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INTRODUCTION

In an effort to provide continued value to it's customers, Hewlett-Packard is introducing a unique service for
the HP fully programmable calculator user. This service is designed to save you time and programming effort.
As users are aware, Programmable Calculators are capable of delivering tremendous problem solving potential in
terms of power and flexibility, but the real genie in the bottle is program solutions. HP’s introduction of the first
handheld programmable calculator in 1974 immediately led to a request for program solutions — hence the begin-
ning of the HP-65 Users’ Library. In order to save HP calculator customers time, users wrote their own programs
and sent them to the Library for the benefit of other program users. In a short period of time over 5,000 programs
were accepted and made available. This overwhelming response indicated the value of the program library and a
Users’ Library was then established for the HP-67,/97 users.

To extend the value of the Users’ Library, Hewlett-Packard is introducing a unique service—a service designed
to save you time and money. The Users’ Library has collected the best programs in the most popular categories from
the HP-67/97 and HP-65 Libraries. These programs have been packaged into a series of low-cost books, resulting
in substantial savings for our valued HP-67/97 users.

We feel this new software service will extend the capabilities of our programmable calculators and provide a
great benefit to our HP-67/97 users.

A WORD ABOUT PROGRAM USAGE

Each program contained herein is reproduced on the standard forms used by the Users’ Library. Magnetic
cards are not included. The Program Description | page gives a basic description of the program. The Program
Description Il page provides a sample problem and the keystrokes used to solve it. The User Instructions page
contains a description of the keystrokes used to solve problems in general and the options which are available to
the user. The Program Listing | and Program Listing Il pages list the program steps necessary to operate the calcu-
lator. The comments, listed next to the steps, describe the reason for a step or group of steps. Other pertinent
information about data register contents, uses of labels and flags and the initial calculator status mode is also found
on these pages. Following the directions in your HP-67 or HP-97 Owners’ Handbook and Programming Guide,
“Loading a Program” (page 134, HP-67; page 119, HP-97), key in the program from the Program Listing | and
Program Listing Il pages. A number at the top of the Program Listing indicates on which calculator the program
was written (HP-67 or HP-97). If the calculator indicated differs from the calculator you will be using, consult
Appendix E of your Owner’s Handbook for the corresponding keycodes and keystrokes converting HP-67 to HP-97
keycodes and vice versa. No program conversion is necessary. The HP-67 and HP-97 are totally compatible, but
some differences do occur in the keycodes used to represent some of the functions.

A program loaded into the HP-67 or HP-97 is not permanent—once the calculator is turned off, the program
will not be retained. You can, however, permanently save any program by recording it on a blank magnetic card,
several of which were provided in the Standard Pac that was shipped with your calculator. Consult your Owners
Handbook for full instructions. A few points to remember: ‘

The Set Status section indicates the status of flags, angular mode, and display setting. After keying in your
program, review the status section and set the conditions as indicated before using or permanently re-
cording the program.

REMEMBER! To save the program permanently, clip the corners of the magnetic card once you have
recorded the program. This simple step will protect the magnetic card and keep the program from being
inadvertently erased.

As a part of HP’s continuing effort to provide value to our customers, we hope you will enjoy our newest concept.
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Program Deseription |

( )
Program Title Frequency Response of a Transfer Function

Contributor's Name  Hewlett-Packard

Address 1000 N.E. Circle Blvd.

City Corvallis State Oregon Zip Code 97330 J
.

4 )

Program Description, Equations, Variables  FOr transfer function of the form:

K1_(125+1) )
5N3(T45+1)(T55+1)(§§ + §§ﬁ§ +1)
7 7

G (S) =

The program computes/ G(jw), |G(jw| and Tog |G(jw)|

for any input frequency w.
/.G(jw) is displayed upon completion of the calculation.
|G(jw)| is stored in the stack (z and T) and in Register 8
Log|G(jw)| is stored in the stack (y) and in register 9

Parameters Ky,t12,N3,74,75,24 and wy are stored in registers 1,2,3,4,5,6 and 7
respectively.

Operating Limits and Warnings
For type 0 systems enter N3=0
12,74 and/or Tg can be entered as 0.If there is no quadratic term enter tg as 0
and wy very large compared to %—. Where T is the smallest (other than zero)

first order term used. 5

\_

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\




Program Deseription

—
Sketch(es)

i

.

—

12 (s+.6)
s(s+1)(s2+6s+36)

G5y 678
s(s+1)(:s.;'5' +_2..’.‘.6.§ s+1)

___For input frequencies of w

=
w
[}

Sample Problem(s) ~_Find LGKJN) ) lG(Jw)l ‘and 1og|G(jw)| for
200k 7s 1)

.01,.1,1.0 and 10 rad/sec.

Solution(s)

- w{rad/sec) /.G(jw)degrees [G{jw) |

20.00
- 2.02

o 8T
N . -87.18

Log|G(jw)|

1.30
.30

(26.02dB)

(6.10dB)

1o -85.64 a8 - .55 (-11.09d8)
_1e.0 -224.56 | .01  -1.86 (-37.29dB)
=

__submitted by Eugene Bahniuk.

Reference(s) __Automatic Control Engineering, F.H. Raven, McGraw-Hill, N.Y., 1968
__This program is a translation of the HP-65 Users' Library program #00834A




User Instructions

FREQUENCY RESPONSE

Param. w

STEP INSTRUCTIONS DA'T:'/’S:,TS KEYS Dﬂ‘ﬂﬂﬂfrs

1. | Enter program 1 ]
]

2. | Initialize ] 1.00
I ]

3. | Enter the gain k1 [(R/ST[C_] [2-00 7.00
Enter T'> when 2.00 is displayed 2, N3 r@ l:; 2.00-7.00
Repeat parameter entries in order N3,T4,T5 Tq T's5 zg L
%6 _and w7y ’w7 [ ] I;J

L 10 ]

4. | When 8.00 is displayed enter the frequency w L _JC ] |[8.00

(rad/sec) .
L 1]

5. | Upon completion of the calculations / G(jw) [ 101 [ /6(jw)
will be display * L]

| [ 1 ]

6. | Amplitude ratio|G(jw)|is stored in the L0 ]
stack (z and T) and in register 8 [ JC 1]

To find |6(ji) | REC 8 (reL] 81 | [6(jw)]
1 ]

7. | Log|G(jw)| is in stack y and in register 9 RCLI[ 9 | |Log|G(jw)]
To calculate decibels - REC 9, enter 20 and [ 10 ]
multiply I

10 ]

8. For another frequency go to Step 4 I

I

9. | To change transfer function parameters enter |Kj,l2,N3 (AL ] [.oo thry
all parameters or if only one parameter is to | ralcz6wy [ ] 7.00
be changed enter the changed parameter(s) in L 10 ]
the proper register(s) For Iy in register 4 (10
and so on. L] I:]

10. For frequency response of the new transfer w @Q L] 8.00
function enter w when 8.00 is displayed (if LIl ]
only one parameter was changed first enter B) [ 1]
[ 1 ]
[ 10 ]
L1 ]
Cr
|

l
L
1
L




97 Program Listing I

4
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
8a1  xLBLA 1t 957 RCL3I % 83 °
aes 1 a1 85¢ g 82
gaz  eToI 5 46 859 @ aa
ge4 ¥LEL2 2182 gtart of parameter gee X -35
683 PCLI 3¢ 46 entry display 1.00 86t + -55
ege k-3 I and stop for entry 262 CHS -22
eav  STCi 343 f k. Store K B3 RCLZ 36 62
ggg  ISCI 1e 26 46 1 1 864 RCLS 3€ 88
pBe  RCLI 3 46  Disply 2.00 and 865 x -35
g1e g 38 stop for entry of Ty 66 RCL1 6 81
811 Y7 16-34  etc. 867 X -35
81z €10% g2 88 868  RCL! 36 el
13 RCLE g . 2
ot siee  o1qp  fomutelSGuh, RO R 3 .
ais o103 35 eg  LG6(Jw) and Tog|G(juw) o % Y Tg?}gﬁswmth
e1e  RCLE 35 66 @7z STOR 35 e
817 RCL? € &7 873  ENTt -21 ,
gig z Y av4  LOC 16 22 _Stores Tog |G(jw) |
a1s z 2 fe i 206W 675 STO8 35 89
§ This is Jw
aze X -33 7 876 Rt 16-31 .
821 RCLE 7 a8 477 Rt 16-31 Computes / G(Jw)
gaz -33 ere + -5&
22 i a1 879 RN 24
24 RCLE 35 68 @38 RS 51
825  RCLT 3 a7
82¢ : -24 2
827 EKT? &l Results in 1-¥ Ao
gz -35
azs - -45
ki P 34
a3 Ky -41
832 FRiLS 7€ @s
837 FRoLE 7 88
A34 -35 090
35 1 &1
836 P 24
az; -3
a8 + -55
@39 R -31
4@ X -35
41 Pt i6-31
242 RCL4 I 84
847 RCLE € a8
844 -35 | 100
845 : a1
a4 F 34
847 Pt 15-31
84g x -35
g‘:g ki :éi ) SET STATUS
P Pt 16-31 FLAGS TRIG DISP
sz RCLe 76 @6 R X ©
833 RCLZ 3¢ 83 110 1 0 GRAD 00 | scl O
834 Ll 31 2 0 RAD O ENG O
@55 ¥ -35 3 0 ® n_2
g6 Xy ~4! REGISTERS 53
4 5 6 7
’ Vo [N g 's %6 Wy l6Giw)] | |6Giw)]
S0 S1 S2 S3 S4 S5 S6 s7 S8 S9
A B C D 1




Program Deseription 1

~N

Program Title BODE OF TRANSFER FUNCTION THAT HAS EACH POLE AND ZERO GIVEN
Contributor's Name Hewlett~Packard Company

Address 1000 N.E. Circle Boulevard

City Corvallis State Oregon Zip Code 97330

.

e )
Program Description, Equations, Variables

Given a laplace transfer function:
(stzq+izi?) (stzotsz,0') - oo (stzytszy')
F(s) = K 173%1 2372 N*i%N
t ' . e , t
(s+p1+jp1 )(s+p2+jp2 ) (S+ZM+JZM )
F(jw) = Magnitude /0  ____ ’ y — —
— (27 "+y) 2429 29" Htw)+z5 o f(zy"tw) Stz
where magnitue = [K]V( 1+w) i (23 4 2 S N
] DR M
Vo1 )T Ve H0) %493 -+ V(o +u) 249y
l ' 1
and © = Tan™! 2L 70 4 opp -1 Zp™e o BN
z]1 22 ZN
-1 P1'ty - "+ '+ K|-K
~Tan™! S—% +qapm1 P2 T8 4Ly pppmt BT X] Tan-! 1
1 P2 PM K
also decibels = 20 log]Q magnitude
N.B. zeroy = -(zi+jzi')
polej = -(pj+jpi')
Operating Limits and Warnings
K must be real and non-zero but may be negative.
About 4 seconds of computing time is required for each pole and each zero,
whereas 00361A takes half as long.

\.

4 )

This program has been verified only with respect to the numerical example given in Program Description ll. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.
NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\. _/




Program Deseription 11

Sketch(es)

\.

~
Sample Problem(s)

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

s + 62890

For F(s) = 0.09091 PYSTTER at 3333 Hz.
Solution(s)
3333 [A] + 0.
62890 [+] 0 [B] - 1.
5717 [+] 0 [c] - -1.
.09091 [R/S] > =1.
[D] -—11.1 Decibels
[R/S] » 2.77590 (107!) Volts/Volt
[E] +—56.3 Degrees
N
Reference(s) HP-65 Program 00361A

This program is a translation of the HP-65 Users' Library Program
#02582A submitted by E. P. Sansing.




v °
User Instruetions ’
{1 BODE, EACH POLE AND ZERO GIVEN
@ hz/rps zi, 24" Pi» Py’
STEP INSTRUCTIONS DA'T':S;,TS KEYS DI\OTL:\1;S:ITTS
1 Enter program card [:j D
2 (Optional) For dB = 10log;, Magnitude: C 0
Switch to run &'@ [ D ]
Switch to w/prgm SST | [SST | 31
[sst |l ] | o2
rt; J @@ 062 1632
1 I e
Switch to rumn {7] L,:]
3 (Optional) For phase angle not in degrees: [77] r |
a. for -8 in grads [ £ ][crD |
b. for 6 in radians [fi] [GRﬁ]
4 Key in frequency fﬁ ] rj’i,rﬁ]
a. in Hertz or Hz [ A ]I |
b. in radians/second rps | A | IR/S ] 1.
5 Key in z;, zZi [7,+ ” J [ . V I
Key in zy' zj' [ || ] i.
6 Repeat step 5 for each i ¢ N I
7 Key in pi' Pi [*I I ]
Key in pj pi' Lc Il | | -
8 Repeat step 7 for each i ¢ M (1]
9 (Optional) key in k, otherwise the program | I
will default to k = + 1 k [R/s || |
10 | Display degibels o Il ] db
11 Display magnitude [R/S]| ] |unitless
12 | Display phase angle | E |[. | |depends of 3
(I
For each new frequency, repeat steps 4 [ )
through 12. N
I .
I
]
I N
I N
I N
I .
Lo
I O B
L]
L]




97 Program Listing |

8
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
@8: ¥LBLA <1 11 Frequency input ez v -41
gaz  CLRE 1€-53 Subroutine asa P 34
@83  STOE 35 @& gse  E£T08 22 a8
a4 2 az Convert Hertz to 866 xLPLD 21 14 Subroutine to
@885 ¥ =33 routine/second 861 RCL1 26 a1 compute decibels 1
aes Fi 16-24 862 LOG 16 22
aar -33 a3 2 8z
ape  STOS 35 85 Store rads/sec k 864 e ae
aas 1 8! will default to 1 acs x -35
61 8701 33 81 unless step 9 used 866  DSPI 62 8
@11 RCLZ 35 82 RET RS 3]
g1z FIX -11 868  RCL1 25 81 Display magnitude
@13 DSFe -t3 8@ Ao DSPS -53 @5
a14 RS 31 Display O. g78  SC! -12
815  RCLs 3€ a8t If input was 87l RTH 2
816  ST05 35 &5 rads/sec recall 872 xLBLE 21 15 Subroutine to call
817 RCL! 3¢ 61 input store rads/ 77 RCLZ Je 82 phase angle
81& RTH 24 sec display 1. ar4 DSPI - -£3 81
812 xLBLE 21 12 Subroutine for a7s FIX -1
g2@  RCL3 3 83 zero inputs ave ETN 24
ezi +1 gi Increment N counter a7 E<E 51
822 S5T03 J5 83
24 8707 35 67
a2z Ri -31
826 RCLS 36 8s
27 + -55
8z2e pn -4]
ez9 3P 34
g3e G108 22 86
83! %LBLC 21 132 Subroutine for pole
832 RCL 36 84 inputs
833 1 a1 Decrement -M pole
834 - -45 inputs 090
835 STO4 35 84
83¢ 5107 25 &7
R37 Ri -31
838 RCLS 36 85
639 + -55
84a CHE =22
841 41 ~-4]
84z +F 34
g43 178 52 .
844 xLRLA 21 ae Subroutine to 100
#45 STx1 35-35 8! update magnitude
a4¢ Ri =21 and angle
47 RCL2 36 82
848 + -55
84s 1 e! 1
ase R 44 : SET STATUS
85! *F 34 FLAGS TRIG DISP
asz Ri -31 ON OFF
857 STOZ 35 @2 0o 0O K DEG FIXx K
@54 RCL? 26 a7 Display N or -M 1o 1 0O X GRAD O scl O
gs5 ke 59 20 & | RAD O ENG O
as6 A ae 2 O n2—
- REGISTERS
0 magnitudq?phase ¢ zero 4 pole 5radians (6 first |’ _las 8 9
M ang. © counts counts per input, ugdate
i <N -i > -M second [requency|(N or -M
S0 S1 S2 S3 S4 5 S6 S7 58 S9
A B c D E 1




Program Deseription 1

N
rp,og,.am Title BODE OF SECOND-ORDER OVER THIRD-ORDER TRANSFER FUNCTION
Contributor's Name Hewlett~Packard Company
Address 1000 N.E. Circle Boulevard
City Corvallis State Oregon Zip Code 97330
- y,
Y
Program Description, Equations, Variables
3 2
F(s) Qs® + Gs< + Hs + K
s =
Rs* + Ls® + Ms?2 + Ns + P
where Q and R are options, limited to [-1, 0, +1]
G, H, L, L, M, N, and P may assume any real value
_ J(K-Gu?)2 + (Hu-QuZ)2
|magnitude| = —
2 4y2 3y2
v (P-Mu2+Rw*)2 + (No-Law3)
where w=27F
Decibels = 20 logjg |magnitude|
Hw~Qu3 _ L3
Phase = Tan™! ——Q—2 - Tan™! &)__Ii_
K-Gw P-My2+Ro"
in degrees (unless angular mode is set to radians or grads).
Operating Limits and Warnings Frequency, F, can not equal zero. Coefficient of s3
in numerator is -1, 0, or+l. Coefficient of s" in denominator is -1, C, or +1.
Display of phase will be between -180° and +180° (-7 and +r radians or
-200 and +200 grads).
\_ J
7
This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.
NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\_ J
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Program Deseription 11

Sketch(es)

N

—~
Sample Problem(s)
Find gain (in decibels and volts/volt) and phase shift in degrees
8s3-1

For F(s) = —5— =
(s) 3318 at DC and f=0.1 Hz

Optioﬁ 3 (see pageyé) is required but the coefficient of s3 in the
numerator can be only -1, 0, or +1.

s3~0.125
Rewritten, F(s) = —
0.375s°+1
G=.0 H= 0
k=~0.125 L= 0.375
M= 0 N= 0
p=1 £=10"50 (zero is not allowed) and 0.1

Solution(s) Switch to Run: [6GTO] 1 Switch to w/prgm: [g][DEL]J[RCL] 8[-]

Switch to Run: O[+] O[+] .125[CHS][A] ~ 0.00

375 1o+l o0[+]11([B] -~ 0.38

[EEX] 50 [CHS][D] -~ Gain = - 18.06 db

[R/S] - F=0 Hz Gain = 0.13 volts/volt

[E] -> Phase = 180.00 degrees

.1 [D}] -~ Gain = - 11.16 db

[R/S] =~ F = 0.1 Hz { Gain = 0.28 volts/volt
L [E] -~ Phase = -111.43 degrees
-

Reference(s) This program is a translation of the HP-65 Users' Library Program

#02272A submitted by Edward P. Sansing.




11

User Instruetions

BODE OF (GsZ+Hs+K)/{Ls3+MsZ+Ns+P)

denom

gain

INPUT OUTPUT
INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
Enter program [::::][ﬁﬁ_.
Exercise option(s) if desired (see page 4) - [Wﬁ,J
-
Select angular mode if grads or radians [,,, ] .
are to be computed fﬁ, J ,J
Input numerator coefficients G [tu  e G
H [ + H
K [,A, G
Input denominator coefficients L [ 4 i L
M 4 M
N 4 N
P B L
Key in first frequency f (or w) D gain/DB
(Optional) R/S ,Magnitude l
Compute phase E ©
(Optional) R/S  Onumer |
g Odenom
RCL ra
(After a step 6 is done, it is not

necessary to do steps 1, 2, 3, 4, 5, nor 7

before another step 6 is done.)

c . ! : o : | | |
e e e e e e — e e e .
— ———— e ——— e — . — o —— e — — . — e —
| | = |
: ‘ b o ‘
. R .
€

—_— e o, — ———————— o ——— —
! [




v
2 User Instruections
4 BODE OF (Gs?+Hs+K) / (Ls 3+Ms2+Ns+P)
denom
STEP INSTRUCTIONS DATAIUNITS KEYS DATAUNITS
OPTIONS I
Any combination of the four may be used; L: Ei;[
however, order of selection must be as follows [;I [;ﬁ }
I .
1 | To use radians/second inputs instead of Hz. L
Switch to Run [VGI,O,,,I IDii]
Switch to w/prgm . 2114
Perform 4 times [ET H £ | 35
pEL || 14
Switch to Run l | [ ,J
I
5 | For db=10 x logjg|Magnitude| [ .
Instead of 20 x loglofMagnitude| [7 || ' ]
Switch to Run 1GTO 7] I A l
Switch to w/prgm | R 2102
Single step 14 times |ssT || | 02
| £ J[pEL | | 1632
1 I 01
Switch to Run [ 7] [ l
I N
3 | For s34Gs2+Hs+K as numerator ]
Switch to Run ‘GTO,] [l I
Switch to w/prgm [ f ||DEL7] -24
]
|RCL || 8 | 36 08
(For -s3, use +) [ | [—] =45
Switch to Run l ] [ J
I
4 | For s“+Ls3+Ms24+Ns+P as denominator [ 1]
Switch to Run lTo || 2 |
Switch to w/prgm [ £ ||DpEL ) =24
| £ ||usT % |16 -63
(For -s"*, use -) [ 1+ -55
Switch to Run [ : | [ ‘
I A
I
| N
I R
I




97 Program Listing |

13
STEP KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
ae; klELf F1 11 esrs ¥ay ~4]
- iyl - Numerator
BG-_; sTes 33 g"" coefficients 858 : -24
882 Rl -7 859 ENTt =21
gas  2T02 35 82 eca  L0C 16 32
ges i -321 861 2 a2
aae =701 35 61 PE2 @ Rz
@az FTN 24 asz X -35
8Bs xLBLR <1 12 Denominator 8cq RS 51
ags  STLT 35 &7 coefficients REs ke i -41
18 Fé -21 86¢€ RTN 24
e1: ETGE I5 @6 a67 *LBLE 21 15 Compute Phase
a1z Fl =21 8s¢ et 16-31
a:13 &T05 It es ace Et 16-31
gl 2 -31 a7¢ RCLS 36 8%
g1s  STO4 25 84 a7 - -45
alé RTH 24 ar: rHS -22
17 xLBLD 21 14 Convert degrees er3  LSTY 16-63
a1 Z az to radians 874 X2y -41
f8is X =35 aws 1 a1
aze Pi 16-24 eve F 44
21 -33 i +f 34
22 &Tee 35 88 | Compute |F(s)| ere Rl -31
23 RCLZ 35 &2 arza R-S 31
84 RCLLS 36 68 eece [ X -3
25 < -24 ae1 RTH 24
2¢ #LBL1 21 81 8g2 R-E 51
a27 RCL3 36 83
78 RCLE 36 ar
24 He 53
ase < -24
BRI RCLI 35 a1
a:z - -45
@iz +F 34
834 5749 35 a9 090
ezs ¥ -31
@3¢ RCLé 35 86
827 RCLE 3€ 88
838 < -24
38 ROL4 26 84
A48  RCLB 36 8e
841 x =35
B4z - ~45
a4z RCLT 36 &7
a44  RCLE 36 88 100
g4c HE 53
a4 : -24
@47 xLBLZ 21 82
648 RCLT J6 85
8439 - -45
@56 RCLS 36 89 SET STATUS
851 R -3 FLAGS TRIG DISP
e oF 3 oD E| oG B | Fx
853 R -3l 710 y O ® | GRADO | sci DO
as4 Rl =31 2 0O X RAD O ENG O
@55  &70% 5 as 3 0K n2__
ase Ré -3 REGISTERS
0 1 2 3 4 5 6 7 8 S
S0 Y 52 S3 Sa S5 S6 S7 S8 S9
A C b !
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Program Desecription |

Program Description, Equations, Variables
Qs3 + Gs2 + Hs + K
sN(Rs3+Ls2+Ms+P)

F(s) =

where: Q and R are options, limited to [-1, O, +1]
G, H, K, L, M, and P may assume any real value
N is a non-negative integer [0, 1, 2, ...]

’\/(K—Gwz) 2+ (Hw-Qu3) 2
oN o/ (P-Lw2)2+ (Mu-R3)2'

It

|Magnitude|

2nF

where: w
Decibels = 20 log]g|Magnitude]

Hu~Qu3 Mi—Rw3

= -1 - s =1 - -1
Phase Tan — N sin™* 1.0 - Tan Pl

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

a )
Program Title ~ BODE OF 2ND — OVER 2ND - ORDER TIMES S**N TRANSFER FUNCTION

Contributor's Name Hewlett-Packard Company

Address 1000 N. E. Circle Boulevard ,

City Corvallis State Oregon , Zip Code 97330

\.

4 )

Operating Limits and Warnings Frequency, F, can not equal zero. Power, N, is a

non-negative integer. Coefficient of s3 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).

\_

~

upon any representation or description concerning the program material.

MATERIAL.

This program has been verified only with respect to the numerical example given in Program Description 1. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM

./
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Sketch(es)

Sample Problem(s)

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

8s

For F(s) =
or F(s 2

Option 3 (see page 4) is required but the coefficient of s3 can be

only -1, 0, or +1

Rewritten, F(s)

]
o

So
-0.125

0.125
-0.25

- B
]

3 -1

at F = 0.1 Hz and 1.0 BHz

s2-2)

s3 - 0.125
s2(0.125s2-0.

H X =2 m

.1 and 1.0

Solution(s) Switch to Run:

[GTO] 1 Switch to w/prgm: [g][DEL][g][DEL][RCLIS[F Y ["][-]

Switch to Run: O [+] O [+] .125 [CHS][A] ~ 0.00

2 [+) .125 [+] 0 [+] .25 [CHS][B] ~» 2.00

.1 [D] ~ Gain = 7.42 db

[R/S] ~ F = 0.1 Hz Gain =  2.35 volts/volt

[E] - Phase =-116.74 degrees

1 [D] ~» Gain = 1.67 db

[R/S] ~ F=1.0Hz Gain = 1.21 volts/volt
L [E] -~ Phase = ~90.03 degrees y
( . . . o h

Reference(s) This program is a translation of the HP-65 Users' Library Program
#02273A submitted by Edward P. Sansing.

N J




®
e User Instruetions
BODE OF (GSZ+HS+k)/SN (Lsz+Ms+P)
GAIN
STEP INSTRUCTIONS DA';:SSJWS KEYS D:Tl:\T/S:;rTS
1. Enter program :\ [;j
2. Exercise option(s) L J0
If desired (see page 4). :‘ [;__
I
3. Select angular mode if grads or radians are rii] Lj
to be computed. [ 7] L:]
L
4, Input numerator coefficients G LT:] I 7 ,7] G
H S H
e | lall 1 [ o
-
5. Input denominator power of S N [;’f—] E; ] N
and coefficients L Lf] [ N L
M L+ I M
P (8 1 | N
-
6.} Key in first frequency F (ory) [D ] [j GAIN/dB
(Optional) R/s || Magnitude |
LI ]
7.| Compute phase [E | fij 6
(Optional) [RcL I8 | |w /RaD/SEG
(After a step 6 is done, it is not necessary L——;ﬁl [ —J
to do steps 1,2,3,4,5, nor 7 before another A
step 6 is done.) L,;j [ j
I
.
[
I
[l ]
10
1]
I
]

! L : i i i

—_——— —— — —
i i |
———— ——
| . i .

i i

[
i
U R S I




Switch to RUN

lY A} ‘ l A} ® . ] Al 17
SCr Insiructaons
2 N 2
BODE OF (GS“+HS+K)/S (LS™+MS+P)
GAIN
INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
OPTIONS ]
Any combination of the four may be used; howeyer, :]
order of selection must be as follows: [___] L, |
-
1.] To use radians/sec. inputs instead of Hz [ ][;7]
Switch to run LGTOJ [D, ]
Switch to W/PRGM [ ) [21 14
Perform 4 times SS’H [f' 35
DEL | | | 14
Switch to run [ 7 ' { ‘
I
2.] For dB-10 x log,, Magnitude [ ] ] [ B ]
Instead of 20 x loglG Magnitude Iiij [ |
Switch to run [ GTQH 1 I
Switeh to W/PRGM l I ] 23 01
Single step 16 times [ SST]I ] 02
| £ |l oel |16 32
/ 1 | R 01
Switch to run I H l
I N
3.] For 83 + GS2 + HS + k as numerator [ [ ]
Switch to run ' GIQI[ 1 l
Switch to W/PRGM | rReLl| 8 | 34 08
L
5 [ %2 ] 53
(for -57, use +) [ ] [ - ] -45
Switch to RUN [ 1
. IR
4, For S (ST+LS"+MS+P) [ ] ]
As denominator switch to run lero|| 2 |
Switch to W/PRGM 1l | [23 o2
|rer |l 8 | |34 o8
. BE N 53
(for -S°, use +) [ [[ - ] _45
I .
I .
T
T
| I
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

@e: =xlBLA 21 11 1 @57 PRCLS i€ a9

gaz  sT42 35 €3 58 R =31

@83 Rl -1 asae +F 34

gaq  STR2 35 @82 Store numerator ase R4 16-21

aas Ry -3i coefficients &1 = -24

a8c  STG! 25 61 g6z ki ~-31

ae? TN b ar3 - -45

RB8 kLBLE 21 1z P64 CHE =22

ags  °TG? 35 87 a5s R 16-71

ele . FJF -21 866  ENTt ~-21

gii‘ argi ES-gf Store denominator gg; LD,G_, 16 ;i I’flztzitzgase

813 ST0S 5 85 coefficients & e = < & ©
S 25 gs3 é 88

g14 Ri -31 power eva 5 -35

a1z ST04 35 84 ari R-E I

816 RTK 24 g7z g2y -4

@17 »LBLE 21 14 Compute gain 73 RTH 24

g1g 2 8z 874 xLBLE 2! 15

a9 -35 ars F1 15-31

20 Fi 16-24 These four a87e 1 al Compute phase

6:1 X =33 program steps €77 +F 44

22 STO8 25 a8 are deleted @875 4P 34

23 RCLe 36 86 for inputting ave R =31

24 kBL2 21 8z radians/second ase RTH 24

82z FCL? 36 €7 eg! RS 51

826 RCLS 3¢ 88

827 = -24

28  RCLS 35 85

829 RCLE 3¢ 8e

as8 -35

a3} - -45

2z 3P 34

833 PRCLE 36 A8

824 RCL4 3 a4 090

azs 1 31

83€ X -35 Denominator

A37 ! a1 magnitude

a3e  SINY 16 41
838 RCL4 € 84

a4a X =35
84! bl o -4
842 Ri -31
843 + -55
844 Rt 16-31 100
845  STOQ 35 89
846 H -3
B47 RCLZ 3fF 83
848 RCLS 35 ag
849 = ~24 e
gsa RCL! 2t 81 SET STATUS
85! RCLE 36 88 FLAGS TRIG DISP
as2 X =35 ON OFF
253 - -45 0o O K DEG K FIX Xl
@54 RCL2 35 @82 110 1 0 R GRAD O scl O
@55 &lEL! 21 @1 2 0 g | RAD O | ENG O
= 3 0% n
8¢ i -4 REGISTERS - -
4 6 7 8 9 D
0 (o;,fcg%ff.LfGégoeffsfHéioeff 301f<’580ef gfpgwer 501f,§8eff olj’f[,ggeff.o}f),csz8eff RAD/SEC| MAGNIT
S0 St S2 S3 S4 S5 S6 sS7 S8 S9

A B C D E I
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-
Program Title Pole-Zero to Group Delay B
Contributor's Name Hewlett-Packard

Address 1000 N.E. Circle Blvd.

City Corvallis state Oregon Zip Code 97330
.

4 . .. . .
Program Description, Equations, Variables Given a transmission function in the S-Plane:

Yo | K[s-(op1 * 32,7)] [s-(oz2 + §972)1 - - - [s-(ozn *+ i%n)]

E; [s-Topy + 3910 T Ts-(opz + 3p2) 1+ -+ [s-Topm + 3pm)]

in which poles & zeros are of the form: o + jQ

This program evaluates the expression for time response:

m n o'k
T =kz] dpk -k‘zz.] dZk where dk = ——(—Tok2+ -0k ) for

eéither poles or zeros. A negative quantity for T indicates delay so that for

positive values of time delay n m

TD=—T=dek-Zd

k=1 k=1 PK

Group delay: GD = TD - TD0 where is the time delay at reference frequency wgy-
As mo—»(),TDO +insertion delay.

Operating Limits and Warnings

~
J

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\. _/
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n A ‘W
Sketch(es) zni; d ¥ G DG. (VRTIOV
;Z:; 0, . DELAY 1 3775
=t ;
e ]
c <~ |des o
P/\x ~ . * & 76_ SEC' 3
5- %P,
%%)« &t z
&aA: NaMN%? : ’
é:::) Poce ®o iz & 6 oz M\M “w

A 7 pole Caver - Chebyshev filter normalized to R = 1Q and
Sample Problem(s) ... ..~ .. . ) ) ; ) e
wy = 1 rad/sec has pole & zero coordinates aswfo119ws;

% 9. % 0% & f i3 8
-.78683 -.12406 -.3904 -.65874 1.16504 4.3544

g {6

.60818 2.4903

.4
.99847 2.0445

~Tabulate the group delay referred to w=.001 from w=.1 to w= 1.5 and generate a ... .
_normalized group delay curve.

—SOLUTION: — Note that attl zeros lie on the jQ axis resulting in no contribution—to
delay. Register loading is shown below. Pole zero data is called up
with the following sequence written in step 2 of the instructions.
Results are tabulated below and graphed at top of page.

w [ )

Solution(s) 1 In W. PRGM MODE: RAD/SEC | TD/GD SEC | RAD/SEC | GD SEC

~ REGISTER: -P0 : .78710C 001 TD=3.770 .8 1.544

R4=-c]=0.12406 -P1+ : RCL 4 RCL 5CHS C .1 GD=0.015 .9 2.282

@5=Ql=1,1650§wwwwva]_ : RCL 4 RCL 5 C .2 0.064 1.0 | 3.647

R6=-03=0.3904 | -P3, : RCL 6 RCL 7 CHS C | .3 0.150 | 1.1 | 6.663

R7=0=0.99847 | -P,_ : RCL 6 RCL 7 C 4 0.281 | 1.2 |7.220

B§Ti95f9f65874 5P5*’: RCL 8 .608 CHS C .5 0.462 1.3 2.842

| P :RLB.68C .6 0.708 | 1.4 |0.39

- | TOTAL: 34 steps 7 osz | 1.5 |-0.808

s

Reference(s)

Handbook of Fi]té?ﬂgyﬁfhééis - A, Zverev 1967 p. 149,
Thiéwprogram is a translation of the HP-65 program #04775A submitted by Charles R.
olson. R i >0




Use RCL ( ) in step 2 instead of] 3

digit data and enter +.

lT P l ¢ nomnget B < 21
SCr Instrueaons
POLE-ZERO TO GROUP DELAY
op+Qp o210,
STEP INSTRUCTIONS DA?Ktﬂns KEYS DSBJZ:LS
1.} Enter program & initjalize o |
——
2.| Switch to W. PRGM mode. Enter 3 digit: I
a) real component of negative * of 1st pole [°p1RAD/SEY [ *7] [ 1
b) imag. comp. of neg. of 1st pole o _(RAD/SEE | € |[ ]  REGISTERS
p] ,, =
c) repeat (a) & (b) for each pole l, ,J [ | AND 183
d) real comp. of neg. of 1st zern 'Q71RAD/SE’ [mffj [ J STEPS
e) imag. comp. of neg of lst zero 'QZ!RAD/SE: o] L ,I AVAIL.
I N
3.] Record on auxil. card. switch to RUN { {} }
4.] Enter w for D=0 woRAD/SECT [ =] ]
]
5.] Calculate time delay at REF FREQ. | B Il ]
o ]
6.] Enter w w TSEC] | T
I N
7.] Calculate group delay } A, }{ : GD SEC
8.| Repeat (6) & (7) for each freq. | N |
I
NOTES: * 1) Since poles & zeros often lie \ || |
in the left half plane, entering| negative [ | ]
vectors results in positive values saving f || |
many CHS steps. | ]l |
2) Any pole or zero with real comp. equal [ I I
to zero may be omitted in step 2 | I |
3)—Yseregisters4=8—and-A=T-to—st | I |
coordinates of critical poles & feroes [ II ;
I |
]
I N
o
]
[t
]
1L
I R
]
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22
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
AB1  xLBLA 21 @6
ge? ROLE 3¢ a2
882  F!® 1€ 27 &4
epd  5TO3 22 a3 060
885 FPCL3 7€ 82
88E - -45
par RS 51
388 xiBLA 21 11
pas  CF! 1€ 22 o1
ate  ST01 75 a1
611 @ pa
gi? ST0Z 35 82
g13  ET06 22 8@
614 »LBLB 21 12 070
815 SF1 16 21 81
816 ST 75 a1
817 a ae
g1s  €r02 35 a2
819 6708 22 ap
26 ¥LBLC 21 12
821 PCLI 36 61
822 + -55
e23 Xy -41
24 +F 4 M 080
825  LsTY 16-63
82¢ 527 -41
@27 xe 53
25 z -24
B29 ST+2 35-55 @2 d_ subtracted from
838 FIN 24 P Rr2
831 LBLD 21 14
832 RCLI 7€ al
32 + -55
834 g -41 090
8z5 P 34
p36 LSTX 16-€3
azz g -41
aze ¥e 3
azs s -24
@46 67z 35-45 gz | dz added to R
84!  RIN 2
642 xLEL3 21 83
843 ST03 35 a3
B44 PS5 51 100
050 SET STATUS
FLAGS TRIG DISP
ON OFF
o O X DEG FiXx K
110 1 0O ® GRAD O scr O
2 O | RAD O | ENG_O
3 0O n
REGISTERS
0 1 2 3 4 5 6 7 8 9
“ D 0, Used
S0 S1 S2 S3 S4 S5 Sé6 S7 S8 S9
A B C D 1
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Program Description |

rpmg,.-,.m Title f?oum Test Pr (on-/m Uous AwND ptaaegze 7/mé o 1
Sys7Emt  STRSILITiy

Contributor's Name Klﬂmﬁs V. QasemAa~S IR e

Address 3 q 7 G CQN Yors ,a 4 . ) o H

City LAFAye 77 state (R Zip Code 7Y5¥9 -

\.

s ™

Program Description, Equations, Variables Desiuneg 7s Test 7THe location oF Zue Roc7's

OF n mnrznc-mm.mc ELurTRN IN The Form' o
DEPENDING ON TyS78 p1n

"4G,p""4 ... 6,,p4G, =0 prs ser'e A7 HAwo
!guu-rg Test _forr [PBP Roots: Repieiven nw Times’ ;4-4 3,5‘... A |
RHP Rocrs = E (*Times B¢o) Loop 9‘.“ @u
(pe—p'+d)
ql.:q:"'qoA [qn ‘qlch A}
G,xGy+q.d

) c',_ (-l)J ;| T
WHERE . 'PZJ = C:.}'gfjr —

J

qo = Q‘* &:Qh
Q;/=q,+q, R a.|
Q!' t G vG, ¢ &:QL e
Q“-.Q"_l'f Q: le
Operating Limits and Warnings s - —
l) Limarrp ﬂs, CALCULATOR REGISTERS 75 20“\01205/2
2) Routn Zest was vrpus  Ioors Acowc imnrémmrry
AXIS 1Ry IMDICATE  IN57AB1sTy . SIHFT A5 Sirsn7hs,
To Cirecn Aezume KoeAainy 6 Poors. S

1 00 0 »

\_

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\. /
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I’mgram l)(\s(-rlpuon ll

s » h
Ske":h(es’ Z/- Aws SHIFT Wi RERCALCULATE EGuATIN Z’- 2&&&7
— J AN Aws TrAwseRTen oF d,
X! y
' % mApg wIA
C° . LEX / z‘ (sfl)é‘/ )
;:ppm £ / Subistuzion y

s )

Sample Problem(s) .
l) ﬂ:&s b +23 +3 4‘/34‘{ eepﬂésem R STREBLE CoMTINUOLS ng Oy STEM ?
a) Eumrz Pery. By prESSHS fe'. Tu Response s 7/:»5‘/%45/}/144
B wey in 0, (O, /n BEYpusk 7o Tnm FiRsnuy I' key
/N GQ, () ex e'/c untic G (W) 15 ErzermEn v Pesausk.
o Twe maspwi V. Srre peey. By peesswg $d' (iries
reasnne; S ). o
b) Execure Pou‘m 7667 By presswyg R Cricarnzore weic Pruse
pn/?mywq 13 ocumn or Eouﬂd/?e/?ny [,2,-1,12, 4 Aw~o
FLASH (or p/zzm ) 7k Namgere orF RRFP /?oors P 2. UNSTASLE
2) ICechLCur ATE p < 9p *2“7/9 +Y/p+20 7o RErier by A0S SHIFT
o d= -5 (see Rgoce 5/:5764)
Q) EwzER ploty. A Yy /7/26,8 //0/7/27 @ '
b Mey -1y =15 /J/aéss C!'. AT Ewo o Chccueqzion , PRINT 04T

I

NEN /oa.ymmwé 8, £ fv-‘ 3p3% zp«t25P - /5625

3) Does 294323« .12%+ 052 +vor epreseur A siisee Nscrere Tme Sys7en]
@) Ewzer ey . AS i~ [Pren %! paer @

h) mﬂ}t& Z2 = (51')/(5'1) Sulslstam;/« By $’. Reguirs cun Br Founp
B, €' 7> Be: 145757+ 49U 5%« 5-8065 <3455 + .95/

& Execure [Rouzn TEsr By Fleessmg H'. A3 s RO “( pwer (b
ClLcuLATorR culr,(, Pause A7 /- 451, 4-49¢, 4. £78, 2- 77‘-/‘1 O, %1 570@7/1'“

W “

win O, in Tyr Dspry, Tux PNP .. STASLE

v,

rRe(erence(s) 0 Y. TAKkAHAS, M. IzKJKINS, Ao D, ﬂanﬂﬂﬂf@, CAN‘(ROL, ﬂﬂﬂl&ﬂ'wﬁsbﬁy}
Reamms, MAss., 1976

2) Sury E.T., Trory o ﬂ/;w/z/?wézf sf THE_ T TRANS R MEZPD .,
Newtforrie : Lowey /Y

3) 3. wiseman , Recutyug Albopiums for Rousy 7es 1o Gonz, § Disceerg Timg
. TRA uﬂCIIM/S or ASHE, I PSML 70 fF f/uLr6577, W,




User Instructions 2

ROUTH TEST | PetynomidL speeatiows

Eou‘nl Test RBoRT S35 ‘s Xx PrRstors WRITE

2- J10 SAVE 2enp

o
A 4

([@)]

INPUT KEYS OUTPUT

STEP INSTRUCTIONS DATA/UNITS DATA/UNITS

- O.

L

1)) | Rero-in Bozw Siwes ex qeo

il
2

2) | Rrap iN_ Posynomme By ¥e' (Rerod

‘m' waw Be FuasHED For £ACH Cm, m

[

CeQuesting useR To fey -in Cipn During G

PAuse, omer gurey Hrs Fess maoe

NeEXT ‘m' 15 FLasney, Stop Pr7a

)
'

EN‘{MM{;S‘I /77 "-FJ‘ (SAU!E—X

— Tois itwe. SHue GL° In DELINIARRY

Reg,'> 1F nélo, oTweRwISE 17 et

Stoe G, on GeoATer (arg oin ‘ord

3) IF Disereerre  Timeg Sy 31Em mn/.:g

o

-

B = C5+4)/(5-1)  Supiytetrire By -Fc . Twsrs

Laee CENERATE A MEL Porymamiac i
MACE oF oRGINAC, REFAETIG SuBlSTution

4) |ir dws Swier s _Desieen , Exzee locwmo

OF _NEW ORLIN IN K, EXEcuze OFEFSET

0

—_— e e e e

Swier By C (S—5%x]. Tus

otee B ENEPATE R NEw pPoiynenumc

Y7y ﬂu‘oﬁz OF ORGINARL /ZEFLC(M& Hws Smpr

=

5) Eoum 7857 (5 Execuzrg By ‘A [aggﬂ

Procear  Pauses Dugirig, Exmcurrin 7o

Dispehy ELempnrs o /% Lovup

IN_Rourh ArEAG. MNo. se Stery

CHAMNGCES INICRTRS Mo, & RNHP

-
, ' i
—_ e —

Roors, Presesr Hlurts Priszine B

6 RHP Ruors, t RPN Prcoi

NOTE S

G) RecuR 3w ALLORITAMS ARE DisTRuctIvE

—_———r—— — — — — e ——— —— —— —— —— —— —— — —
i f | ;

IN TRy Titey Nestloy TwE Seswac

v i
i i H
D N |

Porysonunc . For Ropiyensc Puns
DarA must Be Pesrer? vin

[ ! i o o .

| L)
|

D' (REstore) IF nets oTHERWIE

By Scapvat (neo FRom S1€p 2,

b) KLM_&MQ or

P f Y i
L

Pein1en rFor Recseos By “E'lweite)

1

C) (e An ERRorR /5 mm ,Ome/m. G

EmiRy Aup dATA 15 '1dnren’ / ﬂee;s

‘B’ (REsR1) Aug STHRT CUER cuid

—_——— — — — — ——_———
|
i

ﬁjm !
. i [ L i . : . . :

"‘—ﬁ‘r—‘——
. i
I

|

|

| 0

I

N
10:
Ll

‘fe'
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26
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 ¥ LBL A 3 25 1 §7e (D> 33 24
Scl 32 23 IT Ds2 31 33
DsP 3 23 63 R Y 35 53
7] 0o 060 S7o (1) 33 24
Ste D 33 14 RCL E 24 15
¥ LRL & 3) Ay oo X7e 7 3/ 8!
ReL & 3y oo 6Tla @ 22 co
PAusSE 35 72 rRee @ 34 oo
RCe ¢ 34 01 PRUs £ 3s 72
010 xxe? 31 6! R¢c D 24 1Y
670 & 22 3 ! FIx 3123
CL x “Hy DSpPe 23 oo
EEX H3 PRINTX 3/ 8%
CHS Yz 070 SPAcE 3s8Y
5 Xy rRls 8 ¢
o 00 G770 B 22 12
S70 1 33 ol ¥ LR C 3/ as /3 }?
¥ LBca [32 25 it Xz6? 31 5/
-~ B 6T B 22 12
020 S7o € 33 13 8¢ ¢ 3223
xP&? 31 81 OSP4 23 oYy
670 A 122 31 Aant X 3; 8
ReL O 349 14 S7a P 33 1Y
1 ol 080 RCLE 34 15
+ 6l STe G 33 13
S7> D 33 14 ¥ LB.2 |31 As o2
S L8 |32 a5 & ol \
l ol ST X 35 33]|.%
ST 1 3¢ 33 » 4B 3|31 25 o3| 3
030 ¥ARL 1+ |31 25 el Rcc C1) 39 24| W
[7{dX €4 3¢ 2 R¢ce D 34 14
Ds2 3¢ X 2¢(] 2
S70 CI) 33 24 iS2 3¢ 39 %‘
STo D 33 24 090 STo+(®»33 61 24
152 30 34| B Re T 35 34
/1$2 3 3y “\\‘ Rec C 3413
Ree (D) 3y a4 XEy? 32 61
is2 3t 34| = 675 3 22 o3
Rec Ty 34 24] 5 / [
040 ReL & 34 13| o - MY
X n| X Sl c 33 13
- ] X¥g? 31 6t
Ds2 3t 33 67 2 22 o2
DSz 3 3 100 670 B 22 1
570 (D) 33 24 ¥ LBL e |32 25 i3 [T
1S 3) 34 CF2 |35 &4 o2
152 31 34 { ol
Rc I 3s~ 34 57o D 33 14
RcL E 34 15 ¥ LBe b 32 25 12
050 X2y 1 32 81 @ 00
GTo | 22 ol S7 I 3s 323
{ ol ¥ LBe 4131 25 o«
— st &5 $°i3/ 22 6377
370 E 33 1 110 £S8 631 22 o4&
Ree () 34 24 RLL O 3y 24
[7s) [2]) 658 & 3t 22 o0&
REGISTERS
7 8 9
0 1 Q‘ 2 al 3 q$ 4 ... 5 L 6 , ...
SO S2 S3 S4 S5 S6 S7 S8 S9
G, o®%, |G, RG, |G,orq, q,suzqs ‘e, P e v . R . .. . ..
E I -
A Ga, ° Serpt1en ¢ Serer 7e Serer 7ed! n 1S ERUED
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
S U . 9 o4
+ 6! 170 Ree E 34 15
Rt (1) 34 24 X&y? 32 7
XSy 3s 52 ETs d [22 3/ 14
Sto + (TH[33 41 24 w/oA74 31 44
52 31 34 670 B 22 i2 :
RgeL © 34 4 ¥ LBLd 32 25y M §
120 Re T 35 34 S7o 33 2| X
Xzy? 32 61 ST X 35 331 -
SF2 |35 51 62 *» LEL ] |31 25 o
R4 35 54 ReL () 3y 24 §
F2 7 135 1 o2 180 PSS 3 42| S
CTo 4 22 oY S7 (D 33 2y 3
GSRS [3+ 22 ofF PaS 3t Y2l
Rce (T 34 24 psz2 3/ 33 |
X U aT9 22 o
+ 4y | e @ 2Y oo
130 370 (1) 33 24 PSS 3/ 42
RcL E a4 15 STc & 33 oo
Rce D 34 14 WTs B 22 /2
X=y?2 32 s X L3 @ [32 A5 /S
G R 22 i1 190 CEZ |35 &/ 03
| ol @& 2%
+ G( ST T 3s 33
570 D 32 /4 % L3 7 1% 25 07
7o b |22 3/ 12 PAusE is 72
¥ LBLS |34 J5s oS F2 ? B¢ 71 63
140 Re T 3¢ 34|l D GToe 22 31 IS
Xze? | 3/ 6| & 4To 7 22 07| X
675 22 os| x L8ce B2 25 /5) o
l of| STo G) 32 24|
S7a € 33 131 A 200 Re I 35 3¢ ]| &
RTN 22| N 5Ts E 33 s | X
¥ LBL S |31 25 o8| » 152 3/ 3¢
RCC D v 14 N Re I 3y 3¢
- Y 6To 7 22 62
! ol * LBLE |31 25 IS
150 -— Aw| SPRAcE kXk-14
Ree 34 /3 3¢t 32 23
x 2 pPsSps 23 oy
S7o & 33 13 "o 2%
rc T s 3y 210 st 1 3s 33
NI g 8¢ ¥ LB B [3/ A5 o8 1N
-+ 8¢ Rcc (DD 3¢ 2¢ 3
RPTNn s 22 Brint X 3 8¢Y] W
¥ L3¢ G [31 25 ec 152 3/ 3¢ X
RLL D 3y 1y R¢LE v 1]
160 X T 3s 24 Rec I I 3Y X
$7e D 33 Xey? 32 7y
R ¥ 35 33 v €70 & 22 o8 x
RTN 3y 22 JpRcE 3s” 8Y
¥ LB D3t 28 1y 220 ¥ lte B 31 a¢ /2
R E 3y /2 CLX vy ‘Q
S7o 33 is E/X 3/ 23 S
P2S | 3/ 4z P3P e | 23 oo] N
¥ LBL 132 25 14 R/s 8¢
_LABELS FLAGS SET STATUS
"Rowt  PABrr [C 54 svx P resree F wrire | FLAGS TRIG DISP
a R A 1) .
X °x Cg:((g_{) ¢ Snue ° leno 1 e D% | vec ® | Fx ®
oy Tox 2 x 3 4 %2 Sus 10 x| GraD O | sci O
: X O
5o 6\ 7 CHEN 5 x TR ENTEY i E] RAD O ENS
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Program Deseription 1

P

Program Title CONVERT FREQUENCY RESPONSE, OPEN LOOP, CLOSED LOOP h
Contributor’s Name Hewlett~Packard Company

Address 1000 N.E. Circle Boulevard

City Corvallis State Oregon Zip Code 97330

N Y,
—

Program Description, Equations, Variables For a linear, unity feedback control system thiswprogr)ln
converts open loop frequency response data /G(jw) (or 1og[G(jw)| or

. . , C,.
20109|G(Jw)‘|)_to closed loop data v/_%(]w) and |%(jw) l (or log|—R(3w)| or
or 20log —(jw) |)

R(jw) tw S 6 () C(jw)

G (jw)

E 1 3
where n (Fw) 1+G (3u)

This program also converts from closed loop data

/< Gw and g Gw|

. . C
/ G (Jw) and |G (Jw)]. 7 (5w)
____ The relationship used is: , Vg(jw) N 1-C  (Guw) ) _
R

Operating Limits and Warnings e

A. When the input phase angle cosine (/— (jw)or / G(jw))is zero
(e.g. / -C(jw) = =90) the conversion Fs in inaccurate beyond the
6the decimal place.

B. When input is to be lG(jw)I or I—g(jw)l label C is used and
[-ﬁ(jw)[ or IG(jw) is calculated. Similarly when the input is
logIG(jw)| or log —R(jw)l then log’%(jw” or logIG(jw)l. Similarly
when input is in decibels the result is decibels.

This program has been verified only with respect to the numerical example given in Program Description Ii. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-

TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\. _/
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~
Sketch(es) Cliw) + R(iw
-  GGw )
Systems having feedback elements can be converted to an equivalent unity
feedback system. See the reference for methods of determining equivalent
unity feedback systems.
\_ WV,
(" 4
| bl For the system G(3 = N
Sample Problem(s) o 0w = et
For w=.1, 1 and 10 rad/sec  /G(jw) and [G(jw)l are:
w /G (Gw) [G(3w) |
rad/sec degrees
.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
Solution(s) For each frequency
W £ G | Gw) |
egrees
1 - 1.43 1.00
1 - 14.96 1.05
10 -191.71 .15
o
4 N
Reference(s) Raven, F.H., Automatic Control Engineering, McGraw-Hill, New York.196S8.
This program is a translation of the HP-65 Users' Library Program
#00892A submitted by Eugene Bahniuk.
\. v,
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3° User Instructions
FREQUENCY RESPONSE CONVERSION
en to Closed to Magn. Log Magn.
STEP INSTRUCTIONS DATA/UNITS KEYS DATAIUNITS
1 Enter Program :] L:l
2 To convert from open loop response to closed E E:I 0.00
loop response L.J [f” I
or [ L]
To convert from closed loop response to léjj [; 0.00
open loop response rri J L ]
3 Enter open loop phase /G(jw) /G (Jw) ﬁ‘:sil r | 1.00
or degrees ] [
Enter closed loop phase /% _/_%— (jw) R/s || ] 1.00
degrees 7 ] [ *]
4 Enter open loop magnitude |G(~]w)'| lc ][] _L%(J'w)
or Rer |12 ] [/BGw) |
Enter open loop log magnitude lag |G (jw) [ [D;J [ 777] igﬂ%i]w_)l
or | ren 112 | [Law |
Enter open loop decibels 20log G(Guw) l}:l:l I::J _201409_{%@
or [ReL || 2 | |£ Gw)
Enter closed loop magnitude [%(jw) I [:C 1 L 7<J IG(jw) [
or ) Rer |[2 ] [/6Gw |
Enter closed loop log magnitude 1ogj—c—(jw) [i] [ ] 1og|G(jw)|
or reL 2 | |/6Gw)
Enter closed loop decibels 20loq!%_(jm) | [G [7 :, 20log!G(jw
[Rer |2 | /6w
For a new case go to step 2 f ] L —]
N
L]
LT
-
]
[ ]
L]
[ ]
L]
R
]
10 ]
I
L

| ‘
|
O SN i S

i
L
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
8a1  sLBLA a1 11 Ind. that conv. 857 #LBL? 21 B2
a6z € éa from open to close #5¢ CF@ 16 22 @8
887 ST0E 35 @6 $2PoI5E0 Pe 859 L0616 32
884 ¥LPLS 21 85 Enter phase 8668 2 2
8as é aé 13| a T
086 R-s 51 867 b -35
aar  ST04 35 84 83 ST01 25 a1
888  RCLE 76 86 These steps determ. gc4 RS 51
aes - -45 | if vector add. or
818 1 61 vecotr sub. is
a1 (8 31 performed
812 sLBLE 21 12 | For closed to open
813 ! 8! | 1oop conv. Note:
814 g 88 | vector sub. occurs|o®
815 L aa i by reversing vecto
816 STOe IS 8e . direction then
a7 ET05 22 85 ‘ add resultin vecto
812 xlBLC 21 13
819 w2y -41
a2a Eé -31
21 ST05 25 85
gar R 44 Steps 22 through 34|
823 i a1 perform the
824 + -55 complex algebra 080
8za +P 34
@z¢ RCLS 36 85
27 Xy -41
azg : -24
829 §TG1 35 a1
a3e X2y -41
83! CHS -2z ‘
a3z RCL4 36 84 ‘
833 + ~-55
834 ST0Z 35 82 00
B35 ¥y -41
a3c F17 16 23 @l
837 ET01 22 a1
azs Fa? 15 23 @e
839 6102 22 82
a48 R-€ 51
a4! xlB'D 21 14 Magnitudes are
a4z 1A% 15 33 logarithmic
843 SF1 16 21 81
844  ETOC 22 13 100
845 xLBL! 21 81
84¢ CF1 16 22 8t
847 Los 16 32
848  STOI 35 81
a48 R-E 91 — -
a5@ &LBLE 21 15 Indicates magnitude SET STATUS
asi 2 2 are decibels FLAGS TRIG DISP
as2 a aa ON OFF
853 = -24 o 0K DEG & FIX &
" . e 110 1 0 ¢ GRAD O sct O
854 1@ 1€ 32 2 O RAD O | ENG O
855 SFeé 16 21 @e 30 R n2
836 ET0C 22 13 REGISTERS
0 1 computed2computed|3 %ntered ]5Ent.magn|6 0 7 8 9
magnitudd phase phase |g(yujarlc R 180
S0 St S2 S3 S4 [E Iseﬁ s7 S8 S9
A B c D E I
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Program Desecription |

- )
Program Title AID TO ROOT LOCUS PLOTS I - REAL POLES

Contributor's Name Hewlett-Packard Company
Address 1000 N.E. Circle Boulevard

City Co;;vallis State Oregon B Zip Code 97330
\.

-
Program Description, Equations, Variables Given the forward transfer function of unity gain
feedback system KG () K(s+zq) (stz5)

s(s+py) (s+py) (s+p3) (stpy)

where s = ¢+iw is the complex frequency variable and zj, z,, Pyr P2/ P and py
are real numbers, the program helps in finding the roots of 1 + KG(s) =.0, which
determine 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{o+iw) = X 180°,

Since the rules for approximate construction of root locus plots
are well-known [1,2], this program can be used to obtain the exact location of
the roots in certain regions of the s-plane. The user would select a value of
g, say 03 and assume a trial value for W, say 4. The program then determines
G‘1(01+iw1) = Kel¢, and ¢ is displayed. If ¢ i8 not equal to 180°, a new trial
value of w = wy is obtained. The process is repeated until ¢ is as closed to
180° as desired. The equation for searching the correct value of W is

Wy = w4 - E%Q, where ¢ is in degrees.
The. convergence may be slow when ©® approaches zero; in this case
the user may often extrapolate mentally to accelerate the convergence. Normally

4 to 8 iterations are sufficient.

The value of the gain constant K required for this location of the
root is obtained from y-register.

Operating Limits and Warnings The search equation is based on the assumption that w is
greater than zero. This is no limitation since the root locus is always

symmetrical about the real axis of the s-plane.

This program has been verified only with respect to the numerical example given in Program Description |l. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-

TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\. _/
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SR U .

‘r?Skelch(es)- ] P '

p——— '—5 ' - -

)
4
| ;
| ! !
, :
.
|

-

N

K(s+1l) (s+2)
s (s+3) (s+4) (s+5) (s+6)

Sample Problem(s) KG(s) =

It is desired to obtain the complex roots for o = 0, 0 = -1, and g = =-2.5

Solution(s) i) For ¢ = 0, starting with w = 5, after 4 iterations ¢ = 180.01, for
8.545, and K = 999.51

w

ii) For ¢ = -1, starting w=6, after 4 iterations, ¢ = 179.99 for
6.823 and K 519.61

€
Il

iii) For ¢ = -25, starting w = 4, after 5 iterations ¢ = 180.01, for
4.35 and K = 140.52,

\___ Y,
e

~
Re“ﬂence(él)D’Azzo, J.J., Honpis, C.H. "Linear Control System Analysis and Design",
McGraw-Hill Book Co. 3rd Edition. 1975. Pp.202-242.

(Z)Evans, W.R. "Control-System Dynamics", McGraw-Hill Book Co. 1954.
This program is a translation of the HP-65 Users' Library Program

#04561A submitted by Naresh K. Sinha.
- J




3 User Instruections
AID TO ROOT LOCUS PLOTS I
zee and o1 4 w1 > wp
STEP INSTRUCTIONS DATAUNITS KEYS DI(\)T%SEIII'S
1 Enter Program [_—__—] LJ
2 21 L+ Il
3 (a1l | | =
4 P CA 00 ]
5 P2 s T ]
6 P3 I
7 Py [R/s ]l | | m1
6 o (o 10
9 W, Le 101 g
10 | 1f ¢ # 180°, lc I [ ez
11 Repeat steps 9 and 10 until ¢ = 180 [j Lij ¢ = 180
12 To obtain K E] ’;—QJ K
13 To obtain w at the root &LJ @,I Wraot
i [
For a different value of o0, start from step 8} L;] l; ]
[ L]
R
]
I
(10 ]
[0
I
{ B
L
1]
-
]
[
1]
1L |
]
[ ]
I
[0 ]
N
I
| I 1
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35
STEP KEY ENTRY KFY ~ONE COMME
ag? IIEELP 21 11 NTS STEP SI;EY ENT:: KEIVSS‘;)IDE COMMENTS
e " Sl
224 S;QQ = 2’ z) B6A  RCLT 36 67
s ke 51 as1 4 -55
Bee 106 DB py 852 RCLE 36 @@
9@7 RJ "31 e%? eets _41
d o2TNE c pe o Lt
oy T TE e 864 oF &2
-3 B65 N2 -41
g1e  §T04 w64 | o, e i I
(Y2 31
811 Ri -3 Py . oe
e1z 103 /eI | p, A oy IS
81z RTE 24 863 _ -45
311 tLELi 2112 87e CHS -zé
gi; ks 35_5? “1 871 Rt 16-31
£ e 872 RIN 24
pi7 &M FE oy 877 RCLS 36 88
10 3P 74 & Rils .
g74 RS 51
@19  RCLE I 86
828 3SBE 23 IS
21 RCLS 36 85
27 GSBE 23 15
23 ROL4 7 84
824  ESBE 23 15 080
25 RCL3 36 83
@26  GSBE 23 !5
827  RCL? % @2
82¢  ESED 23 14
26 RCLI % 81
838  GSRD 27 14
a3 xav -41
azz  PIN 24 -
877 sBLC ot 13 | DoPRaY ¢
834 £ 8¢ 090
475 @ ae
B3¢ : -24
837 4 84
azs - -45
635 CHE -27
048  RCLS 3 88
G41 % -5
@42 STOS 5 a8
847  RCL7 6 87
p44  RCLE 3 @5 | Display o, 700
#45  RTN 24
@4¢ *LBLE £ 15
@847  RCL? 36 87
48 s -55
g48  RCLS 36 82
856 Xy -41 SET STATUS
st oF 34 FLAGS ___ TRIG DISP
853 X:Y '41 ON OFF
@53  Ri -31 o0 B | DEG ® | FIX B
asd ¥ -35 1o T O X GRAD O scr O
ass R+ -31 2 0O K RAD O EIEG 0
56 + -55 3 0% i
REGISTERS
0 1 2 3 4 5 6 7 8 9
21 Z, Py Py P3 Pa 01 W] Used
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
A C D 1
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Program Deseription 1

a )
Program Title AID TO ROOT LOCUS PLOTS II - COMPLEX POLES

Contributor’'s Name Hewlett-Packard Company

Address 1000 N.E. Circle Boulevard
City Corvallis State Oregon Zip Code 97330
\. J

Program Description, Equations, Variables Given the forward transfer function of a unity
feedback system

KG (s) K(st+z7) (stz,)

s (s+p1) (s+py) (s+a+iB) (s+u-1iB)

where s = 0 +iw is the complex frequency variable, and z1, 25, Py, Py, and
are real numbers, the program helps in finding the roots of 1 + KG(s) = O,
which determine 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 0; and assume a trail value for w, say wj. The program then
determines the modules M, and the argument, ¢ of G-l(s) at this point, and the
argument ¢ is displayed. If ¢ # 180, a new trial value of = 2 is obtained
using the equation

wy = wy (4-$/180)

The process is repeated until ¢ is as close to 180 as desired. The convergence
may be slow when w approaches zero. In this case, the user may often extrapolate
mentally to accelerate convergence. Normally 4 to 8 iterations are sufficient.

Operating Limits and Warnings The search equation is based on the assumption that o is
positive. This is no limitation since the root-locus plot is always symmetrical

about the real-axis of the s-plane.

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-

TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\_ _J/
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Sample Problem(s) Consider

S o K _ K(stl) (st+2)
KG(s) = S(s+¥I2+51)(s¥12-51) s (s+1) (s+2) (s+12+51) (s+12-51)

rules (see referengs 1 or 2). It is shown above.

 The approximate sketch of the root locus is easily obtained following standard.

It is desired to obtain the exact locations of the roots for ¢ = =1, -2 and ~4.

Solution(s) (1) For ¢ = -1, starting with w = 12, after 3 iterations the root is
located at w = 11.14 with ¢ = 180.00 and K = 2750
(2) For 0 = =2, starting with w = 10, after 3 iterations the root is

located at w = 9.22 with ¢ = 180.01 and K = 1780.7

(3) For ¢ = -4, starting with w = 5.5, after 8 iterations the root is

—..located at w = 5.00 with ¢ = 180.01 and K

656.3 .

rﬁeknence@) 1. Evans, W.R. "Control Systems Dynamics". McGraw-Hill Book Co., 1954.

2. D'Azzo, J.J. and Houpis, C.H., "Linear Control System Analysis and
Design". McGraw-Hill Book Co. 3rd Edition. 1975.

This program is a translation of the HP-65 Users' Library Program
#04562A submitted by Naresh K. Sinha.

N
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User Instruetions

STEP

INSTRUCTIONS

INPUT
DATA/UNITS

OUTPUT
DATA/UNITS

(=]

Enter program

217

Z9

P1

P2

o

B
o
w

O[O [0 (N |0V [ (b W N

If ¢ # 180

Repeat steps 9 and 10 until ¢ = 180

e
S

To obtain K

—
w

To obtain w at the root

For a different value of o1, start from step 8

-]
—
|

TIPS
[ % i
AT

r
L

I
DN

|

[HTITHE
OCO
I

T
il

;iL_AL_
0

T T T T

)
T,

:
]

Z3
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
88: #LBLR 21 12 57 RCLE I5 88
Ra:  ST02 k- z, €8 -35
ARz yry -4] @59  sT08 3T as
gas €731 35 81 z1 868 RCLT 3¢ 87
ass Rt 51 861 RCLS 36 @8
pasc  €TpS 35 86 8 BE2  RTN 24 Display wp
aaz Fi -31 PET  ¥LBLD 2i 14
@ee  STo% 35 85 a 664 RCLT 36 @7
agg Ré -21 865 + -5¢
818  ST04 35 84 J B66  RCLS 3¢ a8
811 R -31 aer  52Y -41
12 eTaz 35 @z Py Bs8 +F 34
a1z PN 2 pEs K2y -41
@14 xLBLE 2112 A7e Ri -31
@15 £T08 35 @ wy ari z -24
e1e v -41 7z Ri -31
g17  STO7 = a7 o a73 - -45
g18 RCLS 36 es 874  CHS -2z
g1s + -55 ars Rt 16-31
pe urv -41 avs  FRIN 24
21 RCLE 26 86 77 KLBLE 2115
822 + -85 are w2y -41
B27 RCLE 36 88 era +F 34
824 RCLS 36 8¢ ‘ asa ey -41
825 - -45 6e! Re -31
az¢ £t 16-31 agz ¥ -35
27 +F 34 887 Ré -31
825 7d -31 284 + -55
329 [ -31 gas F* 16-21
g3 GSEE 23 15 FSE RIN 24
831 RCL4 36 a4 ar RS 5
@32  RCLT 3¢ 67
£33 + -55
834 FCLS 3¢ ae 090
835 GSBE 27 1%
g36 RCLT 3¢ a3
837 RCLT 36 87
azs + -55
B39 PCLE 7€ a8
848  CSRE 23 15
p41  RCL? 36 67
A42  RCLE 36 as
643  GSBE 2315
844 RCLZ 36 a2 100
845  GSED 23 14
646 FRCL1 36 &1
847  CSBO 23 14
84¢ (Y -41
249 RTH 24 Display ¢
@58 sLELC o1 13 SET STATUS
as; 6 as FLAGS TRIG DISP
2 ON OFF
gga %@ _gg 0o 0O DEG K FIX X
< 110 1 0 &K | GRAD D sc O
as4 4 84 2 OB | rRaD O | eEng O
ps= - -45 3 0K n_2
856 CHe d REGISTERS
0 1 2 3 4 3 6 7 8 9
zZy z, P, Py o 8 01 w1 Used
SO S S2 S3 S4 S5 S6 S7 S8 S9
A C D I
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Program Description 1|

(" . . R
Program Title Classical Control Gains

Contributor’'s Name Hewlett-Packard
Address 1000 N.E. Circle Blvd.
City Corvallis State Oregon Zip Code 97330
. J
- . . . 7
Program Description, Equations, Variables 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 Gc=kc[1 + Tl§'+ TDs]

A| OPEN LOOP TEST - input step function, measure respoﬁse, draw tangent at
point of maximum response slope, scale L & R.

N\
INPUT PLANT oUTPUT 7 TANGENT AT MAXIMUM
SLOPE
1.0 SLOPE=R
/ i

R= maximum slope
L= time intercept of maximum slopeline

Then for P control, kC=VRL; PI control, kc='gﬁL,Ti=3.3L;
for PID control, kc=1'%RL, Ti=2L, TO=92

Operating Limits and Warnings
Note that plant must be greater than first order for open loop test
(s is Laplace operator)

This program has been verified only with respect to the numerical example given in Program Description /I. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\. _/




Program Deseription |

fpmg,am Title Classical Control Gains

Contributor's Name Hewlett-Packard
Address 1000 N.E. Circle Blvd.

City Corvallis State  Oregon Zip Code 97330
\_

-

Program Description, Equations, Variables

B CLOSED LOOP TEST - Increase kC until plant is near instability (oscillating
output). Let the magnitude of kC at that point be called ku’ and the period
of oscillation be called Pu'

INPUT OuUTPUT

K PLANT > AN

P 7
S € L \/)‘ TIME
Py —3

Then for P control, let kC = .5k

u

PI control, let kC = ‘45ku’ T1 = 0.83Pu
_ = =Py
PID control, let kc = 0.6ku, T1 .5Pu, T0 /8
‘e =@ = 1
General control form is = GC = kc[1 tygt Tos]

Operating Limits and Warnings

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

.

-

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-

TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\
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Program Deseription 11

([ )
Sketch(es)
Final form of controlled plant
P controG =k ; PI contro]—)Gc=kc[1 + T%EJ
- ] i
L PID contro]—>Gc-kc[1 + /Tis + Tos] D
o ™

Sample Problem(s)

For the following open Toop test data, compute the control coefficients for:

a.) P control
b.) PI control 1
c.) PID control

OuTPUT

(unit step input)

During a closed Toop P control test, the plant output became oscillatory with
kC=ku=1O, the period of oscillations was 50 sec. Compute coefficients for:
a.) p control

b.) PI control

c.) PID control

N

Solution(s)

1.

7

Reference (s)

0GATA; Modern Control Engineering, Prentice-Hall.

This program is a translation of the HP-65 Users' Library program #04463A
submitted by Randy A. Coverstone.




User Instruections

CLASSICAL CONTROL GAINS

PI
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INSTRUCTIONS

INPUT

OUTPUT

DATA/UNITS DATA/UNITS
1.1 Enter program L]
-
2.| For Bpen Loop Test Data: I
INPUT_R L] R
THEN L LA 10 1 0.00
0]
2.| For Closed Loop Test Data: [ 1]
INPUT k. k. L 0] Ky
THEN puu p; [ B [ | 0.00
3.] For P Control, calculate k_ [Lj [ ] ke
- [ ]
3.| For PI Control, calculate k_ (D I[ | ke
THEN T, R/s JL ] T,
' 00
3.| For PID Control, calculate Ke L E [ ] ke
THEN T. RS ] T
THEN T, R/S T ] Tn
I .
4, For new case go to step 2 [0
L0 ]
I
LI ]
I ]
(10 ]
I
I
1]
(I
[ 10 ]
]
[ 10 ]
R
L]0 ]
L1 ]
[ 1
(]

il
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
@21 ¥LEBLE 21 11 as7 . -62
eaz  goTaz 75 82 ‘ Open loop test ase 8 ae
fgz ¥ -3= | data 859 3 83
gaq 1Y 52 aca X -35
aes  <T0! 35 A @1 STOE I5 86
pas  STOT 25 63 @6z (LY -51
867 . -€2 BET RIN 24
gas @ g9 864 RLBLC 2113
aes  x -3% g RCLT 36 a3 | control
816 ST04 75 64 866  RTN 24
61! ROLI 35 6! as?  #LBLD 21 14 PI .
812 : 8i 858 RCL4 3¢ 84 contro
817 . -5z B RS 51
a14 2 8z 878  RCLE 36 86
a1s -35 871 RN 24
Bl §TOS 35 &5 a7z sLBLE 21 15
817 RCLZ € 82 A7 RCLS 36 a5 PID control
a1% z az 874 RS 51
213 ¥ -15 875 RCLT % 67
g2¢  5TGT 35 e 87¢ RS 51
821 1 ai #77  RCLS 3 89
22 . -6 a7 RTH 24
22 £ A€ €79  F-S 51
824 5 s
225 x -35
826 STOE I5 86
#z7  RCLZ 36 82
grg 2 2
29 : -24
@i cr08 75 o8
831 CLY -51
@72 RTN 24
833 #lBLE 2112\ (losed Toop test |
834 oTOC 35 B2 data 90
AIs5 RY -3!
g3 STO! 75 Bl
a7 2 az
aze = -24
839 5703 35 83
a4a ; -§2
84! [ as
A4z -25
@43 STD4 15 64
844  RCL! 36 a1 100
a4s ; -62
845 ac
847 ¥ -35
a4z sT0% s es
849 RCLZ 3¢ 82 SETSTATUS
5@ 2 8>
est H -24 FLAGS TRIG DISP
@5z S707 35 07 o D% | bea x| Fx o
853 4 4 70 10O GRAD O | sc1 O
854 z -24 > O x| RAD O | ENG,D
A5 §T0S 35 88 3 0 ® n
85 RCLz 3 B2 REGISTERS
5 IR RL P ek, [TP1-ke [PID-ke [ PI-Ti |7 PID-T; P PID-Tg °
- C Ll
S0 S1 S2 - S3 S4 S5 S6 S7 S8 s9
A B C D E ¢
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-
Program Title

FIRST ORDER REGULATOR

Program Description, Equations, Variables

i = EE = ax + bu
dt
where X = system s
u = system c
a,b constant

This program solves
optimal feedback gai

performance index =

thé solution is:

Contributor's Name Hewlett-Packard Company

Address 1000 N.E. Circle Boulevard

City Corvallis State Oregon Zip Code 37330

N ),
( )

Given a system;

tate
ontrol

the regulator problem i.e. determines the
n to minimize the following performance index:

J=1/2 /1§ (qx%+ru?)dt

b . A
re ¢ = — S and S is the positive solution to

u = -cx, whe
r
the Riccati equation:
s2b2
O = -2as + - q
r
Then:
X = ax where a = a-bc
L 1
and x = Xge T where T = 3
Operating Limits and Warnings
q2>0
r >0
b#0

upon any representation or description concernin

MATERIAL.

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance

g the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM

)
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Program Desecription 11

N
Sketch(es)
\_ _/
( . . X u 1
Sample Problem(s) X = ax + bu , J=1/2 fg [(X )2 + (-—u———)z] dt
max max
1 1
1. a= -1 b=1 = 2=0 , r= 2 =1
’ > g G xmax) ) Umax
2. a= 1 , b=1, q=20 s r =1
3. a= 1 , b=1, q=1 s r=1
4, a= 1 , b= 2, q=3 , r =4
Solution(sy 1. ¢=0 , s=0 , a=-1 , Tt=1
2. ¢ = , s = 2 , a=-1 , 1=1
3. ¢ = 2.41 , s =2.41, a=-1.41, 1t = 0.707
4. c¢c=1.5 , s = , a=-=2 , T =1/2
\ J
4 N
Reference(s) Shultz and Melsa, State Functions and Linear Control Systems,
McGraw-Hill, 1967.
This program is a translation of the HP-65 Users' Library Program
#04464A submitted by Randy A. Coverstone.
. J/




User Instruetions

FIRST ORDER REGULATOR

q,Tr

STEP INSTRUCTIONS DATAIUNITS KEYS DATAONITS
1 Enter program [::::][:::]
I
2 Input a a Li;:j L,,, I a
then b b (A [ 0.00
Y .
3 Input q q [f 7jjj q
then r r yh ,”,,J 0.00
[ i
4 | Calculate ¢ [7¢1 C
(optional) then s R]? S
5 | (Optional) Calculate 3 D 2

e |

6 (Optional) Calculate T = - 1/a

7 | To change q and r go to step 3

8 For new case go to step 2

| '
e e e e e e e e e e e e e e e e e e e e

— e ——— — e —— e — e ———
—_—— e e e e e e ——— e e — e — — — — —
i : | |

. i 1 i

i ! i

. . | o
FS G G GO0 G U U S [ S S S
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
BG1  ¥LELE 21 11
a2  °T02 35 62 b »R2
843 Ri -31
ea4  STOI 35 a1 ¢~ R1 060
pas  CLY -51
#ac  RTN 24
987 #LBLE 21 12
828 ST04 35 84 r> R4
pas R -31
a1 STO3 35 a3 q> R3
g1} cLY -51
812 RIN 24
013 #LBLC 147
g14 RCLI 36 81 070
@15  PBCL2 3¢ 82
BlE z -24
817 Xz 53
@18 RCLI 3 e3
@1a  RCL4 36 84
828 2 -24
821 + -85
a2z 7 54
822 RCLI 3¢ el
824 RCL? 36 82 080
g2s B -24
82¢ + -55
27 RS =t Calculate C
8ze  RILd4 36 a4
a2 X -25
838 RCL2 36 82
ez : -24
232 PTN 24 ¢
833 sLELD 21 14 —
634 RCLI 35 a1
azs XE 53
436 RCL2 36 Az
837 ve 53
#3828  RCL3 36 83
@39 X -35
840  RCL4 36 a4
841 z -24
94z + -55
K+ I 54
234 CHE -22 100
845  RIN 24 5
@46 #LBLE 21 15
@47  GSPO 23 !
48 1% 52 3
842 CHs -2z SET STATUS
ese  RTN 24
51 psS 51 FLAGS TRIG DISP
ON OFF
o O K DEG K FIX &
110 1 0d GRAD O sclI O
2 O K RAD O ENG O
3 0K n2
REGISTERS
0 1 2 3 4 5 6 7 8 9
a b q
SO S S2 S3 S4 S5 S6 S7 S8 S9
A C D I




49

Program Deseription |

ﬂ’rogram Title SECOND ORDER REGULATOR

Contributor’'s Name Hewlett-Packard Company
Address 1000 N.E. Circle Boulevard

City Corvallis State Oregon Zip Code 97330
L J

(" ] )
Program Description, Equations, Variables Given a system and a quadratic performance index

as follows:

1 = r

= ;311 212 X0 4,0
[} |
X2 Lazl az2 X2 b

J=1/2 /3 {{xl x5] (qll d12 %11 4+ u2r} at
quz a22| | %2

where: xj, X, are the system states
u is the control
J is the performance index to be minimized.
The optimal control is given by:
o _ (o]
u = ~Cj,X]-C2X2 and [x] = [A][x] [A] = [A}-{b][cy~csl
1
where: cj = B'(cl*+a1102*) cy = %'(312°2*)

/ — Y
c1* = ay + a12+q1$— cy* = a, + Va22+2cl*+q3-r—

- o 912211 + Qanllz

alz 3122

ay] T a1,831 T a3, d; = 933
ap = ajy + ap d3 = 422

Operating Limits and Warnings

4117 9127 913 * 0 4911*d1o*d13 # O

r >0

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance sotely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\_ _/
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Program Deseription 11

Sketch(es)
a8 . ]
Sample Problem(s) y+t6y+¢=u - second order system
let x; =y
X2 = &7
Fkl? _r—O 11 [x 5-0? suppose ¢ = 2
S0 P - + _
e L } ; l u 8 =3
'LXZ i —¢ -6 X2 R l_

Find the optimal control that minimizes:

1. 0 =1/2 /5 (x1%+x32+u?)dt , i.e. qq; =1, 92 =0, dpp =1, r =
2. I=1/2 /5 (4x12+u2)dt , i.e. dy1 = 4, 912 = 0, 9y = 0, r =
3. J=1/2 fg: u?dt - note that this case violates 41495493 # O
Solution(s) , _fo 1] b= 1
=1 : = u =-C1x] - CoX
=2 -3} 11 2°2
1 Q=q0 r=1 ->u=-.236x; -.236
. A_O 1}, = . X1 . X2
5 ~Ja o S oy =
. Q = Lo 0 ’ r = u = “.828Xl “.264){2
0" 0
3. Q= _O O]I r =1 >u=20

\.

e
Reference(s) Shultz and Melsa, State Functions and Linear Control Systems,

McGraw~-Hill, 1967.

This program is a translation of the HP-65 Users' Library Program

#04465A submitted by Randy A. Coverstone.




v
User Instructions ”
SECOND ORDER REGULATOR
[a] b [Q1, r
STEP INSTRUCTIONS DA'T”SS;,TS KEYS DSTUAT/G:ITS
Enter program [:::] [;;:j
Input A matrix: input ajj al N a1l
then ajjp a; o ER. ay2
then ajp; az] (+ [ az1
then aj, azy [:57 _ifi all
3 | Input b b R N b
4 Input Q and r: input g13 413 [7f ' d11
then dqj d1>o |+ 912
then qg, a22 [ + 922
then r r [ ¢ q1/r
5 | calculate feedback coefficients [ D €1
[R/s c2
(Optional)* Calculate [A] (closed loop |
dynamics matrix) |rR/S
Recall [A] [ReL || 1 a1
| RCL 2 ai2
| RCL 3 azl
[rer || 4 az
6 To change Q and r go to step 4 l
7 For new case go to step 2
*4{ DO NOT CALCULATE [A]) IF STEP #6 IS TO BE

EXECUTED, AS [A] REPLAGES THE ORIGINAL [A]

MATRIX AND STEP 5 MUST OPERATE ON [A], NOT [A

l—Xﬂ = F ajl alﬂ i i

Xl-‘! Y O-I e
[x2] (221 222 [x3] [D]

J =1/2 ﬁa‘(qllx12+2ql2xlx2+q22x22+ru2)dt

minimize J =+ u = -Cc1xX] - CyX,
- - N -
x1] ajl] a2 X]
xal —  iagy agyl Ixp
b - [ - .

: . . vy
e e e e e —————— e e e ————— e
—_——— e — e ———— e e e — e ——— e — ———_—— —

e — e e e e e e e — e e —— s — — e e — e
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
ge2 cros 75 s | Seore (A gss ReLs  aEEE |
ge4  £TOI 35 83 gee  + -55
a5 i -3l g1 I 54
ee  sTOZ 35 B2 662 RCL1 36 81
egr  Ri -3l 867 RCL4 36 04
pgs  STil 35 21 act 4 55
as  FsE o1 6es  cTO7 35 A7
81e xlBLB 2112 Store b a6€ +F 34
11 sv0s I3 @S @67 RCL? 36 @7
812 RTH z4 BEe + -55
a13 #[BLC 21 13 BEg eT07 25 @7
14 5707 35 @7 876  RCLI 35 81
ers ¢ -4 871 ¥ -35
e 08 35 @6 872 ROL6 36 @6
817 LSTY  i€-62 4 _s5
g1 "33 74 ST06 35 85
@18 RCLI 36 01 a7s  RCLS 36 @5
aze z -35 7€ : -24
87:  RLLE 36 a2 =7 RS 51 Display c3
gzz = -24 @ve  RCLT 36 €7
27 KT -41 879 RCL2 % 82
az4 2 12 ase ¥ -35
e:s = 33 es1  STo7 35 87
g6 - 43 82 RCLS 36 65
27 RCLI 35 81 987 2 54
eze =35 B84 FS [ Display c,
29 RGLz 82 885 RCLZ 36 62
oze = -c4 @86 RCLI 36 83
a1t * ~35 857 RCLE 3¢ @6
@3z RCL? 36 &7 et e
833 * ~24 @89 RCL4 36 @4 | Compute [A]
CEA (D gse RCLY 36 67
a3s RN 24 a1 - _45
B3¢ #LBLD 21 14 gaz RCLI 3¢ Bi
937 RCLZ 36 @2 aos  Ri -39
gse PCLT 36 83 es4 €T 22 11
2 X 3 895 RS 51
g4 RCLI 3 01
a41 RCL4 36 04
84z x -35
a4z - -45
444  STO6 35 @6 100
845 RCL? 35 &7
as¢ IV 54
847 RCLE 3¢ 65
a48 X ~-25
848 RCLE I 86 c1*
asa 3P 4 SET STATUS
A51  RCLé 36 e¢ FLAGS TRIG DISP
6a: . a3 0 OS ORF]F DEG K FIX Xl
655 cT06 3% e 110 10K | GRADO | scl O
a54 2z 2 2 O K RAD O ENG O
@55 ¥ -25 3 0 g n—2
g5¢ RCLS 35 65 TS ET =
8 9
0 ! ajg 2 ajo ° arn : a22 > b temp temp temp R>P
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A C D 1
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Hewlett-Packard Software

In terms of power and flexibility, the problem-solving potential of the Hewlett-Packard line of fully
programmable calculators is nearly limitless. And in order to see the practical side of this potential,
we have several 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 poten-
tial. Chances are, we already have the solutions you're looking for.

Application Pacs

To increase the versatility of your fully programmable Hewlett-Packard calculator, HP has an ex-
tensive library of “Application Pacs”. These programs transform your HP-67 and HP-97 into specialized
calculators in seconds. Each program in a pac is fully documented with commented program listing,
allowing the adoption of programming techniques useful to each application area. The pacs contain 20
or more programs in the form of prerecorded cards, a detailed manual, and a program card holder.
Every Application Pac has been designed to extend the capabilities of our fully programmable models
to increase your problem-solving potential.

You can choose from:

Statistics Mechanical Engineering
Mathematics Surveying
Electrical Engineering Civil Engineering
Business Decisions Navigation
Clinical Lab and Nuclear Medicine Games

Users’ Library

The main objective of our Users’ Library is dedicated to making selected program solutions contri-
buted by our HP-67 and HP-87 users available to you. By subscribing to our Users’ Library, you'll have
at your fingertips, literally hundreds of different programs. No longer will you have to: research the
application; program the solution; debug the program; or complete the documentation. Simply key
your program to obtain your solution. In addition, programs from the library may be used as a source
of programming techniques in your application area.

A one-year subscription to the Library costs $9.00. You receive: a catalog of contributed programs;
catalog updates; and coupons for three programs of your choice (a $9.00 value).

Users’ Library Solutions Books

Hewlett-Packard recently added a unique problem-solving contribution to its existing software
line. The new series of software solutions are a collection of programs provided by our programmable
calculator users. Hewlett-Packard has currently accepted over 6,000 programs for our Users’ Libraries.
The best of these programs have been compiled into 40 Library Solutions Books covering 39 application
areas (including two game books).

Each of the Books, containing up to 15 programs without cards, is priced at $10.00, a savings of up
to $35.00 over single copy cost. '

The Users’ Library Solutions Books will compliment our other applications of software and provide
you with a valuable new tool for program solutions.

Options/Technical Stock Analysis Medical Practitioner

Portfolio Management/Bonds & Notes Anesthesia
Real Estate Investment Cardiac
Taxes Pulmonary
Home Construction Estimating Chemistry
Marketing/Sales Optics
Home Management Physics
Small Business Earth Sciences
Antennas Energy Conservation
Butterworth and Chebyshev Filters Space Science
Thermal and Transport Sciences Biology
EE (Lab) Games

Industrial Engineering
Aeronautical Engineering
Control Systems
Beams and Columns
High-Level Math
Test Statistics
Geometry
Reliability/ QA

Games of Chance
Aircraft Operation
Avigation
Calendars
Photo Dark Room
COGO-Surveying
Astrology
Forestry




CONTROL SYSTEMS

These programs incorporate many of the important calculations from control
theory. Bode plots, stability criteria, root-locus plots, and optimization are
included.

FREQUENCY RESPONSE OF A TRANSFER FUNCTION

BODE OF TRANSFER FUNCTION THAT HAS EACH POLE AND
ZERO GIVEN

BODE OF SECOND-ORDER OVER THIRD-ORDER TRANSFER
FUNCTION

BODE OF SECOND-ORDER OVER SECOND-ORDER TIMES
S**N TRANSFER FUNCTION

POLE-ZERO TO GROUP DELAY
ROUTH TEST FOR CONTINUOUS AND DISCRETE TIME SYSTEM

ANALYSIS

CONVERT FREQUENCY RESPONSE — OPEN LOOP, CLOSED
LOOP

AID TO ROOT LOCUS PLOTS | — REAL POLES

AID TO ROOT LOCUS PLOTS Il — COMPLEX POLES

CLASSICAL CONTROL GAINS
FIRST ORDER REGULATOR
SECOND ORDER REGULATOR

HEWLETT ’; PACKARD

1000 N.E. Circle Blvd., Corvallis, OR 97330

Reorder No. 00097-14026 Printed in U.S.A. 00097-90201
Revision D 7-78
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