

IMFUT "F"

IMFUT "GQ"

IMFUT "FPF"

IMFUT "C"

RTH

LEL @3
EXITALL
Eh=n

FS? 55
ARCL ST
AY IEW

2c LEBEL B89

27 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 Butterworthfilters
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

Ww, =

" BWw

w? - wd
Ww, =

High Pass

Wo
w, = —

w

Band Elimination

BWw

WE -

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

 

     

whose elements are given by the following set of formulas:
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mf. R 2n

L; = R sin=r i =2,4,6,..,n
Tf. 2n

where:

-AdB/10 _n= NT Lt 1n(2x10 1)
 

2In (w/w)

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
Characteristic

Low pass

High pass

Band pass

Band elimination

Circuit Elements

 

  

  

 

 

0 || oO O1 ,
oe n

o—IYY_4 © |
L ! 1h~ C, =

©oCn hwol

BW
Lbp = 2.

wo Yn

Lp BW

BWCh wo L

AT

L, BW
Lpe=—

“0

L pe Che

1 CBW

CnBW wy
C =

bo L, BW
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Variables and Storage Registers Used.

 

 

    
 

In Equations Description In Program

R Resistor (ohms). F

F, Center frequency (Hz). Fe

wy Center frequency (radians/sec.). Roi

F, Attenuation frequency (Hz). Fi

Amount of attenuation (dB). A

BW Band width (Hz). EW

Band width (radians/sec.). Roz

Filter type (1-4). Ro?

n Filter order. Roo

i Element counter. Ria

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 Rg, Ryo, Ry3, and Ry, are used to store intermediate results.
Be sure to set the SIZE to at least 15 registers (lj[MODES] (V]

 

m The “BF” program sets Radians mode.

 

wg The program will give erroneous results if asked to
calculate a filter order whenA is small (when AdB is close

Note to Loss (wp)).
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Program Instructions.

1. Key the “BF” program (listed on page 88) into your calculator.

2. Press ‘FE (to run 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 Ture? and a menu containing the four types
of filters. Press one of these keys to selecta filter type:

 

  
  

 

(low pass)

:S(band pass)

[11 (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. Ris 50 ohms. The termination
resistance, R, is also 50 ohms.

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

    

 

 

BDisP) 03 x: O. DOPED
RFoF1hnEW]|

Store the five inputs.

R=50.80EQ
IETGWEEEYE  

 

 

FO=800.0ED
FRFo[FLA[EW]|

 

 

F1=9008.8E0
IGEETGEEYE.
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ICGEEGWEEEYE

 

 

BW=180.B8EQ
FR]FoFLwvEW|

Continue with the program.
 

Type?
[LOWP[HIGHP [EPREZIEELIM]

 

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

   

 

   

 

   

 

   

 

   

 

ERASS N=ones

CES

FIRS

En

SEER

EE   
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Therefore, the filter you’ve calculated lookslike this:

502 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:

£ 294-Bute Pram 2

LEL "EF"

MWAR "BR"

MYAR "Fa"

MYAR "F1"

MYAR "RA"

MVAR “BK

"RAD

J =
—

1
1
5
0

0 T
C

F
a
0
3

=
I

[n
x

=
}

— o
n LEL AH

YARMEHL "BF"

CLA
STOR

HLEHG

Rea?

GTO RH

1 o
t

o
w

0
0

P
b

p
k

p
k

p
h

f
e
e

F
o

0
0
0
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Comments:

Declares the menu variables and sets

Radians mode.

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



I -.
]

C
0
0

0
3

[J
a
a

o
o
w
0

0
F
a
=
F

0
0
d

0
d

3
F
o

C1
0

i
n

a
=
)
I

F
o
f
o

=
o
u
d

[2
a

f
u

p
o

p
u

f
a

=
]

RCL "Fa"
HER 18
STO 81

CLMENU

"LOkF"

KEY 1 GTO

"HIGHF"

KEY 2 GTO
"BFASS"

KEY = GTO

"BELIM"

KEY 4 GTO

KEY 2 GTO

LEL E

MEHL
1" Tupea? i

FREOMFT

GTO EB

LEL

1

GTO 81

o}

LEL D

GTO a1

LEL E

GTO @1

LEBEL F
4

LEL &1

EXITHLL

STO 87

SF 21

oO

b

Converts the center frequency to
radians/second.

Defines the menu for selecting a
filter type. The keyis 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 ofa 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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i
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T
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F
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0
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n
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o
D

0
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o
o

0
0

0
0
~
~

[
J
=

J
a

0
2

0
0
0

0
D

on

RCL "EM"

mER 18

=2TO a2

LEL Ba

ECL "F1"

ECL "HY

14

163

LH
STO Qs

“A < s 's

“ER 16

wER av

FECL BE

—
2

A
m
=

o
,

N
y

o
t
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Converts the band width to
radians/second.

Calculates thefilter order.

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

Evaluates the Butterworth equations.
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O
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w
u
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v
O

T
N

f
e
0
O
o
3
D

0
W
O
o
w

o
D

o
O

0
0
J
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5
0
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o
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I
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e
0
d
o

=
I
S

a
r

L
d

P
b

p
h

p
h

p
h

p
h

p
k

pe
d

p
b

p
h

L
T

L
T

R
X

el
!

XK
T
l

=
HK
M
a
u
+

A
T
d

TO 11

LEL a9

STO 14

RCL "ER"

-1

RCL 11

FRE

Yt
x

9 GTO IHD

A LEBEL 81

RCL+ G1

a [a
]

I 1
1
1

[a
n]

[4
]

m i
)

o
y
=
r

— I
l

= Calculates the frequency
transformation for the particular
filter type.
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126 1-x

127 RCL 81

128 wel

129 +

128 XEQ B45

121 +--

122 GTO 64

132 LEBEL B84

124 SF 81

125 RECL®x 82

12s RCL 81

137 we2
122 +

129 XEQ Bg

146 <EQ 60

141 RES

142 RCL 81

142 wt+2

144 x

145 1-n

14e KER Bg

147 +=

142 LEL 68 Displays a pair offilter elements.
149 F357? 61

158 CLA

naa

FL"

nea

FC"

RCL 11

HIF
r=n

Fa

HES

ARCL ST =X
rege

FC? a1

AYIEL

S7C al

RTH

i
t
e

n
n

J
o

a
n
o
n
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u
n
c

f
o
b

f
b

f
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f
e
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f
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e
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p
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p
k
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O
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O
O

Z
n

o
o

0
0

=
)

T
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O
n

f
e
G
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T
s

o
f

3
d
o
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p
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f
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p
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f
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f
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p
k

f
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f
k

p
k

f
k

p
b

f
k

p
k

p
k

f
k

f
k

p
k

f
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e
k

f
k

f
d

f
k

f
k

p
k

f
d

v
O
i

w
u
n

W
o

o
n

0
0
=

=
1

J
=

J
a
d
o
=

= =
DSE 18 Repeats the Butterworth calculations
GTO G2 for each element.
RTH

LEBEL @&7 Calculates the normalized frequency
STO 14 for the particularfilter type.
GTO IMD av

LEL B84

AER B83

GTO G4

LBL @z

HER A1

LEL 64

1-4
+=

GTO a3

LEL 81

RCL 14

RCL+ 81

GTO a5

LBL a3

RCL 14
HAZ
RCL @1
HZ

RCL+ 14
RCL: 82
LEL @5
AES
STO 12
RTH

LEL && Multiplies by — 1°.
-1
RCL 11
fA

RTH
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LEL 1@

FI

EMD
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Converts the frequency in the X-
register (in Hz) to radians/second.



 

a4

Transmission Lines
 

This chapter contains programs that calculate the impedance of a lossy
high-frequency transmission line and the high-frequency characteristic
impedancesfor 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.

o> =|
 

 

 

   
 

 

 

Zin Z

o—] H

|< >

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

 ———YN AA _————

  
 

AX
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From this model the following equations can be derived:

L
Ry = C

R Vv R
r = —= —

LR,

G
= ZL -yR,G

E= cv

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 = 2nxf radians/second.

and

amg -VErR) grad)
Vay

1

 

 
1/3

b= 2 - rg VR)(+) |
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The approximate solution is:

 

1| a —ap 3ap + o¢
Re{Z,} =R, te 1 Ba || Bo |

Im{Z,} = R,

 

ap =

Po

a = ao + ap

p-mfie
2

ac ~ ap

2 Bo

where:

ag = conductor loss, nepers/unit length = 0.5(R/R,)

ap = dielectric loss, nepers/unit length = 0.5(GR)

fo = w/v

Then

1+; e2
Zin =2Z, Lf |ohms.

1- I; e —2

where:

Z, -Z
I, = ZL

VASE VA

[ = 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 vy are computed differently depending on which solution is
selected.

R J—
Re(Z0) = tes + uw? + (7 +?) (8 +P)

Im{Z,} =
*R, 3

—|-(rg +?) + V(r? +d?) (g* +P)
V2(g® +d?) | |

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

Vv, Relative phase velocity. WE

R, Characteristic impedance. Fa

l Line length. 1

Zp Impedance of termination. ZL

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 Ry are used for storing intermediate results. Be
sure to set the SIZE to at least seven registers (lj[MODES] (V]

E51ZE 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 LIME(to run the “LINE” program). The program
displays a variable menu containingf, v,, Ry, /, and Z;, (displayed as
F, VR, RO, 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 ENACT.

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

€. The program then prompts for R. Keyin the resistance value
and press [R/S].

For an approximate solution:

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

and press [R/S].

€. 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.

Whatis the input impedance of 3.5 cm ofthis line at 2 GHz if it is
terminated in Z; = 75 A -30° ohms?

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

x: 0.008
IEITCTTS  

 

 

 

 

f=2, 808, 800, B08. 80
|F |ve |Ro |LJat ||
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 85WR Vr=0.85
|FIJRoJLJat]|

 

RB=55.00
GEEEOE     

 —

 

  
1=3.56
IGEITCTFT
 

 

   

 

    

 

 

 

 

   

 

   

 

75 30 ZL=75.00 £-30.00
B(COMPLEX] [a IEITTOBF

EXACT Y: 2.70
G70.

4.187 5 [R/S] vy: 4, 19E-5
BS br) R70. 060

1.2664 [Zin=48.01 «£28.48
Exwct][||[wPROX

 

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

Program:

o
n = x
]

L
o

0
0

[0
d
=
F

£ 484-Bute Fram 2

LEL "LIME"

MWAR "f"

MYAR "Me"

MYAR "RE"

MWAR "1"

MWAR "ZL"

CF 21

FS? 55

IF 21

— a
l

0
— LO
U

O
Y

o
n
n
S

o
f

00
3

=
]
O
n

-
~
I
l

— i LEL H

ZLA

© WARMEHD "LIME"
STOR

ALEMG

HER?

=~ GTO AC
l
a

a
]
=

i
T

O
N

F
e

0
3
[
O
o

p
t
e 7 RCL "f"

1el@

TO B64

PI

J
1

=
W
O

o
o

[
J

[
a
a

N
o

0
d
a
o

STO a=

RCL "1"
—

i
T

o
g
0
0
)

hi
]

FCL*> 1" WV HH

STO 84

STO 82

3
P
J

P
d

P
d

[a
D

P
d
d
T
)

x hn
]

w
o
o
d

Q
a

0
3
o
e

Comments:

Defines the menu variables and sets

or clears flag 21 to match flag 55.

Displays the variable menu and
stops. The program continues only
when is pressed.

Calculates intermediate results used

by both solutions.
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on
of

i
T

o
g

0
0
=

a
Ja
o

Ja
o

D
0

C0
0

D
0

0
0

0
d
0

p
b

o
d

a
a

LEL E Displays a menu for selecting the
CLMEHL type of solution. The key is
"EXACT" defined to go back to the variable
KEY 1 HER C menu.

"AFRO"
KEY & HER D
KEY 2 GTO A

MEHL

STOR

GTO E

LEL C Calculates the “exact” solution.

5 EAITHLL

, IHPUT "G"

T
o

T
e

F
e

F
e

a
T

a
T

a
T
T
T
n
n

n
o
o
n

C
n

oC
An
oC
n
C
n
n
n
A

T
o
n

C
0

=
]

T
e

O
N

F
e

0
0
d
o

T
o
n

0
0

=
)

T
s

O
N

f
e
0
O
o
0
0

0
0

i
T

=
=]
=

[
a

IMFUT "RE"

RCL: B88

RECL+ "REG"

STO B81

RCL "GM

RCLx "REE

STOx Ba

RCL B=

RCL @1

+FOL

SEET

=TO @1

q
a

x]

i
)

—
I
n

1

m
T
0

T
y
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J
o

C
0

on
i

o
r
o
u
0

O
O
=

C
o
d

0
0

0
0
=

me
]

=
)

om
)

m
d
m
d

C
a
o
e

e
N

on
i
T

o
O

0
0

Q
D

0
D

0
0

D
0

0
0

o
o
n

o
o

=
~

w
o
u

F
o

0
3
[
I

o
o
o

v
i

o
n

o
O

i
T

av

S93

HE

W
R

W
R

m
o
m

[
x

Fa
o
0
[
O
o

— 5
0
5

i
n

de
P
T

=
3
0
0
0

x

v
o

Lo
!

i
T

De
y
I
)

=
o
O

0
0
)

F
t

b
t

b
h

b
t

p
k

p
k

pb
k

p
h

p
b

pe
d

p
b
a

Uf
]

p
t

p
t

f
a
y

104

LTO E

LEL [

E=ITHLL

CLMEMU
n IN

solution.

loss"

FREOMPT

STO Ba

"I loss?"
FEOMPT
STO 83

FECL "1

RCL "We"

ECL @4on cn
]

DEER
Fe

r
o
— a [a
n]

r =

A

a
a

o
p

oue
te

:
i

t
e
n

i [a
x]
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Calculates the “approximate”



11:2

11=

114

115

11s

117
118 =

11%
126

RCL+

STO

STO

RCL 82

RCL-

EHTEE

0

=
iT

, I
o
!
— 2
,

121 x
122

123

P
t
e J

Ie—

oe

—
—
-

[a
d

[o
d

i
T

i

—

“3
[a

0

=
]

w
o

Cd

—
p
—

[4
2

o
o

Fo
o
0

0
0

0
0

D
l

O
d

D
d

O
f

O
d

O
l

0
d

[
0

o
o
n

o
D
J

0 Lo
!

N
o
e
0
O
e

i

P
k

p
k

f
k

f
k

f
k

pe
ek

p
k

f
k

p
d

p
k

p
h

+=

1
+

Fol

HOY
STO "wrt
RCL &1
+=

STO= "EE"
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145

147

—

T
T
T
T

0
T
n

c
n
n
n
o
n

C
n
a
n
o
n
a
n
n
e
f

J
o

0
3

P
Y

o
e
0
0

0
0
=
)
O
N

F
e
0

[
d
o
e
5

u
O

0
0

ir o
n

=
]

=
]

=
]

I
T
I

0

p
k

f
k

f
b

p
k

f
o
n

f
k

f
k

f
u
k

fe
eb

f
k

f
k

p
k

p
e
d

p
b

p
k

e
k

p
k

f
k

p
k

p
k

e
b

f
e
d

p
e
d

p
k

p
k

e
k

p
b

f
k

b
e
h

p
k

p
k

p
b

p
b

p
b

i
T

O
F

Po
d

o
e
o
g

0
0
=
I

C
n

f
e
0
3
=

I
D

0
0

=
]

i
T

C
O
0
0

0
0

0
0
=

=
]

=
]

=
]

m
d

=
]
=

106

LEL E Completes the calculations for both
FOLAR solutions.

= RCL "ZL"

F COMFLER.

STO dae

aly

STO B81

RCL 835

ECL a2

+REC

+-

Et:

STO az

o
o
o
b
e

a 11

PI

STO G3

ECL 8g

RCL- "Wr

RCL a1

RCL+ "Ra"

+REC

1
+

FOL

oD

Ts

x

HOY
+=

HIxY
+REC

FOL

RCLx a2
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J
u

0
C
n

o
O

0
0

0
0

0
0

0
D

0
0

0
0

o
o
n

0
0

=
)

o
O
o

W
O

N
o
e

0
0
d
o
e

w
o

u
w
I
T

w
o

u
i

w
o
0
=

v
o

A
L

A T
u

i
a
a

v
o
a
L

o
y

J
o
y
I

n
f

[x
]

i
T

Fo
r

P
o

Po
d

To
d

T
o

T
d
0

T
d
=
=

a
b
t

b
b

p
t

d
h

p
b

p
b

d
h

p
b

p
b

e
b
e
b

>
~
—

od
a
l

I
o
!

"e
ne

d

o
w

0
0

P
a

[
a

[
a

[a
d

— fr
et

Lye

J
S
| o
w

si
|

[a
n]

OA
]

FOL

RCL: "RE"
HOY
RCL "wr
+

COMPLEX

"Zin=" Displays the result and returns to the
ARCL ST = menu at LBL B.

AVIEHW

EHD
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Transmission Line Impedance (“TLI’’)

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

 

 

 

 

 

 

 

-wire line:Open two-wire line Z, = 120 In 2]

Ve, d

Si 1 d:ingle wire near groun Z, = 138 log | 4h |

Ve ld

Balanced wires near 17
ground: 7 = 276 1 2D 1+ D

0 re og d h

Wires in parallel near S12
ground: z= 09 (LIM2

0 re og d D

Coaxialline: Zo = 00, D

Ve 4d

Variables Used.

In Equations Description In Program

D Wire spacing. Cr

d Wire diameter. dia

h Height of wire (above ground). h

A 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 outputif flag 55 is
set.

Program Instructions.

1. Key the “TLI” program (listed on page 111) into your calculator.

2. Press TI

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 Conf io? and a menu containing the
five types ofline configurations. Select a configuration by pressing
the corresponding menu key:

    (to run the “TLI” program).

~OF(open two-wire line)

 

   

   

(single wire near ground)

(balanced wires near ground)

   

 

(wiresin 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.
 

     

 

 

B(DISP] 02 TEL x: 6.00
0JomHE||

Store the inputs.

.68 D=0.68
0Jom0HE||  
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.195

 

dia=8.28
[0Jom]WH|]E|||

 

 

a30 |
[0low|ow|E|]||

Calculate Zfor the coaxial configuration.

Line Config?
|OP|sW]BE|P|]C|

 

 

 

 
i
[0Jom]WH]EJ||

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

6 D=6.00
[0Jom]WH]E|]||

 

 

 .0808 :

 

Jaae |
[0Jon]HJE|]||

 

 

e=1.00
[0Join|WH|]E|||

 

Line Config?
ITETCEA

 

 

20=600.088
[|0Jb]H|]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.

1285DIH Eia=8.13 |
0JoHOJE]|

 

 

 

h=6.060
IETHCECE

 

 

e=1.068
[0Jon|H|]E||

 

Line Config?
ETEETHEE

 mp Z0=213. 44
IINTIII

“TLI” Program Listing.

Program: Comments:

x te
!
7 [R
N] L 225-Bute Pram >

LEL “TLI" Declares menu variables and sets or

MVYAR "Dp" clearsflag 21 to match flag 55.
MYAR "dia"

MYAR "hk"

MYARE "ea"

CF 21

=7 33

=
T
T

In
d

I
n

Ia
)

I
n

=
T
n

f
e

0
0
D
e

i ng

a SF 21

[a
n]

na
o

=
J

~
—

1
5
)
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LEBEL A

YARMEHL “TLI"

CLA

STOR

' ALEHG

nea?

GTO A

=
o
u
n

[
E
r

Lo
03

[0
=

on
— i
T. CLMENU

1n ap"

KEY 1 XEG 81
"SH

28 KEY 2 HEM
n BE"

22 KEY
23 n FP n

24 KEY 4 HEQ
ee 1" Cv

26 KEY
27 KEY

-
.
]

1
=
1
0

I
J

re
nc

e

[a
n]

[
a
0

1 J

0 HEE! — [c
n]

[a
n]

[a
n]

J
o

o
n nHER B35

GTO AHv
O

MEHL
"Line Config?"
FROMPT
ETO A0

3
0
3
[
a
a

v
0

O
O

P
t

LEL

mER

LH

1268

GTO

=
I
D

=
]

o
F

0
[
a

o
d

0
O
d

0
g

i [a
n]
i
T

LEL

“ER

LOG

1:28

GTOFo
o
J
o
o
0
0

0
0

o
w

C
0
)

=
1

o
a
a

p
e

15
0

i
T

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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42 LEL

» WER

N
o
o
n
n
o
n
i

v
O

0
d
=
I
L

I
T

K
Y

Lo

T
s
I
T

F
o

0
0
[
0

i
T

i
T
I
T
s

o
d
d

=
]

O
e

l
n

i
T

o
r
I
!

on
i
T

md
ml

md
md

md
m
m
d
d

o
o
)

= 1
0

0
d

1%

1
SL +

7 SRRET

2 1.

49 SEQ I
Z

-
.
]

x

LOG

2 276
y GTO w

a
’

i
T

LEL

“ER

1
+

=ER a2

SRRT

“ER Bs
~
~

LaG

=
GTO

m
T
J
u

o
r

4 5

LEBEL 8&5

ECL "DO

ECL+ "dia"

LH

£6

LEL Gs

SEET

J
o

0
0
O
e

n SEH="

AECL =T =

AYIEL

ETH

RCL "e"

Calculates Z;, for balanced wires
near the ground.

Calculates Z; for wires in parallel
near the ground.

Calculates Z; for a coaxial line
configuration.

Completes the calculation and
displays the result.
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D
o
E
u
]

I
I
I
|

0
[
a
=

T
n

0
0

0
0

0
0

0
0

O
D

oo
o

=
J

Cv
o
O

o
O

o
O
0

O
O

a
a

=
=

5
0

g
a

u
o Iu

114

LEL 87

RCLx "O"
FECL+ "dia"

RTH

LEL @2
4

RCL "h"
RCL+ "dia"

ETH

FRCL"
RY

RCL= "hv

HZ

EHD

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 oftransistor 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 I I
i <=

pr  

 

!
Zzvi |r| ve =

!

    

+

 

 

   
in

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

vi [mn h1[1,
I|" |h,||Va

The current gain is:

 

i -h
A; = 2 = /

I 1+ h, Zz;

The voltage gain is:

y A; ZA, _ 2 _ t <L

Vi Zin

The voltage gain with a source resistoris:

Vv A; Za, 2.AZ
Vg Zy + 2Zg
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The input impedance is:

Zip =h; +h, Z} A;

The output impedance is:

 

 

 

h; + Zg
Zot =

hoh; + hy, Zg - hy h,

Variables Used.

In Equations Description In Program

h; Matrix h-parameter. hi

h, Matrix h-parameter. hi

hy Matrix h-parameter. hf

h, Matrix h-parameter. bio

Zs Source impedance. Zz

Zz; Load impedance. £1     
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.

2.

3.

Key the “TAP” program (listed on page 120) into your calculator.

Press THF(to run the “TAP” program).

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 (Zs and Z;).

Press to display the result menu.

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

     _to display the current gain, A4;.

to display the voltage gain, 4, .
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!Sto display the voltage gain with a source resistor, 4,, .
  

 

   

i

 

Hto display the input impedance, Z,, .

Tto 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.

 

Ix04(XEQ)TAP
 

 

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

R/S).

1100

 

250 [E] 6 (*A]

  

25 [E] 6 [*/-]

 

1000
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hi=1, 180.8000
[HI|HR|HF|WO|23|2.|

 

jr=o . 0803 |
[Hi]WR |HF |WO |2 |2L |

 

hf=50. 0000
CTICTTATT FE

ho=2.35080E-5
|HI |HR |HF |HO |25 |2L |  

 

Zs=1, 800.0800
[Hi |HR |HF |HO |25 |2L |    



 

 

21=18, 800.6000
[HI|HR|HF|HO|25|2L|

 

x: 8.0000
Ch]0[wes |aN[Z0UT]

For each of the outputs you wantto calculate, press the corresponding
menu key.
 

 

Ai=-48.0800
CTICTETEBETHET

    

 

 

 
Av=-400. 80008 |
[al|avJavs|aNfour]|

 

 

Rvs=-200.00800
CTICTHETFSETHET

    

 

ZIH 2in=1, 608.0080
ICTEETEECEETH  

 

Zout Zout=52, 500.8000
IHTEETEHOEHTH

Press [EXIT] to return to the input menu.

EXIT x: 52, 500.8800
[HI|HR|HF|WO|23|2L|

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

Program: Comments:

{ 227-Bute Fram 3
LEL "TARR" Declares the menu variables and sets

MVAR "hi" or clears flag 21 to match flag 55.
MYAE "hr"

MYAR "hf"

MYAE "ho!

MVARE "Z="

MYRE "21"

CF 21

= 55

SF 21

M
n

T
n
0

T
n
0
T
n

T
e

O
N

F
a

0
3

[
0
=

DU
I

en
]

o
o
0
0

p
a

f
t LEL HA Displays the variable menu and

YARMEMU "THF" stops.

CLA

STOR

HLEMG

WEE

v GTO H

b
e

[
a

—

a
L
N

F
e

0
0

To
— =]

IT

CLMEML Defines the programmable menu for
"Ai" displaying the results. The key
KEY 1 REQ is defined to return to the variable
"HL menu.

KEY 2 WER

"Hus"

KEY 2 REQ

"Zin"

KEY 4 HER

"Zout"

KEY 5 HE
KEY 2 GTO

[a
n]
—

F
o

C
0
[
o
d
o

3
3

o
D

C
D

[a
x]

[x
= [A
X]

i
n

1 Jo
u

T
a

[x
n]

C
n

Fo
ld

P
d

Po
d

P
O

P
d

Po
d

To
d

T
d

F
d
=

w
o
o
d
=

I
n

K
X

a
L LEL aa Displays the programmable menu

MEHL and stops. The menu is redisplayed
STOP after each result.
GTO B480

3
0
0

0
d

O
d

0
[o

d
=
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0
n
f

0
3

C
0
O
n

=
]

o
O

0
0

[
J

T
n

L
n

f
a
0

w
=
)

o
u

n
o
o
n

oa
n
A
b
b
l

F
f

f
o
0
3
D

T
e

T
a

a
T

T
e
0
I
C
J
C
O
n
n

A
n
o
n

oo
n

C
O
R

0
3
F
a
d
o
5
0

0
0

=
]
I
L
f

i
T
i
T

LEL ©&1 Calculates A4;.

sER ay
11] AH i n

GTO As

LBL B82 Calculates 4,,.
HER BS

" Aw "

GTO Bg

LEL a3 Calculates A4,, .

“ER B82

RCL+ "Zs"

"Hus 1"

GTO Bg

LEBEL &4 Calculates Z;, .
AER 82
=i"

GTO Bg

LEL a5 Calculates Z,,,; .
RCL "hi"
RCL+ "Zs"
LAST
RCL "ho!

LAST
RCLx "Zs"
+

RCL "he"
RCL® "hr"

"n=3Sout
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J

0
3
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]
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X

te
!

C
0

0
0

0
0

O
Q

0
0

C
O

C
O

J
T
n
N
f

0
0
O
o

=

122

LEL B& Displays a result.
F 1" = "

ARCL ST =

AY IEW

RTH

LEL @&7 Calculates A4;.

RCL "hf"
a

1
RCL "ho!

RCL» "21"

LEL B= Calculates Z,, .

HER a7

RCLx "21"
ENTER
RCLx "hr"

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

 O Vcc

R, AL

ouT

>
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:

Ora = (Tmax -25°C) /Pp

and the minimum load resistance and emitter resistance are estimated:

01a Voc?Ry ,=©
tl 4.4 (Tmax - Ty max)

= Rr,

Rg, = 0.1R., = Rg,
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Next, the quiescent, maximum, and minimum collector currents are

calculated:

I __ Vee
“@ 2(Ry, + Rg)

Ic max = Iq (1 + Algg )

Ic min = Iq (1 - Algg )

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

Tmax = 01a Icq (Vee /2) + Ta max

Veex = VBE1 min + AVE 108 (Io max / 11) = 0.0022 (Tax — 25°C)

Tin = 01a log (Vee /2) (1 = (Algg )?) + Ta min

Veen = VBE1max + AVeE 10g (Ig min / 11) — 0.0022 (Typ - 25°C)

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

-2(Veex - Veen)
R =

Biz +1) Ic max = I min

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

RE(n +1) ~ Ren
0.5%Ry, < 0

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

When theiterative procedure is complete, Tax, Ic maxs Imin a4 Io min are
displayed.
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Values for

hFg max = maximum worst-case current gain at Tp,, or Tp, and Ig pay

or JC min

and

hFE min = minimum worst-case current gain at Ty,,, OF Tp; and I pax

or Ig min

are determined from the transistor’s data sheet. The Thevenin-equivalent
resistance (Rp) and voltage (Vpg) of the amplifier’s bias network are
calculated:

RFE max FFE min [Rx n +1) (Ic max = Ic min) + Vpex Vow |
p= 

hrg max I min ~ hrg minlc max

Vee = Veen + Ig min ((Rp /ArEmin) + RE(n + 1))

Now the bias resistors are calculated:

_ Rp Vee

YU Vig

Rp Vee

Vee = Vp
2 =

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

_ Rp Ry, hFE min

Rg (Rp + hpgmin RE)
 Ap

Vee’RyPg = (1- Aly 2 —2Es ( cQ) 8(R, + Ry)
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Variables Used.

 

 

   

In Equations Description In Program

Vee Source voltage (volts). VCC

Algg Maximum desired percentage JIC
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

Ty max Maximum junction temperature. Tdmax

Py Maximum rated power FL
dissipation at 25°C.

I Collector current, usually I1
selected for convenience so that
I, and 10 |; at 25°C bracket the
expected operating point.

AVpe Typical base-emitter voltage d"EE
change over the range of |; to
10 |, at 25°C.

VBE1 min Minimum base-emitter voltage at YEElmin
I, at 25°C.

VBE1 max Maximum base-emitter voltage YEElmax
at |, at 25°C.

RFE max Maximum worst-case current Ro:

gain at Tp. OF Tin @nd lomax OF

l¢ min :

RFE min Minimum worst-case current Ro
gain at Tp, Or Tin and lo max OF

lcmin :
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Remarks.

m Flag 01 is used for branching control.

m Flag 02 is used to controlthe 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 SIZEto at least 10 registers (li[MODES] (V]
SIZE10 [ENTER)) before running “BIAS”.

Program Instructions.

1.

2.

3.

Key the “BIAS” program (listed on page 130) into your calculator.

Press 'EIAZ (to run the “BIAS” program).

Input the variables as prompted; press after each entry.

After the last input, the program calculates and displays T,,,, and
Ina. The program then calculates and displays Tp, and Ipp;p.

When you see Ha? key in a value for the maximum worst-case
current gain at Tp, Or Tin and Ippar OF Io, - Press [R/S].

When you see Hriin?, key in a value for the minimum worst-case
current gain at Tp, Or Trip and Iga, OF Im, - Press [R/S].

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,

TJpax = 150°C

PD = 0.36 W

AVpg = 0.10 v from 3 to 30 mA

VBEmin = 0.52 vat 3 mA at 25°C

VBE1maz = 0.72 v at 3 mA at 25°C
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I, =0001A

hFBmaz = 600

hFEmin = 100

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

BDISP) ENG02 (XEQ)BIAS

30 R/S)

.2 [R/S]

70 [R/S]

0 R/S)

150 [R/S]

.36

.001

 

v: 8. BOE
YCC?0.080ED 
 

 

v: 30.08
dICQ7?8. 
 

 

y: 200,.E-3
TAmax?8.0808EAQ 
 

 

 
vy: 70.0EQ
TAmMin?0.BBEQ
 

 

 
v: 8.00EQ
TJdmax?8.080EQ
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1 [R/S]

52 [R/S]

72

 

 
vy: 100,E-3
VBEImin?0.B80EB   

 

vy: 920.E-3
VBE1max?0.80EQ  

 

 
Tmax=148.E8
Imax=18.06e-3   

 

Tmin=74.8€E0
 Imin=12.0BE-3   

 

Hmax?

 x: 508.E-3   

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

600 [R/S]

Now, input hFEmsn -

100 [R/S]

 

Hmin?

 xX: 600.EQ   

 

RE=
x: 115.E8   

 

RL=
x: 888.E0   

 

R2
x: 4.18E3   

 

R1=
x: 45.0E3  
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[R/S] AP=
x: 22.98  
 

“BIAS” Program Listing.

Program: Comments:

—
~
1
1 £ 552-Bute Pram

LEL "BIAS" Inputs values.
IMFUT "NCCU

IMFPUT "dICa"

IMPUT "THrma:x="

STO ay

IMFUT "THmMmin"
STO 8s

IMPUT "Tdmax"

IMFUT "FD"

STO 89

IMFUT "I1"

IMFUT "d“EE"

IMFUT "VEBEImin"

IMFUT "WEE1max"

=
x

I
=

o
D

0
0
=
a

O
N

F
e
0
O
e

I
p
t

p
b
p
t

F
o
0
[
o
e

on CF 61 Initializes values for iterative

RCL+ @9

STO a9
RCL “Cov

M2

1

16 SF @2 process.
1v SF 21

12 RCL "Tdmax"

12 25

Za =

I
[
a
[
a
T

H
o
T

[o
d

Tod
Td

i

& RCL "Tdmax"

ECL- "THmax"f
d

[a
d

=
]

I
T

25 4.4

=a +
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an
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M
3

o
a

ou
0

0
0

=
]

F
o

C
0

[
0
=

0
o
a

o=
]
I

w
o

N
a

f
b
f

f
s
f
b
b

f
A

f
A
f
o
o
d

o
d

a
d
0
d

— ona
l!

n
o
o
n

i
f

n
o
n

N
o
a

0
3
[
g
o

T
+

=
J

T
v
T
T

a
T
e

a
T
I
I
C
C

C
n

T
o
o
0

0
0

=
)

a
T

O
f

F
e
3
[
d
o

S
o
o
n
O
O
)

— 1 1 |
R
]

0 a —

u
y

o
m

r
r i i

i T
l

J
u

FCL+ G4

STO GQ

RCL= a9

RCL “dICH"
1
+

WER G4
RCL+ "WEE1min"
STO as

1
RCL “"dICG
Ht2

M
a
d

RCL

FRCL

RCL

RCL+

HERB

C
w

1
5
0

T
l

ts
!

1

[x
] 10

— 1 L
l

Li
d

Beginsiterative loop.
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I

1
RCL- "dICo"

MER Bd
ROL+ "WEElmz:"
STO Ga

RCL
Ly
©

ov
}

[a
n]

i
n

h WF

GTO 82

FCL+ Ba

RCL+ “dICR"

RCL @4
HOEY
STO @4O

O
C
O

0
0

0
0

0
0
0

=
)
=

=
)

=
)

om
]

=
)

=
)
d
=
)

C
o
e
3
O
o
o
n

0
0
=

o
T

L
N

F
e
0
d
o
e

Repeatsiterative loop as needed.

C
0
0

=
]
I

S
m

a
t

»
[
a
]

n
x
T

32 HEY?
2% GTO Ge
SH ==

w
g

G
a

— 1
e
e

1 —
=

T

o
t

2
fa
d
=

=F B81
=w

o
10 I
a

— m ~ aA
]

ro
ne

be

Prompts for hFEmaz and NREEmin .

Li i
n

J M
l —_

PROMPT
STO &1
"Hin?"
PROMPT
5TO B82=

0
n
o
n
o

o
o

0
a
=
]

[a
x]

I = I

AN
]

wa
ll
e’

—

[u
x] mle Calculates Rp.

ECL "dICe

[=

K
N

te
!

= o
f

0
[
a

= RCL=

cS RCL

2 RCL+

= iT 1 [e
n]

1

J
o

0F

A o
n
1

oo
o

=
]

P
b

p
k

p
k

f
e
b

f
k

p
b

p
k

a
d

1
a

i
n
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— [2
3

[o
d

w
o

R
A
T
]

Po
ke

p
k

f
k

p
k

pe
ek

D
o
o
d

0
a

O
d

oo
d

iT
o
o

=
)

p
t
p
t

F
o

f
o

0
0

—
T
u

142
143
144
145
146

RCL-

RCL

RCL

1

RCL-
RCL

1

= FECL+

RCL

FCL-=

STO

* RECL=+

RCL+

FRCL

1

RCL-

RCL+

STO

al
e
I
N
Y

™ ed
e

=
[4
3

T
a

"AIC"

a1

"aI"

az

1k

ay

o
e

—
al

a
d

o
r

o
v

'w
na
ll
e

a
!

F
a

"qICo

=

I
o
)

Ha

128 RCL "NCCM

121 Hany

1232 +

122 ECL® av

RCL "WECM

RCL= 87

LAST.

FCL- 88

2 RCL @=

RCL G4
1" FE 1"

HER BE
11] FL 11]

HER BZ
1 Ra"

RER B2

Calculates Vp.

Calculates R;.

Calculates R,.

Recalls R;, and Rg, and then

displays each of the four values in
the stack.
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145

14%
156i
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t
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n

T
e

C
n

F
a
0

F
O

w
o
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i
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n 1

h
n
o
O

P
b

f
k

p
k

fe
ck

f
k

f
k

f
k

f
k

f
h

p
k

i
T

i
T
0
=

b
h

p
h

p
h
p
h

T
a

T
n

T
e

a
T

T
s

T
h

0
=

T
e

O
N
f
d

T
D

i
T

iT o
a

=
]
=

M
o

a

o
f

0

=]
md
=

md
m
d

i
T

w
o
o
=

a
a
a
a
a
a

a
d

o
O
)

0
0

0
)
~
~
)

o
d

o
o

0
3
a
=

134

in Fr i i

“EQ Baz

RCLx az

RCL a7

LAST®

RCL B84

RCL» B82
+

LOG

18

i" AF Hi

LEL 82
ph="

FS? 55

AECL ST =

AYIEHN

E+

RTH

LEL &3

Fz? B

HEC!

23

I
-

ra « JE- EA
]

=

FTH

LEL AH

"Trax="

FC? 62

"Tmin="

AECL ST =
frign

RTH

Calculates and then displays the
power gain. (When the RTHat 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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124 LBL @4

135 RCL=x 8a

136 F557? 81

1287 KER I

122 RCL+ "Il"

129 LOG

198 RCL» "dYEE"

121 +

192 RTH

192 LBL I

124 FS? B82

125 FF" Imax="

126 FC?YC B82

197 F'Imin="

1923 ARCL ST =

129 AYIEW

288 ETH

281 STO ay¢

282 CLR

282 STO B84

284 LEBEL a5

285 1.1

28s STOx @3

287 GTO 8a

282 EMD

Calculates current.

Displays proper label and current.

Increases R;, by 10%.
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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 ofa 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 Rs 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. 4A OR
B, whereA is stored in Ry; and B is stored in Ry.

l
x = hn
}

+ 18-Byte Pram >

LEL "OR"

RCL

RCL

OF

EHD

| ke
’

— l
n

I I
1
5
0

— n
l
=

J

C
O
I
I

[a
n]

i
n

1
n
d

a
)

on

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

"

TH1
GSTi

A:—
u
n

The logical expression

(4A AND B AND C) OR (A4 AND BAND C)

can be represented with the following program (assumingA is in Rp, B is
in Ry;, and C is in Ry).
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“EXMPL” Program Listing.

Program: Comments:

[a
x]

= £ 21-Bute Pram 2

LEL "E=sMFL" Calculates. 4A AND B AND C.

RCL @2

RCL a1

AND

RCL Ba

AMD

m
o
S
E

M
y

[o
t

In
}

N
f

i
=

iT

RCL G8 Calculates C.
SIGH
LAST=

G
o

o
w
n

0
0

=
)

—

1 RCL 8&1 Calculates B.

12 SIGH

12 LAST:

 

14 -

15 AMD Calculates BAND C.

16 RCL 82 Calculates4 AND BAND C.
17 AHD

12 OR Calculates(4 ANDB AND C) OR
19 EMD (4 AND B AND C )

wg Since the name of your program is stored in a variable
(FCN), do not use a globallabel longer than six characters.

Note

 

138 6: Writing a Logical Expression as a Program



 

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 mostsignificant input bit. (Bits are
numbered rightto 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. FCH

Loop counter. count

Most significant bit. m=b

Remarks.

m Registers Ry, through Ry are used as inputregisters(bits) for the
Boolean expression. Be sure to set the SIZE to at leastsix registers

(BMODES] (¥] SIZE6 [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 ofthe function (global label). Press [R/S].
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5. The program then prompts you for the most significant bit (ri=b7).
Key in the number ofthe 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.
 

Function Name?
CIENT3ESTMEEEE(ETEERE

    

Key in the name ofthe logical expression you wantto print.
 

EXMPL EXMPL_
HECDE]FGHI[JKLIM]NOPG[RETUM]EYE
 

 

0Y:

msb?8   

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

   
2 v: 1

x: 8

Printer Output.

214 EXMPL

HE iJ

279 8
191 1
1:31 J
11693 5
111 1
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“PTTBL’ Program Listing.

Program: Comments:

~ b
e
— —
t 162-Bute Fram

— 1
5
0

1
m
E

i
i i
T

T
O
T

OUR
I
U

J
i
N

|
= T
u
n

O
O

=
]

I

0
=

=
D

m 0
a
r
r

—
I

14

TR

o
O
C
o

a
0

f
a
a

p
t
e

m
f

Fa
o

0
d
d
o
e

in

LEL "PTTEL"
HER "FCM?"
FROM
CF 12
CLET

> HLL

IMFUT "m=b"

Lyeng

"oount

RCL “mb
LEL @
ARCL ST X
EB" n

DSE ST H
GTO Ga
ARCL ST
EY Hn

ARCL "FCH"
Foe
FRA
SF 12

Prompts for a function name using
the “FCN?” utility. Printing is
enabled.

Prompts for the number of the most
significant bit and sets up the loop
counter.

Printsa single blank line.

Prints a table header. (Note that line
27 has seven blank spaces between
the double quotes.)
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3
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a
a
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T
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o

f
o

J
o

0
0

O
D

C
0

f
d
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5

0
o
l

J
u
o
N

a
p
o

f
a

o
n

-
.
J

1
0

N
f

W
O

n
o
o
n

0
3

[M
J

o
e

n
o
c

o
n
J
u

n
o
o
n

i
T
n

on
o
a

=
]

on
T
a

1
i
T

i
T

0
3
M
a
o
o
u
n
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LEBEL &1

CLEG

ECL "count"

IF

RCL "msb"

LEL B2

BIT?

2 RER B84

LSE ST w

LTO a2

BIT?

“EG B64

wER IHD "FOH"

- CLA

> RCL "m=b"
LEL az

ARCL IMD ST =

DSE ST ¥
GTO @3

ARCL IMD ST XH
. n

ARCL ST

FEA

ISG "count"

GTO &1

CF 12

RTH

LEL G4

1

STO IHD =

F4

EHD

[
a
p

—

6: Printing a Truth Table

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 inputbits 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 ofthe inputs and display the
corresponding output. Here's a typical display:

Given these inputs, the expression produces this output
J)

\
x1
SE—

Ros Rosa Roz Roz Ror 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 Rs are used as inputregisters(bits) for the
Boolean expression. Be sure to set the SIZE to at least six registers
(M(MODES] (¥] =IZE6 [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.

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 ITTEL (to run the “ITTBL” program).

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

the name ofthe function (global label). Press [R/S].

5. The program enters an interactive mode. The menu labels represent
the inputs (Rys through Ry) 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.
 

 

Function Name?
CENTETEFEE]CTECETRE

 

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

EXMPL EXMPL_
CTSITFRECTEGET[EH
 

 

x: 0
re————

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

(the key) x: 1
o0o12]oJ0

 

 

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

 

 

 

(the key) x: @
[ov|0Jo|1]1]0|

(the key) x: 1
[0|o|oJ2|1|]1|
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When you're finished, press [EXIT] to quit.

EXIT
 

 X
X
—
—

 
 

“ITTBL” Program Listing.

Program: Comments:

I
)

o
o
a
! TL 1253-Bute Pram 2

LEL "ITTEL" Prompts for a function name using
MER "FCM?" the “FCN?” utility.
HLEHMG

n=aT

GTO 83

m
M
S
T

al
F
o

0
0

[
I

o
e

i i
n

[a
n]

ir5 BIHM Initializes by selecting Binary mode,
ALL selecting ALL display format, and
CLEG clearing the storage registers and
CLMEHU programmable menu definitions.

KEY 9 GTO Defines the key to branch to
LEL HA LBL 09. Defines the six top-row
CLA menu keys using the numbers in the
ARCL B85 corresponding storage registers as
KEY 1 xEG 81 menu labels.

CLA

AECL B84

KEY 2 wER 82

= CLA

2 AECL 82

zB KEY 2 »EQ B82

CLA

ARCL a2

= KEY 4 =EQ 84

CLA

AECL 81

— a
1
d

w
o
O
a

K
X
e
e

F
b

p
b

p
b

p
b

p
k

pe
de

Tn
L
N

F
e

0
0
d
=

E
D

i v
0

— ir
-.

J
— w
o
o
d

1
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d

W
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1}
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a

Ta
d

[a
0

[ol
o
F

[
2

i
n

oe KEY 9 =ERQ B35

27 CLA

Zz AECL 848

272 KEY & wER Bg
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0
a

i
= HER IMD "FCH" Evaluates the logical expression and

leaves the value in the X-register.

MEHL Displays the menu and stops.
STOP Pressing redisplays the menu.
GTO Ar

a
o

o
o
d

o
n

o
f

= —LEL Produces the appropriate register
5 number, depending on which menu
GTO key is pressed.
LEL
4

GTO

LEBEL ©

GTO ay

LEBEL &4

GTO 87

= LEBEL 85

1

GTO av

LEL 8&

CL

[
)

1

=
]

=
m
=
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o
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o
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0
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0
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on LEL a7 Toggles the bit in a particular
RCL IMD ST storage register.
SIGH

LAST

STO IMD ST Y

RTH
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n

J
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N

f
a

D
0
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O LEL &3 Exits all menus and ends.

EsITHLL

EHDor Sn te
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Utilities

The programs in this chapter are general-purpose utilities and subroutines
used by other programsin this book. You may also find them useful when
writing your own programs.
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Circuit Calculation Utilities

Impedance of an Element (““C—2Z” and “L—Z”)

This program converts the value for a capacitor or inductor in the
X-register to a complex impedance. Before executing “C—Z”
(capacitance to impedance) or “L—Z”(inductance to impedance),
store the radian frequency in the variable w.

Remarks.

m wis the radian frequency, 2xf radians/second. (A lowercase “W”is

used because the HP-42S does not have a lowercase omega
character.)

m This program sets Rectangular mode.

“C—Z” and ‘““L—2Z’’ Program Listing.

Program: Comments:

BEL Z8-Bute Fram

H1 LBL "C2" Calculates the impedance for the
Bz HER D8 given capacitance (which is the
a3 1% reciprocal of impedance for
a4 RTH inductance).

a5 LBL "L=Z2" Calculates the impedance for the
Bs LBL 69 given inductance.
ay RECT
HE RCL» "ig"

B30

18 Ray

11 COMFLE=S

12 EHD
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Combining Parallel Impedances (“ZP’’)

The “ZP” program takes two complex impedances (in the X- and
Y-registers) and returns the combined impedance for the two elements
connected in parallel.

“ZP’’ Program Listing.

FE 11-Bute Fram > Hd 1

#1 LEBEL "ZP" AS +

Ba 1% He 10

[3 Boxy By EMD

Entering Radian Frequency (“FQ?”’)

The “FQ?” program prompts for a value of w, the radian frequency value
used by several programs in this book. Whenever you see Fadian
Fregquencui2nf »7, key in the frequency and press [R/S].

Remarks.

m w is the radian frequency, 2xf radians/second. (A lowercase “W”is
used because the HP-42S does not have a lowercase omega
character.)

m The program sets flag 25 (error ignore) to prevent an error from

stopping the program if w doesn’t exist.

“FQ?” Program Listing.

BE © d4d4-Bate Fram Be BCL "ww"

Hdl LBL “FM Ay CF 25

Hz "Radian Fregquenc” BE PREOMFT

B32 FUgl2wf a?" [3 STO "wt

Bd SF 25 168 EHD

BS CLE
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Circuit Element Input Utility (“EL?”’)

This program displays a menu for entering six types of circuit elements. It
is designed to be used by othercircuit analysis programs, such as the
“CIRCT” program on page 45.

Each routine in this program displays a menu for entering an element
using common units. For example, when you enter a resistor, the
calculator displays:

 

Value?
ITETRCITT)IEE   

You can enter a 2,000-ohm resistor by pressing 2000OHM| 2

The program returns two numbers to the stack:

We: ee.yyxx

«=: element value

where the X-register contains the element value you keyed in adjusted to
the default units shown in the following table. ee is the element type in the
table, and yy and xx are the location numbers entered into the stack.
These numbers are used by programs such as “CIRCT”to indicate where
a particular element occurs in a circuit.
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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.

m The type code is temporarily stored in a variable named TYPE.

m Flag 08 is set to indicate when an element has been entered
successfully.

“EL?” Program Listing.

Program: Comments:

BEL 2V4-Bute Pram

a1 LEBEL "EL?" Defines menu for entering location
@2 LEL A and type of element. The key
a3 RECT is defined to cause a branch to the
a4 CF aa “END” (which causes a return to the
as "rR" calling program).
Bs KEY 1 GTO @9

Bz KEY 2 GTO 12

ga "Le

18 KEY 2 GTO 132

11 "2"

12 KEY 4 GTO 18

12 "ye

14 KEY 5 GTO 14

12 "I"

16 KEY & GTO 15

1v KEY 9 GTO 99
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"Location: Displays the input message and the
F'# [EMTER] #" menu. Pressing redisplays the
MEHL menu.

FROMPT

22 GTO A

I
I o
O

C
0

—
t

0
1

o
i

22 LBL 69 Enters the code for a resistor.

25 GTO 11

26 LBL 18 Enters the code for a general
27 94 impedance.

LBL 11 Defines a menu for entering units
HER 88 for a resistor of general impedance.
"OHM" (The =in line 36 refersto the SI
KEY 1 XKEQ unit “siemens.”
"EOHM"

» KEY 2 HER

"MOHM"

KEY = EQ 8

o
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O
O

[x
]
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LEL 12 Enters the code for a capacitor and
EY defines a menu for entering units of
HER capacitance.
" =13 HH

KEY 1 HEQ

"AF
KEY 2 KER 8

» "uF"

"KEY 2 HER
" mF "

FEY 4 wEQ
11} F "

KEY 5 REQ 81
GTO EB
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KEY 2
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KEY 4
GTO E

LEL 14

FOLAR
26

“EG Ba
" I in n

KEY 1

KEY 2 »EQ
Hp

KEY 2

GTO BE

LEL 15

FOLAR

“EG 88
1 Ii H n

KEY 1
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Enters the code for an inductor and

defines a menu for entering units of
inductance.

Enters the code for a voltage source
and defines a menu for entering
voltage units.

Enters the code for a current source

and defines a menu for entering
current units.
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]LEL Adjusts the element value to be

1.74 expressed in the default units.
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oR element type code into a single
number and storesit in the variable

TYPE.
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STO "TYPE"

115 CLMEHML Clears the programmable menu and
2 KEY 2 GTO A defines the [EXIT] key to return to

128 RTH the first menu.
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LEL E

MEHL

1
"izle

FROMPT

SF 62
RCL "TYPE"
CL We n T'FE 11}

HOY
REAL?

LA Le

Displays the units menu and prompts
for a value. Pressing causes
the default value of 1 to be used.

Sets flag 08 to indicate an element
has been entered. Returns the type
code in the Y-register and the
element value in the X-register. If
the element value is complex, the
type code is made negative.

Ends the program.
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Function Name Utility (““FCN?”’)

This program prompts for a function name and then stores the name into
a variable named FCN. IfFCN contains a string,it is recalled into the
Alpha register (press [¢] to clear the Function Mame? message). Use
the ALPHA menu to type the name of the function (global program
label) and then press to continue.

Remarks.

m FCN contains the variable name (up to six characters).

m Flag 21 (printer enable) is cleared by the program.

m Flag 25 (error ignore) is used to prevent the program from stopping if
FCN doesn’t exist.

m The plotting programs in the owner’s manual use a similar technique

to prompt for a function name. If you have the “FCN?” program in
your calculator, you can shorten one or both of the plotting programs
by calling “FCN?”as a subroutine (EG "FCH?™).

“FCN?” Program Listing.

Program: Comments:

BE £ 42-Buyte Fram

a1 LEL "FCH?" Displays the prompt.
Bz "Function Mame?"

Bz CF 21

Bd AVIEH

as SF 25 IfFCN exists and contains an Alpha
a6 RCL "FCH" string, recalls that string to the Alpha
a7 CF 25 register.
32 CLA

Baa STE?

18 ARCL =T *

11 AOH Turns on the ALPHA menu and
12 STOP stops.

12 AOFF Turns off the ALPHA menu and
14 ASTO “"FCH" stores the first six characters in the
15 EHD Alpha menu into FCN.
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Yes/No Utility (“Y?N’’)

This program displays a menu for a Yes/No decision. It returns a zero if
you press HO [R/S], or [EXIT]; it returns a 1 if you pressYES.

If you want to use this utility in your own programs, simply place a
message in the Alpha register and then execute the utility (KEG "*/?H").
Your program can then test the X-register to detect a “yes” (1) or a “no”
(0).

Remarks.

m Flag 21 (printer enable) is cleared by this program.

m This program redefines the programmable menu.

“Y?N”’ Program Listing.

a8 £ 41-Bute Fram = B83 KEY 2 GTO Ba

81 LEL "YH 18 MEHL

Bz CF 21 11 =TOF

az AVIELN 12 LEL 848

a4 CLMEMU za

as "YES" 14 ETH

Ae KEY 1 GTO 81 15 LEL a1

ay "Ho 1 1

gz KEY & GTO B40 7 EMD
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Product Over Sum Utility (“P/S”)

This routine is quite useful for many electrical engineering applications. It
simply takes two values (in the X- and Y-registers) and returns the
product of the two values divided by the sum of the two values:

 

x
x+y

og Ifx + y = 0, the program will error at line 05
(Divide bu &).

Note

 

“P/S’’ Program Listing.

1
!
— [
A

tL 13-Bute Prom

LEL "Pog"

,maw y

RECL+ ST L

» EMDm
m
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0
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Size Utility (““SIZE?")
This program returns the number ofstorage registers available.

“SIZE?” Program Listing.

[AE £ 2V-Bute Pram 2 Be FC?C 25

#1 LEBEL "SIZED" AY ETH

HZ SF 25 Bs DIM?

AZ RCL "REGS" [9 =

Ad FC? 25 18 END
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Step-by-Step Solutions for Your

HP-42S Calculator
 

Electrical Engineering contains a variety of programs and examples to pro-
vide solutions for electrical engineers and engineering students.

m Circuit Calculations

Voltage Division e Current Division e Power Triangle Frequency
Response of Transfer Function ¢ RC Timing e Delta-Wye
Conversions

m Network Analysis

Using the Circuit Editor ¢ Mesh Analysis e Nodal Analysis
e Impedance of a Ladder Network

um Filter Design

Active Filter Design e Butterworth Filter Design

® Transmission Lines

Transmission Line Calculations e Transmission Line Impedance

um Amplifier Analysis

Transistor Amplifier Performance e Transistor Amplifier Bias
Optimization

® Truth Tables

Writing a Logical Expression as a Program e Printing a Truth Table
¢ An Interactive Truth Table

um Utilities

Circuit Calculation Utilities e Circuit Element Input Utility e Function
Name Utility e Yes/No Utility ¢ Product Over Sum Utility e Size
Utility
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