
 
SUID)SAG[0I1)U0))
SNOILLN'TOSA4VI4I'T.SYASN

I¥-dH

AAVIOVA-LLATMIH

  

 



NOTICE

The program material contained herein is supplied without
representation or warranty of any kind. Hewlett-Packard
Company therefore assumes no responsibility and shall
have no liability, consequential or otherwise, of any kind
arising from the use of this program material or any part
thereof.



INTRODUCTION

This HP-41C Solutions book was written to help you get the most from your calculator. The programs were chosen to
provide useful calculations for many of the common problems encountered.

They will provide you with immediate capabilities in your everyday calculations and you will find them useful as guides to

programming techniques for writing your own customized software. The comments on each program listing describe the approach

used to reach the solution and help you follow the programmer’s logic as you become and expert on your HP calculator.

KEYING A PROGRAM INTO THE HP-41C

There are several things that you should keep in mind while you are keying in programs from the program listings provided

in this book. The output from the HP 82143A printer provides a convenient way of listing and an easily understood method of

keying in programs without showing every keystroke. This type of output is what appears in this handbook. Once you understand

the procedure for keying programs in from the printed listings, you will find this method simple and fast. Here is the procedure:

1. At the end of each program listing is a listing of status information required to properly execute that program. Included is

the SIZE allocation required. Before you begin keying in the program, press SIZE and specify the allo-
cation (three digits; e.g., 10 should be specified as 010).

Also included in the status information is the display format and status of flags important to the program. To ensure proper

execution, check to see that the display status of the HP-41C is set as specified and check to see that all applicable flags

are set or clear as specified.

2. Set the HP-41C to PRGM mode (press the key) and press @GJ(J to prepare the calculator for the new

program.

3. Begin keying in the program. Following is a list of hints that will help you when you key in your programs from the program

listings in this handbook.

a. When you see “ (quote marks) around a character or group of characters in the program listing, those characters are

ALPHA. To key them in, simply press ,key in the characters,then press again.So “SAMPLE " would
be keyed in as (ALPHA]“SAMPLE" [ALPHA].

b. The diamond in front of each LBL instruction is only a visual aid to help you locate labels in the program listings.

When you key in a program, ignore the diamond.

The printer indication of divide sign is /. When you see / in the program listing, press (+].

d. The printer indication of the multiply sign is % . When you see # in the program listing, press [x].

e. Thel-character in thegogram listing is an indication of the function. When you see I, press [l in
ALPHA mode (press and the K key).

f.  All operations requiring register addresses accept those addresses in these forms:

nn (a two-digit number)
IND nn (INDIRECT: @B , followed fy a two-digit number)
X,Y,Z, T, orL (a STACK address: (] followed by X, Y, Z, T, or L)
IND X, Y, Z, T or L (INDIRECT stack: @B (=] followed by X, Y, Z, T, or L)

Indirect addresses are specified by pressing @ and then the indirect address. Stack addresses are specified by

pressing (=] followed by X, Y, Z, T, or L. Indirect stack addresses are specified by pressing @] and X, Y, Z, T, or L.

Printer Listing Keystrokes Display

@1+LBL “SAM @(8L (aPHA] SAMPLE 01 LBL”SAMPLE
Pthis 1s THIS IS A 02"THIS IS A
A_- (aern (8 SAMPLE 03" + SAMPLE
B3 "FSANPLE @ AVIEW 04 AVIEW
94 AVIEMW 6 056
85 6 (ENTER®)
06 ENTERT (ExTERY) 06 ENTER /

87 -2 2 (CHS 07 -2
s ~ (] 08 /

e are IND ALPHA) ABS 09 ABS
L ) (ToJ@(] L 10 STO IND L
11 “R3= r3= [l (aRcL) o3 11'R3=12 ARCL @3
13 AVIEW B (aview] 12 ARCL 03
14 RTN 13 AVIEW

14 RTNP} - z
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FREQUENCY RESPONSE OF A TRANSFER FUNCTION

For transfer function of the form:

¢ (s) = Ky (Z,S + 1)
 

2
sN3(z,s + 1) (255 + 1) c§7-+-§§§§-+ 1)

7

The program computes LG (jw), |G(jw)| and log |G(jw)| for any input frequency w.

Parameters K;, Z, N3, Z4, Zs, Zg and w, are stored in registers 01, 02, 03, 04,

05, 06, and 07 respectively.

NOTE: For type O systems, enter N3 = 0. Z,, Z, and/or Zg can be entered as 0.

If there is no quadratic term, enter Zg as 0 and wy very large compared

to-%;, where Zs is the smallest first order term used (other than zero).

Example:

12(S + 0.6)

S(s + 1)(S° + 6S + 36)
 

 Find |G(jw) |, £G(jw) and log |G(jw)| for G(S) =
frequency 0.01 rad/sec.

.2(1.67S + 1)First put G(S) into proper form: G(S) = 3 3

S(S + D[+ (P + 1]

Keystrokes: Display:

[XEQ] [ALPHA] SIZE [ALPHA] 010

[XEQ] [ALPHA] FREQ [ALPHA] K1=?

.2 [R/S] Z2="?

1.67 [R/S] N3=?

1 [R/S] Z4=7

1 [R/S] 25=?

0 [R/S] Z6=?

.5 [R/S] W7="?

6 [R/S] W=?

.01 [R/S] GLIWA=20.00

[R/S] | {GLIWN=-89.71

[R/S] LOG G=1.30



User Instructions
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SIZE: 010

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY

1 Load program

2 Begin execution, enter data [XEQ] FREQ K1="?

K1 [R/S] Z2=7

Z9 [R/S] N3=?

N3 [R/S] Z24="

Zs [R/S] 75=2

Zs [R/S] 76=1?

Z6 [R/S] W7=?

w7 [R/S] W=7?

3 Answer is automatic W [R/S] GLIWA=

[R/S] LGLIWN=

[R/S] LOG_GLIW)=

4 For another frequency [XEQ] W2 W="?

5 Repeat step 3.
 

 

 

 

 

 

 

 

 

 

 

 

      
 

 



Program Listings

 

  

ODl+LEBL ~FRE 51 1
Q- 2 R-P
B2 FIX 2 S3 XEQ 81 - T T T T T T
83 “Ki1=72" Store data sS4 RCL @88
84 PROMPT 55 RCL 83 gN3
85 STO 81 56 YTX
BEe “Z2=7" 57 %
87 PROMPT 58 X<V
B8 STO @82 59 RCL 83
B9 “N3=7" 60 95
18 PROMPT 61 *
11 STO 83 62 +
12 “Z4=2" 632 CHS
13 PROMPT 64 RKIOYW
14 STD B4 55 1.-%
15 =z25=7" 66 RCL B2 [~~~ -~ ——~
16 PROMPT &7 RCL @as
17 STO B85 55 & Ky (Z,5 + 1)
18 "Z&6=7" 59 RCL @1
19 PROMPT TA *
26 STO 86 71 RCL @1
21 "H7=7" 72 R-P
22 PROMPT TZ XEQ @1
22 STO 87 74 "G<JW =" [T T TT~
24¢LBL "MWZ2" 75 ARCL X
23 “W=7" 76 AVIEHW Display

26 PROMPT 77 STOFP
27 sTO0 8¢ [ 78 STO @9
22 RCL 8s 79 ROV
29 RCL 87 , 80 “<LG<JW>=
36 - S2  27¢ o
31 2 b7+151+1 31 ARCL X
32 * 82 AVIEW
33 RCL @3 83 STOP
34 * 84 RCL @9
35 1 85 LOG
36 RCL 88 86 “LOG G="
37 RCL 87 87 ARCL X
38 -~ 88 AVIEW
39 Xtz 89 STOP _
48 - 9@eLBL O1 - TT~
41 Rr- .___ 91 KLY
42 RCL 85 92 RDH Multiply

43 RCL 83 ZSS+ 1 93 * Complex

44 * 94 RDN numbers
45 1 95 +

46 R-P 96 Rt
47 XEQ @1 | 97 RTHN
48 RCL @4 98 .END.
49 RCL 98 Z,S + 1
o068 *    00     



REGISTERS, STATUS, FLAGS, ASSIGNMENTS

K

Z

N

Z

Z

Z

W

w

0 €
DATA REGISTERS

50

STATUS

Size¢ 010 TOT.REG. _34 USER MODE

ENG FIX —2__ scCl ON____OFF _X
DEG _X RAD —__ GRAD

INIT FLAGS

# SIC SET INDICATES CLEAR INDICATES

ASSIGNMENTS

FUNCTION KEY FUNCTION 



FREQUENCY RESPONSE OF A HEWLETT PACKARD
TRANSFER FUNCTION SOLUTION BOOK:

PROGRAM REGISTERS NEEDED: 25 CONTROL SYSTEM

    

 

          

                                                                                   
ROW 11 (74 80

ROW 12 (80 - 8 6

6ROW 13 (86 - 9

ROW 14 (97 - 98)

 

ROW 1 (1 - 3)

i
ROW 3 (9 -15

O0OO
O

ROW 5 (21 - 24)

NN
ROW 7 (35 - 47)

O
M

ROW 9 (57 - 68)

il |
AAA
AAT

|

                 

N
~
N
\
—
—

—
—

— E
—
—
—       

)

T
ROW 2 (3 -9)

O
I
ROW 4 (15 - 2

OA
ROW 6 (25 — 34)

A
il

ROW 8 (47 - 56

I |
1l ||O

ROW 10 (69 -74

IA
|

NAARFRATACIO
OA                            



BODE OF TRANSFER FUNCTION THAT HAS EACH POLE AND ZERO GIVEN

Given a laplace transfer function:

(s + 21 + jz1"') (8 + z2 + 322') ... (s + zy + jzN")

(s + p1 +jp1') (s + p2 +jp2') ... (s +zy+ jzy')
 F(s) =K

F(jw) = Magnitude £6

  

\/(zl' + w)? + 2z, \f(zz' + w)? + 2,2 ...\Rzn' + w)? + zNZ;_
where magnitude = |K|

V(pl' + w)2 + plz V(pz' + u))2 + p22 coe V(pM' + w)z + puz

  

zZ] Z2 ZN P1

1 1 1 1

and 6 = Tan_l(ak—;t—9> + Tan_1<E&—;t—2> + ... 4+ Tan_1<iu—;tifl) - Tan—1<al—;t—9)

' ' -
+ Tan’1<2g—¥t—9) + ... + Tan'1<RM;4t—9> + 2 lEJET—E-Tan'll

M

and decibels = 20 log;o magnitude.

N.B. zero; = -(z; + jz;')

-(p; +3iri")pole;

NOTE: K must be real and non-zero but may be negative.



Example:

Find the gain (in decibels and volts/volt) and phase shift in degrees for:

F(s) = 0.09091 (

at 3,333 Hz.

Keystrokes:

[XEQ] [ALPHA] SIZE [ALPHA] 008

[XEQ] [ALPHA] BODEl [ALPHA]

3333 [R/S]

1 [R/S]

62890 [R/S]

0 [R/S]

1 [R/S]

5717 [R/S]

0 [R/S]

.09091 [R/S]

[R/S]

[R/S]

s + 62890

s + 5717

Display:

FREQ?

Z?

ZP?

M?

P?

PP?

K?

dB=-11.1

MAG=2.7759E-1

& =-56.3



User Instructions
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SIZE: 008

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY

1 Load program.

2 Begin execution: [XEQ] BODE1 FREQ?

input frequency in Hertz f [R/S] N?

input number of highest zero N [R/S] Z?

input Z, YA [R/S] ZP?

input Z,;' Z' [R/S] Z?

input Z; Zo [R/S] ZP?

input Z,' Zo' [R/S] Z?

continue until Zy and Zy' are in.

M?

input number of highest pole M [R/S] P?

input P; P, [R/S] PP?

input P;' P, [R/S] P?

continue until Py and PN' are in.

K?

input K. K [R/S]

3 Solution - decibels dB=

- magnitude [R/S] MAG=

- phase angle [R/S] L=
 

 

 

 

 

        



Program Listings

 

 

@1+LBL "BOD 51 1
E1l" 52 -
@z CLRG 53 STO G4
83 “FREG. 7~ S4 STO B7
@4 PROMPT Initialization S5 RDH
s STO A8 S6 RCL 85
Ggs Z =7 o+

ar * =8 CHS

g PI S99 KLY

a3 * &8 R-F
18 STO as 61 1%
11 1 62 HER 80
12 STD A1 63 ISG Q8
13 M7 &4 GTO C
14 PROMPT &S @
15 1 66 “K7?
16 - &7 FPROMPT
17 18086 &8 R-P
18 - &9 KER 84
19 STO 96 7@ RCL &1
Za+|BL E ¥1 LOG

21 27" T2 2@
22 PROMPT 73 #
23 "ZF7" 74 FI=® 1
24 PROMPT 75 ~dB= fTTTTTTTTTTTeT

25 RCL B3 76 HEQ «c
26 1 ¢ RCL @il Output

o7+ 78 SCI 4
28 STO @83 79 "MAG="
29 STO &7 88 HE@ d
38 RIH g1 RCL G2
31 RCL 85 g2 FIX 1
32 + 83 "L="
33 ALY gd4«LBL d
34 R-FP 85 ARCL
35 XEQ G5 86 AYIEW

326 ISG ua g7y STOF

37 GTO E 22 RTH I

38 "mMm7" caslBL BE

2[

°°°TTTTTTTTTT

39 PROMPT 3@ ST# @1
46 1 91 RIH 1l Subroutine to

41 - a9z RCL az ] update magnitude

42 1898 , 23 +
43 - a4 1
44 STG @6 95 P-R ‘

4S5«BL C 95 R-FP
46 “P7?- 97 RIHM
47 PROMPT 98 STO @2
48 “PP7" 29 RTH
49 PROMPT 16@ .EHND.
 

58 RCL 94       



1

REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS

00 |N, M max 50 size 008 TOT. REG. _32 USER MODE
Magnitude M ENG FIX — SCI ON____OFFX
Phase . O DEG X RAD—GRAD
Zero counts i < N

ole counts -1>-M

adians/second INIT FLAGS

first input fre # S/C SET INDICATES CLEAR INDICATES

last updated norm

ASSIGNMENTS

FUNCTION KEY FUNCTION 
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BODE OF TRANSFER FUNCTION THAT HEWLETT PACKARD
HAS EACH POLE AND ZERO GIVEN SOLUTION BOOK:
PROGRAM REGISTERS NEEDED: 25 CONTROL SYSTEM

ROW 1 (1 - 3)

A
 

                  

         
ROW 5 (28 37

6

ROW 7 (44

        
- 4

-5

-6

ROW 9 (62 - 69

                       
ROW 8 (51                                                            

8                     

NI
ROW 10 (69

I
ROW 11 (76

I
ROW 12 (80 -

AR
ROW 13 (88 - 99)

AN
ROW 14 (100 - 100

A
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FREQUENCY RESPONSE OF A THIRD OVER A FOURTH ORDER TRANSFER

by Craig A. Lincoln

Given a transfer function of the form:

(N3)s> + (N2)s® + (N1)s + (NO)
F(s) = 

04)s® + 03)s> + d2)s? + d1)s + (DO)

 

r MO - N2 w2 + (N1 w - N3 w)?
the magnitude =

J(DO - D2 wz + D4 w4)2 + (D1 w - D3 w3)2

where w = 2rf and magnitude in dB = 20 log10 magnitude

N1 w - N3 w3 D1 w - D3 w3
The phase angle = ATAN|[——| - ATAN

NO - N2 wz DO - D2 wz + D4 w4

 

Phase angle in degrees unless angular mode is changed.

NOTE: N3 and D4 must be -1, 0 or +1.

All coefficient values must be real.

Low frequency must be> 10—40.
Multiplier must be > 1.

References: 1. Kuo, B. C., Automatic Control Systems, Prentice-Hall, 1982.
 

2. University of Illinois, E.E. Curriculum, Class Notes.



EXAMPLE:

Find the gain (in decibels and volts/volt) and phase shift (in degrees) for:

3
8s” -

F(s) =

at 0.01, 0.1 and 1.0 Hz

Rewriting the function yields:

F(s) =

N3 =1.0 D4 =0
N2 =0 D3 = 0.375
N1 =0 D2 =0
NO = -0.125 D1 =0

Keystrokes:

[XEQ] [ALPHA] SIZE [ALPHA] 012

[XEQ] [ALPHA] FR2 [ALPHA]

HZ [R/S]

Y [R/S]

Y [R/S]

Y [R/S]

1 [R/S]

0 [R/S]

0 [R/S]

-.125 [R/S]

0 [R/S]

.375 [R/S]

0 [R/S]

0 [R/S]

1 [R/S]

.01 [R/S]

10 [R/S]

1 [R/S]

[R/S]*

[R/S]*

[R/S]*

3

1

3s7 + 8

ST - 0.125

0.375 S

High Freq.

Multiplier =

3 + 1

DO =1

Low Freq. =

[
T

|

—
=

O
.

.

o
o —

Display:

HZ OR RAD?

dB? <Y,N>

MAG? <Y,N>

3?7 <Y,N>

N37?

N2?

N1?

NO?

D4?

D37

D2?

D1?

DO?

LOW FREQ?

MULTIPLIER

HIGH FREQ?

FREQ=0.0100

dB=-18.0618

MAG=0.1250

¥=-179.8810
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Keystrokes:

[R/S]*

[R/S]*

[R/S]*

[R/S]*

[R/S]*

[R/S]*

[R/S]*

[R/S]*

Display:

FREQ=0.1000

dB=-11.1638

MAG=0.2766

X=-111.4306

FREQ=1.000

dB=8.5189

MAG=2.6665

X=-0. 6448

For the given transfer function, find the magnitude, dB, and phase angle at

0.0 radians (assumes the above example has been run).

Note: Use 10—'40 instead of zero.

Keystrokes:

[XEQ] [ALPHA] RG [ALPHA]

[EEX] [CHS] 40

2 [R/S]

0 [R/S]

[R/S]*

[R/S]*

[R/S]*

0.0 radians = 0.0 Hertz

Display:

LOW FREQ?

MULTIPLIER

HIGH FREQ?

FREQ=1.0000E-40

dB=-18.0618

MAG=0.1250

¥=180.0000



User Instructions
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SIZE: 012

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY

1 Load program

2 Begin execution [XEQ] "FR2"

If SIZE too small XEQ SIZE 012

Reset to 012 [XEQ] "SIZE" 012

Continue [R/S] HZ OR RAD?

3 Enter units HZ or RAD [R/S] dB? <Y,N>

4 Output in dB Y or N [R/S] MAG? <Y,N>

5 Magnitude Output Y or N [R/S] X? <Y,N>

6 Phase Angle Output Y or N [R/S] N3?

7 Enter Numerator Coefficient N3 [R/S] N2?

8 " " " N2 [R/S] N1?

9 " " " N1 [R/S] NO?

10 " "' " NO [R/S] D4?

11 Enter Denominator Coefficient D4 [R/S] D37

12 " " " D3 [R/S] D27

13 " " " D2 [R/S] D17

14 " " " D1 [R/S] DO?

15| " " " DO [R/S] LOW FREQ?

16 Enter lowest frequency Low [R/S] MULTIPLIER

17 Enter multiplier Mult [R/S] HIGH FREQ?

18 Enter high frequency High [R/S]*

NOTE: For the response to a single fre-

quency, enter that frequency as low, 2 as

the multiplier, and O for high.

19 To enter a new range [XEQ] "RG"
 

Repeat steps 16-19.
       
 

*This keystroke not necessary if printer is in use.
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Program Listings
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La
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L
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W
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T
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T
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l
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d

Ca
d
U
T
P

T
T
T
T
T
T
T
T
B

b
k
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o
s

k
e
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po
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e
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T
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0
1
T

ol
P
)

T
e

1T
o
T
N
B
e
T
k
e
l
S
0

]
T
N
e

k
)
T
e
S
0

00
0

 

= FRZ 49 FEOMFT
Sa STO aZ

SFE =i Initialization =i “HETFe

SF 25 52 PROMPT

RLL 11 Check for correct =3 f::T!_f._ 3.3
“HER SIS size 54 =h4a77-
o S PROMET Prompt for each

FC7o =25 5o H=@37 of the denomina-

FROMPT 57 CF @Gz tor coefficients

LEG 52 HIa’?
FIx 4 Set display mode =2 SF gl
SF @ e 1 el DAY
CE OE1 Initialize all £1 PROMPT

SF @z user-defined £2 STO B4
CF @3 Flags £3 “DE7
CF G4 =4 FPROMFT
CF a5 =5 STO a:s
CF & &= “Diwe-
CF &7 &7 PROMPT
Hr 2 STO @s

"HS Ok F Prompt for fre- &3 vhETr
quency units 8 PROMFT

FrROMPT 71 STO a7

AOFF rZ«LBL "RGT Prompt for fre-
ASTO = 73 "LOW FERE quency range and
“RAELD" e step function

valueH=STO
L l_fz -~

I . )

W
M e

s oo
t .

-
b
,

' Set flag 04 if
rad/sec =

L

0 o
l

o
l
1
5
1

Ju
.

e
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R
T

i o fo
k

%
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t
1
)

<i
l
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™ J
o

Prompt for

desired output

Set the appro-

priate flags

“MULTIFL

T
e

|

M
U
m
E
m
M

.
o
) ‘n

FREOMPT

s
l
W i

T
e

-L
‘-

"

w
0
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T'.

o
]

1
G
G
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OO
TT
T
]
)
)
)
)
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!™

EI
o

.
o
,

e $ M

e v

ul 1

FROMET Prompt for each

m=a7 of the numerator

coefficients

Compute the next

frequency to be

used (used for

calculating re-

sults for range

of frequency).

* ~ m ™

ol
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k

e
k
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e

(
]

e
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T

L
T
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b
t

(
T
e
o
o

L
™
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T
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I

FEOMPT

ST gt
a2 f"-f i —. e
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G
T
w
l

O
8
G
0

0
0
)
L

e
B
)
P
e
S

W
0

0
0

)
’

’
] [

(o
t

0
0
a
0
L

o
0
0
0
S
0

0
0

0
0

0
0
0
0
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS

 

DATA REGISTERS
 

00
01
02
03
04
05
06
07
08
09

11

 

Used for temp. storage in calc. mag.

N2

N1
NO
D3

D2

D1

DO
Current Frequency

Multiplier
Lowest Frequency
Highest Frequency

 

 

 

 

STATUS

SIzE 012 TOT. REG. 67 USER MODE

ENG FIX 4 SCI ON OFF
DEG X RAD GRAD

INIT FLAGS

# S/C SET INDICATES CLEAR INDICATES

00 S N3 #0 N3 =0
01 C N3 < O N3 > 0

02 S D4 # 0 D4 =0

03 C D4<0 D4 2 0

04 C RAD/SEC HERTZ

05 C dB output on dB output off

06 C Mag output on Mag output off
07 C < output on & output off

21 S Printer enable Printer disable

25 S Error ignore on Error ignore off

ASSIGNMENTS

FUNCTION KEY FUNCTION KEY
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FREQ RESPONSE OF A THIRD OVER HEWLETT PACKARD
A FOURTH ORDER TRANSFER ‘ SOLUTIONS BOOK:
PROGRAM REGISTERS NEEDED: 55 CONTROL SYSTEMS

ROW 1 (1:5)

ROW?2 (5: 6)
  

   

                  

                                                         
3                                                                     

R                                                                 

L
ROW 3 (6 : 13)

L
ROW 4 (14 : 19)

A
ROW 5 (19: 23)

Ty
ROW 6 (23 : 28)

IAR
ROW 7 (28: 33)

eR
ROW 8 (34 : 39)

AORO
ROW 9 (39 45)

IASR
ROW 10 (46 : 52)

AOArARR
OW 11 (53: 6

AT
ROW 12 (60 6

Il ARARAR
ROW 13 (66 : 72)

1l RAAR
ROW 14 (72: 73)

LAAAAT
ROW 15 (74 : 79) '

AARAAR
ROW 16 (79 : 83)

IAEAR
ROW 17 (84 : 86) -

AAR
ROW 18 (87 : 97)

0
                                                              



FREQ RESPONSE OF A THIRD OVER HEWLETT PACKARD
A FOURTH ORDER TRANSFER SOLUTIONS BOOK:

CONTROL SYSTEMS

ROW 19 (98 : 103)

ROW 20 (104:114) l

ROW 21 (115:125)

ROW 22 (126: 138)

ow 23W (139 : 148)

OW 24 (149 160)

  

 

            

              
R                       
R                 
ROW 25 (161 : 165)

ROW 26 (165 : 170)

ROW 27 (171:181)

                 

                            
ROW 28 (182: 189)                     
ROW 29 (190 : 194)

       
ROW 30 (195 : 196)                       
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BODE OF THIRD-ORDER OVER THIRD-ORDER TIMES S" TRANSFER FUNCTION

Qs® + Gs? + Hs + K
F(8) = SNRsT ¥ 12 + 15 7 D)
 

where: Q and R are options, limited to [-1, O, +1], G, H, K, L, M, and P

may assume any real value, and N is a non-negative integer
[0, 1, 2, ... ].

 

V& - Gw2)? + (Hw - Q3)2
Magnitude =

wN \/(P - Lw?)? + Mo - R3)?2

 

where: w = 27F

Decibels = 20 log;, magnitude

- 3 _ 3

Phase = Tan'l(%?——é%%—> - Nsin™' 1.0 - Tan_l<%?j73%%r)

in degrees (unless angular mode is set to radians or grads).

NOTE: Frequency, f, cannot equal zero. Power, N, is a non-negative integer.

Coefficient of s® in numerator or denominator is -1, 0, or +1. Display

of phase will be between -180° and +180° (-7 and +m radians or -200

and +200 grads).
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Example:

Find gain (in decibels and volts/volt) and phase shift in degrees for:

8s3 -1
Fls) =2z

at £ = 0.1 Hz and 1.0 Hz.

s3 - 0.125
Rewritten: F(s) = 

s2(0.125s% - 0.25)

Q=1 G=0

H=20 K = -0.125

N =2 R=0

L =0.125 M=0

P =-0.25 f =0.1 and 1.0

Keystrokes: Display:

[XEQ] [ALPHA] SIZE [ALPHA] 010

[XEQ] [ALPHA] BODE3 [ALPHA] Q?

1 [R/S] G?

0 [R/S] H?

0 [R/S] K?

.125 [CHS] [R/S] N?

2 [R/S] R?

0 [R/S] L?

.125 [R/S] M?

0 [R/S] P?

.25 [CHS] [R/S] FREQ. ?

.1 [R/S] dB=7.4229

[R/S] MAG=2.3504

[R/S] £ =-116.7449

[R/S] FREQ. ?

1 [R/S] dB=1.6690

[R/S] MAG=1.2118

[R/S] L =-90.0289



User Instructions
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SIZE: 010

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY

1 Load program.

2 Begin execution and input constants [XEQ] BODE3 Q?

(remember, Q and R must have values +1, Q [R/S] G?

0, or -1). G [R/S] H?

H [R/S] K?

K [R/S] N?

N [R/S] R?

R [R/S] L?

L [R/S] M?

M [R/S] P?

P [R/S] FREQ. ?

3 Input frequency (Hertz). f [R/S]

4 Solution - decibels dB=

- magnitude [R/S] MAG=

- phase angle [R/S] =

5 For a new frequency. [R/S] FREQ.?

6 Go to step 3.
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Program Listings

 

L
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k +

m

r m - CEOD | {

()
)
I

S
P
e

™ I 7

M
o

o]
T3

]
b

50

)
N

A * r m [

Initialization

S
0

0

A 0 =

3 0
"
'
]

r'
l_

:l

2 )
T
S

. ].
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T
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S
T
M

 J
T 1
™
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O
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]
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)

=
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1
0

-]
A
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;
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]

sz H -? e

PROMFT

STOo QaZz
sz %.:: -':-_1 sz

FROMPT

STO 9= |

Denominator

magnitude

v —
-

o Y w0 
A o r-

o 0
e
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S
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e
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=
T
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=
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)
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R
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Program Listings

H

=t

ENTEET

LOG

=8
*+

u.jB="

~EG o

al Y
unnr-zu

®EG@ o

T

i

F—-FE

k—-F

ERIH
oo

AED

iza GTO

i21+LBL

ARCL =

AYIEW

STOF

ETH

-.EHD.

ok
ek

ok
k
b
b

ok
o

po
b

poo
h

pe
k
pk

ok
ok

ek
oo

k

O
O
0
S
T
y
N
B
G
N
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" REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS

50

STATUS

USER MODE
ON___OFfF_%

TOT. REG.
X2 sc
RAD ___ GRAD

FLAGS
INIT

# S/C SET INDICATES CLEAR INDICATES

00 0
01 < 0

02 R R 0

03 R < R 0

ASSIGNMENTS

FUNCTION KEY FUNCTION 
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BODE OF 3RD—ORDER/3RD—ORDER * HEWLETT PACKARD
S~N TRANSFER FUNCTION SOLUTION BOOK:

PROGRAM REGISTERS NEEDED: 28 CONTROL SYSTEM

ROW 1 (1 -

ROW 2 (4 — 11

3 (1

oW 12

OW 13 (108 - 112)

12

 

R

                 
R                        

34        I( 
ROW 7 (40

ROW 8

ROW 9

(

i
Il

    
49          
61                

ROW 10 (7

ROW 11 (8
                                   

R                         
R                        
ROW 14 (1 - 119

ROW 15 (120 - 12

 
6                         
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ROUTH TEST FOR CONTINUOUS AND DISCRETE TIME SYSTEM STABILITY

This program is designed to test the location of the roots of a characteristic

equation in the form:

AoS" + A1S"TH 4+ A8"P L L LA,;S+An =0

using the repeated test:

Ai_1 = A

K =Ag/Ay for i =1, 3, 5.

Ai =Ajp - KA,

The number of right hand plane (RHP) roots is equal to I (# times K < 0).

NOTES: A must be < 20.

Routh test with various roots along imaginary axis may indicate
instability. Shift axis slightly to check actual location of roots.

Axis shift:

Ay = A1 + Apd Ay = A1 + Aod Ay = A + Apd [A1 = Ay + Apd]

A, = A, + Ai1d A, = A, + A;d A, = Ar + Aid

Ap = Ap + A,_.d Ap—y = Ap—q + Ap—nd



Example:

Does S* + 2s®* +S2 + 45 + 4 =0 represent a stable system?

Keystrokes: Display:

[XEQ] [ALPHA] SIZE [ALPHA] 026

[XEQ] [ALPHA] ROUTH [ALPHA] N?

4 [R/S] A0?

1 [R/S] Al?

2 [R/S] A2?

1 [R/S] A3?

4 [R/S] A4?

4 [R/S] TEST? SHIFT?

[XEQ] [ALPHA] TEST [ALPHA] 1.000 00

2.000 00

-1.000 00

1.200 01

4.000 00

RHP ROOTS 2

Because the RHP roots is 2, the system is unstable.
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User Instructions
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SIZE: (26

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY

1 Load program.

2 Begin execution and enter equation. [XEQ] ROUTH N?

n [R/S] AQ?

Ag [R/S] Al?

Ay [R/S] A2?

A [R/S] :

: [R/S] A(n)?

Ap [R/S] TEST? SHIFT?

3 For Routh test: [XEQ] TEST A0

first column of routh array is displayed 5

using PSE, stopping to display the #RHP RHP ROOT

roots.

4 Axis Shift: the coefficients to relocate

equation to reflect an axis shift [XEQ] SHIFT d?

input d d [R/S] AO

new coefficients are displayed using PSE. Al
 

 

A(n)
 

 

 

 

 

 

 

 

        



Program Listings

 

 

AlelBL "REGU
‘!’H 3

az M7

0 =

[ S

o

-
-
4

7
]

- =

M

f
l
l

[I
l

0

HIFT®"
24 PROMPT
25«LEL ~7TEXZ

Tu

SCI 3
=

STa 2=
«LEBL B4
FECL Bgu
FPSE
FCL &l
NEET

~
J 2

3
1
T

w
0

Za
21

24 GTOG =
25 CLA
3& E-S8
=7 STO a1l
Fc+LBL 3
=9 -
4@ ST 22

31 X>87
42 GTO =
43 RCL 2=
34 1
45 +
46 STO 23
47+LEBL =

Initialization

e o o e e e .- e - .- - -

Routh test

  
P

s
M

s
(
5
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0
0

M

NN

M
[
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e
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~
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=
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D
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D
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-
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STO
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A

STO

DSE
EDH
STO

RCL
nrxar
GTO
RCL
FP5E
"RHF

FIx

."_\:l

—

B1
IHD

S
L '—l

IHD

IND

b
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[
N

Z =

=
4
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MM M)

r
a
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n
e
n

e

IND
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P

N
N

= [y

=24
IND

rOQ
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Program Listings

 

£9 ARCL Z3
2@ AVIEMW
91 STOF
azeLBL "SH

FT-
93 lld?ll

94 PROMPT
a5 SCI 4
96 STO =23
a7 RCL =24
ag sSTO 2=
99«LBL @z
166 o
181 STO 25
1@2«LEBL A3
163 RCL IHD
25
184 RCL =23
185 *
186 ISG 25
1@? |lflll

1@8 ST+ IHD

189 RCL =25
118 RCL 2=
111 ¥®=Y7
112 GTO a3
113 1
114 -
115 STO 2=
116 H=a7
117 GTO B=
113 SCI S
119 @
128 STO 25
121+LEL 9%
122 RCL IND

122 STOF
124 ISGC 25
125 llnll

126 RCL =2
127 RCL 25
128 ®i=Y7?
129 GTO as
1328 .END.

b
d

 

 

 

 

  50  

Axis shift

Display 

51
 

 

 

 

 

 

 

 

 

60
 

 

 

 

 

 

 

 

 

 

70
 

 

 

 

 

 

 

 

 

 

80
 

 

 

 

 

 

 

 

 

 

90
 

 

 

 

 

 

 

 

 

  00
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS

50

STATUS

SIZE TOT. REG. __64 USER MODE

ENG FIX —— SCI ON____ OFFX
DEG X RAD ___ GRAD

FLAGS
INIT

# S/C SET INDICATES CLEAR INDICATES

ASSIGNMENTS

FUNCTION KEY FUNCTION 
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ROUTH TEST FOR CONTINUOUS AND HEWLETT PACKARD
DISCRETE TIME SYSTEM STABILITY SOLUTION BOOK:

PROGRAM REGISTERS NEEDED: 38 CONTROL SYSTEM

   
R

 
1R

              _
—
u
N

)
e
—

  
R                   
R               
R                        

ow

0 2

OW 6 (25 - 29)

37

ROW 8 (38 - 45

ROW 1 (1 — 3)

OW 2(4 - 10

1

W4 (18 -

OW 5 (23 - 25) ||

ROW 7 (30 - I

ROW 9 (46 — 53
                             

R 5          ow 10 (53 -

11 (60 - 68

12 (68 - 76)

 
6                                             

R                     Il
W 15 (87 - 92

ROW 16 (92 - 97
            

0

RO

 

 

 

       
ROW 17 (98 - 1

ROW 18 (106

 

ROW 13 (76 - 84)

W 14 (84 - 87

I
                 

—
_
—
_                                         
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CONVERT FREQUENCY RESPONSE -- OPEN LOOP, CLOSED LOOP

For a linear, unity feedback control system this program converts open loop
frequency response data { G(jw) (or log IG(jw)l or 20 log lG(jw)I) to closed

loop data £ C/R(jw) and IC/R(jw)I (or log C/R(jw) or 20 log - (jw)).

R(jw)———-*—»(B—~ G (Gw) —C(ju)

c ,. G(jw)
where R (Gw) -_1—:%6(3

 

 

  
 

 

This program also converts from closed loop data to open loop data.

c ..
g Gw

the relationship used is: g(juw) = »
L% (jw) and I% (Gw) | }

LG (jw) and IG (jw)| 1 —'% (Gw)

Note:

A. When the input phase angle cosine (A C/R(jw) or L G(jw)) is zero (e.g.,
L C/R(jw) = -90), the conversion is only accurate through the 6th decimal

place.



Example:

For the system:
4

GQw = S50+ 2550 (1 + .062550)

For w = .1, 1 and 10 rad/sec, £ G(jw) and |G(jw)| are:

 

 

    
 

w rad/sec L G(jw) degrees |G(jw)|

.1 -91.79 39.99

1 -107.61 3.87

10 -190.20 .13

Determine closed loop frequency response for w = .1, 1, 10 rad/sec.

Keystrokes: Display:

[XEQ] [ALPHA] SIZE [ALPHA] 007

[XEQ] [ALPHA] O-C [ALPHA] L G?

91.79 [CHS] [R/S] C?

39.99 [R/S] C/R=1.00

[R/S] L C/R=-1.43

[XEQ] [ALPHA] O-C [ALPHA] L G?

107.61 [CHS] [R/S] G?

3.87 [R/S] C/R=1.05

[R/S] L C/R=-14.96

[XEQ] [ALPHA] 0-C [ALPHA] L G?

190.2 [CHS] [R/S] G?

.13 [R/S] C/R=0.15

[R/S] A G/R=-191.71

37
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User Instructions
 

 

 

 

 

 

 

 

 

 

 

 

 

 

SIZE: 007

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY

1 Load program.

2 To convert from open loop to closed loop

response, [XEQ] 0 - C L G?

input angle of G(jw) L G{Hw) [R/S] G?

input magnitude G(jw) G(Gw) [R/S] C/R=

[R/S] A4 C/R=

3 |[To convert from closed loop to open loop

response, [XEQ] C - O L C/R?

input angle C/R(jw) LC/R(Gw)| [R/S] C/R?

input magnirude C/R(jw) C/R(jw) [R/S] G=

[R/S] A G=

4 For a new case [R/S]
 

go to step 2 or 3.
 

 

 

 

 

 

 

 

 

 

 

 

 

        



Program Listings
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8= o
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g
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a9 PROMFT
1g S7Ta o4
i1 ECL 8o
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15 FS
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Open to Closed

Complex

Algebra
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS

50

STATUS

size _007  TOT.REG. __25 USER MODE
ENG FIX —2__ sCI ON____ OFF _X
DEG X RAD _—__ GRAD

FLAGS
INIT

# S/C SET INDICATES CLEAR INDICATES

- C-0

ASSIGNMENTS

FUNCTION KEY FUNCTION 
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CONVERT FREQUENCY RESPONSE HEWLETT PACKARD
—— OPEN LOOP & CLOSED LOOP SOLUTION BOOK:

PROGRAM REGISTERS NEEDED: 19 CONTROL SYSTEM

6)

- 16

- 20

ROW 1 (1

ROW 2 (6

ROW 3 (11

ROW 4 (

ROW

A
A
i
OOA

5 (21 -

A
ROW 6 (30 — 42)

M
ROW 7 (42 — 46

AA
ROW 8 (47 - 50)

0O
ROW 9 (50 - 53)

A
NI

  

  

             
17           
21

                                                         
ROW 10 (53 - 60)ow              
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AID TO ROOT LOCUS PLOTS I - REAL POLES

Given the forward transfer function of unity gain feedback system:

K(s + z1) (s + z5)

s(s + p1) (s + p2) (s + p3) (s + py)
 KG(s) =

where s = 0 + iw is the complex frequency variables and 2z, 22, P1, P2s P3
and py are real numbers, the program helps in finding the roots of

1 + KG(s) = 0, which determines the poles of the closed-loop system. It
follows that at any point in the s-plane, which is a root of the above equation
for some value of K, G(o0 + iw) = 1/K 180°.

Since the rules for construction of approximate root locus plots are well

known, this program can be used to obtain the exact location of the roots in

certain regions of the s-plane. The user selects a value of o, say 01 and
assumes a trial value for w, say wi. The program then determines

Gl(oy + iwy) = ke id,

If ¢ is not within +*0.01 of 180°, a new trial value of w = w1 is obtained.

The equation for searching the correct value of is:

w=w (4 - where ¢ is in degrees.2,
607

Note:

The search question is based on the assumption that wi is greater than zero.
This is not a limitation since the root locus is always symmetrical about the

real axis of the s-plane. For display purposes, o is represented as 'a'" by
the 41C.



Example:

K(s +1) (s + 2)
 KCE) =S +3) G+ &) G5 (G+6)

It is desired to obtain the complex roots for c = 0, 0 = -1, and ¢

initial w

1 c=0 w=2>5

2 g = -1 w =6

3. o =-2.5 w =4

Keystrokes: Display:

[XEQ] [ALPHA] SIZE [ALPHA] 009

[XEQ] [ALPHA] ROOTS 1 [ALPHA] Z1?

1 [R/S] 22?

2 [R/S] P1?

3 [R/S] P2?

4 [R/S] P3?

5 [R/S] P4?

6 [R/S] a?

0 [R/S] W?

5 [R/S] K=999.506

[R/S] W=8.545

[R/S] a?

1 [CHS] [R/S] w?

6 [R/S] K=519.846

[R/S] W=6.824

[R/S] a?

2.5 [CHS] [R/S] W?

4 [R/S] K=140.519

[R/S] W=4.350

-2.5.

43
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User Instructions
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SIZE: 009

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY

1 Load program.

2 Begin execution and input: [XEQ] ROOTS 1 Z1?

Z Z, [R/S] Z2?

Z, z, [R/S] P1?

P P, [R/S] P2?

P, P, [R/S] P3?

P, P, [R/S] P4?

P, P, [R/S] a?

3 g g [R/S] W?

initial guess for o. w1 [R/S]

4 Solution will be displayed when

179.99 < ¢ < 180.01. K=

[R/S] W=

5 For a new root [R/S] a?

6 Go to step 3.
 

 

 

 

 

 

 

 

 

 

 

      
 

 



Program Listings

 

 

ai«lLBL “ROG
TS 1+
gz 217"
@3 PROMPT
G4 STO B1
BS "Z27"
@€ PROMPT
@7 STO G2
ag P17
89 PROMPT
18 STO &3
11 “FP27"
12 PROMPT
13 STO @4
14 "P37
1S PROMPT
16 STO @85
17 “P47"
18 FROMPT
19 STO G&
Za+LBL A
21 .2 a-?- s

z2 PROMPT
23 WP
24 PROMFT
2S5+LBL E
26 STO G

)<Y
STO
R—F
RCL
HKEQ
RCL
KEQ
RCL
HKEQ
RCL
KEQ
RCL
HER
RCL
HE

2 MIY
43 ZTO
44 120
45 —
46 ABS

%

t
n

(
T

5o

b
Q]

Qo
Ce

f
Ce

l
Q)
)

Gl
T
G

O
R
I
T
M

M)

D
O
R
D
N
D
A
N
L
G
N
D
0

e
H
O
g
X
m
M
m
O
d
I
M
a
m
a
m
E
D

is
)

a
e

n o

47 .88l
48 =FYT
49 GTO C
S8 RCL QA  

Initialization

D
@
0
D
D
D
D
D
D
D
A
D

0
O
0

R0
0

00
D

00
00
e

s
=
g
g
=

T
T
T
N

O
y
L
A
A
R

w
m
u
m
w
m
m
fi
m
m
»
m
m
m
m
m
m
a
M
M
H
m
m
m
w
m
m
A
M
M
H
E
m
m
fl
m
m
h
M
M
H
t
h
u
&
fi
fl
fl
fl
fl

 [
t

ot

T |

o
o [ (
]

) ™ r

M
O
m
E

W
~
0

o

! m o

O

e ] 0

W
D

RYIEW

STOF

RTH
=STOF

«LBL E
RCL 87
-+

RCL @a=
L A3
v

R-F

i L

HIOH
+:

FIH
+

R
FETH

<= BL I
RCL @7
+

RCL @aZ
& s - L

l:.'iN .I

R—P
L S :_'_:

FDH

FTOH

CHZS
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Program Listings

 



REGISTERS, STATUS, FLAGS, ASSIGNMENTS |

DATA REGISTERS

50

STATUS

SIZE TOT. REG. 34 USER MODE
ENG FIX 3 sci
DEG X RAD —__ GRAD

ON___ OFF_X

FLAGS
INIT

# S/C SET INDICATES CLEAR INDICATES

ASSIGNMENTS

FUNCTION KEY FUNCTION 

7
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AID TO ROOT LOCUS PLOTS |
— REAL POLES
PROGRAM REGISTERS NEEDED: 26

ROW 1

[
ROW 2 (2

ROW 3 (8\

ROW 4

i
ROW 5 (22

ROW 6 (31

ROW 7 (37

ow

0

0

    

  

  

  

 

 
R 44

 

8

9

w 10

ROW 11 (6

R 52

  
R (6  

1 - 2

15 -

- 8

 

 
  

31

37

44

-5

- 6

2

 
 

  
ROW 12

13ROW

ROW 14

7

        86 -

98 - 106

 
8

4 - 85

 

     

 
 

            

 
 

  
     

 
              

  

 
    

       
       

 

 

 

 

 

 

 

  

  

 
 

  

  

HEWLETT PACKARD
SOLUTION BOOK:
CONTROL SYSTEM
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AID TO ROOT LOCUS PLOTS II - COMPLEX POLES

Given the forward transfer function of a unity-gain feedback system:

K(s + z1) (s + z,)
KG(s) = Se+p) G +p2) (s +a+if) (s +a = 1B
 

where s = 0 + iw is the complex frequency variable, and zi, z2, p1, p2, @

and B are real numbers, the program helps in finding the roots of 1 + KS(s) = 0,
which determines the poles of the closed-loop system. It follows that at any
point in the s-plane, which is a root of the above equation for some value of

K, the argument of G(s) is equal to 180 degrees.

Since the rules for the construction of the approximate root locus plot are

well known, this program can be used to obtain the exact location of the roots
in critical regions of the s-plane. The user would select a value of o, say
01 and assume a trial value for w, say wi. The program then determines the

modules M, and the argument, ¢ of G"1(s) at this point. If ¢ is not within

the *0.01 of 180° a new trial value of wz is obtained using the equation
w2 = w1(4 - ¢/180).

The process is repeated until ¢ is within *0.01 of 180°. The convergence may

be slow when w approaches zero.

Note:

The search equation is based on the assumption that w is positive. This is

not a limitation since the root-locus plot is always symmetrical about the

real-axis of the s-plane. For display purposes, o is represented as "a'" by
the 41C.



Example:

 

KG(s) = .K _ - K(s +1) (s + 2). .
s(s + 12 + 5i) (s + 12 - 5i) s(s+1) (s +2) (s +12 +5i) (s + 12 - 5i)

It is desired to obtain the exact locations of the roots for ¢ = -1, -2,

and -4.

Keystrokes: Display:

[XEQ] [ALPHA] SIZE [ALPHA] 009

[XEQ] [ALPHA] ROOTS 2 [ALPHA] Z1?

1 [R/S] 227

2 [R/S] P1?

1 [R/S] P2?

2 [R/S] A?

12 [R/S] B?

5 [R/S] a?

1 [CcHS] [R/S] W?

12 [R/S] K=2,749.323

[R/S] W=11.134

[R/S] a?

2 [CHS] [R/S] W?

10 [R/S] K=1,780.106

[R/S] W=9.220

[R/S] a?

4 [CHS] [R/S] W?

5.5.[R/S] K=656.209

[R/S] W=5.002



User Instructions
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SiZe: 009

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY

1 Load program.

2 |Begin execution and input: [XEQ] ROOTS 2 Z1?

Z1 Z, [R/S] 72?2

Z» Z, [R/S] P1?

P P, [R/S] P2?

P, P, [R/S] A?

Q o [R/S] B?

B 8 [R/S] a?

3 g g [R/S] W?

initial guess for w. w1 [R/S]

4 Solution will be displayed when

179.99 < ¢ < 180.01 K=

[R/S] W=

5

|

For a new root [R/S] a?

6 |Go to step 3.
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Program Listings

 

 58 ECL

LEBL =“ROOC&

Az 217"
w3 PREOMPT
g4 STO 4Ol
as 227"
a6 PROMPT
a7y STO a:z
as P17
@9 FROMPT
1@ STO Q3
11 =p27"
12 PROMPT
12 STO a4
1 “HTT
15 PROMFPT
16 STO 85
7 otegT

ig PROMPT
19 STO 46
@+lBL A
=1 =a?"
22 PROMFT
22 W
24 PROMPT
25eLEL B
26 STO @g
27 H{BY
28 ST0O Ay
29 ECL. 95
38 +
31 =< EFY
Z2 RCL 8Ag
23 +
34 RCL 9&
35 RCL A&
36 -
27 ET
38 R-F
29 EI'H
48 EDH
41 KREG® E
42z RCL @4
43 RCL @&7v
44 +
4% RCL 223
46 REQ E
¥ RCL 93

48 RCL 87
43 +

asz

Initialization

 

f

!

|

 

 

51 HEG E
52 RCL @7
53 RECL waz
S #“EQ E
S5 ECL a2
SA KEG I
SY FCL 81
58 XEG D
59 H4EY
8 STO B&
&1 128
&2 —
&3 HES
=4 .81
&S H>Y?T
&6 GTO ¢
&7 RCL 4a
=8 &8
E. 9 _,-"'

va 4
1 -
T2 CHES
T3 RCL 4=
T4 *
TS STO ag
e RCL 87
7 RCL &=
8 GTO E
TS9«+LBL

88 FIX 2
21 RCL 2
gz K="
232 HEG® o
&4 RCL g2
g5 “"H="
s6 +HEQ d
87 GTO H
g£3+LBL d
89 HARECL =
28 RYIEW
91 STGP
9z ETH
SZ«LBL T
94 RCL &7
95 +
95 RCL 898
- ss

9 ¥ e S

93 R-F
a9 KIFY

1884 REIDH
il -~

w2

 
 

 



Program Listings

1682 RLIH

ig3x -

iad4 CHS

165 RT

166 ETH

1a7«+LBL E

162 X4 >Y

E-F

ne =Y

RIDH
&4

RIM
+

S

RTH

«EHTI,

=)
=4
I
O
B
A

DD
e
2
0
01

11
11
11
11
11
11
11

1
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" REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS

50

STATUS

SIZE TOT. REG. USER MODE

ENG FIX _3 scl ON___OFf_X
DEG X RAD _—__ GRAD

FLAGS
INIT

# S/C SET INDICATES CLEAR INDICATES

0

ASSIGNMENTS

FUNCTION KEY FUNCTION 
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AID TO ROOT LOCUS PLOTS I HEWLETT PACKARD
— COMPLEX POLES SOLUTION BOOK:

PROGRAM REGISTERS NEEDED: 27 CONTROL SYSTEM

ROW 1 (1 - 2)

   

             
R        

                                        
7)                

(6 78                      
7                                               

il " I "III I"Il |" ||||I |||||I "I" " ||

T | I| I"Il |||I| | ||I "

ROW 6 (34 - 44

ROW 8 (54 - 60

ROW 10 (68

8 - 83)

ROW 13

ROW 101 - 112

113 - 117

ROW 2 (2 - 8)

0 (

1

- 89

14 (

15
              

ROW

ROW 5 (23 - 33

ROW 7 (45 - 53

ROW 9 (61 —6

ROW 1

ROW 12 (84

89 - 100

ROW                    
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CLASSICAL CONTROL GAINS

This program computes the Ziegler-Nichols recommended settings for P, PI,

and PID control. Data is required from one of two tests: the general control

form is G¢ = ke[l + (1/T;s) + Tps].

A. OPEN LOOP TEST - Input step function, measure response, draw tangent at

point of maximum response slope, scale L & R.

 

 

  
 

 

 

 

TANGENT AT MAXIMUM SLOPE

————{ PLANT >
INPUT OUTPUT

SLOPE = R

1.0 0 TIME

— L —

0 TIME / 
R = maximum slope

L time intercept of maximum slope line

Then for P control, k¢ = 1/RL; PI control, k¢ = .9/RL, T; = 3.3L; for PID
control, k¢ = 1.2/RL, T; = 2L, To = L/2.

Note: Plant must be greater than first order for open loop test (s is Laplace

operator).

B. CLOSED LOOP TEST - Increase k. until plant is near instability (oscillating
output). Let the magnitude of k¢ at that point be called ky, and the

period of oscillation be called Py.

  

INPUT 4 /5 o3 . PLANT |_OQUTPUT _ |
TI

- *—P"_‘l
 Y  

        
 

Then for P control, let ke = .5 ky

PI control, let k¢ = .45ky, T; = 0.83P,

PID control, let k¢ = 0.6ky, Tj = .5Pu, To = Pusg

General control form is G¢ = k[l + (1/Tjs) + Tos]

Note: Plant must be greater than second order for closed loop test.
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Examples:

1. For the following open loop test data, compute the control coefficients for:

a) P control

b) PI control

¢) PID control   
 

3 ot

L=1, R =1/2

— N

(unit step input) l

2. During a closed loop P control test, the plant output became oscillatory

with k =k = 10, the period of oscillations was 50 sec. Compute coefficients
for:

a) P control

b) PI control

c) PID control

Keystrokes: Display:

[XEQ] [ALPHA] SIZE [ALPHA] 009

[XEQ] [ALPHA] OPEN [ALPHA] R?

0.5 [R/S] L?

1 [R/S] P

KC=2.00

[R/S] PI

KC=1.80

[R/S] TI=3.30

[R/S] PID

KC=2.40

[R/S] TI=2.00

[R/S] T0=0.50

[XEQ] [ALPHA] CLOSED [ALPHA] KU?

10 [R/S] PU?

50 [R/S] P

KC=5.00

[R/S] PI

KC=4.50

[R/S] TI=41.50

[R/S] PID

KC=6.00

[R/S] TI=25.00

[R/S] TO0=6.25
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User Instructions
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SIZE: 009

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY

1 Load program.

2 For open loop test: [XEQ] OPEN R?

input R R [R/S] L?

input L L [R/S] P

KC=

[R/S] PI

KC=

[R/S] TI=

[R/S] PID

KC=

[R/S] TI=

[R/S] TO=

3 For closed loop test: [XEQ] CLOSED KU?

input Ku Ku [R/S] PU?

input Pu Pu [R/S] P

KC=

[R/S] PL

KC=

[R/S] TI=

[R/S] PID

KC=

[R/S] TI=

[R/S] TO=
 

 

 

        



Program Listings

 

 

R

=

"aile«lLBL "OPE

az "R7T
AZ PROMPT Open loop test

A@d4 L2

as PROMPT

s STO @z

a7y *

Bs 1-=

ae STO &8l

1a STO a2z

11 .3

12 =

13 STO v4

14 RCL @1

15 1.2

16 =#*
17 STO A5

12 RCL &2

19 2

2R *

21 STO a7y

22 1.65

&3 #

24 570 Bo

259 ERCL =

26 Z

27
28 STO ac

29 CL=

=8 GTO O o

Sl«LEBL =CLOG
ED s

32 e KL!S Closed 1OOP

23 PROMPT test
=4 “pPU?Z*"

25 PROMPT

Z6 STO B2

37 RDHN

Z8 STO vi

=9 Z
GE6

41 STO AZ

42 .9

g3 *

44 ST ad

45 FECL 81

36 &

47 *

- 48 STO A5

49 RCL Az  
(
a
n
a
n
n g =

1 ~

2 STO 9;
3 4

55 STO G5

S6 RCL &=z
57 .83
55 #
SS9 SETO A
&8 CLX
&lelBL C
62 s Fau:

&2 AYIEW
=4 PSE
65 RCL 43

65 "KC="
&7 REG d
&2 FI-
&9 AYVIEH
8 FSE
Ti RBRCL a4
T2 "EKC=-
T3 AER d
T4 RCL G
?5 uTI=n

76 HAEGQ o
YT FILD~
72 RAVIEW
79 FSE
g8 RCL a5
21 “kKC=-
g2 XEGQ 4
23 RCL a7y
g4 TI="
25 HEQ@ o
86 RCL ag
87 "Ta=-
Zg8e«LBL d
89 ARCL =
98 AV IEW
a1 STOP
az ETH
22 _END.
 

 

ey En an es e es s o s Ee e o e e

Display

 

 

 

 

  00    
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" REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS

50

Rec or Kc

or ru

STATUS

siz _009  TOT.REG. _3 USER MODE
ENG FIX —2 SCI ON____OFF _X
DEG _X RAD ___ GRAD

FLAGS
INIT

# SIC SET INDICATES CLEAR INDICATES

ASSIGNMENTS

FUNCTION KEY FUNCTION 
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CLASSICAL CONTROL GAINS HEWLETT PACKARD
SOLUTION BOOK:

PROGRAM REGISTERS NEEDED: 26 CONTROL SYSTEM

ROW 1 (1 — 4)

ROW 2 (4 — 14)

3 (ROW 15

ow 4 (2

ROW 5 (3

ROW 6 (34 — 43

ROW 7 (44 - 55

ROW 8 (56 - 62

   ATA
I
O
(i
A
A
A
O

ROW 9 (63 - 68)

O
ROW 10 (68 - 74

O
ROW 11 (75 - 77

O
ROW 12 (78 -

O
0
i

 

                
R                

1 - 34)                                                                           

                       
ROW 13 (84 -

9 -

      
ROW 14 (8
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FIRST ORDER REGULATOR

X
=—=ax +bdt “

system state

Given a system: x

where x

u system control

a, b constant.

This program solves the regulator problem, i.e., determines the optimal feedback
gain to minimize the following performance index:

performance index = J = 1/2f(qx2 + ru?) dt
0

the solution is: u = -cs

where c =-%S and S is the positive solution to the Riccati equation:

2,2
0 = -2as + 2 b - q

3 = o S X I | M

& 5 o H o | I o I o 0

Note: a >0, r >0, and b # O must be satisfied to assure proper operation.



Example:

X = ax + bu, J = 1/2]?[(

1 2
1. a=-1,b=1, q = ( ) 

X max

b 1, q =0, =1

a=1,b=1,q=1, r =1

b=2,gq 4=3,r=

Keystrokes:

[XEQ] [ALPHA] SIZE [ALPHA] 005

[XEQ] [ALPHA] REG 1 [ALPHA]

1 [cHS] [R/S]

1 [R/S]

0 [R/S]

1 [R/S]

[R/S]

[R/S]

[R/S]

[XEQ] [ALPHA] REG 1 [ALPHA]

1 [R/S]

1 [R/S]

0 [R/S]

1 [R/S]

[R/S]

[R/S]

[R/S]

[R/S]

1 [R/S]

1 [R/S]

[R/S]

[R/S]

[R/S]

 

 

 ) + (o )2] dt

)2=1

Display:

a?

b?

Q?

R?

C=0.00

S=0.00

a=-1.00

T=1.00

a?

b?

Q?

R?

C=2.00

S=2.00

a=-1.00

T=1.00

Q?

R?

C=2.41

S=2.41

a=-1.41

T=0.71

63
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User Instructions
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SIZE: Q5

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY

1 Load program.

2 Begin execution and input: [XEQ] REG 1 a?

a a [R/S] b?

b b [R/S] Q?

4 q [R/S] R?

r r [R/S]

3 Solutions: ¢ C=

S [R/S] S=

a [R/S] a=

T [R/S] T=

4 |To change only q and r: [R/S] Q?

input q q [R/S] R?

input r r [R/S]
 

go to step 3.
 

 

 

 

 

 

 

 

 

 

 

 

        



Program Listings

 

 

i
L

+

&*

B
o)
G

el
G
G
G

el
Gl

Gl
T
T
P
P

TR
DD
P
T

T
T

I
e
b

et
e
b
e
e
e
e

ek
(
)
0
3
R
R
D
e

G
0

0O
T
l

B
)
Y
e
X
D

Q0
T

e
)
T
e
S
0

00
]
T
N
B
G

PO
2
0
0
0
N

L
N
B
)
T

b o
b

Ll
M

o
e

b
I
A

b
b

d
0
0

\

g%

LEL "R

s a-? sx

FROMFPT
STO ai
e t'-P:_': 2t

FROMFPT

STO a8z

LBL A
e Q-:_\ sv

FEOMPT

STO a2
s F: -? ss

PROMEPT

STO a4

RCL a1

RCL Bz

ATz

RCL 83

oL 24

+

SR
RCL 21

RCL B2

A )
-
+

)
m
r
a
r

wm
o

@
)

[

A o r ™ Ju

-SR

CHZ=

XEG
1%

CHS

EG

Initialization

e - - e e e - e - - .-

 
A

- I

=EQ
GTO

<l EL

ETH

WO
Q
O
B

)
[
s

ARCL
HYIEN
STOF

L
D

L

. ENDI.
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80
 

 

 

 

 

 

 

 

 

 

90
 

 

 

 

 

 

 

 

 

  00     
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS

50

STATUS

size _005 TOT. REG. ___18 USER MODE

ENG FIX 2 SCI ON____ OFF _X
DEG _X RAD _—__ GRAD

FLAGS
INIT

# S/C SET INDICATES CLEAR INDICATES

ASSIGNMENTS

FUNCTION KEY FUNCTION 
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SECOND ORDER REGULATOR

Given a system and a quadratic performance index as follows:

X1 aii aiz] [x1 0

X2 azi az? X2 b

1/2 o dq11 dq12 X1 )
J = J[ [x1 x2] Q21 922 % + u‘r} dt

where: x;, X, are the system states

u is the control

J is the performance index to be minimized.

The optimal control is given by:

 

 

o

u =-c1, X1 - c2Xx2 and [x] = [A] [x] [A] = [A] - [c1 - c2]
b

1 1
where: 1 =% (c1 * aji1cao%) c2 =4 (a12c2%)

2 b? 2 b2c1* = a; + a; + ql—r—' co* = a, + ay + 2c;* + q3—I-:-

2
— qi123a11 q223a11a, = - = - 2 +1 aij2azi ajiaz:2 q1 q11 al. a,2

a = ay; + az» q3 = q22

qi11s 9125 912 > 03 q11 + q12 +q13 =0



Example:

y+oey+¢ =u second order system

Let X1 =y, X2 =Y

}.(1 0 1 X1 0

il + u suppose ¢ = 2, 6

X2 -¢ =6 X2 1

Find the optimal control that minimizes:

1. J =1/2 j;(x12+ x7 + u?)dt, i.e., qi1 =1, q12 =0, q22 =1

2. J =1/2 j;(4xf'+ u?)dt, i.e., qi1 = 4, q12 = 0, q22 =0, r

0 1

A = b=1,r =1

-2 -3

Keystrokes: Display:

[XEQ] [ALPHA] SIZE [ALPHA] 010

[XEQ] [ALPHA] REG 2 [ALPHA] Al1?

0 [R/S] A12?

1 [R/S] A21?

2 [CHS] [R/S] A227?

3 [cHS] [R/S] b?

1 [R/S] Q11?

1 [R/S] Ql2?

0 [R/S] Q227

1 [R/S] R?

1 [R/S] C1=0.236

[R/S] €2=0.236

[R/S] Ql1?

4 [R/S] Ql2?

0 [R/S] Q22?

0 [R/S] R?

1 [R/S] C1=0.828

[R/S] €2=0.264
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User Instructions
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SIZE: 010

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY

1 Load program.

2 Begin execution: [XEQ] REG 2 All?

input A matrix all [R/S] Al2?

al2 [R/S] A21?

a2l [R/S] A22?

a22 [R/S] b?

input b. b [R/S] Qll1?

3 |Input Q Qll [R/S] Ql2?

Q12 [R/S] Q22?

Q22 [R/S] R?

input r. r [R/S] Cl=

[R/S] C2=

4 |For a change of Q and R: [R/S] Qll?

5 Go to step 3.

6 Closed loop dynamics: [XEQ] A All=

matrix [A] [R/S] Al2=

[R/S] A21=

[R/S] A22=
 

 

 

 

 

 

 

 

        



Program Listings

 

 

ali«lEBL "EEG S1 RCL 24
z SZ %
a2z "A117* =3 -
2 = — =

S "R127"¢ 56 SQORT
Gs FROMPT 57 RCL 4%
@7 STO &z sz
ag “"A=1%" S92 RCL @c
89 PRGMPT £ER RF-EB

18 STO @3 &1 RCL @c
11 "RzZzZ7" &2 +
12 PROMFT 22 STO G5

13 5S7TO @4 &4 =

14 b= &0 *
15 FPROMFT e RCL 85
16 STO % =7 AT2
i7+«LEL C &2 RCL B2

18 "01172" 69 *
19 PROMFT e o+

28 127" 1 SORT

21 PROMFT 72 RCL 91
22 @gz2a7?e ¥3 RCL 94

23 PROMPT T4 o+

z4 "R7" TS STO av
25 PROMFT | oooommoooo____ TE E-F
26 STO &7 77 RCL @y

27 7 78 +

28 STO Gz 79 =TO &7
29 LASTH 268 RCL 9l

=8 o 21 #
31 RCL a1 g2 RCL g
=22 * g3 +

23 RLL 8= c4 STO @&
4 - g5 RCL @S
35 MY cE
e 2 ey ~C1=
A7 *® 28 xE o

25 - g9 RCL 47
39 ECL a1 Q9@ RCL B2
4@ * a1 *
41 ECL @z Qz STO @y

42 - 932 RCL &t

2+ 24
44 RCL @7 a5 wpZ=-
5 & <& HEG d

46 STO 67 a7 GTO o
¥y RCL 62 Sc+LBL H

42 ECL @3 o9 RCL a2
49 * 16@ RCL G232
58 RCL g1 igl RECL 8g 
   



Program Listings

RCL @4
RCL @7

RCL a1
unll-:ll

MEGR o
Rt
uql‘?:u

MER o
1
1
1
1
1
1
1
1
1
1
1
1
1
1 PO

PO
o

(9
]
b

bk
ok

ok
ok

ok
po

d
ek

ok
ok

o
P
3
0
0
0

00
S
O

e
G
D
e
3

 



REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS
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STATUS

SIZE _010 TOT. REG. _38 USER MODE
ENG FIX 3 scl ON____OFF _X
DEG RAD ___ GRAD

FLAGS
INIT

# S/C SET INDICATES CLEAR INDICATES

ASSIGNMENTS

FUNCTION KEY FUNCTION



SECOND ORDER REGULATOR HEWLETT PACKARD
SOLUTION BOOK:

PROGRAM REGISTERS NEEDED: 29 CONTROL SYSTEM

A
(T

ARAN
)

L
)

NI
(T
T
IR
O

8

O
ROW 11 (88 -

e
ROW 12 (96 - 103

e
ROW 13 (104 - 110)

O
ROW 14 (110 - 113

W
ROW 15 (114 — 118

A
ROW 16 (119 — 123

T|

 

0 2

ROW 2 (2 - 8

0 1

  
3

4

ROW 5 (20 - 25

ROW 6 (26 - 38

w7 (39 - 51)

w 8 (52

w9 (

0w

(8 -

         

                                                   
65 - 77)                

1 7                                           

                                                           



NOTES
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NOTES



Hewlett-Packard Software

In terms of power and flexibility, the problem-solving potential of the HP-41 programmable
calculator is nearly limitless. And in order to see the practical side of this potential, HP has different
types of software to help save you time and programming effort. Every one of our software solutions
has been carefully selected to effectively increase your problem-solving potential. Chances are, we
already have the solutions you're looking for.

Application Pacs

To increase the versatility of your HP-41, HP has an extensive library of “Application Pacs”.
These programs transform your HP-41 into a specialized calculator in seconds. Included in these
pacs are detailed manuals with examples, miniature plug-in Application Modules, and keyboard
overlays. Every Application Pac has been designed to extend the capabilities of the HP-41.

You can choose from:

Aviation (Pre-Flight Only) 00041-15018
Clinical Lab 00041-15024

Statistics 00041-15002
Stress Analysis 00041-15027

Circuit Analysis 00041-15024

Financial Decisions 00041-15004

Mathematics 00041-15003

Structural Analysis 00041-15021
Surveying 00041-15005
Securities 00041-15026

Users’ Library

Games 00041-15022

Home Management 00041-15023
Machine Design 00041-15020

Navigation 00041-15017
Real Estate 00041-15016

Thermal and Transport Science 00041-15019
Petroleum Fluids 00041-15039

The Users’ Library provides the best programs from contributors and makes them available to
you. By subscribing to the HP-41 Users’ Library you'll have at your fingertips literally hundreds of
different programs from many different application areas.

*Users’ Library Solutions Books

Hewlett-Packard offers a wide selection of Solutions Books complete with user instructions,
examples, and listings. These solution books will complement our other software offerings and
provide you with a valuable tool for program solutions.

You can choose from:

Business Stat/Marketing/Sales 00041-90094
Home Construction Estimating 00041-90096

Lending, Saving and Leasing 00041-90086
Real Estate 00041-90136

Small Business 00041-90137
Geometry 00041-90084

High-Level Math 00041-90083
Test Statistics 00041-90082

Antennas 00041-90093
Chemical Engineering 00041-90100

Control Systems 00041-90092
Electrical Engineering 00041-90088

Fluid Dynamics and Hydraulics 00041-90139
Games |l 00041-90443

Civil Engineering 00041-90089
Heating, Ventilating & Air Conditioning 00041-90140

Mechanical Engineering 00041-90090

Solar Engineering 00041-90138
Calendars 00041-90145

Cardiac/Pulmonary 00041-90097
Chemistry 00041-90102
Games 00041-90099

Optometry | (General) 00041-90143
Optometry Il (Contact Lens) 00041-90144

Physics 00041-90142
Surveying 00041-90141

Time Module Solutions 00041-90395

*Some books require additional memory modules to accomodate all programs.



CONTROL SYSTEMS

FREQUENCY RESPONSE OF A TRANSFER FUNCTION
BODE OF TRANSFER FUNCTION THAT HAS EACH POLE AND ZERO

GIVEN
BODE OF THIRD-ORDER OVER FOURTH-ORDER TRANSFER

FUNCTION
BODE OF THIRD-ORDER OVER THIRD-ORDER TIMES S" TRANSFER

FUNCTION
ROUTH TEST FOR CONTINUOUS AND DISCRETE TIME SYSTEM

STABILITY
CONVERT FREQUENCY RESPONSE —— OPEN LOOP, CLOSED LOOP
AID TO ROOT LOCUS PLOTS | — REAL POLES
AID TO ROOT LOCUS PLOTS || — COMPLEX POLES
CLASSICAL CONTROL GAINS
FIRST ORDER REGULATOR
SECOND ORDER REGULATOR
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