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Introduction - . | .
The Electrical Engineering Library is an interchangeable Solid State Software'™ cartridge that contains
nine professionally-written, easy-to-use programs chosen to serve a broad range of mathematical
applications. The nine programs require little or no programming knowledge or experience to use, and
allow you to begin taking advantage of the power of your computer immediately. Other So/id State
Software cartridges are available and can be obtained from most T retailers or ordered directly from

Texas Instruments.

Using this Manual

One section of this manual is devoted to each library program. The most important part of each
section is the User Instructions which explain the operation of the program. The User Instructions
have a special format designed to provide a maximum of information with a minimum of words. The
first few times that you run a library program, you may wish to follow the User Instructions step-0y-
step. Once you are familiar with a program, you may only need to use these instructions as a
referente. The extensive self-explanatory prompting built into the programs minimizes the need to

carry instructions with the computer.

Examples are gi{fen for each program to illustrate its capabilities and requirements. The examples aiso
ajlow you to check your cartridge by comparing your answers to those shown in this manual. Where
more than one example is given in a section, it is a good practice to work the examples consecutively.

There is an appendix in the back of this manual which lists the user accessible subprograms founc
within the programs of this library. They contain many of the common and useful routines which may

be very useful to you when writing your own programes.

Using Library Programs
The following sections discuss the Directory/Contents program and a few general guidelines for
running the programs in this library.
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Directory Program
The names of the programs in this library are listed in the Directory program. It is accessed by

entering RUN “CONTENTS”. The program displays two names for each program—the long name which
Is the descriptive title of the program and the short name which is used to call the program for
execution. For example, the long name for the first program in this library is ACTIVE FILTERS and its

short name is “ACTIVE”. To run this program, type RUN “ACTIVE” and press [ENTER].

There are four editing keys used to display the names in the directory.

UP arrow displays the previous long name in the directory. If the first program name is being
displayed, the directory program is exited.

DOWN arrow displays the next long name in the directory. If the last program name is being
displayed, the directory program is exited.

,hIGHT arrow displays the short name of a program if the iong name is in the display. If a short name

is in the dispiay, the key is ignored.

LEFT arrow displays the long name of a program if the short name is in the display. If a long name
is in the display, the key is ignored.




User Instructions—Directory/Contents
Select the Directory program by entering RUN “CONTENTS".

Step Display Procedure/Comment Goto
1. ELECTRICAL ENGINEERING LIBRARV Cartridge name.
2. - Use Printer? a. Accept printer usage by entering Y. 3
| b. Reject printer usage by entering N. 4
3. Enter Device Name: | Enter output device name. 4
4. Long program name Displays long program name. 5
5. a. To see short name ¢f same prcgram, press
right arrow. 6
| b. To see long name of previous program, press
| up arrow. 4
!_ c. To see long name of next procgram, press
| . down arrow. 4
6. Short program name Displays short program name. 7
[# | a. To see long name of same program, press feft
| arrow, 4
b. To see long name of previous program, Press
Up arrow. 4
c. To see long name of next prcgram, press
down arrow. 4
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General Guidelines -
To simplify the use of Solid-State Software, Tl has implemented a few easily remembered rules for

program prompts. You shouid closely follow the User Instructions the first time you execute a
. program. Thereafter, you should be able to execute the program by following these simple guidelines.

* Use of the term “enter” has a specific meaning in the User Instructions and examples within
Compact Computer library programs. When you see this term, you are to key in the value or |
information which is indicated by the statement and then press [ENTER] to execute the entry. The

[ENTER] key Is also used to display consecutive outputs, to accept current values, and to continue
the program following certain prompts.

* The procedure for beginning execution of library programs is explained immediately before the User
Instructions of each program. This procedure involves entering the [RUN] command followed by the

'short name for the program in quotation marks and any other information which is necessary for the
!t execution of the particular program.

* The first step in all Compact Computer libray programs is the display of the program name. The
program name remains paused in the display for three seconds and then continues to the next
prompt. Pressing [ENTER] or [CLR] causes the next prompt to be displayed immediately.

* input prompts (prompts which indicate that a value must be entered) are always followed by colons.
When applicable, default values are displayed immediately after the colon. You have the option of

either entering a new value for the variabie or accepting the current value by pressing [ENTER]. This
teature is useful when editing input.

* When you enter a value which has less digits than the displayed value, space over the extra digits to
insure that onily the new vaiue is entered.

* Prompts ending in a ? are questions requiring either ye€s Oor no responses. It is only necessary to
enter ay or a n in either upper or iower case as a response.

* All commands and responses except yes and no must be entered exactly as they are presented in
the User Instructions of this library. Note: Commands and responses in this library are represented

with upper case letters. However, the Compact Computer makes no distinction between upper or
lower case letters so they may be used’interchangeably.




e Displayed messages such as instructions and ou'tput require you to press [ENTER] to proceed to the
next message oy prompt. Certain prompts are paused for three seconds before proceeding to the

next prompt. Pressing [ENTER] after a paused prompt causes the next prompt to be dispiayed
immediately. |
* Any speciail handling of the response keys is described expressly in the User Instructions or by

further prompting.

e You may use equations as numeric input in response to a prompt. For example, you may use Pl/2 as
an input value. When the computer is waiting for a response, you may perform arithmetical
computations without affecting the program. However, the value which is in the display when
[ENTER] is pressed is accepted as the input. This means that you may not use an equation which

requires the use of [ENTER] in its computations.

e To halt a running program, press. [BREAK]. Entering CON continues the program from the point where
IBREAK] was pressed even if the computer is turned off after you press [BREAK]. |f [BREAK] is pressed
when'!a prompt is in the display, the prompt may not reappear after CON is entered although the

computer is still waiting for a response to that prompt.

Using the Optional Printer
If a printer is connected to the Compact Computer and you have responded YES to the Use Printer?
prompt, a printed record is produced which contains all of the information needed o duplicate a
particular execution of a program (with the exception of subprograms which you enter) including: the
name of the program you have chosen; the options selected; the pertinent input data; and the results.

Use of the printer is made possible by responding YES to the Use Printer? prompt and then entering
the appropriate peripheral ID number in response to the Enter Device Name: prompt. See the

peripheral Owner’s Manual for the appropriate |D number.

The presence of the printer also alters normal program operation. Since a printed record of the resulits
is produced, operation of the program is not stopped for viewing individual results. instead, a
continuous list of results is printed until the output is complete.

Information on connecting the printer may be found in the peripheral Owner’'s Manual.

F
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Using the Optional Wafertape™ Digital Tape Drive
The Wafertape™ digital tape drive may be used as a means of inputting or recording large amounts of
data or tor recording information in order to reproduce an exact run of a program. Those programs
which are designed for use with the Wafertape peripheral incorporate special prompts indicating when

you need to mput and record your data. The only information which you must provide is the device on
which the data is recorded and the filename for that data.

The prompt for entry of this information is Enter Device.Filename:. The device must be entered as an
integer from 1 through 7. The filename may be chosen by you and may contain any printable character
(except control characters) but must be 12 characters or less in length.

P!Information on connecting the Wafertape peripheral may be found in the peripheral Owner’'s Manual.

Caring for Cartridges

Even though the cartridges for your Compact Computer are durable devices, you should handle them
with care. Follow these precautions when handling the cartridges.

* Be sure that your body is free of static electricity. Prior to handling any cartridge, touch some metal
object 1o discharge any static electricity you may be carrying.

» Keep the cartridge port cover secure on the computer to keep the cartridge port dust free.

e Keep the contact area of the cartridges clean. A buildup of debris or foreign particles on the
contacts can impair their operation. Keep the cartridges stored either in the original container or in
the computer’s cartridge port.

e Use a cotton swab soaked in alcohol to clean the cartridge and cartridge port contacts when
necessary. After the alcohol has dried, remove any remaining lint with a clean, soft-bristied brush.

CAUTION: Do not use any other liguid substance to clean the contacts.

Installing arid Replacing Cartridges

The Electrical Engmeermg Library cartridge can easily be instalied or replaced Solid State Software
cartridges are installed in the cartridge’port of the Compact Computer. Turn the computer off when
installing or replacing a cartridge. Installmg a cartridge while the computer is on may result in memory
loss.




Use the fol!owirig procedure when installing a cartridge.
1. Turn the computer off. |

2. Slide the cartridge port cover back and remove it from the computer as shown in the diagram beiow.

\

1! Ton e il ,J

M

: _
3.1f a cg’artridge is already installed, remove it by pushing the cartricdge away from the keyboard until it
is released. Lift the cartridge from the cartridge port.

4. Lay the cartridge tb be installed in the cartridge port, with the cartridge name facing up and toward
.the keyboard. "

5.?’ Press firmly on the back of the cartridge and slide it toward the xeyboard until the tabs on the
cartridge enter the slots provided and the cartridge locks into place. Replace the cartridge port cover
and check that its tabs also fit into the slots.

TABS MUST FIT
INTO SLOTS




Active LP, HP, and BP Filters— “ACTIVE”

This program computes the necessary component values for use in the design of active lowpass,
highpass, and bandpass filters as. illustrated

Active L.owpass Filter

Given the peaking factor, the passband voitage gain in dB, the cutcoff frequency in Hertz, and C,4 in
farads, the program caiculates values of C, R4, Ry, and R;. Rolloff is 12 dB per octave.

Active Highpass Filter

C R. |
C, C,
oO— 0
E R E,
C C




L IR

Given the peaking factor, the passband voltage gam in dB, the cutoff frequency in Hertz, and C, in
farads, the program calculaies values for C, R4, and R,. Rolloff is 12 dB per octave.

Active Bandpass Filter

H'|
9
) 5, K
?.
‘ ® - —Q

Given the 3-dB bandwidth in Hertz, the midband voltage gain in dB, the center frequency in Hertz, and

C, and G, in farads, the program computes values for R, Ry, and Ra. The calculated value of Ry
inciudes source resistance.

If Q = (Hg/2)12, program execution stops. To insure that all resistances are greater than zero, either
Q = FTB, or Hy should be adjusted so that Q > (Hy/2)12.

10




Method Used—Actwe LP, HP BP Filters

Active Lowpass Filter

The voliage transfer function is

E. . ~1/R,R,C C,
e (. L. (T 2+ D)D) s+ mee
B TR, T R,J\T R.R,C C,

fhe corresponding lowpass network function is

— 2
H(s) = ——Ma%s
$2 4+ xwyS + wy?
where
H, =104 A= passband gain in dB o = peaking factor=2¢
=27F | ¢ =damping ratio

F = cutoff frequency in hertz

11
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Given A, f, a, and C1 in far-éds, the program calculates R1, R2, R3 and C using the following equations.

41 + H,)C R
C= ( n) 1 H1=""E R2= 84 R3= &
o A, 47F C, H, + 1
20 ) T T
y | ¢ SO No— A WU SV I N —
f
0
7
©
o
I3
Q
O _10—_._—-1_—-—-.-
= '
o =
W
_20-
— 30— + NG
|
e ——————— 4 h—.—-————.—d—.—.—k— N | 4 - - - e b h
0.1 0.2 0.3 04 05 06 0.8 1.0 2 3 4 5 6 8 10

NS
i 7 'I-LD

Magnitude response of second-order lowpass filters for several values of a < 2.
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Active Highpass ﬁilters

C2
EJ.
@

The voltage transfer function is

E, : S); —(C,/C)s?
: 2 1 1

" DR A

ST F C T Cz H1 ? * R‘!HZCZC

Tpe corresponding highpass network function is
— H,5?

H(s) =

S2 + qw,S + Wy
where
H, = 10420 A = passband gain in dB
wu -_ 2‘JI'F )

F = cutoff frequency in Hertz
a = peaking factor=2¢
{ =damping ratio

Given A, f, a, and C2 in farads, the program calculates R1, R2, and C using the following equations.

C 2H, + 1 o
=—.J — e e e
C H, R, 27FaC, Rz 2wF C,(2 + 1/H,)




o
Active Bandpass Filters

:The voitage transfer function is

Sog)e —— —URCG)S
= g2 4 (_C__:_J+CZ)S+ R,+ R,
R:C,C; R.R.R,C,C,

The corresponding bandpass network function is

H(S)-__ : - Huawus 2
S+ W, S + W,
where
H, = 10~?°, A = midband voltage gain in dB
a=1Q °

Q = F/B, quality factor measure of SEIectivity of filter
F = Center frequency of passband in Hertz

B = 3-dB bandwidth in Hertz
we =17k

14




Given B, A, f, C1 apd C2 in farads the program calculates R1, R2, and R3 using the following

equations. : _
-__Q R, = i C)27F — -1 = Q (1 1
RS _Rz.-[O(ci +#CI27F ~(UR)I" Re= = (- + o)

12 —

in Decibels
)

— 20
/ 0.1 0.2 0.30.4 06081 2 3 4 6 B810

w/ wy

Magnitude response of second order bandpass filter showing effect of Q on network voitage transfer
function.

References: Operational Ampilitiers Design and Applications, Graeme, Tobey and Huelsman, McGraw-Hill, 1971,
Theory and Design of Active RC Circuits, Hueisman, McGraw-Hill, 1968

Electronics, pp. 86-89, June 7, 1971.

15
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User Instructions—Active LP, HP, and BP Filters
Select the Active LP, HP, BP Filters program by entering RUN “ACTIVE”.

e

Step Display Procedure/Comment _ Goto
1. ACTIVE FILTERS Program name. 2
2. Use Printer? a. Accept printer usage by entering Y. 3

b. Reject printer usage by entering N. 4

3. Enter Device Name: Enter the output device name. 4
4, Lowpass Filters? a. Select lowpass filters option by entering Y.34 5

| b. Display next option by entering N. 14

L ter frequency: Enter the cutoff frequency in Hertz.’ 6
. 6. ter Gain (8B): Enter the passband gain in dB. 7
~ 7.  Enter Pf: Enter the peaking factor. 8
8. ter C1l: Enter C1 in farads.! O
9. Edit? a. Edit data by entering Y. 5
b. Accept data by entering N. 10

10. Rl= Dispiays R1 in ohms. Proceed by pressing [ENTER]. 11
11. = Displays R2 in ohms. Proceed by pressing [ENTER]. 12
12. R3= Displays R3 in ohms. Proceed by pressing [ENTER]. 13
13. = Displays C in farads. Proceed by pressing [ENTER]. 33
14, Highpass Filters? a. Select highpass filters option by entering Y.3 15
b. Display next option by entering N. 23

15.  Enter frequency: Enter the cutoff frequency in Hertz.1 16
16.  Enter Gain (dB): Enter the passband gain in dB. 17
17. ter Pf: Enter the peaking factor.? | 18

{continued}
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(continued)

Step  Display Procedure/Comment - __Goto
18.  Enter C2: _f Enter C2 in farads.? 19
19. Edit? ' a. Edit data by entering Y. - 13

- '_ b. Accept data by entering N. 20
20. . Rl= Displays R1 in ohms. Proceed by pressing [ENTER]. 21
21. RZ= | Displays R2 in ohms. Proceed by pressing [ENTER]. 22
22. (= Displays C in farads. Proceed by pressing [ENTER]. 33
23. Bandpass Filters? a. Select bandpass filters option by entering Y.2.4 24
b. Display next ootion by entering N. 33
24. Enter frequency: o Enter the cutoff frequency in Hertz.’ 25
25. Enter Gain (dB): Enter the passband gain in dB. 26
26. Ehter C1: Enter C1 in farads. 27
27. Enter C2: Enter C2 in farads.’ 28
28. Enter B: : - ~ Enter 3-dB bandwidth in Hertz. 29
29. Edit? : a. Edit data by entering Y. 24
b. Accept data by entering N. 30
30. Ril= Displays R1 in ohms. Proceed by pressing [ENTER]. 31
31. R2= | Displays R2 in ohms. Proceed by pressing {ENTER]. 32
32. R3= Displays R3 in ohms. Proceed by pressing [ENTER]. 33
33. Exit Program? a. Exit program by entering Y. STOP
” b. Continue program by entering N. 4

17
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Notes

1.
2.

W

Input value must be greater than zero.

It SQR(H/2) = Q then an error message is given and all values must be adjusted so that all
resistances are greater than zero. This can be done by assuring that Q=f{/B or Hy should be
adjusted so that Q > SQR(Hy/2).

A 12-dB per octave roll-off exists in the lowpass and highpass cases.

The calculated value of R1 includes source resistance, i.e., Actual R1 = Calculated R1 — Source R.

Because operations amplifiers are non-ideal, gain should be chosen to insure that Hp is less than 10
when S is about 0.1. Hg may be increased if Pf is also increased. A maximum Hg of 100 is
acceptable with Pf =1 for an operational amplifier with an open-loop gain of at ieast 80 dB.

18




Example 1 _
Find the component.values for an active lowpass filter with a peaking factor of v 2, passband gain of
20dB, cutoff frequency of 1000 Hertz, and C1 of 0.02 microfarads.

Select the Active LP, HP, BP Filter% program by entering RUN “ACTIVE”.

Step Display | Procedure/Comment
1. ACTIVE FILTERS Program name.
2 Use Printer? Enter N.
3 Lowpass Fllters? Enter Y.
4. Enter frequency: O Enter 1000.
5. Enter Gain (dB): O | Enter 20.
6 Enter Pf: O Enter SQR(2).
7 Enter C1:0 Enter 2E - 8.
8 Fdit? Enter N.
o R1=562.6976976 B Displays all requested values. Proceed after
R2=25626.976976 each output by pressing [ENTER].

R3=511.5433615
C =.00000044

10. Exit Program? Enter Y.

19




Example 2 ..
Find the component values for an active highpass filter with a peakmg factor of .5, a passband gain of
6 dB, a cutoff frequency of 400 Hertz, and C2 of 0.047 microfarads.

Select the Active LP, HP, BP Filters program by entering RUN “ACTIVE".

Step Displa ] Procedure/Comment
1. ACTIVE FILTZZRS Program name.
2. Use Printer? Enter N.
3. Lowpass Filzters? Enter N.
f 4. Highpass Filters? Enter Y.
) 5. Enter freguency: O Enter 400.
+ 6.  Enter Gain (d3): O Enter .5.
7. EnterPf: o Enter 6.
8. Enter C2= O Enter .047E - 6.
9. Edit? Enter Y.
10. ter frecusney: 400 Accept current value by pressing [ENTER].
11.  Enter Gain [33): .5 Enter 6.
12. ter Pf: £ | Enter .5.
13.  Enter C2: .200000047 Accept current value by pressing [ENTER].
14. Edit? Enter N.
15. Rl= 8449€.45356 Displays R1 in ohms. Proceed by pressing [ENTER].
16. R2= "1692.3234014 -. Displays R2 in ohms. Proceed by pressing [ENTER].
17. Ci= 2.355552-08 Displays C in farads. Proceed by pressing [ENTER].
18. Exit Progrex? Enter Y. |

20




Example 3 _
Find the component values for an active bandpass filter with passband gain of 30 dB, center
frequency of 150 Hertz, C1 of .1 microfarad, C2 of .1 microfarad, and a 3-dB bandwidth of 16 Hertz.

Select the Active LP, HP, BP Filters program by entering RUN “ACTIVE”.
Step Dispia |

1.

O 0NDM AL

10.

12.
13.
14.
15.

ACTIVE FILTERS

Use Printer?
Lowpass Filters?
Highpass Filters?
Bandpass Filters?
Enter frequency: O
Enter Gain (dB): O

Enter C1: O
Enter C2: O
Enter B: 0
Edit?

Rl= 3145.575757
R2= 690.017292
R3= 198943.6789
Exit Program?

Procedure/Comment
Program name.

Enter N.

Enter N.

Enter N.

Enter Y.

Enter 150.

Enter 30.

Enter 1E-7.

Enter {1E-7.

Enter 16.

Enter N.

Displays R1 in ohms. Proceed by pressing [ENTER].

Displays R2 in ohms. Proceed by pressing [ENTER].
Displays R3 in ohms. Proceed by pressing [ENTER].

Enter Y.

21




Bode/Nyquist Calculations—“BODE”

Given a transfer fupction or immittance function as a ratio of polynomials, this program calculates the
data needed for Bode and Nyquist plots for specified frequency vaiues. Up to 20 elements may be
entered in this program regardless of the memory capacity of the computer.

Given the transfer function or immfﬁance function

o -
H(s) = Do+ DS+ .. bpS™ m< n < 20
ag+ A4S+ ... ap8"

the program calculates the Bode-plot data
Hag =20 logyo[H(iw)]
angle H=arg [H(jw)] (degrees)

and the rectanguiar and polar Nyqui'st-plot data
Hr=Re [H(w)] [H]=[H(jw)]

H,=Im [H(jw)] angle H= arg [H(w)] (degrees)

23
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Data may be calculated at é;,single frequency (w) or at multipie frequencies (w = wg+ n w). The method
used is to substitute jw in H{s), giving

b+ b,(jw)+ ... Dafo)m
a,+ a,(jo)+ ... a,(juw)

m<n=<20

H{jw) =

The real and imaginary parts of the numerator are
Nr= bn" bzfﬂz + bt — DEL;JE"I‘ ...+ bznwzu

NI —_ (.I.J(b-i - bawz + bsﬁ:d - b7(ﬂﬁ + s non b1gw1ﬂ)
tor the denominator the real and imaginary parts are
F Df —_— an - azﬂ-ﬂz -+ adwd - aewﬁ + ... -+ azou:n

Di -_— W(a-; —_ 3.3&.‘2 + 35(.::4 - a%ws + ... — a1gw1a)

By substitution
Nr + JNI |
D, + D,

where b, =0 if m« 7, etc.

A{jw) =

Multiplying by the complex conjugate.

oy N, + JN; [ D, — D, ]
Ml = D:+JD; L D, — D,
gives
DrNT+ DiNi _ DrNi - DiNr
= s D? and Hi= —5ry D2 -

The magnitude and angle of H are calculated by rectangular to polar conversion.

24
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User Instructions—Bode/Nyquist Calculations
Select the Bode/Nyquist Calculations program by entering RUN “BODE”.

Step

Display

1.

2.

3.

11.

12.

13.

14,

BODE/NYQUIST CALC dT_.ATIONS

Use Printer?

Enter Device Name:

Denominator Coeff.
Enter "E" to end input

Enter D(#):

Edit?
f
Bdit all Data?

Enter element to be edited:

Enter D(#):
Edit more elements?

Numerator Coeff.
Enter "E" to end input
Enter N(#): |

Edit?

Edit all Data?

Procedure/Comment
Program name.

a. Accept printer usage by entering Y.
D. Reject printer usage by entering N.

Enter output device name.

Displays prompt. Proceed by pressing [ENTER].

a. Enter a denominator value.
b. End input by entering E.

a. Edit data by entering Y.
b. Accept data by entering N.

a. Edit all data by entering Y.
D. Edit single elements by entering N.

Enter element number to be edited.
Enter a denominator value.

a. Edit more elements by entering Y.
b. Accept data by entering N.

Displays prompt. Proceed by pressing [ENTER].

a. Enter a numerator value.
b. End input by entering E.
a. Edit data by entering Y.
b. Accept data by entering N.

a. Edit all data by entering Y.
b. Edit single elements by entering N.
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(continued)

Step Display Procedure/Comment ) Goto
15. Enter element to be edited: Enter element number to be edited. 16
16. Enter N(#): Enter a numerator value. 17
17. Edit more elements? a. Edit more elements by entering Y. 15

b. Accept data by entering N. 18
18. Enter Starting fregquency: Enter the starting frequency. 19
19. Enter Ending freguency: Enter the ending frequency. 20
20. Enter No. of Intervels: Enter the number of intervals. 21

21.  Lineer Sweep? a. Select linear sweep option by entering Y. 23

! b. Display next option by entering N. 22

-22. Log Sweep? | a. Select log sweep option by entering Y. 23

) b. Display next option by entering N. 21
23. Edit? : a. Edit data by entering Y. 18
b. Accept data by entering N. 24
24, freguency= Displays the frequency. Proceed by pressing
[ENTER]. 25
25. H(re)s= Displays real H(jw). Proceed by pressing [ENTER]. 26
26. H(im)-= Displays imaginary H(jw). Proceed by pressing
‘ [ENTER]. 27
27. Magnitudes= Displays H{jw). Proceed by pressing [ENTER]. 28
28. dB= Displays 20* LOG(H(jw)). Proceed by pressing
_. [ENTER]. 29
29. Angle= Displays angle H(jw). Proceed by pressing [ENTER]. 30
30. a. If output is incomplete. | 24
, , b. If output is complete. 31
31. Exit Program? a. Exit program by entering Y. ST40P

b. Continue program by entering N.
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Example .
Determine the Bode plot for the transfer function (100) / (s2 + 5s + 1C0).

Select the Bode/Nyquist Calculatic{[js program by entering RUN “BODE”.

Step Display Procedure/Comment '
Program name.

BODE/NYQUIST CALCULATIONS

1.
2.  Use Prin%er? Enter N.
3. Denominator Coeff. |
Enter "E'" to end input FProceed by pressing [ENTER].
4. Enter D(0): O Enter 100.
5. Enter D(1): O Enter 5.
6. Enter D(2): 0O Enter 1.
7. Enter D(3): O Enter E.
8. Edit? Enter N.
9. Numerator Coeff. -
Enter "E" to end input ’ Proceed by pressing [ENTER].
10.  Enter N(0): 0 Enter 100.
11, Enter N(1): 0O Enter E.
12.  Edit? ' Enter N.
13.  Enter Starting frequency: O Enter 1.273239545.
14.  Enter Ending frequency: 0 Enter 2.228169203.
15. Enter No. of. Intervals: O Enter 3.
16. Linear Sweep? Enter Y.
17. Edit? Enter N.

(fcontinued)
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fcontinued)

Step Display -

18.  frequency= 1.273239545
H(re)= 1.243093922
H(im)= ~1.38121547
Magnitude= 1.858235366
dB= 5.382014427
Angles= —48.01278753
frequency= 1.591549431
H(re )= -4 ,08E-10

; H{im = 2.

19.
20.

Megrnitude= Z.
= 6.020599913

Angie= -90.00000001
frecuency=- 1.909859317
H(re,= ~.7947976878
H(irm) = -1.083815029
MagrizTude= 1,344008327
dB= 2.568039187
Angles= —-126.2538377
frecuency= 2.228169203
H(re,= ~.6800793428
H(irm)= ~.4958911876

Magri<ude= .841674511
= ~-1.497116494
Ang-e= -143.901716

Change Frequencies?
Exi< Program?

Procedure/Comment

_____—.—.—.——-—_—-—.——-—-——-—__———___--—____-_

Displays all requested values. Proceed after
each output by pressing [ENTER]. -

Enter N.
Enter Y.
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Roots of a Polynomial—*“COMPLEX"”
The general form of a polynomial of degree n is
P(X)=ag+ aiX+ .. +a8n_1X"~1+a,x"

This program uses the Lin-Bairstow method to find all roots, real and complex, of up to a 100th degree
polynomial in one variable with real coefficients when using a 6K byte memory capacity computer.
This method is based on the fact that the polynomial can be represented as a product of quadratic
and linear factors. An initial guess is made of a trial quadratic factor which, for purposes of
convergence, is hopefully near the desired factor of the polynomial. The trial factor is divided into the
polynomial and a remainder results which is generally non-zero, assuming the initial guess is not an
exact factor. The trial factor is transformed into an "“exact” factor of the polynomial by an iterative
process which modifies the coefficients of the quadratic term to make the remainder less than or
equal to e (error factor). The resulting roots can be found by using the quadratic formula. The original
polynomial can be reduced by dividing out the quadratic factor. The remaining roots of the reduced
polynorrllial are computed in the same manner as above, with the program using the exact quadratic
factor Which was found as the new guess or allowing you to enter a quadratic factor for the new
guess. If, in the course of finding the root pairs by dividing out the quadratic factors, the reduced
polynomial has degree = 2, the remaining roots are found using the quadratic formula; if degree =1,

the obvious root is computed.

Notes |

1. An initial estimate of 0 for u and v is recommended in searching for all roots. In general, there is no
advantage in using previousiy computed values of u and v.

2. A plot of f(x) may be used to find the approximate location of real roots. The order of f(x) may then
be lowered by dividing f(x) by factors of the form (x — R;) where R; are the real roots.

3. If f(x) has muitiple sets of equal roots, A u and A v will appear to be converging but then may never
get smaller than the stated A . The solution to this case is to define a larger A and thus accept a
less precise approximation of the equal roots.

4. Do not assume divergence of A u and A v simply because monctonic convergence does not occur.
A u and A v often oscillate with large amplitude prior to convergence.
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Method Used— Roots of a Polynomial

The following is an outline of the Lin-Bairstow method.

Given a polynomiai of degree n: Pn(x)= A0 + A1x+ A2x2+ ...+ An — rxin= )+ AnxP and trial quadratic
factor x2—ux-v

Equation 1: |
Pn(x) = (x2— ux — v)Qn - 2 {X) + remainder
= (X2=ux—-v)Bnx("n-2+ Bn-—1x(n-3)+ .+ B3x + B2)+ B1(x - u)+ BO

Multiplying out and equating coefficients of iike powers of x:

Ai= Bi Bi= Aj

I Ai—1=Bi-1-uBi-2 Bi—1=Ai-1+ uBi

r Al-2=Bi—-2-uBi-1-vBi Bi—2=Ai-2+uBi~1+vBi

g Ai—3=Bi-;3_—(l)Jgi—2—VBi—1 Bi—-3=Ai-3+uBi-2+vBi-1
Al= B3-uB2-vBt B1= A3+ uB2+vB1
A= B2-uB1-vB0 BO0= A3+ uB1+4+vB0
fori=3,.,n fori=3.,.,n

Note: The remainder term from equation (1) is Bn (x—u)+ Bn+ 1. If Bn and Bn+ 1 are both zero it
implies that (x2- ux — v) is an exact quadratic factor. Normally, this is not the case. Thus, values of u

and v must be modified so that Bn and Bn + 1 both approach zero.

Since Bn and Bn+ 1 are functions of parameters u and v, Bn(u,v) and Bn+ 1 (u,v) can be expanded as
Taylor series for a function of two variables in terms of (U —u)= A u and (v* —v)= A v where Au and
A v are presumed small so that terms of higher order than the first are negiigibie.

Bn(u*,v*)=B(n) (uv)+pd(Bn/u) A u+pdBn/v) Av+..
Bn+1u " vi)=Bn+1)uv)+pdB(n+1)/u) Au+pdB(n+1)/v)Av..
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Taking (u*,v*) as the point where the remainder is zero, (A u and A v being the increments added to
the orgmal u and v to get the new: values u* and v*),

Equation 2:
Bn{u*,v*)=0=8n+ pd(Bn/u) A U'_-+ pd(Bn/iv) A v
Equation 3: |
Bn+ 1) (u*,v*)=0=B(n+ 1)+ pd(B(n+1)/u) A u+pdB(n+1)iv) A v

The problem now is to solve equations (2) and (3) simuitanecously for A u and A v. Bairstow showed

that the required partial derivatives can be obtained from the B’s in the same way that the B's were
obtained from the A’s.

Define a set of C’s as follows.

Ci= Bi bd(B1/u) = pd(A1/u) =0
Ci—1=Bi—-1+uCi pd(B2/u) = pd(Bl/u) u+ B1=8B1=C1 pd(B2/v)=pd(A2/v)+ pd(B1/v) u=0
Ci-2=Bi—-2+uCi-1+vCi pd(B3/u)=pd(B2/u) u+B2=0C2 pd(B3/v) = pd(B2/v) u + pd(B1/v)

: v+ B1=B8B1=C1
Ci-3=Bi-3+uCi-2+vCi-1

The above three columns can be generalized by the following recurrence relation.

Ci=Bi+uCi+1+vCi4+2
fori=1,n

where pd(Bi/u)=pd(Bi+ 1V =Ci -1

Equations (2) and (3) can be rewritten as
-Bn=Cn-1Au+Cnh-2Av
~-Bn+1=CnAu+ Cn-1Av
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Then, using Cramer’s rule: -

-B1 C3 C2 -B1
~B0 C2 Ci  -BO
Deltay = ——mo0mm——o Deltay = @———
C2 C3 c2  C3
c1 C2 cC1 G2

If the denominator=0, A u=14+ Au’, Av=1+deltav' where Au'and A v’ are valuesof Auand A v
computed from the previous iteration.

If A uis less than or equal to epsilon and A v is iess than or equal to epsilon where epsiion is the
allowable error factor, then (x2— ux —v) is a factor of P(x). Roots of (x2— ux —v) are found by using the

duadratic formula.

; X P’:J: v = Qn --2(x), the reduced polynomial used to find the remaining roots.

Reference: Applied Numerical Analysis. Curtis F, Gerald, Addison-Wesley, 1870.

User Instructions—Roots of a Polynomial
Select the Roots of a Polynomial program by entering RUN “COMPLEX”.

Step Displa Procedure/Comment Goto
1. ROOTS OF A POLYNOMZIAL Program name. 2
2. Use Printer? a. Accept printer usage by entering Y. 3

b. Reject printer usage by entering N. 4
3. Enter Device Name: Enter the output device name. 4
4. Enter Degree: | Enter the degree of the polynomial. 5
. Enter X(#): Enter the coefficient of X(n).1 6
6. a. If there are more coefficients to be entered. 5
b. If there are no more coefficients to be entered. 7

(continued)
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{continued)

7.
8.
9.

10.
11.
12.
13.
14,

15.
16.

17.

18.

Step Display

Enter u:
Enter v:
Enter Accuracy:
Enter Max. its:

Edit?

Print successive values cof...

Delta u and Delta v?

delta u=

IIDelta V=

Doesn'% converge after ## its

Continue? .

Procedure/Comment | Goto
Enter initiai estimate of u. 8
Enter initial estimate of v. 9
Enter allowable error. T 10
Enter the maximum number of iterations the
program shouid calculate to try to find the roots. 19
a. Edit data by entering Y. 4
b. Accept data by entering N. | 12
Displays prompt. Proceed by pressing [ENTER]. 13
a. Print out the Deita u and Delta v values and the

roots for each iteration by entering Y. 14
b. Print out just the roots by entering N. 24
Displays Delta u. Proceed by pressing [ENTER]. 15
Displays Deita v. Proceed by pressing [ENTER]. 16
a. Compute and print Deita u and Delta v values

until a set of roots are found. 14
b. Set of roots are found. 24
¢. Maximum iterations have been completed. 17

The roots where not found in the maximum
number of iterations given the program to find all

of the roots. Proceed by pressing [ENTER]. | 18
a. Continue looking for the roots for this problem
by entering Y. 19
b. Stop looking for the roots for this probiem by
entering N. 23

(continued)
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Ster
19.
20.

21.
22.
23.

24,

25,
26.

27.

28.

29.

Displa

Enter Max. its:

Change u and v?

Enter u:
Enter v:

Degree=

Re/IM¥=

Re/IM#*=

Exit Program?

Procedure/Comment
Enter how many additional iterations to compute.

a. Change u and v by entering Y.
b. Continue with the current values of u and v by

entering N.
Enter new estimate of u.
Enter new estimate of v.

a. If printing Delta u and Deilta v.
D. If not printing Delta u and Delta v.

Displays the degree of the current polynomial.
Proceed by pressing [ENTER].

Displays the first root. Proceed by pressing [ENTER].
a. If the degree of the current polynomial is one.
b. If the degree of the current polynomial is

greater than one.
Displays the second root. Proceed by pressing
[ENTER].
a. If the degree of the current polynomial is one or

two.
b. If there are more roots to be found and if
printing the succesive Delta u and Delta v's.
c. If there are more roots to be found and if just

the roots are being printed.

a. Exit program by entering Y. .
b. Continue program by entering N.
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Notes
RE/IM* — RE or IM.is.displayed with the root depending on the case.

1. All coefficients must be entered, starting with the coefficient of the X(n) term.

Example 1 -
Find the roots of the polynomial
x5 —17.8x4 +99.41x3 - 261.218%x2 + 352.611x - 134.106 =0

Use 0 for initial estimates of u and v. Give the program 50 iterations to find the roots. Enter an epsilon

of .00001.
Select the Roots of a Polynomial program by entering RUN “COMPLEX".
Step Displa 3 Procedure/Comment
1. ROOTS OF A POLYNOMIAL Program name.
2. Use Printer? Enter N.
3. Enter Degree: O Enter 5.
4. Enter X(5): O Enter 1.
§. Enter X(4): O Enter -17.8.
8. Enter X(3): O Enter 99.41.
7. EnterX(2): O Enter —261.218.
8. Enter X{1): O Enter 352.611.
Q. Enter X(0): O Enter —134.1086.
10. Enteru: O Accept current value by pressing [ENTER].
11. Enterv: 0O Accept current value by pressing [ENTERI.
12.  Enter Accuracy: O Enter .00001.
13. Enter Max. its: 50 Accept current value by pressing [ENTER].
14, E4it? Enter N.

(continued)
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{continued)

Step Display ' - Procedure/Comment

15.  Print successive values of... Proceed by pressing [ENTER].
16. Delta u and Delta v? Enter N.
17.  Degree= g, -_ Displays the degree of present polynomial.
| Proceed by pressing [ENTER].
18. Re= 3.619868415 Displays a root. Proceed by pressing [ENTER].
19.  Res= 5801315846 Displays another root. Proceed by pressing [ENTER].
20. Changeuand v? . Enter N.
21.  Degree= 3 Displays all requested values. Proceed after
? Re= 1.65 each output by pressing [ENTER].
f Im= 1.86480562
' Degree= 1
Re= - 10.3
; 22.  Exi* Program? Enter Y.
Example 2

Find the roots of the polynomial
X4 — 34x3 + 431x2 - 2414x +5040=0

Use 12 for an initiai estimate of u and 6 for an initial estimate of v. Give the program 50 iterations to
find the roots, and enter an epsilon of .00001. Print the Au and Av values.
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Select the Roots of a Polynomial prbgram by entéri'ng RUN “COMPLEX".

1.
2
3
4.
S.
6
7
8
9

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22,
23,

Step Display
ROOTS QF A POLYNOMIAL :

Use Printer?

Enter Degree: O
Enter X(4):
Enter X(3):
Enter X(2):
Enter X(1):
Enter X(0):
Enteru: 0
Enter v: O

O O O O O

:Enter Accuracy: O
‘Enter Mex. its: 50

Edit?

Enter Degree: 4
Enter X(4): 1
Enter X(3): =34
Enter X(2): 431
Enter X(1): 2414
Enter X(0).: 4050
Enter u: 12
Enterv: 6

Enter accuracy: .00001

Enter Max. its: 50

Procedure/Comment

- Program name.
enter N.
Enter 4.
Enter 1.
Enter - 34.
Enter 431.
Enter 2414,
Enter 4050.
Enter 12.
Enter 6.
Enter .00001.

Accept current value by pressing [ENTER].

Enter Y.

Accept current value by pressing[ENTER].
Accept current value by pressing [ENTER].
Accept current value by pressing [ENTERI.
Accept current value by pressing [ENTER].

Enter —2414.
Enter 5040 .

Accept current value by pressing [ENTER].
Accept current value by pressing [ENTER].
Accept current value by pressing [ENTER].
Accept current value by pressing [ENTER].
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{continued)

Ster
24,
25.
26.
27.

Displa Procedure/Comment

Edit? EnterN .

Print successive values of... Proceed by pressing [ENTER].
Delta u and Delta v? EnterY.

Delta u=  4.438319711 Display all requested values. Proceed after
Delta v= -20.8139137 each output by pressing [ENTER].
Delta u=  .2826726504

Delta v= ~27.86047113

Delta u=  ,1401297406

Delta v= «14.09017973

Delta u=  .0699490743

Delta v= «7.069172312

Delta u=  .0352853349

Delta v= =3.510466384

Delte u= . 0183089239

Delta v= <-1,691221263

Delta u=  .0099474054

Delta v= -.7288224444

Delte u=  .0045959261

Delta v= -.2138171346

Delta u=  .0007794675

Delta v= =.0217206452

Delta u=  1,176474E-05

Delta v= =,0002152342

Delta u= .000000001

Deltas v= -.,0000000171

(continued)

38




(continued)

Step Display rocedurelCamment
Degrees= 4
Re= 10.
Re= 7.
. Degree= 2
Re= 8.9999999G2
Re= 8.00000000% -
28. Exit Program? Enter Y.
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Discrete Fourier Transform—“DFT”

This program transforms a complex time series to the frequency domain (DFT) and performs the
inverse transform (IDFT) from the frequency domain back to the time domain. The frequency
representation of the transform is-given in terms of magnitude in dB and phase in degrees. (Angles
input in this program must be in degrees with decimal format.) With a 6K byte memory capacity
computer, the program allows a DFT sampling rate of up to 64 points using the 2N point transform
option. For IDFT’s, you can generate a time-domain image of a signai by taking up to a 64-point
sample of its symmetric frequency domain representation. It is assumed that the time series reflects a
neriodic function over some finite interval so that the frequency domain behavior can also be
expressed as a discrete series representing a periodic function. The following equations are used in

this program.
Discrete Fourier Transform (DFT)

N-—-1
Fra()_‘])': E f(n) cos (ZWHX)
p n=0_ |

L}

N.

L

N -1 A
CF o (X)= — E(] #(n) sin (2”£>ﬁ) X=0 12 ... N—1
A=

IF(X) =/ [Fe)F + [Fin(X)F ”’

magnitude in dB =20 log IF(X)!

Fim(X)
Fre(X)

phase in degrees, £ F(X)=tan™’ [ ], -90° </ F(X)<270°
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where

F(X) = Fe(X) + jFim (X) is the transform of the sample at X.
F.o(X)=real part of the transform

Fm(X) =imaginary part of the transform

f(n) = value of the waveform sampled at n

N = total number of samples

Inverse Discrete Fourier Transform (IDFT)

f(X) = TZT Nij F e(n) cos (ernx*) — Fim{(n) sin (21:’1)()
n=_0

:where

- f(X)=the value of the waveform sampled at X
F.(n) = real part of the transform at sample n
Fim(n) = imaginary part of the transform at sample n

N = total number of samples

The program assumes that the time function (f) and the frequency function (F) are approximated by N
equally spaced samples at intervals of A T(DFT) or 1/ A T(IDFT). These N samples define the Discrete
Fourier Transform pair f # F because the N time and frequency values give a discrete representation
of the time-and frequency domain waveforms, respectively. To minimize the effects of aliasing, choose
N such that the DFT sample interval is A T < 1/2f;, where f. is the highest frequency component of the
transform and the IDFT sample interval is 1/ A T < 2f; which is the Nyquist sampling rate.

Six Windowing Techniques are availabie for use in sidelobe suppression.
1. Hamming
2. Hanning
3. Blackman
4. Bartlett
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5. Doiph-Tchebycheff*

6. Doiph-Tchebycheff(normalized)®

Data input may be simplified by the foliowing options.
1. Transforming 2 real time series simultaneousiy.
2. Transforming a 2N point transform using an N point transform.

Notes

1. The DFT of a real series may be computed by entering the series values for the real part of the

samples and zero for the imaginary part.
2. The algorithm requires that the sample length N=2m where m is a positive integer > 0.

3. Since the DFT of 2 real series simultaneously requires the use of a complex input sequence, series
1 is input as real data and series 2 is input as imaginary data. The algorithm requires that the

sample length be 2N for a 2N point transform.

References: The Fast Fourier Transform, E. Oran Brigham. Prentice Hall, 1974.
An Introduction to Discrete Systems, Kenneth Steiglitz, John Wiiley and Sons, 1974.

Digital Signal Processing, Alan V. Oppenheim, Ronaid Schokr. Prentice Hatl, 1975.
“Properties of Doiph-Tchebychel! Weighting Functions,” H.R. Wood, IEEE Transactions on Aerospace and Electronic Systems, September 1973, pp. 785-789.

User Instructions—Discrete Fourier Transform
Select the Discrete Fourier Transform program by entering RUN “DFT”.

Ster
1.
2.

3.

o A

Dispia
DFT
Use Printer?

Enter Device Name:
Enter No. of Samples:
a+bj Form?

Procedure/Comment
Program name.

a. Accept printer usage by entering Y.
b. Reject printer usage by entering N.

Enter the output device name.

Enter the number of samples to be input.

a. Select a+ bj form by entering Y.
b. Display next option by entering N.
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{continued)

Step Display

6.

© o~

10.
11.
12.

13.
14.
15.
16.

17.

18.

19,

Enter Data From Keyboard?

Enter Real(#):
Enter Imag(#):

Enter Data From Media?
ter Device.Flilename:
Edit?

Enter eliement <o be edited:
Enter Real (#):

Enter Imag(#):
Edit more elemen+s?

(I‘,‘.‘E‘) Form?

ter Data From Keyboard?

ter r(#):

Procedure/Comment

a. Enter the samples from the keyboard by
entering Y.
b. Display next option by entering N.

Enter the real part of sample.
Enter the imaginary part of sample.

a. It input is incompiete.
b. If input is compiete.

a. Enter the samples from media by entering Y.

b. Continue program by entering N.

Enter the device and filename in the form
Device.Filename.

a. Edit data by entering Y.
b. Accept data by entering N.

Enter the element number to be edited.
Enter the real part of sample.
Enter the imaginary part of sample.

a. Edit more data elements by entering Y.
b. Accept data by entering N.

a. Select (r,e) form by entering Y.
b. Display next option by entering N.

a. Enter the samples from the keyboard by
entering Y.
b. Display next option by entering N.

Enter the magnitude part of sample.
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Ster
20.
21.

22.

23.
24.

25,
26.
27.
28.

30.
31.

32.

Display .
Enter e(#):

Enter Data From Média?

Enter Device.Filename:

E4itT?

Enter element to be edited:

Enter r(#):

Enter e(#):

+

Edit more elements?
Save Data on Media?
Enter Device.Filename:
Window Data? .

O-MENU  ° 1-HANNING...
2-HAMMING  3-BLACKMAN...
4-BARTLETT 5-D-T...
6-D-T NORM. '

Procedure/Comment
Enter the-angie part of sample.

a. If input is incomplete.
b. If input is compliete.

a. enter the samples from media by entering Y.

b. Continue program by entering N.

Enter the device and filename in the form
Device.Filename.

a. Edit data by entering Y.
D. Accept data by entering N.

Enter the element number to be edited.
Enter the magnitude part of sample.
Enter the angle part of sample.

a. Edit more data elements by entering Y.
b. Accept data by entering N.

a. Save data on media by entering Y.

b. Continue program by entering N.

Enter the device and filename in the form
Device.Filename.

a. Window data by entering Y.
b. Continue program by entering N.

Displays Menu. Proceed after each
line by pressing [ENTER].
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Step
33.

34.
. 35.
36.

37.

38.

Displa .
Enter Window Option:

Enter Side Lobe Ratio in d&B:

Signal~to-Nolse Loss=

Compute?-

0-MENU 1-DFT...
2-DFT(SIMO) 3-DFT(2N)...
4=-IDFT.

ter Option:

Procedure/Comment

Enter the window option from the choices given.

O-Repeat menu.

1-Perform Hanning window on data.

2-Perform Hamming window on data.

3-Perform Blackman window on data.

4-Perform Bartlett window on data.

5-Perform Dolph-Tchebycheff window on data.

6-Perform Doiph-Tchebycheff (normalized)
window on data.

Enter the side lobe ratio in dB.
Displays signal-to-noise I0ss. Proceed by
pressing [ENTER].

a. Compute without windowing the data by
entering Y.

b, Display next option by entering N.

Displays Menu. Proceed after each

line by pressing [ENTER].

Enter the compute option from the choices
given.
O-Repeat menu.

1-Perform DFT calculations, and display results.

2-Perform DFT(SIMO) calculations, and display

results. |
3-Perform DFT(2N) calculations, and display

results.

- 4-Perform IDFT calculations, and display results.
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Goto

32
37
37
37
37
34

34
35

37

37
64

37
39

45

56
39

(continued)




(continued)

Step Display Procedure/Comment Goto
39. Real(#)= Displays real part of the transform. Proceed by
. nressing [ENTER]. 40
- 40. Imag(#)= Displays imaginary part of the transform.
Proceed by pressing [ENTER]. 41
41, Mag= Displays the magnitude of the transform.
Proceed by pressing [ENTER]. 42
42. dB= Displays the magnitude in dB of the transform.
Froceed by pressing [ENTER]. 43
43. Angs= Displays the angle in degrees of the transform.
Proceed by pressing [ENTER]. 44
44, a. [f output is incomplete. 39
; b. If output is complete. 62
45. Rel(#) Displays real part of the transform. Proceed by
pressing [ENTER]. 46
46. Iml(#)= Displays imaginary part of the transform.
| | Proceed by pressing [ENTER]. 47
47. Magl- Displays the magnitude of the transform.
| Froceed by pressing [ENTER]. 48
48. dBl= Displays the magnitude in dB of the transform.
Proceed by pressing [ENTER). 49
49. Angl-= Displays the angle in degrees of the transform.
Proceed by pressing [ENTER]. 50
50. Re2(#)= Displays real part of the transform. Proceed by
pressing [ENTER]. 51
51. Im2(#)= Displays imaginary part of the transform.
Proceed by pressing [ENTERI. 52
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{continued)

Step Dispiay -
52. Magl-s |
63. dB2=
D4. Ang2=
55.
| 56. Real(#)=
" 57.  Imag(#)=
58. Mag=s
59. dB=
60. Angs
61.
62. Save Data on Media?
63. Enter Device.Filename:
64. Exit Program?

Procedure/Comment
Displays the magnitude of the transform.
Proceed by pressing [ENTER].

Displays the magnitude in dB of the transform.

Proceed by pressing [ENTER].

Displays the angle in degrees of the transform.

Proceed by pressing [ENTER]

a. If output is incompiete.
b. If output is complete.

Displays real part of the transform. Proceed by

pressing [ENTER)].

Displays imaginary part of the transform.
Proceed by pressing [ENTER].

Displays the magnitude of the transform.
Proceed by pressing [ENTER].

Displays the magnitude in dB of the transform.

Proceed by pressing [ENTER].

Displays the angle in degrees of the transform.

Proceed by pressing [ENTER]I.

a. If output is incomplete.
b. If output is compiete.

a. Save data on media by entering Y.
b. Continue program by entering N.

Enter the device and filename in the form
Device.Filename.

a. Exit program by entering Y.
b. Continue program by entering N.
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Goto
53
54
55
45
62
57
58
59
60
61

o6
62

63
64

64
STOP




Example

Find the Discrete'Fourier Transform of a sampled pulse with a period cf 8 seconds and a duration of 4
seconds. -

Select the Discrete Fourier Transf‘crm program Dy entering RUN-“DFT”,

E Dls Elax Procedure/Comment .

PR O N S Y -
m@ﬂmmzaE:SPPN@@PPNA

A
O«

Use Printer?
Enter No. of Samples:

a+b] Form?

(r,e) Form? o
Enter Data From Keyboard?
Enter r(1):
'Enter e(1):
Enter r(2):
Enter e(2):
Enter r(3):
Enter e(3):
Enter r(4):
Enter e(4):
Enter r(5):
Enter e(5):
Enter r(6):
Enter e(6)::
Enter r(7):
Enter e(7):

@i eloelsNoelNolNe NolNe Noelole e

C

Program name.
Enter N.
Enter 8.
Enter N
Enter Y
Enter Y.
Enter 1.

Accept current vaiue by pressing [ENTERI.

Enter 1

Accept current value by pressing [ENTER].

Enter 1

Accept current value by pressing [ENTER].

Enter 1.

Accept current value by pressing [ENTER].

Enter 1.

Accept current value by pressing [ENTER].
Accept current value by pressing [ENTER].
Accept current value by pressing [ENTER].
Accept current value by pressing [ENTER].
Accept current vaiue by pressing [ENTER].
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(continued)




(continued)

Ster
21.

22.
23.
24.
25.
26.
27.

g
: 28.
29,

Displa
Enter r(8): O
Enter e(8): O
Edit?

Save Data on Media?
Window Data?

Compute?

0-MENU 1-DFT...

2-DFT(SIMO) 3-DFT(2N)..

4-IDFT.

Enter Option:

Real(l)= 5

Imag(l)= O

Mag= 5

dB= 13.97940009

Ang= 0

Real(2)= O

Imag(2)= -2.414213562

Mag= 2.414213562
= - 7.655513707

Ang= 270

Real(3)= 1

Imag(3)= O

Mag= 1

dB= 0

Ang= 0

Procedure/Comment .
Accept current vaiue by pressing [ENTER].

Accept current value by pressing [ENTER].
Enter N.
Enter N.
Enter N.

Enter Y.

Displays Menu. Proceed after each
line by pressing [ENTER].

Enter 1.

Displays all requested values. Proceed after
each output by pressing [ENTER].
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(continued)

Step

32.
33.

Dispia I
Real(4)= O
Imag(4d)= —.4142135624
Mag= 4142135624
= -7.655513707
Ang= 270
Real(5)= 1
Imag(5)= O
Mag= 1
dB= 0
Ang= 0
Real(6)= 0
Imag(6)= .4142135624
Mag= 4142135624
‘dB= ~7.655513707
Ang= 30 -
Real(7)= 1
Imag(7)= O
Mag= 1
= O
Ang= 0
Real(8)= O
Imag(8)= 2.414213562
Mag= 2.414213562
= 7.655513707
Ang= 90
Save Data on Media?
Exit Program?

Procedure/Comment

Enter N.
Enter Y.
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Network AnaIySIs—“NETWORK”

This program is designed for optimal use with a printer. The program computes the frequency
response of a general linear network comgposad of resistors, capacitors, inductors, and voitage
controlled dependent current sources. With a 6K byte memory capacity computer, you may enter a
range of from 2 nodes and 200 components to 13 nodes and 13 components. The ratio of nodes to
components within this range may be determined from the following table.

Nodes Components
2 200
3 195
4 185
5 175
6 160
7 145
8 | 130
9, 110

10- 90
11 65
12 40.
13 13

The program uses node analysis using the node admittance matrix [I] ={Y] [E], where | is the current
entering any node, Y is the admittance to any node, and E is the voitage associated with any node
with respect to ground. Program output is in the form of a log or linear frequency sweep which
depends on starting frequency, ending frequency, and number of intervals specified. Printout consists
of the frequency in Hertz, magnitude of the output voltage in dB, and the phase in degrees.

If the linear sweep is selected, the frequencies at which the circuit’s response are computed are
f=fs+(n{fe —fs)= INT)

where
n starts at 0 and increments until f = fe.

ITINT=0.5, fs is the starting frequency and 2fe - fs is the ending frequency.
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If the logarithmic sweep is sélected, the frequencies at which the circuit’s response are computed are
f = 10(log fs + (n(iog (fe « fs) = INT))

where
| n starts at 0 and increments until f = fe.

If INT=0.5, fs is the starting frequency and 10(og(fez+1s)) js the ending frequency.

Program Assumptions
1. Phase output is always between - 90° and 270°.
2. No independent current sources exist and all dependent sources are voltage controlled current

. Sources.
3! Node zero is the reference or ground node, node one is the input node, and node two is the output

' node.
4. The output results {from a one voit source connected between node one and node zero.

5. The from node is not zero when entering the node numbers between which a component (R, L, C, or

gm) is connected.
6. A to node of nine or less must be entered in the second position from the decimal. From node one

to node three is 1.03.
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User Instructions—Network Analysis

Select the Network Analysis program by entering RUN “NETWORK”.

1.

o~

A

© 00N

10.
1.

12.
13.
14,
13.

16.

Step Display 3

NETWORK ANALYS IS
Use Printer?

Enter Device Name:
Enter No. of Nodes:
Enter No. of Elements:
Enter Component ID...
1-gm 2-R 3-C 4-L:
Enter Its Value:
#nter FP.TT:

Enter Cntrl V.(FF.TT):

Enter Starting frequency:

Enter Ending frequency:
Enter No. of Intervals:
Linear Sweep?

Log Sweep?

Procedure!Comment
Program name.

a. Accept printer usage by entering Y.
D. Reject printer usage by entering N.

Enter the output device name.
Enter the number of nodes.
Enter the number of elements.

Enter the Menu option.
Enter the component’s value.

Enter the from and to nodes in the format ff.tt.

a. If in option 1.
b. If in option 2, 3, or 4.

Enter the control voltage.

a. If input is incomplete.
b. If input is complete.

Enter the starting frequency.
Enter the ending frequency.
Enter the number of intervals.

a. Select linear sweep option by entering Y.
b. Display next option by entering N.

a. Select log sweep option by entering Y.
D. Display next option by entering N.
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Goto

MDD O & bW

13
14
15

17
16

17
15

fcontinyed)




(continued)

Step Display

17.

18.

19.

20.

1.

4

‘22

Edit?
Frequency=
Magnitude(dB)=

Phase(Degrees)=

Exit Program?

Procedure/Comment

a. Edit data by entering Y.
b. Accept data by entering N.

Displays the frequency. Proceed by pressing
[ENTER].

Displays the magnitude in dB. Proceed by
pressing [ENTER].

Displays the phase in degrees. Proceed by
pressing [ENTER].

a. If output Is incomplete.
b. If output is complete.

a. Exit program by entering Y.
b. Continue program by entering N.

56

Goto
18
19
20
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22

STOP




Example

For the passive RGC filter shown, determme the frequency response from 1 MHz to 10 MHz at 1 MHz
increments.

COMMON'EMI‘_ETER AMPLIFIER (Equivalent Circuit Representation) -

Eo—-f(i—,

1

V-n 2k} = 05V3 fk(2 ;: 159#1-: ll"‘('C}th

= .05 mhos
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Select the Network Anaiysié program by entering RUN “NETWORK”.

Step Display B Procedure/Comment
1. NETWORK ANALYSIS Program name.
2. Use Printer? | Enter N.
3. Enter No. of Nodes: Enter 3.
4. Enter No. of Elements: Enter 3.
5. Enter Component ID...
1-gm 2-R 3-C 4-L Enter 2.
6. Enter Its Value: Enter 50.
I 7. Enter FF.TT: Enter 1.02.
b 8. Enter Component ID...
1-gm 2-R 3-C 4-L : Enter 3.
9. Entexr Its Value: | Enter 1.569E - 08.
10. Enter FF.TT: Enter 2.03.
11. Enter Component ID...
l-gm 2-R 3-C 4-1 Enter 2.
12. Enter Its Value: Enter 20.
13. Enter FF.TT: Enter 3.
14. Enter Starting frequency: 0O Enter 1000000.
15.  Enter Ending frequency: O Enter 10000000.
16. Enter No. of Intervals: O Enter 10.
17. Linear Sweep? Enter Y.
18. E4it? Enter N. .
19. Frequency= 1000000 Displays all requested values. Proceed after
Magnitude(dB)= -1.559073999 each output by pressing [ENTER].
- Phase(Degrees)= -23.66660142

(continued)
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{continued)

Steg

20.

Displa _
Frequency=

Magnitude(dB)=
Phase(Degrees)=

Frequencys=
Magnitude(dB

Phase(Degrees)=

Frequency=

Magnitude(dB)=
Phase(Degrees)

Frequency=

Magnitude(dB)
ahase{Degrees

Frequencys=

Magnitude(dB)=
Phase(Degrees)=

Frequency=

Magnitude(dB)s=
Phase(Degrees)=

Frequencys=

Magnitude(dB)=
Phase(Degrees)=

Frequencys=.

Magnitude(dB)=
Phase(Degrees)=

Frequencys=

Magnitude(dB)=
Phase(Degrees)=

Exit Program?

2000000
~4.063903011
~32.6537504

3000000
-5.991926308
~33.57584422

4000000
-7.311881441
~31.€959045¢€

5000000
-8.20826577
-29.06775995

6000000
-8.827545839
-26.42794172

7000000
-9.265698392
-24.01851772

8000000
-9.583468724
-21.896136€2

9000000
~9.819429644
-20.05033477

10000000
-9.99847601<
-18.44946143

ProcedureIComment

Enter Y.
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Passive Lowpass Fllters—“PASSIVE”

This program computes component values for passive !owpass Butterworth and Tchebycheff filters of
the following form.

Hequiréd inputs are minimum stopband attenuation, Anin in dB, maximum passband attenuation, Aqay
in dB (Amax = allowable ripple for Tchebycheff filters), frequency where minimum stopband attenuation
realized, fm;, in Hertz, frequency where maximum passband attenuation realized, fhax in Hertz, and
terminal resistance R in ohms. The program computes the filter order n which defines the number of

reactive components
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= k=3

— )

= o

‘EE ©

ul =

~ -

z 2

< <
0 ) T SRS tog f 0 f log f
Butterworth Lowpass Characteristic Tchebycheftf Lowpass Characteristic

For Butterworth filters with response of the form shown, the component values are computed as
follows.

= —— sin Qif'”“] i=1,3.5,...
7f.R 2n

L= R sin [(2“1)‘*'"] i=2.4.6, ...
g 2n
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For Tchebycheff filters with response of the form shown, the component values are computed as
follows. -

LI

8 =In [Coth( 40 ItEJg e )]

- ¥ =sinh ﬁ)
K (2n
a. = sin [(2i"1)7"] i=1.2.3,....n
2N
b; =v*+ sin? (-'E) =1.2.3,....0N
n
g1=1.2a1
.
gi£ 4.'ai'1a.i_ i i=2.3.4,....n
Di_1Gi- -
. C=_19 1=1.3,5,...
'. 27t R . |
Li= Rg' |=2,4,r6,...
27t

Note: This program assumes that the generator resistance Rg is equal to the load resistance R for
Butterworth filters and odd-order Tchebycheff filters. Thus, the {ermination resistance R=Rg=R,. in
the case of even-order Tchebycheff filters, R = Rg/coth?2 (5/4) which, for small ripple resuits in the
generator resistance Rg being approximately equal to the load resistance R,. Thus, the termination

resistance R=Rg = R|.
References: Handbook of Filter Syntheses, Zverev, John Wiley and Sons, 1967.

Microwave Filters, Impedance-Matching Netwaorks, and Coupling Structures, Matthai, Young, Jones, McGraw-Hill, 1964.
Reference Data For Radio Engineers, 6th Edition 1977, Howard W. Sams & Co,, Inc., ITT.
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User Instructnons—Passwe Lowpass Fllters
Select the Passive Lowpass Filters program by entering RUN "PASSIVE"

- -
- a -

4

Step
1.
2.

3.

B

0 N

10.

11.

12.

13.

14.

15.

Displa
PASSIVE LOWPASS FILTERS

Use Printer?

Enter Device Name:
Enter H:
Enter A{max):

Enter A(min):

Eriter f(max):
Enter f(min):
Edit?

Butterworth?

Tchebycheff?

Exit Program?

Procedure/Comment
Program name.

a. Accept printer usage by entering Y.
b. Reject printer usage by entering N.

Enter the output device name.
Enter the termination resistance in ohms.

Enter the maximum attenuation of the passband

in dB.

Enter the minimum attenuation of the passband

in dB.

Goto
2

3
4
4
5

6

7

Enter the frequency of maximum attenuation in Hertz. 8
Enter the frequency of minimun attenuation in Hertz. 9

a. Edit data by entering Y.
b. Accept data by entering N.

a. Select Butterworth option by entering Y.
b. Display next option by entering N.

a. Select Tchebycheff option by entering Y.
b. Display next option by entering N.

Displays the component value. Proceed by
pressing [ENTER].

Displays next component value. Proceed by
pressing [ENTER].

a. If component output is complete.
b. If component output is incomplete.

a. Exit program by enteringy.
b. Continue program by entering N.
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12
11

12
10

13

14

15
12

STOP
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Example 1 | .
Compute the component values for a Butterworth filter having equal generator and load resistances of
2000 ohms. The filter must pass frequencies below 10 kilohertz(fc), with 3 dB as the maximum
attenuation at 10 kilohertz. At least.30 dB attenuation must be provided at 15 kiiohertz and above. The

order of the filter is determined by the program.
Select the Passive Lowpass Filters program by entering RUN “PASSIVE”.

Step Displa - Procedure/Comment

1. PASSIVE LOWPASS FILTERS Program name.

2. Use Printer? Enter N.

3. Enter R: O Enter 2000.

4, Enter A(max): O Enter 3.

5. Enter A(min): O Enter 30.

B. Enter f(max): O Enter 10000.

7. Enter f(min): O | Enter 15000.

8. Edit? __ | Enter N.

9. Butterworth? Enter Y.

10. C(1)= 2.763697E-09 Displays all requested values. Proceed after
L(2)= 0318309886 each output by pressing [ENTERL.
C(3)= 1.219198E-08
L{4)= .0598226902
C(5)= 1.591549E-08
L(6)= .0598226902
C(7)= 1.219198E-08
1.(8)= .0318309886
C(9)= 2.763697E-09

11. Exit Program? Enter Y.
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Example 2 |
Compute the component values for a Tchebycheff filter having equal generator and load resistances of
1000 ohms. The fiiter must pass frequencies below 3500 Hertz with an attenuation of 40 dB required at
- 5250 Hertz. The passband ripple is aliowed to be .5 dB with 3500 Hertz being the cutoff frequency. The

order of the filter is determined by the program.
Select the Passive Lowpass Filters program by entering RUN “PASSIVE”.

Step Displa Procedure/Comment
1. PASSIVE LOWPASS FILTERS Program name.
2. Use Printer? Enter N.
3. Enter R: O Enter 1000.
4, Enter A(max): O Enter .5.
5. Enter A(min): 0 - Enter 40.
6. Enter f(max): O Enter 5250.
7. Enter f(min): © Enter 3500.
8.  Edit? Enter Y.
g. Enter R: 1000 Accept current value by pressing [ENTER].

Accept current value by pressing [ENTER].

AW

10.  Enter A(max):

11, Enter A{min): 40 Accept current value by pressing [ENTER].
12. Ente? f(max): 5250 Enter 3500.

13.  Enter f(min): 3500 Enter 5250.

14, Edit?. Enter N.

15. Butterworth? | Enter N.

16. Tchebycheff? Enter Y.

(continued)
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(continued)

Step Display « . | Procedure/Comment -
17. C(1)= 7 .899956E-08 ';: Displays all requested values. Proceed after
L(2)= .0572155871 each output by pressing [ENTERL
C(3)= 1.199706E-07
L(4)= .06113069
C(5)= 1.199706E-07
L(6)= .0572155871
C(7)= 7.899956E-08
18. Exit Program? Enter Y.
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Phase-Locked Loop—“PLL”

Given the choice of an active or passive iocop filter, this program computes the resulting design
parameters for a basic phase-locked loop as illustrated below. A type-2, second-order loop is realized
with an active filter while a type-1, second-order loop resuits with a passive fiiter.

| VOLTAGE
e PHASE CONTROLLED £ N
in DETECTOR FILTE: OSCILLATOR out = Mhin

(VCO)

| - DIVIDE BY N UOUNTEH I

FOR ACTIVE FILTER, N = +=—

| FOR PASSIVE FILTER,N = 1

ACTIVE FILTER | PASSIVE FILTER
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R

]

O o GF(S)
g (S)= S + GF(S)

The basic PLL transfer funéixion S

where
¢, is the input phase
6, is the output phase
G is the loop gain

F(S) is the transfer function of the loop filter.
G = KK,
where
'K, is the gain of the phase detector in volts/radian

; K, isthe gain of the VCO in radians/(second volt)

If the ioop filter is active, a (= N) counter can be added to the ioop, making the output frequency, fouts
an integral multiple of the input or reference frequency, f;,. In this case, N is an integer divisor = 1 and
fout = N fin. This technique is used for multiple frequency generation in frequency synthesizers. If the
loop filter is passive, the program ignores the (= N) counter and in effect N=1 making f, = f;.

In this program, you must input the ioop gain G and a value for C in farads. If the loop fiiter chosen is
active, then N is also required. At this point, you have the option of either inputting w,, the natural

angular frequency in radians/seconc and the damping factor and solving for the resistances R, and R,
in ohms, or vice versa. With a passive loop filter, a test is made before computing R, and R- to insure
that the resistance values are greater than zero. Finally, after completing the above computations, the

loop-noise bandwidth can be computed.
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Method Used Phase Locked Lbop

F(S) = STZ _— for an actwe filter pmwded that the amplifier gain is very large and

S*Jr'1
F(S) = __STat] for a passive filter where . =R,C, 7,=R,C.
S(Tt + 12) + 1
Using the transfer function representatwe F(S) for the passive filter. the basic PLL transfer function
becomes |
QQ (S) = G(S7, + 1)/(r, + 7))

8. S2+S(1+Gr)(r, + Tz)+G/(T + 7,)

in order to preserve the analogy with second-order servo contrcls, one can substitute for the time
constants$ r, and r,, the parameters of w,. the natural anguiar frequency. and {, the damping factor.

Making these substitutions,
6, Sw, (2§ = w,/G) + w,?

2 (SY = -
0 =) S2+ 2w, S+ wy?

where, by definition

e 2 o)
= and ¢ = =P + —
“n T, + 7, § 2 2 G

A similar argument applies in the case where the loop filter is active except that the (= N) counter
changes the form of the PLL transfer function,

8, o GF(SIN
g, S)= S + G F(S)/N
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Using the transfer function tgpresentation F{S) for the active filter, the PLL transfer function becomes

6o () G(S7, + 1)/N7, or  Bogy_ _ 2wS+

9i 82+S(GT2!NT1)+G/NT1 ei | Sz+2§'wn S'i'(.dnz

where, by definition

W, = G ang = i

N7, 2

TI?e loop filter components R, and R, are computed using the defining equations for w, and ¢.

Active filter calculations for R, and R,

_ G . p._ -G
“n = Nz, - " Nw.2C
=% . R =2
¢ 5 T2 2 e
Passive filter calculations for R, and R,
Wn = G - F:{1 - G =
T, + 7, w,2C
_ @ +l)"a=2f -1
$=3 (T‘? G T %.C  GC

NOTE: In order to insure R,, R, > 0 in the passive case,
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Finally, for both active and passiye loops, the one-sided loop-noise bandwidth B in Hertz is computed

%4

‘Reference: Phaselock Techniques, Floyd M. Gardngr} John Wiiey & Sons, 1966.

User Instructions—Phase Locked Loop
Select the Phase Locked Loop program by entering RUN “PLL".

Step Display Procedure/Comment _ ) Goto
1. PHASE LOCKED LOQCP Program name. 2
2. Use Printer? | a. Accept printer usage by entering Y. 3

| b. Reject printer usage Dy entering N. 4

3. Device Name: Enter the output device name. 4
4, Active Filter? a. Select active filters by entering Y. 6
* ) | b. Display next option by entering N. 5

5. Passive Filter? a. Select passive filters by entering Y. 6
| b. Display next option by entering N. 26
6.  Compute R1, R2, B? a. Compute R1, R2, B by entering Y. 7
b. Display next option by entering N. 16

7. Enter Gain: Enter loop gain in seconds—1.1.3 8
8. Enter C: Enter C in farads.3 9
9. Enter N: Enter the integer divisor.23 10
10. Enter W: Enter the natural angular frequency in rad/sec.3 11
11. Enter DF: Enter the damping factor.3 12
12. E4it? : a. Edit data by entering Y. 7
b. Accept data by entering N. 13

13. Rl= Displays R1. Proceed by pressing [ENTER]. 14

fcontinued)
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(continued)

Step Displa o Procedure/Comment - | - Goto
14. Re= : Displays R2. Proceed by pressing [ENTER]. 15
" 15, B= | Displays B. Proceed by pressing [ENTER]. 26
16. Compute W, DF, B2 a. Compute W, DF, B by entering Y. 17
b. Continue program by entering N. 26
17.  Enter Gain: Enter loop gain in seconds—1.13 18
18. Enter C: Enter C in farads.3 19
'19.  Enter N: Enter the integer divisor.25 20
'20. Enter R1: Enter R1 in ohms.3 21
1'21.  Enter R2: - Enter R2 in ohms.3 22
[ 22, Edit? a. Edit data by entering Y. 17
- - D. Accept data by entering N. 23
23. . VW= H Displays the natural angular frequency in
E | rad/sec. Proceed by pressing [ENTER]. 24
| 24. DF= | Displays the damping factor. Proceed by
pressing [ENTER]I. 25
25, B= Displays the loop-noise bandwidth in Hertz.
Proceed by pressing [ENTER)]. 26 |
26. Exit Progream? a. Exit program by entering Y. STOP
- | b. Continue program by entering N. 4
Notes |

1. The dimension for the loop gain is 1/second since G = Kp Kv where Kp = phase detector gain in
volts/radian and Kv=VCO gain in radians/second volt.

2. Input must be an integer = 1. Enter 1 for N when working with basic PLL désign (Fin = Fout).
3. Inputs must be greater than zero. ,

4. Loop-noise bandwidth is one-sided. *

5. Only entered for active filters.. - - ;
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L

Data sheet Specificatipnsjffbr the phase detector give a value of 0.111 volts/radian for the gain
constant. The measured value for the gain of the VCO is 8.5 x 106 radians/second volt. The output

frequency is 10 megahertz with a channel spacing of 250 Hertz. Thus, N=10 megahertz/250
Hertz=40000 and loop gain=(0.111) (9.5 x 106) = 1054500. The value for C is chosen to be 10 microfarads.

Select the Phase Locked %Jrrbop program by entering RUN “PLL".

Step Displa Procedure/Comment
1.  PHASE LOCKED LOOP Program name.
2.  Use Printer? “ Enter N.
- 3. Active Filter? | Enter.
4, Compute R1, R2, B? Enter Y.
+ 5, ter Gain: O Enter 105500.
6. EnterC: 0 Enter .00001.
7. Enter N: O Enter 40000.
8. terW: O Enter 90.
9. Enter DF: O | Enter .5.
10.  EQit? Enter Y.
11.  Enter Gain: 105500 Enter 1054500.
12. ver C:  .00001 Accept current value by pressing [ENTER].
13. Enter N: 40000 Accept current value by pressing [ENTER].
14, Enter W: 90 Enter 8.
15. Enter DF: .5 Accept current value by pressing [ENTER].
16. Edit? Enter N.
17.  Rl=  32546.2963 Displays R1. Proceed by pressing [ENTER].
18. RZ2= 11111.11111 Displays R2. Proceed by pressing JENTER].

Displays the loop-noise bandwidth in Hertz.
- Proceed by pressing [ENTER].

20. Exit Program? Enter Y.
' 76
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Example | ,
Determine the agtive filter component values for a phase-iocked loop with the following specifications.
The loop must achieve a lock so that Aq(t) is within 10% of its final value after 500 milliseconds with a
damping factor(g*) of 0.5. From the curves below, where the normalized output response, Aqft), is
. plotted as a function of the normfglized time (wnt*), g» =0.5 is within 10% at wOtr =4.5. Thus,

wn* =45/5 =9 radians/second.
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Series/Parallel I'mpedance Conversions—“SP”

This program converts a two-element series impedance network to an equivalent two-element parallel
impedance network, or vice-versa. The conversion is illustrated in the following diagram.

F-.!S XE
o———T—F+—o > * X
Series Network Paraliel Network

Any two-element impedance network can be represented equivalently as a series network or a parailel

networli.
The transformation equations are
Given R and Xs - ~ Given Rp and X
-1
_ XSZ " _ l Hp
- Re=Rg + e Rs = (Hp+Xp2)
~ RpRs _ RsRe
Xp = Xs Xg = X
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User Instructions—Series/Paraliel Conversion
Select the Series/Parallel Conversion program by entering RUN “SP”.

Step  Display Procedure/Comment _

1.
2.

il S

N oo

oo

10.
11.
12.

13.

14.

SERIES/PARALLEL CONVERSION

Use Printer?

ter Device Name:
Convert S -->P?

ter Rs:
ter Xs:

Convert P ==> 87

'.

er Rp:
er Xp:

M ot ¢

B 55

Xs= .

Ex1t Program?

Program name.

a. Accept printer usage by entering Y.
b. Reject printer usage by entering N.

Enter the output device name.

a. Convert from series to parallel by entering Y.
b. Display next option by entering N.

Enter series resistance in ohms.
Enter series reactance in ohms.

Displays parallel resistance in ohms. Proceed by
pressing [ENTER].

Displays paraliel reactance in ohms. Proceed by
pressing [ENTER)].

a. Convert from parallel to series by entering Y.
b. Continue program by entering N.

Enter parallel resistance in ohms.
Enter parallel reactance in ohms.

Displays series resistance in ohms. Proceed by
pressing [ENTER].
Displays series reactance in ohms. Proceed by
pressing [ENTER].

a. Exit program by entering Y.
b. Continue program by entering N.
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Example 1
A 1375 ohm resistance is in ser:es with a 331.67 ohm reactance. Determine the equivalent parallel

network. |
Select the Series/Parallel Convers.ion program by entering RUN “SP”.
tep Display Procedure/Comment
1 SERIES/PARALLEL CONVERSION Program name.
2. Use Printer? Enter N.
3. Convert S -->P? Enter Y.
4, Enter Rs: 0O Enter 1375.
5. ter Xs: 0 Enter 331.67.
6. Rp= 1455.003628 - Displays paraliel resistance in ohms. Proceed by
| pressing [ENTER].
7. Xp= 6031.989595 Displays parallei reactance in ohms. Proceed by
. | | pressing [ENTER].
8. Exit Progralﬁ? Enter Y.

79




Example 2
A 75 ohms resistance is in parallel with a 50.829582 ohm reactance. Determme the equivalent series

network.
Select the Series/Paraliel Conversion program by entering RUN “SP”.
tep Display Procedure/Comment
1 SERIES/PARALLEL CONVERSION Program name.
2. Use Printer? Enter N.
3. Convert § -->27 Enter N.
, 4. Convert P ~=->357? Enter Y.
¢ . Enter Rp: O Enter 75.
* 8. Enter Yp: O - Enter 50.929582.
7. Rs= 23.6696 5321 Displays series resistance in ohms. Proceed by
pressing [ENTER].
8. Xs= 34.85644141 Displays series reactance in ohms. Proceed by
pressing [ENTER].
. Exi< Program? Enter Y.
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Signal Detection—"“SIGNAL”"

There are circumstances in which you must decide if an information bearing signal is present in the
midst of noise. This program uses the relationship between the areas under two overlapping normail
curves to determine the probability of falsely declaring a signal present when none exists (probability
of a false alarm), as well as the probabmty of properly declaring a signal present (probability of

detection).

This program is stated in terms of radar detection. However, this procedure applies to ail probiems of
this type. The radar return to a given range cell is subject to both internally and externally generated

noise. Under most conditions this return is approximately normally distributed about a mean we may
take to be 0 with a standard deviation . This normal curve is referred to as Hy.

The presence of a point target in this range cell alters the mean and standard deviation of the normal
distribution Hg. This new mean is referred 10 as m and the new standard deviation as g4. This new

normal distribution is referred to as Hj.

-7

H — Distribution of
rett.rns with nQ
signal present

0 : P(FA)

ﬁji .

T S H, — Distribution of
' - returns with
e\ signat present

--------------------
......
......................

......
-----------------------------

.....................................

(D) A

Let t represent a threshold value which you may vary. When the signal strength is greater than t, a
signal is declared present. When the signal strength is less than t, no signal is declared present. The

area under Hg to the right of t represents the probability of a false alarm P(FA),
to the left of t represents the probability of detection,
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The signal-to-noise ratio (m dB) may be defined as
SNR =20 log,, (u/oy) -

Once g4/ 0p has been entered, this program calculates

1. SNR given P(FA) and the P(D).
2. P(FA) given P(LD) and SNR.
3. P(D) given P(FA) and SNR.

Method Used—Signal Detection
SIGNAL DETECTION FORMULAS

Let U represent the normalized values for X for the normal curve in question.

;
oc

1 2,
1. P(D)= e~t2dt
) o/ 271- s
Up(D)
3 F e
2. P(FA)= e~ 12 dt
\ 27T f
Up(ra)

O Og
Xy _ B
Oo Oo
4. UP(D}— G
a,

82




O. Upra) = —%‘-ﬁ = Up(g) 7 T o,

6. SNR=20 log,u(-%)

7 o 1QSNRI20

Ty

Find SNR given P(FA) and P(D) -
1. Calculate Ugg, from Formuia 1.

2. Calculate Upp, glu.

3. Calculate Upg, from Formula 2.

4. QEIculate -% from Formula 4 using relationship in Formula 3.

5. Calculate SNR from Formula 6.

Rind P(FA) given P(D) and SNR
1. Calculate Upy, from Formula 1.

0
2. Calculate Upp, 3, -

3. Calculate %Jfrom Formula 7.

4. Calculate Upg, from Formula 5.

5. Calcuiate P(FA) from Formula 2.
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Find P(D) given P(FA) and SNR
1. Calculate Upg,, from Formula 2.

2. Calculate % from Formula 7.

3. Calculate gf’ -—%—"usmg relationship in Formula 3.

4. Calculate Upp, from Formula 4.

5. Calculate P(D) from Formula 1.

'METHOD USED FOR INTEGRAL EVALUATION

, ST
P(U) = — Sé_mz dt

A/ 2T

&0

P(U)=1 - Z(U) (a1t + a,t? + a,t’) + €(U)

=

QU = ,1___ S e-t2 dt =1 — P(U)

v 2T
U

Q) =Z(U) (a,t + a,t?+ a,t®) + e(U)

where:
1 -U2;2
Z(U} = e
(L) Nt
t=(1+pU)™~
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D =.33267
a,=.4361836
a,=—.1201676
a, =.9372880
le(U}| <1x107®
METHOD USED FOR FINDING U, WHEN THE PROBABILITY (P) IS GIVEN

o

1 ~t212 A+
P=Q(Up) = e-t? dt
| V 27 5
| Up

Co + Gyt + C,13

Up =t + €(P)
1+ dt + d,t2 + d,t°
W.:here
1\ %
=(ln pz) d, = 1.432788
¢, =2.515517 d, = .189269
¢, = .802853 d,=.001308
c,=.010328 €(P)| < 4.5 x 10

Reference: Handbook of Mathematical Functions, Abramowiiz and St?gun, National Buyreau of Stangards, 1964.
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User Instructions—Signél Detection

s Y

Select the Signal Detectibn program by entering RUN “SIGNAL”.

Step
1.
2.

10.
11.

12.
13.

14,

15.

Displa

SIGNAL DETECTION

Use Printer?

ter Device Name:
Compute for P(FA)?

ter S1/50:
Enter P(D):
Enter SNR:
P(FA)=

Compute for P(D)?

ter S1/80:
Enter P(FA):

1ter SNR:
P(D)=

Compute for SNR?

ter 51/50:

Procedure/Comment
Program name.

a. Accept printer usage by entering Y.
b. Reject printer usage by entering N.

Enter the output device name.

a. Compute for P(FA) by entering Y.
b. Display next option by entering N.

Enter the ratio of standard deviations.?

Enter the probability of detecting a signal.2
Enter the signal-to-noise ratio (dB).

Displays the probabilty of faise alarm. Proceed
Dy pressing [ENTER].

a. Compute for P(D) by entering Y.

b. Display next option by entering N.

Enter the ratio of standard deviations.!

Enter the probability of declaring a signal
present when none exists.2

Enter the signal-to-noise ratio (dB).

Displays the probability of detection. Proceed by
pressing [ENTER].

a. Compute for SNR by entering Y.
b. Continue program by entering N.

Enter the ratio of standard deviations."
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3
4
4
5
9
6
[4
8

19

10
14

11

12
13

19

15
19

16

(continued)




fcontinued)

Step Display = . B Procedure/Comment | Goto
16. Enter 2(FA): Enter the ‘probability of declaring a signal
| b present when none exists.? 17
17. Enter 2(D): Enter the probability of detectmg a signal.2 18
18..  SNR= Displays the signal-to-noise ratio. Proceed by |
. pressing [ENTER]. 19
19. Exit Zrogram? a. Exit program by entering Y. STOP
b. Continue program by entering N. 4
Notes

1. S1/S0 must be > 0. .
2. Probablllties must be > 0 and <1

Example rl
For S;=SQR(2) Sy, what is the false alarm probability when the threshoid is set for a detection
probability of 0.9 and the signal-to-ratio is 10 dB.

Select the Signal Detection program by entering RUN “SIGNAL”.

Step Displa | Procedure/Comment
1. SIGNAL DETECTION Program name.
2. Use Printer? Enter N.
3. Compute for P(FA)? Enter Y.
4, Enter S1/50: O Enter SQR(2).
5. Enter P(D): O Enter .9.
6. Enter SNR: O Enter 10.
7. P(FA)= .0885568121 Displays the probability of false alarm. Proceed
by pressing [ENTERI.
8. Exit Program? Enter Y.
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Example 2 o
For S4=2 §p and a signal-té-noise ratio of 20 dB, what is the probability of detection if the probability

of a false alarm is set at 1E-9.
Select the Signal Detection program by entering RUN “SIGNAL”.

Step Display i Procedure/Comment
1. SIGNAL DETECTION Program name.
2. Use Printer? Enter N.
3. Compute for P(FA)? Enter N.
4. Compute for P(D)? Enter Y.
's. Enter S1/50: 0O Enter 2.
' 6. Enter P(FA): O Enter 1E - 9.
7. Enter SNR: 0 Enter 20.
8.  P(D)= .9773102447 Displays the probability of detection. Proceed by
pressing [ENTER].
| 9.  Exit Program? Enter Y.

88




S<—>Y, Z, H, G Parameter Conversions—“SY”
{ .
Small-signal, two-port “black boxes’’ are often characterized in terms of complex scattering (S)
parameters with a characteristic input and output transmission line impedance Z,. The transiation of

these parameters to admittance (Y)-parameters, impedance (£) parameters, hybrid (H) and (GQ)
parameters is necessary to create equivalent circuit modeits. This program converts S parameters to Y,

Z. H, G or vice-versa.

M, =bfiZ(1+agAx) =11 Mx= ohl2(1+2e A,) 1]
M,, = S9N 2 Ay D=(1+aeA,)(1+ag A;;)-(eg Ay; Ax)
D
M, = cdef 2 Ay,
T D
!
This set of equations is valid for Y, Z, H, and G parameters if they are normalized to Z,.
a b ¢ d e f g h Parameter Normalizer
S'Z _1 1 1 1 . 1 1 1 1 ZH =Z11 Zﬂr Z"Z =212 Zﬂ! 221 =ZZ1 Zﬂr ZZZ = 222 Zﬁl
z§ 1 -1 1 1 1 1 1 1 2., =202y, Zoa =22y Zay =ZylZo Zaz =ZadlZ,,
S-Y 1 1 -1 1 T 1 1 1 Yis =Y11/Z4:n Y., =YilZs, Yo =Yulle, Ya =Yallo,
Y-S L 1 1 -1 1 1 1 L Yis =Yy 4y Yoo =Y Zoy Yo = Y2 Zoy Y22 = Y22 4y,
S-H 1 1 1 1 -1 ] 1 L H, =hy, 4, H.,=h;4, Hyy =Ny £y, Happ = h,, Z,,
H-S 1 1 L 1 1 -1 1 L hy, =H /4y, Dy =Hy,, Nay = Hy, Ny, = Hy,
S-G 1 1 1 1 1 1 -1 1 G,y = gn/L,, G,z = G2 G,y = Qo G,; = G2
G'S 1 1 1 1 1 1 1 _"1 gﬂ -~ GH ZU: g"? =G121 gi'l = GZH 922 —= Gzzlzua

When converting from S to Y, Z, H or G parameters, the normalization operations are performed after
the matrix elements are calculated to give the actual parameters. When converting from Y, Z, Hor G
parameters to S, the normalization operations are performed before the matrix elements are calculated

to give the actual S parameters. (Default for Zg =50 ohms. Zy is a real quantity.)
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User Instructions—S<—>Y, Z, H, G Parameter Conversions
Select the S<—>Y, Z, H, G.Conversion program by entering RUN “SY". -

- Step
I
2.

10.
11.
12.
13.
14,
13.
16.

Displa
S <:""""> Y, Z, H, G’
Use Printer? |

Enter Device Name:
Convert From S?

Enter To; 1-Y 2-7 3-H 4-G:

Convert To S? .

- Enter From; 1-Y, 2-Z, 3-H, 4-G:

(r,e) Form?

Enter Zo:

Enter w(1,1) r:
Enter w(1l,1) e:
Enter w(1,2) r:
Enter w(1,2) e:
Enter w(2,1) r:
Enter w(2,1) e:
Enter w(2,2) r:

Procedure/Comment
Program name.

a. Accept printer usage by entering Y.
b. Reject printer usage by entering N.

Enter the output device name.

a. Convert from S by entering Y.2
b. Display next option by entering N.

Select which option to convert to by entering the
option number.

a. Convert to S by entering Y.1
b. Continue program by entering N.

Select which option to convert from by entering
the option number.

Goto

A b bW N

o~ o

8

a. Input data in magnitude, angle form by entering Y. 9

b. Display next option by entering N.
Enter the real characteristic impedance.
Enter the magnitude of parameter.
Enter the angle of parameter in dégrees.
Enter the magnitude of parameter.
Enter the angie of parameter in degrees.
Enter the magnitude of parameter.
Enter the angle of parameter in degrees.
Enter the magnitude of parameter.
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(continued)

Step Display ¢ . N ProcedurelComment Goto

17. Enter w(2,2) e: Enter the angle of parameter in degrees. 18
18.  Ediz? | s a. Edit data by entering Y. : 9
. b. Accept data by entering N. 30
19. - a+b] Form? a. Input data in rectanguliar form by entering Y. 20
| b. Display next option by entering N. 8
20. Entex 20: Enter the real characteristic impedance. 21
21. Enter w(1,1) a Enter the real part of parameter. 22
22. Enter w(1,1) b: Enter the imaginary part of parameter. 23
23. Enter w(1,2) a: o Enter the real part of parameter. 24
24, nter w(1,2) b: Enter the imaginary part of parameter. 25
25. inter w(2,1) a: Enter the real part of parameter. 26
26. FEnter w(2,1) b: Enter the imaginary part of parameter. 27
27. Enter w(2,2) a: . Enter the real part of parameter. 28
28. Enter w(2,2) b: Enter the imaginary part of parameter. 29
29, E4iz? a, Edit data by entering Y. 20
| b. Accept data by entering N. 30
30. Prirt in (r,e) Form? a. Print in (r,e) form by entering Y. 31
- b. Display next option by entering N. 39

31. x(1,1) r= Displays magnitude of parameter. Proceed by
- pressing [ENTER]. 32

32. x(1,1) e= Displays angie of parameter. Proceed by

nressing [ENTER]. 33

33. x(1,2) r= Displays magnitude of parameter. Proceed by
pressing [ENTER]. 34

91




L

(continued)

Step Display _ ".‘
34.

35.
36.
37.

!‘ 38.
. 39.
40.
41.
42.
43.
44.
43.

46.

Procedure/Comment Goto
x(1,2) e= . Displays angie of parameter. Proceed by
pressing [ENTER]. 35
x(2,1) r= Displays magnitude of parameter. Proceed by
pressing [ENTER]. 36
x(2,1) e= Displays angie of parameter. Proceed by
pressing [ENTER]. 37
x{(2,2) r= Displays magnitude of parameter. Proceed by
pressing [ENTER]. 38
x(2,2) e= Displays angie of parameter. Proceed by
pressing [ENTER]. 48
Print in a+bj Form? a. Print in a+ bj form. 40
o - b. Display next option. 30
x(1,1) a= Displays real part of parameter. Proceed by
pressing [ENTER]. 41
x(1,1) b= Displays imaginary part of parameter. Proceed
by pressing [ENTERI. 42
x{1,2) a= Displays real part of parameter. Proceed by
pressing [ENTER]. 43
x{142) b= Displays imaginary part of parameter. Proceed
by pressing [ENTER). 44
x{2,1) a= Displays real part of parameter. Proceed by
’ pressing [ENTER]. 45
x(2,1) b= Displays imaginary part of parameter. Proceed
by pressing [ENTERL. 46
x(2,2) a= Displays real part of parameter. Proceed by ,
4

pressing [ENTER].
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(continued)

Step Display . , Procedure/Comment Goto

47. x(2,2) b= o Displays imaginary part of parameter. Proceed
| by pressing [ENTER]. 48
48. Exit Program? a. Exit program by entering Y. STOP
_ | | b. Continue program by entering N. 4
Notes.

1. If converting to S, w is either Y, Z, H, or G, whichever you have chosen; x is S.
2. If converting from S, w is S; x is either Y, Z, H, or G, whichever you have chosen.

Example
Convert the following S parmeters to Y parameters.

S, =.1,50° S,,=.2.55° S, =.3,60° and S,;=.4,65°

Z, =50 ohms

Select the S <—> Y, Z, H, G Converion program by entering RUN “SY”.
Step Displa Procedure/Comment

1. S«<-->%Y, 2, H, G Program name.

2. Use Printer? Enter N.

3. Convert from S? Enter Y.

4. Enter To; 1-Y 2-Z 3-H 4-G: Enter 1.

5. (r,e; Form? Enter Y.

6. Enter Zo: 50 Accept current value by pressing [ENTERL

7. Enter S{(1,1) r: O Enter .1.

8. Enter S(1,1) e: O Enter 50.

continued)
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(continued)

Step Display | :i';, Procedure/Comment - _

g. Enter S(1,2) r: O Enter .2.
10. Enter S(1,2)e: O Enter 55.
11.  Enter S(2,1) r: O Enter .3.
12. Enter S(2,1) e: O Enter 60.
13.  Enter S(2,2) r: O Enter 4.
14, ter S(2,2) e: O Enter 65.
15. Edit? Enter N.
!'16. Print in {r,e) Form? Enter Y.
17, Y(1,1) r= .0173534572 Displays all requested values. Proceed after
.,- Y(1,1) e= =3.22779456% each output by pressing [ENTER].
Y(1,2) r= .006101262%
Y(1,2) e= -143,728252¢8
Y(2,1) r= .0091518942
Y(2,1) e= =138.,728252¢%
Y(2,2) r= .014129479%3
_ Y(2,2) e= -35.5316942% _
18. Exiz ?rogr&m? - EnterY.
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Appendix— Subprograms

AU

Many of the routines used in the programs of this library are developed as independent subprograms.
These subprograms may be accessed for use in developing your own BASIC programs by calling the
subprogram with its assigned arguments.

Refer to the Compact Cbmputer User’s Guide for details on the restrictions and requirements for use
of subprograms.

The special format used for presentation of subprograms in this appendix provides all of the
information necessary for you to select and run the subprograms which you need in your own BASIC
program. There are three possible secticns within the discussion of each subprogram: Description;
Format; and Example. To insure proper execution of the subprograms, these sections should be read
thoroughly before running the subprograms.

Description Dbriefly describes the routine which the subprogram performs.

Format ! illustrates the format necessary for calling the subprogram and identifies the

| requirements, restrictions, angd purpose of each element in the argument list.
Example provides the procedgre and comments for actuai execution of the subprogram.
Description

Input and edit a one diménsional array.
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Format | _
CALL AU(TABPOS,PROMPTS,ARRAY(),FIRST,LAST,NUMELEM,.DEVICE)

TABPOS Position to tab when printing the input value. Oniy used with a printer.
PROMPTS Pass in the name or description of the array to be displayed preceding the subscript.
ARRAY() Pass in the array name used in program with no arguments.
FIRST Pass in the first array element to be entered.
LAST Pass in the last array element to be entered.
NUMELEM Pass in the numer of elements actually entered.
'DEVICE Pass in the device number of output device. If DEVICE =0, output is not printed.
You can enter a maximum of LAST — FIRST + 1 elements. The input routine can be ended by entering E
when you are prompted for an eiement. You are then asked if you wish to edit the array. If you do not,

the subprogram passes control back to the calling program. if you do, the subprogram allows editing
of only the elements previously entered with the option of editing any or all of them.

Example
CALL AU{@G,“NUMBER”,A,(),1,5,N,PN)
1. Inputs into the array A() from elements 1 through 5 inciusive, or until you enter E, with the following
nrompt |
Enter ''E'' to end input
Enter NUMBER(X) :

where X goes from 1 to 5.

2. After entry, you are prompted for editing by
Edit?

An N response returns controi 1o the calling routine.
A Y response prompis
Edit all Data?
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IR

A Y response ailows reentry of all prevnously entered elements Execution then returns to step 2.
An N response coentinues at step 3

3. The subprogram prompts
Enter element to be edited:

Enter the specific element number to be edited. It must also be one of the array elements previousiy
entered. After editing the element, the subprogram prompts

Edit more elements?

A Y response continues executioh at step 3.
An N response returns control to the calling program.

Description
input a n,umber.

Format
CALL IR(TABPOS,PROMPTS, VARIABLE DEVICE)
TABPOS Position to tab when printing the input value. Only used with a printer.
PROMPT$ Pass in a prompt describing the variable being asked for.
VARIABLE Returns the value entered.
DEVICE Pass in the output device number.
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Example -
CALL IR(15,”"Future Value” ,FV PN)

1. The subprogram asks for input with the prompt

PR

Enter Future Value: X

where X is the current value of FV.

2. After input, the value of PN is checked. If it is 0, control returns to the calling program. If PN 0, the
prompt, aiong with the entered number, are printed on device #PN.

Future Value=X

!
Description
Convert polar to rectangular.
Format
CALL RP(R,E,X,Y)
R Pass in the magnitude.
E Pass in the angie.
X Returns the X coordinate.
Y . Returns the Y coordinate.
Example
R=38
E=23.5

CALL RP(R,E.XY)
X is returned as 44.6794136 and Y is returned as 31.73351915.
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RP

UP

Description

(R

Convert rectangular to polar.

Format
CALL RP(X,Y,R,
X
Y
R
E

Example
X =45
Y=3158

E)

Pass in the X coordinate.
Pass in the Y coordinate.

Returns the magnitude.
Returns the angle.

CALL RP(X.Y,R,E)

R is returned as 38.32771204 and E‘ is returned as 23.57936577.

Description

Ask to use printer.

Format

o

CALL UP(NAMES$,DEVICE)

NAMES
DEVICE

Pass in the name of program to be displayed for 3 seconds.

Returns the device number of the opened output device. A device number of 0 indicates
output will appear on the dispiay, while a device number of 1 indicates the requested

output device was opened as device #1.
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Example
CALL UP(*DATA FORECASTING”,PN)
1. The name DATA FORECASTING appears in the display for three seconds.

2. The subprogram then prompts
Use Printer?

An N response exits the subprogram with PN =0.
A Y response causes the subprogram to prompt
Enter Device Name:

' The entered device is opened under device number 1, setting PN = 1. The subprogram returns control
' to the calling program.

YN - --
Description
Ask a yes/no question.

Format
CALL YN(QUESTIONS,ANSWER,DEVICE)
QUESTIONS Pass in the question to be asked with no question mark.
ANSWER- Returns ANSWER =0 when “N” is chosen, or returns ANSWER = ~ 1 when Y chosen.

DEVICE Pass in device number. If device number is zero, nothing is printed. If the device
number is greater than zero, QUESTIONS is printed on the device.

Example
CALL YN(“Edit”,D,PN)

The question Edit? is displayed.

A Y response sets D= — 1 and prints the question, less the question mark, on device #PN.
An N response sets D=0. Control is then passed back to the calling program.
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90-Day Limited Warranty—For Library Cartridge |
THIS TEXAS INSTRUMENTS LIBRARYT'CAHTHIDGE WARRANTY EXTENDS TO THE ORIGINAL CONSUMER
PURCHASER OF THE CARTRIDGE. - |

WARRANTY DURATION: This cartﬁdge is warranted to the original consumer purchaser for a period of
ninety days from the original purchase date.

WARRANTY COVERAGE: This cartridge is warranted against defective materials or workmanship. THIS
WARRANTY IS VOID IF THE PRODUCT HAS BEEN DAMAGED BY ACCIDENT, UNREASONABLE USE, NEGLECT,
IMPROPER SERVICE OR OTHER CAUSE NOT ARISING OUT OF DEFECTS IN MATERIAL OR WORKMANSHIP.

WARRANTY DISCLAIMERS: ANY IMPLIED WARRANTIES ARISING OUT OF THIS SALE, INCLUDING BUT NOT
LIMITED TO THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE,
ARE LIMITED IN DURATION TO THE ABOVE 90-DAY PERIOD. TEXAS INSTRUMENTS SHALL NOT BE LIABLE FOR
LOSS OF USE OF THE CARTRIDGE OR OTHER INCIDENTAL OR CONSEQUENTIAL COSTS, EXPENSES, OR
DAMAGES INCURRED BY THE CONSUMER OR ANY OTHER USER. Some states do not allow the exclusion
or limitation of implied warranties or consequential damages, so the above limitations or exclusions

may not apply to you.
LEGAL REMEDIES: This warranty gives you specific legal rights, and you may aiso have other rights
that vary from state to state.

WARRANTY PERFORMANCE: Please contact the retailer from whom you purchased the cartridge and
determine the exchange policies of the retailer. During the above 80-day warranty period your Tl
cartridge will either be repaired or replaced with a new or reconditioned comparable product (at TI's
option) when the cartridge is returned, postage prepaid, to a Texas Instruments Service Facility listed

below. -

The repaired or replacement cartridge will be warranted for 90 days from date of repair or replacement.
Other than the postage requirement, no charge will be made for such repair or replacement of

in-warranty cartridges.
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It the unit is out of warranty, service rates in effect at the time of return wil be charged. Please include
information on the difficully experienced with the cartridge as well as return address information
including name, address, City, state, and zip code. The shipment should be carefully packaged and
adequately protected against shock and rough handling.

Ti strongly recommends that you insure the product for value prior to mailing.
TEXAS INSTRUMENTS CONSUMER SERVICE FACILITIES

U.S. Residents: Canadian customers only:

Texas instruments Service Facility Geophysical Services Incorporated

P.0. Box 2500 | 41 Shelley Road

2305 North University Avenue Richmond Hill, Ontario, Canada L4C5G4

: Lubbock, Texas 79415

 Consumers in California and Oregon may contact the following Texas Instruments offices for
- additional assistance or information.

Texas Instruments Consumer Service Texas instruments Consumer Service
831 South Douglas Street 6700 Southwest 105th Street
Ei Segundo, California 90245 Kristin Square
(213) 973-1803 Suite 110
Beaverton, Oregon 87005
(503) 643-6758 -

Texas Instruments Incorporated makes no warranty regarding the operating system software programs
contained in any Tl products or the computer software contained in any Tl products or any programs
derived therefrom and makes such software programs available solely on an “as is” basis.
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