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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 |l 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 Owner’s
Handbock 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 Desecription |

(" )
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
\_ y,
( . )
Program Description, Equations, Variables [ Or transfer function of the form:
G (S) = NK] (125+1) S
LR
S 3(T4S+])(T55+])(62'+ 0=+ 1)
7 7
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,t2,N3.74,75,25 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
T2,T4 and/or t5 can be entered as 0.If there is no quadratic term enter g as 0
and wy very large compared to 1— . Where Tg is the smallest (other than zero)
first order term used. >
\_ _J
Ve )

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 /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

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

_/




Program Deseription

Sketch(es)

.

\

( . . . . )
Sample Problem(s) Find /G(jw),|6(jw)| and 1og|G(jw)| for
6(s) 12 (s+.6) .2(1.675 + 1)
s) = =
s(s+1)(s2+6s 36) s(s+1) (3¢ s+1)
For input frequencies of w=.01,.1,1.0 and 10 rad/sec.
K] = .2
T, = 1.67
N3 =]
Ty = 1
Tg = 0
C6 = .5
wy = 6
Solution(s)
w(rad/sec) /. G(jw)degrees |G (Jw) | Log|G(jw) |
.01 -89.71 20.00 1.30 (26.02dB)
. -87.18 2.02 .30 (6.10dB)
1.0 -85.64 .28 -.55 (-11.09dB)
10.0 -224.56 .01 -1.86 (-37.29dB)

This program is a translation of the HP-65 Users' Library program #00834A
submitted by Eugene Bahniuk.

Reference(s) Automatic Control Engineering, F.H. Raven, McGraw-Hill, N.Y., 1968




function enter w when 8.00 is displayed (if

User Instruetions :
SCr Ins(ruetions
FREQUENCY RESPONSE
STEP INSTRUCTIONS DS#JS:LS
1. Enter program
2. | Initialize 1.00
3. | Enter the gain 2.00 7.00
Enter T, when 2,00 is displayed To, N3 2.00>7.00
Repgﬁg parameter entries in order Na,1,,7e, 4+ 5556
%6 Wy
4. | When 8.00 is displayed enter the frequency 8.00
(rad/sec)
5. | Upon completion of the calculations /G(jw) | /.6 (jw)
will be display
6. | Amplitude ratio |G(jw)| is stored in the
stack (z and T) and in register 8
To find |G(jw)| REC 8 |G (jw) ]
7. | Log|G(jw)| is in stacky and in register 9 Log|G(jw)|
To calculate decibels - REC 9, enter 20 and
multiply
8. | For another frequency 8.00
9. | Enter the next frequency /G(jw)
10. [ To change transfer function parameters enter .00 thru
all parameters or if only one parameter is to 7.00
be changed enter the changed parameter(s) in
the proper register(s) For T4-in register 4
and so on.
11.] For frequency response of the new transfer 8.00

only one parameter was changed first enter RB)




97 Program Listing 1

4
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
861 ¥LBLR 21 1 857 RCLI 36 a3
86z ! a1 ese 9 89
agz cTol 35 4f ase ] a8
ggi s ‘: Start of parameter 868 X =33
pae  poc . entry display 1.00 8€1 + -39
O e e and stop for entry 262 CHS -22
6e7  ST0i IS 43 of K Store K 863 RCLZ 36 82
gag  ISTI le 26 46 1 1 864 RCLS 36 88
fee  RCLI 3€ 46 Disply 2.00 and 865 x -35
eir g ag stop for entry of ‘1'2 866 RCL! 36 @1
611 x3v?  16-34  etc. geT  x -35
61z €108 22 &% 868  RCL! 36 el
13 RCLE 3¢ @z S : Q +F 3
s S BIE 3 1 Compute /G(jw), 863 #F g
oy Mo e L6(jw) and Togle(iw)| €70 BT G731 Replaceswwith
1€ RCLE 35 @6 o: sos wsee o0l
817 RCL7 & @7 > - .
a1e = -4 g_j E’Zg; 16 _?'é Stores 1og |G(jw) |
g1s Z 2 . . 2CRW - cTNnag ]
a0 x 35 This is “°6%u, o Rr o5 :
821 RCL8 3 88 477 R+ 16-31 Computes / G(jw)
82z & -33 eve  + -5¢
3 ! a1 879  RIN 24
624 RCLE 75 e¢ gs8 RS 51
825 PCL? 3£ 67
@2e = =24 2
827 EKT? -2l Results in 1-¥ Jas
gz =35
e:za - -45
azE +F 34
as1 ¥y -41
832 FROLS 36 es
832 FRILE J6& ac
R34 ¥ -35 090
835 1 a1
a3e +F 24
az7 Ei =32
aze + =55
@39 R -31
a4e X ah]
B41 Ft i6-31
242  RCL4 3t 84
242 RCLE 36 88
844 -35 100
a4 i a1
f4s 3F 34
847 rt 1£-3!
848 X =35
a49 4 =31 -
P ) _cx SET STATUS
85! Rt 16-31 FLAGS TRIG DISP
a3:  RCLE Jo 88 o 0[5“ OF DEG FX g
g; e 3¢ g;’ 0 1 O ®| GRAD O | sci O
: _ 2 2 O RAD O | ENG D
@55 v -35 50 ® n2
goe X 4 REGISTERS C
0 1 2 3 4 5 6 7 8 w 9 0og
K i N3 T s %6 %7 116w | l6Cie)]
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A B Cc D 1




Program Desecription |

~
Program Titte 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
\_

4 N
Program Description, Equations, Variables

Given a laplace transfer function:

F(s) = K (s+zl+jzi')(s+zz+jz2') °'-(s+zN+ij')

(s+p1+jpl')(s+p2+jp2') o (stzyhyzy ')

F(jw) = Magnitudeiﬁz _ ‘ N B
IKIV/(Z]_"'-U))Z""Z} J(Zz'+w)2+z% cee _J(ZN'+w)2+zI%

Vpy'+w) 24T V(py'+w)24pd - - V (py'+w) *+oft

where magnitue =

1
and 0 = Tan™! 21 tw

1 1
+Tan”! 22 4 L. 4 Tap-! 2yt
z1 z2 zy

1 P1'ty -1 P2'tw

- '+ K|-K
~Tan Pl + Tan + s 4 Tan—l P_u + 2 _l_.l___,

Tan~! 1
P2 PM K
also decibels = 20 log]p magnitude

N.B. zeroj = —(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.

This program has been verified only with respect to the numerical example given in Program Description /. 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.

\ D,




Program Desecription 11

Sketch(es)

.

—
Sample Problem(s)

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

For F(s) = 0.09091 m at 3333 Hz.
s+ 5717
Solution(s)
3333 [A] - 0.
62890 [+] O [B] -~ 1.
5717 [+] 0 [C] -~ -1.
.09091 [R/S] - -1.
[D] +—11.1 Decibels
[R/S] » 2.77590 (1071) Volts/Volt
[E] +—56.3 Degrees
L
(
Reference (s) HP-65 Program 00361A

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




User Instruetions 7

‘1 BODE, EACH POLE AND ZERO GIVEN

=

[LE,] hz/rps zi, 2i' Pis Pi'

STEP INSTRUCTIONS DATA UNITS KEYS DATAONITS
1 Enter program card [:::j [:::j
2 (Optional) For dB = 10log;, Magnitude: L0 ]
Switch to run [cto || D |
Switch to w/prgm [SST ] [SST | 31
[sst [ ] | 02
| £ J[pEL | [062 1632
0 [,
Switch to run [ | |
3 (Optional) For phase angle not in degrees: | || |
a. for 6 in grads | £ ||GRD |
b. for 6 in radians | £ ||GRD |
4 Key in frequency [ | |
a. 1in Hertz or Hz | A ]| | 0.
b. in radians/second rps | A IIR/S | 1.
5 Key in z;, z3 l O I
Key in zj' zy' | B || | i.
Repeat step 5 for each i { N | || ]
7 Key in pi' Pi [+ |
Key in pj pi' le Il | [ -
8 Repeat step 7 for each i g M [ ]‘ }
9 (Optional) key in k, otherwise the program [ I |
will default to k = + 1 k [R/S || |
10 Display decibels | o |l | 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. { ]I ]
R
I .
I .
[
I .
]
.
I
.
I T
I




97 Program Listing I

8
STEP  KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS

Ga: sLbLe <! 1{ Frequency input es’ Ky -41
eaz  CLRE 16-52 Subroutine ass IF 24
gas  ST0E 35 e @59 €708 22 oa
ea4 2 a2 Convert Hertz to 866 xLBLD 21 14 Subroutine to
a6s b =35 routine/second @61 RCL1 26 al compute decibels 1
aes Fi 16-24 862 LOG 16 32
ear  x -39 8¢3 : 2
epe  STOS 35 89 Store rads/sec k 864 e a8
aas 1 a! will default to 1 @cs X =325
e1e  s701 35 a1 unless step 9 used @66  DSP -62 @1
a1 fLz 36 82 (4 R-S 51
61z FlIx -11 868  RCLI 25 81 | Display magnitude
13 DSFe -6 @@ 869 DSPS  -563 @5
614 RsZ 2! Display 0. 876  SCI -12
a15  RCLs J€ @c If input was 871  RTH 24
816  ST0S 35 85 rads/sec recall 672 «xLBLE 21 135 Subroutine to call
817 RCLI 3¢ 61 input store rads/ 877 RCL2 %€ 82 phase angle
818 RTH 24 sec display 1. @74 DSPI  -€3 81
812 #LBLE 21 12 gybroutine for 875  FIX -11
628 RCLI 36 &3 zero inputs 876 RIN 24
egi +1 gi Increment N counter arr E<E 51
822 SsT03 35 e3
ez4  S707 35 67
a2s R -31
P26  RCLS Jé @5
827 + -55
gze My -41
ez29 3 34
es €108 22 86
@31 xLBLC 21 13 Subroutine for pole
832 RCL4 36 84 inputs
8:z 1 ai Decrement -M pole
834 - -45 inputs 090
a83c S04 35 84
83 5107 35 &7
a37 R -31
838 RCLS 36 85
a39 + -85
84a CHE -22
841 xey -41
a4z P 34
843 178 52
844 xLpiA 21 ee Subroutine to 100
845 STx! 35-35 81 update magnitude
84¢ Ri -2 and angle
647 RCL2 J& 82
848 + -55
843 1 el :
ase IR 44 | SET STATUS
as1 *F 34 FLAGS TRIG DISP
as2 Ri -31 ON OFF
@5z 8107 35 82 o O i DEG FIX &
54 RCL? 6 A7 Display N or -M 110 10 X GRAD O SCI O
pee RC 51 2 O &K RAD O ENG O
- - - 3 0 n2_
856 8 oe REGISTERS

0 1magnitudethase 2 zero 4 pole S5radians |6 first 7 las 8 9

M ang. 0 counts counts per input, ugdate
i< N -i>-M second [frequency|(N or -M)
S0 S1 S2 S3 S4 S5 S6 S7 8 S9
A B c D E I




Program Desecription |

s

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 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

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

Program 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
\_
( )
Program Description, Equations, Variables
F(s) Qs3 + Gs?2 + Hs + K
s =
Rs"* + Ls3 + Ms? + 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-Qu2)Z
magnitudel = —
V (P-Mw24Rw*)2 + (Nu-Lw3)2
where w=271F
Decibels = 20 logjp |magnitude]
Hw—-Qu3 -1 Nuw-Lo3
Phase = Tan™! -———Q% - Tan~! No-Lw”®
K-Gw P-MwZ+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, 0, or +1.
Display of phase will be between -180° and +180° (-7 and +m radians or
-200 and +200 grads).
\_
4 )

_/




10

Program Deseription 11

Sketch(es)

\_

Sample Problem(s)

Find gain (in decibels and volts/volt) and phase shift in degrees
8s3-1
3s3+8

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

Option 3 (see page 4) 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
=0 N= 0
p=1 £=10"°0 (zero is not allowed) and 0.1

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

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

375 1 0 [*] 0[] 1([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

[E] -~ Phase = -111.43 degrees
.

7
Reference(s) This program is a translation of the HP-65 Users' Library P

#02272A submitted by Edward P. Sansing.

rogram




User Instruetions i

BODE OF (Gs2+Hs+K) /SN (Ls24+Ms+Ns+P)

denom gain

INPUT KEYS OUTPUT

INSTRUCTIONS DATA/UNITS DATA/UNITS

|

Enter program

Exercise option(s) if desired (see page 4)

il
U

3l

Select angular mode if grads or radians

are to be computed

Input numerator coefficients G }, G
H 4 H
K A G
Input denominator coefficients L 4 L
M + M
N 4 N
P B L
Key in first frequency f (or w) D gain/DB
(Optional) R/S IMagnitudel
Compute phase E 0
(Optional) R/S Onumer |
g Odenom
RC 8 w/rad/sec

(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.)

‘ ‘ =

::::::::::::::::::::::::::::::::.::f::i::f:::::::::::I::Z::,::::::::::::::::::::::::__._ﬁ,_-:::,_r_,__
= | |
<._ i i




’ User Instruetions
ser Ins(ruetions
4 BODE OF (Gs2+Hs+K) / (Ls 3+Ms2+Ns+P)
denom
INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS DATA/UNITS
OPTIONS
Any combination of the four may be used;
however, order of selection must be as follows
1 To use radians/second inputs instead of Hz.
Switch to Run
Switch to w/prgm 2114
Perform 4 times 35
14
Switch to Run
2 | For db=10 x logjg|Magnitude]
Instead of 20 x log10|Magnitude[
Switch to Run
Switch to w/prgm 2102
Single step 14 times 02
1632
1 01
Switch to Run
3 For s3+Gs2+Hs+K as numerator
Switch to Run
Switth to w/prgm -24
36 08
(For -s3, use +) -45
Switch to Run
4 For s“+Ls3+Ms?+Ns+P as denominator
Switch to Run
Switch to w/prgm —24
16 -63
(For -s", use -) -55
Switch to Run




97 Program Listing |

13
STEP  KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
aa] aLBLA ‘;i 11 Numerator ess Xy -41
gez  I70s = ‘1"‘ coefficients 856 : 24
Bez Fd -1 @59  ENT* =21
gas =TGR 39 4z - I] L06G 16 32
BES i -1 8c1 2 82
age 3701 5 ot P62 8 88
aar RETN 24 862 X -35
8Bs  xlBLE D N Denominator acq R-S 51
@es  SsTG7 I8 67 coefficients a¢es X3y -4
i& Fi -21 B86¢ RTH 24
e1:  ETGE 35 8¢ @67 *LBLE 21 15 Compute Phase
a1z Fd =21 8se Rt 16-31
@13 &T10s Z5 es ace Rt 16-31
glq Ry -31 @7€¢ RCLS 3o 88
g1 STO4 J5 ed A71 - -45
8lé kT 24 arz CHS =22
17 sLBLU 21 14 Convert degrees 873 LST¥ 16-63
a:e g 2 to radians 874 oY -41
i3 =35 a5 1 a1
26 Fi 16-74 8vé R 44
oA -35 77 oF 34
@zz  cT0® 5 a¢ Compute |F(s) | 878 RI -31
R23  RCLZ Jo &2 aza Rs& 31
624 RCLS 36 ae 888 Fé -31
25 H -24 8e1 RTH 24
B2¢ xLBLI 21 81 8ez R-E 51
az27  RCLZ 36 ez
aze eCLE 36 8F
G e 53
ae < -24
21 RCLI 35 61
azz - -45
ez3 3F 34
834 5708 I5 @9 090
ez ¥ -31
@3¢ RCLE 35 86
ez? RCLE 36 @8
638 E -24
29 ROL4 Z6 a4
A48 RCLB J6 &8
a4i ¥ -35
g4z - -45
a4z RCLT J6 67
a44 RCLE 36 88 100
f4c HE 53
a4 2 -24
a47 ¥LBLZ 21 82
848 RCLE J6 85
848 - -45 SET STATUS
@s¢ RCLS 3¢ B9
£1 Ri -1 FLAGS TRIG DISP
5z *F 34 A Og%F DEG R | FIX §
as3 i -31 70 1 0 K| GRAD O | scI O
es4 Fi -31 20X | RAD O | ENG O
@ass  &T0% I5 a9 3 0 n2___
as¢ R{ -3 REGISTERS —
0 1 2 3 4 5 6 7 8 9
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
A c D !
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Program Desecription |

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

\_

e )

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

F(s) =

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

1/(K—Gw2)2+ (Hw—Qws)Z
oN/ (P-Lw2)2+ (Mw-R3)2’

|Magnitude |

where: w = 21F

Decibels = 20 logjg|Magnitude|

Hu=Qu Mw-Ro3
= -1 i -1 - -1
Phase Tan o2 N sin 1.0 Tan Pl

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

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°
(-m and +m radians or -200 and +200 grads).

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 11

Sketch(es)

\_

~

Sample Problem(s)

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

Por F(s) 8s3 - 1
or F(s = o2 (s2-2) at F = 0.1 Hz and 1.0 Hz

Option 3 (see page 4) is required but the coefficient of s3 can be
only -1, 0, or +1

s3 - 0.125

Rewritten, F(s) = ———m8m—
s2(0.125s2-0.25)

So G= 0 H=0
K = -0.125 N =2
L = 0.125 M =0
P = -0.25 F=0.1 and 1.0

Solution(s) Switch to Run: [GTO] 1  Switch to w/prgm: [g][DEL][g][DEL][RCL]8[F™Y["][-]

Switch to Run: O [+] 0 [+] .125 [CHS][A] ~ 0.00

2 ] .125 [+] O [*+] .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=1.0 Hz Gain = 1.21 volts/volt

[E] -~ Phase -90.03 degrees

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

#02273A submitted by Edward P. Sansing.
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User Instruetions
2 N 2
BODE OF (GS“+HS+k)/S (LS 4MS+P)
GAIN
STEP INSTRUCTIONS DA'T'XTS,TMS KEYS DI?TLZS:ITTS
1. Enter program [:::j[;f::J
I
2. Exercise option(s) IL;i |
If desired (see page 4). [::i:][::j,
.
3. Select angular mode if grads or radians are L,: L:
to be computed. fﬁ - [
[
4, | Input numerator coefficients G ] G
u + 1L H
k A Il G
I
5. Input denominator power of S N L [ - N
and coefficients L * I L
M t [7 M
P B || N
|
6. | Key in first frequency F (ory) D [”7 GAIN/dRB
(Optional) R/S || Magnitudel
|
7.| Compute phase E [ )
(Optional) ReL || 8 w /RAD/SEQ

(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.)

[ I | |
| [1 11
I | | | | I
| | | | | | |
| | | |
— e J J Jr JJ g JJ S J J Je e Jr Je J Je Je g Jg JL e Je J Je e Je L

| | | | f :
| |
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User Instruetions "
BODE OF (GSZ+HS+I()/SN (LSZ+MS+P)
GAIN
STEP INSTRUCTIONS DATAUNITS KEYS DAAONITS
OPTIONS L]
Any combination of the four may be used; howeyer, l: I:j
order of selection must be as follows: L_j l,,, I
(I
1.] To use radians/sec. inputs instead of Hz [\ ] [iti]
Switch to run [GTO] [ ﬁ
Switch to W/PRGM [ JL ] [21 14
Perform 4 times GSST] [ fi I 35
DEL|[ | 14
Switch to run [ B H ]
.
2.] For dB-10 x log10 Magnitude [ ' i ] [ . ]
Instead of 20 x loglG Magnitude [7J [ |
Switch to run l GTOH 1 J
Switehto W/PRGM [,,,, I ] 23 01
Single step 16 times [,SSTH ] 02
| £ |lpeL] [ 16 32
1 N 01
Switch to run I l [ ]
I
3.] For S3 + GS2 + HS + k as numerator [ || |
Switch to run l GTQH 1 ]
Switch to W/PRGM | ReLl| 8 | 34 08
.
R [ %] 53
(for -5, use +) I -45
Switch to RUN [ 1 ]
N I
4. For S (S™+LS"+MS+P) [ ]I |
As denominator switch to run | gTo | | 2 ]
Switch to W/PRGM | I } | 23 02
[reL!l 8 1 |34 os
. [ =[] 53
(for -S°, use +) [ I - | -45
Switch to RUN I ] [ B ]
I .
I N
I
I
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18
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
e sLBLR 2! 11 } 857 FRCL9 ¢ @9
gaz STOZ 35 €3 | gsa  Re _31
@e3 ki =31 asa 3F 34
eas  £102 35 82 Store numerator ace P 16-21
@8as R -3i coefficients 261 = -54
aae¢  <€TG! 35 61 662 91 -31
ge’ RTH Z4 @63 - -45
f88 «xlLBLE 2112 BG4 CHE -22
aes €147 35 87 855 + 16-71
a1e ki -1 866 ENTt -21
>THE 2 - -
gié JTE,: ‘S’gf Store denominator Bg" LDE_ 16 G: I’flota%tplc'llase
813 “TOS 5 @5 coefficients & 9?_8 = < agnitude
o o ass & [:17]
614 Ré -31 power P ¥ -35
g1s  ST04 I35 a4 ari R-c 54
816 RTH 24 672 ¥y -4
@17 xLBLD 21 14 Compute gain erz RTH 24
1€ g ez @74 xLBLE 2115
a13 -35 a7s Rt 16-31
62a Fi 16-24 These four 87¢ 1 M Compute phase
a:1 X =35 program steps @77 R 44
22 5108 35 a8 are deleted A7 5 +F 34
23 RCLE 36 8¢ for inputting 6vs N =31
824 wiBLZ 21 8z radians/second @se  RTHN 24
825 RCL? 36 €7 pg! RS 51
826 RCLE 3¢ @88
8z7 z -24
28 RCLS 36 A5
@z  RCLE 3¢ @g
e3e X -35
531 - -45
22 *F 34
833 RCLB 36 a8
834 RCL4 36 a4 090
83s i 31
83¢ X -35 Denominator
A37 { f1 magnitude
838 SIN- 16 41
835 RCL4 € 84
@a48 X =35
84! ey -41
642 R -31
843 + -55
@44 Rt 16-31 100
845  STO% 35 a2
846 R -31
847 KCL3 3¢ 63
648 RCLS 3¢ ag
aq9 + -24 —
gse  RCL! € 81 SET STATUS
as! RCLE I5 88 FLAGS TRIG DISP
aes X 3 0 OEJI OKF!F DEG KX FIX Xl
gg; ReLr 36 ;z 110 1+ 0O B | GRAD O | sci O
it vy P > O g | RAD O | ENG O
Bﬁ\i tL'BI;I' 2i 61 3 0K n_2
936 X 4 REGISTERS w
1 2 3 2 6 7 8 9 NOM
0 g%cggff.ofGécZ:oeffofHéioeff OIE,Scoeff Ic\)li__pgwer 501.f.,ggeff ol}{,g(ieff.og,cszgeff RAD/SEC MREN(I)T
SO St S2 S3 S4 S5 S6 S7 S8 S9
A B C D E I
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Program Desecription 1

-
Program Title Pole-Zero to Group Delay )

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

City Corvallis state Oregon Zip Code 97330
Y Y,
a =

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

0 _ _k[s-(oz71 * j9,7)] [s-(ozp + j9z2)] - - - [s-(ozn + jSzn)]
E; [s-(opy + 39p1) ] [s-(op2 + Jap2)] - - - [s-(opm + Qpm)]

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

This program evaluates the expression for time response:

m n Ok
T = - h d =
k‘:‘] dpk kE1 dgy Where d ok2+iw-§2k$2 for

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

positive values of time delay n m

- - - d -
=T = dy) ki]dpk

Group delay: GD = TD - TD0 where is the time delay at reference frequency wg-
As wo—>O,TD0 ~insertion delay.

Operating Limits and Warnings

. )

( )
This program has been verified only with respect to the numerical example given in Program Description /. 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

Lha11 \
Sketeh(es) 7.5 f o (WSERTIOV W
;‘m 0 DELAY 1 3775
N ———T z 5
ijgé‘-———g ] I)..;Q 6 P
sy )(:j——fz-__ﬂr-* "1 l
e % SN . =Y SEC. 3
f3-X T we-p
%_x-x X-bs yA
Ze-9 ~ewn¢7 ! '
§§Z§§ Focs Yoz % € 4 o iz M\~
_ Sotyrioms  P/5EE T )
=

Sample Problem(s)

“0
9

-.12406

%
-.78683

A 7 pole Caver - Chebyshev filter normalized to R = 1Q and

93
-.3904

.65874

&
1.16504

9

normalized group delay curve.

f
4.3544

= 1 rad/sec has pole & zero coordinates as follows:

I

.99847 2.0445

g

{6

.60818 2.4903

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

Olson.

Handbook of Filter Synthesis - A. Zverev 1967 p. 149.
This program is a translation of the HP-65 program #04775A submitted by Charles R.

SOLUTION: Note that all zeros 1lie 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 w
Solution(s) In W. PRGM MODE: RAD/SEC | TD/GD SEC | RAD/SEC | GD SEC
REGISTER: -P0 : .787 0C .001 TD=3.770 .8 1.544
R4=-o1=0.12406 --P]+ : RCL 4 RCL 5 CHS C .1 GD=0.015 .9 2.282
R5=Q]=1.16504 -P]_ : RCL 4 RCL 5 C .2 0.064 1.0 3.647
R6=-c3=0.3904 -P3+ : RCL 6 RCL 7 CHS C .3 0.150 1.1 6.663
R7=Q3=0.99847 -P3_ : RCL 6 RCL 7 C 4 0.281 1.2 7.220
R8=-05=0.65874 -P5+ : RCL 8 .608 CHS C .5 0.462 1.3 2.842
-P5_ : RCL 8 .608 C .6 0.708 1.4 0.390
TOTAL: 34 steps 7 1.052 1.5 -0.808
\
Reference(s)
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POLE-ZERO TO GROUP DELAY

W.PRGM.
opfﬂp

0718,

STEP INSTRUCTIONS DA¥2%:”S I DSRJS:LS
1.] Enter program & initialize [GT0l[ 0 |
L
2.] Switch to W. PRGM mode. Enter 3 digit: A
a) real component of negative * of 1st pole 'op]RAD/SE’ [:fi] ;:::J 1
b) imag. comp. of neg. of Ist pole -0_,RAD/SE¢ C | REGISTERS
pl
c) repeat (a) & (b) for each pole ] ,J AND 183
d) real comp. of neg. of 1st zera -0, 1RAD/SEY | + STEPS
e) imag. comp. of neg of lst zero -5, RAD/SE¢ D AVAIL.
3.] Record on auxil. card. switch to RUN
4.1 Enter w for GD=0 wORAD/SEC
5.1 Calculate time delay at REF FREQ. B
6.| Enter w RAD7gEc
7.] Calculate group delay A GD SEC

8.| Repeat (6) & (7) for each freq.

NOTES: * 1) Since poles & zeros often lie

in the left half plane, entering| negative

vectors results in positive values saving

many CHS steps.

2) Any pole or zero with real comp.| equal

to zero may be omitted in step 2

I — ey

H S e A_Q 4 A T &4
USt Treyirsiers %<0 arfid A=1 LU store

coordinates of critical poles & Peroes

w
~-

Use RCL ( ) in step 2 instead of] 3

digit data and enter +#.

.“_______.._,________________.,___._._,_,———.—\,—.___—_ﬁ._,._\
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22
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
pE1  xLBLA 21 86
ez RCLE 3¢ a2
887  F!° 16 22 @1
ep4 5103 22 83 060
885 FCL3 7€ 83
a8¢ - -45
@8r RS 51
888 xLBLA 21 1
pas  CF! 16 22 @1
a1g  ST01 75 81
611 a a8
812  sT02 35 82
e13  cTO@ 22 @@
814 ¥LELB 2112 070
815  SF1 1€ 21 61
816 ST 75 a1
817 a aa
g1g8 €102 35 @z
819 GT0E 22 @@
826 xLBLC 2112
A21  FRCLI 36 61
22 + -55
127 XY -41
824 +P k} M 080
a2s  LSTY 16-63
826  xv -41
827 xe 53
8zs z -24
@29 §T+2 35-55 82 | d_ subtracted from
@38 FTN 24 P R2
831 ¥LBLD 21 14
832 RCL! 7€ a1
37 + -55
as4 o -41 0%0
azs 5F 34
g36 LSTY 16-€3
a3z Xy -41
azs ¥z 2
79 z -2
G0 57z 354592 | O added to R2
84!  RTN 24
642 xLELZ 21 83
843 ST03 35 a3
844  PRsS 51 100
050 SET STATUS
FLAGS TRIG DISP
ON OFF
o O X DEG ® FIX K
110 10 K GRAD O sCcl O
2 0O K| RAD O | ENG,O
3 0 n
REGISTERS
0 1 2 3 4 5 6 7 8 9
u TD D, Used
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D I
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Program Desecription |

: ~
(Program Title QOM'IH Tﬁsf 5/2 (°N7/N aous 4N0 ﬂlm’f 7/”16
Sys7Emt  STRSILITiy
Contributor’'s Name -S/armes V. UNhseEmAa~S SR
Address 3‘i’2(. Qs Yors Rd o
City LAFAye 77¢& state (RLiE Zip Code 7959 )
\_
( . )
Program Description, Equations, Variables Desiuneo 7s Test THe LlocATion o Tuk Roors
OF A CHARACTPRISTIC FELUATIN N e Form. ,
" n- L A4, DEPENDING ON Sy37£s0
TGP+ G, PG, =0 pls Ser 2 A7 HRwo
3 “ofa, -
!_2_0“154 Test_for IPNP Roots: Repearen nviTimes: | Qoq =13, s‘.. AL
I +
RHP Rocrs = & (*Times Rrco)) Loop 4(_," .
(pe—p+d)
G,=G,+Ge d [q G, 4G, J]
Qz A Qg*q‘d
B e i i S e e
. ‘ - J ’
wHeee: 2. = Coél - ‘
R NS -
20 0 » Q°=Q‘*&°Qh
Vs .Y
q‘ =q°*q. *&lkcg\ -
’ ,
Q. v G +Qy ¢ fR, G| -
: n
q“ = Qn_.* Ql\ q’l
Operating Limits and Warnings s
2o+k
1) Lmaro 8y CRLCUATOR REGSTERS 75 oRoER
2) PRoury Test wouz# oRprous  Icoors Acoawc 1M RE A2y
ANIs 1Ry INDICATIE INS57/781417y . DIHET HIKrS  S6p7hy
7o Criecre Hezewme KLoedamve 6 Poors .
\ J
7
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.
. J
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Program Deseription 11

- - \
Sketch(es) AxiS SHIFT wiw RRCALCULATE EQUATS To PEFLECT
o d AN Aws TrAwscATren oF d,
x ’

mAps V1A
- (51,

Comprex Ze( )év)

\ S-pPLANE SuBIszuZren

s N

Sample Problem(s) :
) hes 5% 233574954y Represemwr # ST98LE ConTinuous Tink System |
@) Euzer pPory. By pressms £e'. Tu Response 7o 7i% FLRS1$1405
O key in e, (O, /u BEYpssk 7o Tnr Fifsniug I KE
N G, (2 erc e7¢ uwtic G, (4) 15 Er7erer 1+ Pegmusk
7 e mAwi Y. Snre puey. By /%'z:s/,y'; 04" (ensrer
Feaswms 'S ).
b) Execure Routw Zesr By pressmi R, CGaicucnzore wee Pruse
D,;/u,qy,;“ 157 Coc uUump or [PourN ﬁefem, l' Zl -1, 12) q4 Awo
FLASH (or priy ) Tk Numger oF RHP  Roors i 2. UNSTRELE
2) [CechLcuLATE p“-t 9p3-02‘3/.724 Y/p+20 7o REriecr Ak HCS SHIET
o d=-15 (sce REocE 5/:&764)
Q) EwzER pory. As m flees ) parr @
b) Key -1y =15~ prEss C's AT Emno ox Caicucazion , PRisT SUT
NEw lﬂoz.yymw;oé 8, E" f"’-‘ 3P34 zptasp-/.5€2s
3) Does 2¥+32%«.18%+ 052 400y Represcur A simee Nscrere Time Sys7ém]
@) Ewzer Poeg. As i~ Pros t! pper @
h) mArne Z < (510 5-0) SuBiszutrosn By \*pcl. /aegaan caN B Fousnp
8, €' 7> Be: 1451574493 53«5 6065345 S + .51
Q) Execure [Rourw Tesr By Peessws R, HAs siv pros ®l pper (b
(MLcuraTor wice Pruss A7 1451, 4-496,4-678, 2:774 5 0751 S7oppme

"

wiin O, v Tyr Pspry, Tue Y RPUNP .. STHNBLE

\. J
s

Reference(s) |) - TAKAHASIc, M. CHRINS , Aun D. RusiAneEr (’oumoL, ﬂpmsw-waoﬁy]
ReApiig, Mass., 1976

2) Jury E.T,, TH/eory 0 /7/;0;/447/3/,» 6r THE T _TRANSORn. MEZY0D.,
Newtjorzie :  Lowney /LY

3) 3. Wisemin , Recursior AlboriTams For Rouzn 7¢;} i Gnz, S Disceere Tims
. TRANSRACT/64S orF ASME, JIDSML 70 BF _f/uii/S57, ' _J




User Instruetions

ROUTH TEST

PoLYNOMIAL GPERRATIONS

Eou.‘rn Test RBeRT S35+ x

Prsroes

N
v

WRITE

)
2- 24

([@)]

SRVE

RERAD

25

STEP

INSTRUCTIONS

INPUT
DATA/UNITS

KEYS

OUTPUT
DATA/UNITS

)

Reno-in Bozn Siwes ex Garo

B
_

2)

Redo 1N Poaynemmc By 'fe (Rero)

i

il

\ ‘
m_ e BE FLASHED FoR FRACA Gm,

I

Refuesting userR 7> /ey -in G During

]
|

Pduse, once gurey Has [eru mpoe

NexT ‘m' 15 Fuasnep, Stop Pr7A

EnTRy Reourst By '§£d' (sack)

D
o

— Tis it SHuve G0 N SkeavnRRy

Reeo,'> 1F nélo, orwerRwIk 17 wice
] . D 7
SToRe G ON GeRATEl (ARD oin 'Crd

3)

IF_Diseeezre Timg Sys16m 2R bl

2 = C3+0/(5-1) Supistutrir By ‘f ! 7uwrs

- ‘

)

e bEnerATE A NEW oLyNamiac 1 h

\
\

4)

Dbee oF oRempc, RECLECTINY SuBISTur/on

1 Axrs SHIET 1S PES1RED , EMTER LochTr0)

OF MNEw ORuIN IN X, EXEcuzE

OFFSET

0O

Swtkr Ry C' (S 54x]. Tuwws

Ltes B ENERATE R NEw Pod yienirc

[M_fLRcE of oRsmAc, Recvecriy Aws Shier

5)

Eoum 7e57 (5 execuzro By ‘A ‘(Boury Test)

A\

Procram Pauses Dugiry Exmcurrany 7o

ﬂnﬂ»#y ELEMBENTS OF /“ Lotumn

/M LPou dﬂl?fﬂs. No., s Ster

CHANGES INDICRTRS MNa. oE RNHP

Roors, Plogesr HAurrs, Primtne 2

6= RHP Roors,

NoZg s

—_— e e e e e e e e e

Q) RecuR st ALLorRITAMS ARE DISTRUCTIVE

|
| S—

IN TAT THey JESTODy THE CRS1nAC

Porymerune . Fore ROpiyengc Buns,

DAt must Be PResreelz uvid

D’ (RESTLEE ) IE Nels OTHERW)IE
By Scanrat (neo FRom S1ép R,

A

b) PoLL:Nomm-(. may Be Reuwewrp or

Pein1en cor Recsess By ‘E'lwerte)

) /v Anm ER@r 13 m/em: Duripie G,

EuTRy Ako 4A7A 75 ‘7qseer ! RESS

yodl [/4137) 1M S7TR7 awg,g cn 24

‘fe'

————_———_—-—_—_-—__  — — — — — — — — —
|
| I | i I |
| | |

| i I Il
| S R USSR SR B SN SR (S|

____,__,__q_,__,__.,_________,—.—,—,—_,__,.__,.._____..._______.__
1
| |
|
e e e e e e L e e e

“®

O .

m

1 RN Prces

S




67 Program Listing |

26
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
oot ¥YLRCAR |31 25 1 S7e (D 33 24
Sc1 32 23 lr 0s2 31 33
DsP 3 23 63 R ¥ 35 53
72} 0o 060 S70 (1) 33 24
Ste D 33 1 4 RCLE 3¢ 15
¥ LRL & 3) Ay oo X2a ? 3/ 8i
ReL & 3Y oo 6Te © 22 co
PRuse 35 72 Rce @ 34 oo
R¢eL ¢ 34 01 PRus &£ 3s 72
010 xze? 21 6! 2cc D 74 14
o0& |22 31 W FIx 3123
CLx 4y OSsPe 23 oo
EEX 43 PRINT X 3/ 8«4
CHS 9z 070 SPlce 3s 84
S os rR/s 89 $
o 00 470 B 22 /2
S70 | 33 ol ¥ LBRC C |31 a5 /3 ‘P
¥ LBcA |32 25 1! X=&? 3 5
Ve ] GTs B 22 12
020 S70 € 33 13 Scy 32 23
x2&? 31 8¢ oSpP ¢ 23 oYy
67 A [22 3 BanT X 3) 84
Ree © 34 1Y S7o D 33 /Y4
{ ol 080 RCLE 34 (S
+ bl STs C 33 /3
S70 © 33 14 ¥ LBL2 (31 A5 o2
¥ ABLA 132 25 1 @ 0o |\
l al ST I 25 331 .4
ST 1 3 ¥ 4B 331 25 o3| 3
030 ¥ARL |31 25 ol rRcc (1) 34 24| AN
Rce €T) 3¢9 24 R¢c D 34 1Y
Ds2 33 X 201 2
S70 (D 33 24 iS2 3! 39 %‘
St D 33 2qf 090 STo+@[33 41 2
152 3t 34| w Rc T 3s 34
/S2 3 34 “3 Rec € 34 13
Ree () 34 24 X€y? 32 61
iS22 31 34| = E70 3 22 o3
Re (T 3¢ 24| J ! i
040 ReL & 34 13| o - N
X > X Sl 33 43
- sl X¥g ? 31 6t
0s2 3t 33 Gl 2 22 o2
pDS2 31 23 100 670 B 22 12
S76 (D) 33 24 ¥ LBL e |32 25 i3
1S 3) 34 CF2 |35 61 02
1S2 3/ 34 [ Y
< T 3s~ 34 7o P 33 14
RCL E 34 15 ¥ LB¢e b 32 25 12
050 X2y ? 32 8l 7, 00
GTo | 22 ol S7 T 35 323
( o| ¥ LB¢ Y131 25 o4
- s &353R $~[3/ 22 o5
370 E 33 15 110 £sZ G631 22 o0&
Ree (T) 349 24 e o 34 24
[7.) o6 658 & |31 22 ok
REGISTERS
0 G, 1 Q, 2 Q, 3 q‘ 4 5 6 7 8 9
4 S6 S7 S8 S9
Sg".reqo %;1"“1@, Séuorzal Sq%‘,suzqs S,” 85” . . . . . ...
I
A Gae ° Scemren ¢ ScreATed Scemrs | N oS ERUEY
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27

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
X U ]Q 04
+ 6! 170 Ree E 34 15
Ret (1) 34 24 X&y? 32 n
XSy 35y §2 €T A |22 31 14
Sto + (T)|33 &1 24 w/a74 3) ¢/
1952 31 34 GTo B 22 12
ReL D 3y 14 ¥ LdLd 32 25 M §‘
120 Re T 35 34 $70 B 33 12| 8
xzy?t 32 61 ST I 3s 33| .
SF2 |35 5i1 62 LBL 8 [3/ 25 o9
R4 35 59 Rce (1) 34 24 §
F2 7 J3s 1 o2 180 pP=S 31 92| §
GTo 4 22 oY S7o (D) 33 2¢ N}
GSRS |31 22 of PSS 3 Y2l
Rece () 34 24 pDs2 3/ 33
X U TG 22 o
+ 6| igeL & 29 o0
130 370 o) 33 24 PSS 3/ 42
¢ E 34 15 STo & 33 oo
Rce D 34 14 4Ts B 22 /2
X=Yy2? 32 s! x LB @ |32 2 /S
6T R 22 12 190 CE3 |35 &/ o3
[ ol @ oo
+ 6( ST T 3s 33
570 D 32 /4 % LBL 7 31 25 02
670 b 22 3/ 12 PAUSE 3s 22|
¥ LBLS |31 25 oS F3 ? 3y 21 o3
140 RC T 3 34| D 6To€ |22 31 IS
K7d? EYRRA N 6707 22 07|
67>5 22 os| \Y x L3ce B2 25 /5] o
! o] R STo &) 33 24| «
570 € 33 13| & 200 Re T 3s 3¢ | X
RTN e oz2| NV sTo E 3305 X
¥ LBL 5 (31 25 o5 | 152 3/ 3¢
Rce p 34 ¢ N Re I 3y 3¢ L
- Sl 6Ts 7 22 62
! ol ¥ LBLE |31 25 !5
150 - S SPAcE 35 8Y |
Rece € 34 S<ct 32 23
x 2 psSpPsS 23 o§
S7o < 33 13 & 2%
[r{< § s 3¢ 210 s L 3s 33
N ! 35 8¢ » LB B [31 25 o8] W
/. 8¢ Rcec (DD 3y 24 s
RN iy 22 Print X Zr 8]
¥ LB G 31 25 ecC 152 3/ 39| X
RLL D 3¢ 1Y RCLE Sy Is 5\*:
160 Xes T 3 2 Re I 3 3
$70 D 33 o Xey? 32 %
R ¥ 3y 33 * £7o & 22 o8 \
RTN 35 22 SPRCE 3s” 8y
¥ LBe D3t Jgs 14 220 ¥ L8 B [31 25 12 N
RCCB! 3¢ /2 CLX v¢] o
Sfo E 33 is E/X 3/ 231 3
P2S 3/ 42 g/:Lz 23 oo X
¥ LRL 132 28 14 s 8¢
§ LABELS FLAGS SET STATUS
"RowtH  |PABoRT Csesex |° resrre F wrire |° FLAGS TRIG DISP
; -
° X ° X 03:(6;'4)) ° Sne ¢ leno 1 c D% | oec ® | Fx ®
5 p > 3 4 2 1 0 X GRAD O sCci O
¥ ol X k d ¢ Sus. 2 O RAD O | ENG O
5 \r 6 X 7 A4 8 "3 9 x 3pn1A6~1¢v 30 ™ n
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Program Desecription 1

(s )
Program Title CONVERT FREQUENCY RESPONSE, OPEN LOOP, CLOSED LOOP

Contributor’s Name Hewlett-Packard Company

Address 1000 N.E. Circle Boulevard

City Corvallis State Oregon Zip Code 97330 y
\

Program Description, Equations, Variables For a linear, unity feedback control system this progr
converts open loop frequency response data /G(jw) (or log]G(jw)l or

. C, . C, .
2010g|G(jw)|l) to closed loop data ,/..ER(J“’) and IE(Jw) I (or loglE(jw)l or
or 20log —(jw)|)

R(Jw) ‘:\ S 6 (jo) C(Jw)

G (jw)

< (s =
where = (Jw) 14G (30)

This program also converts from closed loop data

. c .
_/_—g (Jw) and I'R (Gw) |
. . C
/G (Jw) and |G (Gw)|. z (Jw)
The relationship used is: 9(Jw) = 1-€ (Gw) i
. 1he =

Operating Limits and Warnings

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

B. When input is to be lG(jw)‘ or I-g(jw)l label C is used and
|~S\(jw)| or IG(jw) is calculated. Similarly when the input is
logIG(jm)I or log —R(jw)] then logl%(jw)| or loglG(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 Il. User accepts and usesw
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) C(jw) + R(J
| . jw
~ G(jw) )
Systems having feedback elements can be converted to an equivalent unity
feedback system. See the reference for methods of determining equivalent
unity feedback systems.
\_ : J

4 )

Probl For the system G(j = -
Sample Problem(s) ¥ Gw) Fo (T F 25507 (T + - 062550)

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

w /6 (Gw) |G (Gw) |
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 [%(jw)I
egrees
.1 - 1.43 1.00
1 - 14.96 1.05
10 -191.71 .15
\_

Reference(s) Raven, F.H., Automatic Control Engineering, McGraw-Hill, New York.1968.

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

#00892A submitted by Eugene Bahniuk.




Y [ ]
30 l P Y l Y me ® \
ser instruetons
FREQUENCY RESPONSE CONVERSION
en to Closed to Magn. Log Magn. DB
INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter Program - L;A_J
2 To convert from open loop response to closed Llifj [m_i-’ 0.00
loop response [
or L1
To convert from closed loop response to l B 0.00
open loop response l
3 Enter open loop phase /G(jw) /G (Jw) [R/S 1.00
or degrees [
Enter closed loop phase L% é%'(jw) IR/S 1.00
degrees [
. C .
4 Enter open loop magnitude ,G(jw)l {,C _lR(]w)
or lrer || 2 /5 Gw)
Enter open loop log magnitude log!G(jw)I : D | log %(jw)
or RCL 2 L—R(jw)
i . [ [ C .
W g Jjuy
Enter open loop decibels 201log G (ju) ‘ E | 2010 ﬁ( )I
or RCL 2 / (Jw)
Enter closed loop magnitude }%(jw)| | c |G (Gw) |
or |RCL 2 /G (Gw) |
Enter closed loop log magnitude 1ogl§(jw) ' b log|G (3w) |
or |RCL /G (jw)
Enter closed loop decibels 201Oq[éajm)’| E 201og|G(J )[
2 /G (Jw)

For a new case go to step 2 ‘
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31
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
a@!  xLBLA 2t 11 \ Ind. that conv. 857 *LBL2 21 82
a6z ¢ aa from open to close as¢ CFa 16 22 a8
867 ST 3586 | $QPR.IS.5° Pe 859 L0616 32
864 #LPLS 21 @5 ‘} Enter phase a6a 2 e
Bas a I ecl a éa
fee R-S 31 ‘ 862 -35
aer  ST04 35 @4 8c3  STOI 35 a1
gas  RCLE 36 8¢ . These steps determ. Be4 R-€ S1
aea - -45 if vector add. or
ale 1 81 vecotr sub. is
a1l E-S 51 - performed
812 *LBLE z1 1z | For closed to open
813 ! a1 | loop conv. Note:
814 g8 a8 Vector sub. occurs|®®
815 L ac by reversing vecto
Ble  STOE 5 86 direction then
aiv €115 22 85 add resultin vecto
812 «LBLC 21 13
ai9 w2y -41
a2a B¢ -31
8z1  ST0S 25 85
82z R 44 Steps 22 through 34
823 i a1 perform the
824 + -85 complex algebra 080
25 3P 34
@z¢  RCLS 26 a5
27 K=Y -41
Azs : -24
828 S7C1 35 81
a3a hna g -41
a31 CHE -2z
8z RCL4 36 84
833 + -595
834  sT0Z 35 82 090
835 ey -41
a3¢ F17 1€ 23 61
ai7  ETod 22 81
28 Fa? 15 23 @e
@39 E6T0Z 22 8z
a48 R-& 51
a4! xLEL 21 14 Magnitudes are
842 165 16 332 logarithmic
843 SF1 16 21 @81
844  GTOC 22 13 100
845 *LPL! Z1 81
a4¢ CF1 16 22 8t
847 Lee 16 32
848  STO1 35 81
g R-E 51 =&
g;g *LEBLE 21 15 Indicates magnitude SET STATUS
asi 2 2 are decibels FLAGS TRIG DISP
n N
ng,- f _5’5 o DR | oee ® | Fx ®
by " s 110 1 0 g | GRAD O | sci O
as4 1ex 16 32 2 O RAD O ENG O
855 SFe 16 21 @@ | 3 0 ® n2
856 ET0C 2212 REGISTERS
0 1 compgtgdzcompllted3 ‘énﬁered I|5Er1t.mf=lgcnle. 180 ’ ° ?
magnitudg ase |G (jujor
S0 S1 . S2 phase S3 34p 35 lé/% S7 S8 S9
A B C D E 1
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Program Desecription |

( D

Program Title AID TO ROOT LOCUS PLOTS I - REAL POLES

Contributor’s Name Hewlett-Packard Company

Address 1000 N.E. Circle Boulevard

City Corvallis State Oregon Zip Code 97330

\ y,
~N

Program Description, Equations, Variables Given the forward transfer function of unity
feedback system K(s+zq) (s+z5)

s (s+p1) (st+py) (s+p3) (s+py)

KG (s)

where s = ¢g+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
0, say 0j and assume a trial value for W, say W The program then determines
G'1(01+iwl) = Kel¢, and ¢ is displayed. If ¢ is 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, = wy (4 - E%J, 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.

\. J
( )

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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Program Deseription 11

- ]
o —— - ‘ : T T T T - k_t\*) —=
| . Sketch(es) ] P i [ ‘ I 1 | | ‘1!
L i NS G Lo — s S
T \ T ] | ! ; : i ' .
_— L ‘ } | C ’ ST R B
! | | i i \ &VT
s jl ; ! + f t
! I | i ‘ ! ! | e
| o A | E
' | I | | I | [ e ' :
1. I | ‘ —
- | ,' | |
! | i ! !
L— - 4 i | An :
! ‘ ! S B T B ‘,_I,, J
4 ‘ )
K(s+1) (s+2
Sample Problem(s) KG(s) = ( ) ( )
S (s+3) (s+4) (s+5) (s+6)
It is desired to obtain the complex roots for ¢ = 0, ¢ = -1, and 0 = =2.5
Solution(s) i) For ¢ = 0, starting with w = 5, after 4 iterations ¢ = 180.01, for
w = 8.545, and K = 999.51
ii) For ¢ = -1, starting w=6, after 4 iterations, ¢ = 179.99 for
w= 6.823 and K = 519.61
iii) For ¢ = -25, starting w = 4, after 5 iterations ¢ = 180.01, for
w = 4.35 and K = 140.52.
. J
( 1) . . . .
Reﬂyence(é D'Azzo, J.J., Honpis, C.H. "Linear Control System Analysis and Design",
McGraw-Hill Book Co. 3rd Edition. 1975. pp.202-242.
(2)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




a4 User Instruetions
AID TO ROOT LOCUS PLOTS I
zef?e§ and o1+ w1 > Wy
STEP INSTRUCTIONS DATAIUNITS KEYS Dfrlf«T/SlrleTs
1 Enter Program [:::] r~—47
2 z] L+ 10 ]
3 Z5 Lf&:] 21
4 P1 4 ]
5 b2 v L
6 P3 +
- Pa R/S P1
8 01 4
9 Wi B [0
10 | If ¢ # 180°, c )
11 Repeat steps 9 and 10 until ¢ = 180 : ¢ = 180
12 To obtain K X2y K
13 | To obtain w at the root RCL 8 Wyoot

For a different value of 01, start from step 8}

_—————————————— — — — — — — —
| | | | | | 1
| | | | | |

| |
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STEP KEY ENTRY KfV f‘_’““ COMMENTS STEP KEY ENTRY KEY CODE COMMENTS %
ga: xLPLP 21 11 - or e
aaz  STC: 35 @2 2, e RTN ”
- e R * <
gg; 5701 - ‘é; 85e sLBLD 21 14
ga=  pec s |1 ggsla RCL? 36 gi
nYn-s (4l ] =J2
boc  FTee  Im 86 Ipy s> ROLE 36 @8
ae; Ri -3 67 wav 41
gag  °TOS s a5 o e
3 864 N 24
a@9 Ri -31 pes oy b
a1e  £T04 i 64 by e Ry 4
(X3 Ri 31
811 Ri -31 Py " Toe
812 sT63 5 83 py ace oy T
@13 RTH 24 ps k Do
@14 #LELE 2117 28 CHS e
1 ] brd i AL fars
21:; SleE e ey 871 Rt 15-71
L o 72 RIN 24
gi7 srec I ET oy 873 RCLS 26 @8
il +F 24 074 R-S g1
@19 FCLE I 66 & e ek
@28 SSBE 23 15
@21 RCLS 36 @5
@27  GSBE 23 15
27 RCL4 7 B4
824  GSBE 2715 580
25 RCL3E 36 83
@z GSBE 23 15
27 RCL? % ez
@28 CSPD 23 14
29 RCLI 36 a1
@38  CSRD 27 14
TR T -41
aiz  PTK 2 Dis
837 #BLC 21 13 play ¢
B34 3 8¢ 090
kil @ a8
aic : -24
@37 4 a4
aIse - -45
3% CHE -27
a48  RCLS 36 ag
@41 -5
@42 STOS 75 68
@47  RCLT 6 87
@44  RCLE % 68 Display w, 700
@45 RTN 24
@4¢  #LBLE z1 15
@47 RCLT 36 87
A48 + -55
@49 PRCLE 36 82
@sa ¥y -41 SET STATUS
est - 2F 34 FLAGS TRIG DISP
853 X:V '41 ON OFF
as3 Ri -31 o0 B | DEG ® | FIX ®
as4 s -35 1o 1 0 X GRAD O scI O
ass RY -31 2 0K | RAD O | ENG O
=s k3 £
s + -55 s g @
REGISTERS
0 1 2 3 4 5 6 7 8 9
21 Z5 P1 Py P3 Pg g1 w1 Used
SO Si S2 S3 S4 S5 S6 S7 S8 S9
A C D 1
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Program Desecription |

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
.

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

KG(s) = K(stzq) (s+z,)

s (s+py) (s+p3) (sto+iB) (s+a=-iB)

where s = 0 +iw is the complex frequency variable, and zj, Zy, P1r P2y 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 o and assume a trail value for w, say Wy - 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

woy = wy (4-4/180)

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 w is
positive. This is no limitation since the root-locus plot is always symmetrical

about the real-axis of the s-plane.

\_ 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.

— _J
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Program Deseription 11
| EEBERER )

I l

Sketchies) ; f ; -

S —

—_ e —

[S————

Sample Problem(s) Consider

K K(s+l) (s+2)

s (s+12+51) (s+12-51) - s (s+1) (s+2) (s+12+51) (s+12-51

KG(s) =

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

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

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 ¢ = -2, starting with w = 10, after 3 iterations the root is

9.22 with ¢ = 180.01 and K 1780.7

located at w =

(3) For 0 = -4, starting with w = 5.5, after 8 iterations the root is
located at w = 5.00 with ¢ = 180.01 and K = 656.3
\_ J
Reference(s) 1- Evans, W.R. "Control Systems Dynamics". McGraw-Hill Book Co., 1954. <W
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.
\_ _/




3 User Instruetions

INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS DATA/UNITS

(=]

Enter program . [;;;:’

3 z, (a_J[ | 2,
4 p1 N

: S N

6 ; P

7 B R/S By
8 a 4

9 w B ¢

10 | If ¢ # 180 o wp
11 | Repeat steps 9 and 10 until ¢ = 180 ~ : ¢ = 180
12 | To obtain K g xi y K

13 To obtain w at the root RCL. 8 Wersot

For a different value of o7, start from step 8
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS %
88: xLBL# 21 12 @57 RCLE 36 @8
paz 5102 35 ez zy ase -35
ARz ¥IY -41 as9 5708 35 68
aas  STa1 35 a1 z1 868 RCLT 3¢ 87
ass RS 51 861 RCLS 36 88
Aes  cTos I5 8¢ B RE2  RTHN 24 Display w»
aaz Fi -31 @€Z  ¥LBLD 2i 14
@ee  SToS 35 85 o 664 RCLT 36 @7
ags 3 -2t 86s + -55
a18  STo4 35 A4 Pa @66  RCLS 36 a8
a1l R -31 geT Xy -41
12 eTaz 35 a3 Py aes +p 34
8172 PN 24 pEs K2V -41
@14 xLBLE 2112 A7E Ri -31
@15 &Tos 35 @2 wy 871 z -24
BlE  x3v -41 72 R -3
817 sTO07 = 87 o7 ar3 - -45
gi8 RCLS 76 es 874  CHS -22
813 + -55 ars Rt 16-31
aze ¥y -41 avs  FIN 24
821 RiLE 36 86 77 ALBLE 21 15
8z2 + -55 a7e u2Y -41
27 RCLE 36 a8 €9 3 34
824 RCLS 36 8¢ ase X2y -41
825 - -45 ; Gel R+ -31
a2¢ Bt 16-31 ; agz ¥ -35
az7 +F 34 | 887 R -31
828 7l -31 i 284 + -55
28 R -3 i 85 Rt 16-21
@30  GSEE 23 15 ; G5¢  RTN 24
831 RCL4 36 a4 ‘ &t RS 51
832 RCL? 36 87
£33 + -55
834 PRCLS 36 68 090
835 GSRE 27 15
g36 RCLZ 35 @3
837 RCLT 36 a7
aze + -55
£39  RCLE 76 @8
848 GSBE 23 15
041 RCL? 36 67
a4z RCL8 I6 @&
643  GSBE 2315
844 RCLZ 36 @2 100
845  GSED 23 14
646 RCLI 36 el
847  GSBO 23 14
848 XY -41
249 RTH _ 24 | Display ¢ SET STATUS
858 ¥LELC 113
as; & as FLAGS TRIG DISP
asz a a8 s DW| o m | Fx ©
853 < =24 110 1 0 K GRAD O scI O
as4 4 84 2 O K RAD O ENG O
pst - -45 3 0 K n-2
es¢  CHE -22 REGISTERS
0 1 2 3 4 5 6 7 8 9U 4
z z p P o B8 w1 9] se
SO Si -1 S2 2 S3 L S4 2 S5 S6 S7 S8 S9
A c D I
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Program Deseription 1

a . R )
Program Title Classical Control Gains

Contributor’'s Name Hewlett-Packard

Address 1000 N.E. Circle Blvd.

City Corvallis State  Oregon ZipCode 97330

\_

(o ~

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 + Tlg + TDs]

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

N\
INPUT PLANT ouUTPUT 7 TANGENT AT MAXIMUM
SLOPE
1.0
0 TIME g —
—1 L
R= maximum slope

L= time intercept of maximum slopeline
Then for P control, kc=]/RL; PI control, kc='9/RL, T1.=3.3L;
for PID control, kc=]'2/RL, T1.=2L, TO=L/2

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 Il. User accepts and usesw
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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141

Program Description, Equations, Variables

of oscillation be called Pu'

S
ﬂmgram Title Classical Control Gains
Contributor's Name Hewlett-Packard
Address 1000 N.E. Circle Blvd.
City Corvallis state Oregon Zip Code 97330
\_
( )

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

OUTPUT
INPUT | K PLANT > /AN
- TIME
é_Pu —)
Then for P control, let kC = .5ku
PI control, let k. = .45k , T. = 0.83P
c u> i u P
- = = u
PID control, let kC 0‘6ku’ T1. '5Pu’ TO /8
o = @ = 1
General control form is = Gc = kc[l + T1.s + Tos]
Operating Limits and Warnings
Plant must be greater than second order for closed loop test.
\ ,
-

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 /. User accepts and usesw
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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Program Deseription 11

(Sketch(es)

INPUT 1';{2% 6, PLANT OUTPUT

Final form of controlled plant
P controlG =k ; PI contro]—)Gc=kc[1 + T%EJ
PID control->G =k [1 + ]/Tis + Tgs] !

—
Sample Problem(s)
For the following open Toop test data, compute the control coefficients for:

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

OUTPUT

(unit step input)

2. During a closed loop P control test, the plant output became oscillatory with
kc=ku=10, the period of oscillations was 50 sec. Compute coefficients for:
a.) p control
b.) PI control
c.) PID control

Solution(s)
1. L=1, R=1/2
a.) kc=2

b.) kc=1.8, Ti=3'3

c.) kc=2'4’ Ti=2°0’ T0=0.5
2. ku=10, Pu=50

a.) kc=5

b.) kc=4'5’Ti=4]'5

c.)

kc=6’ T1=25, Tn=6.25

\ 0

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.
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User Instruetions
CLASSICAL CONTROL GAINS
PI
INPUT OUTPUT
INSTRUCTIONS DATA/UNITS DATA/UNITS

Enter program
For Open Loop Test Data: 7

INPUT R R LT ] R

THEN L L 0.00
For Closed Loop Test Data:

INPUT k, Ky Ky

THEN Py, Py 0.00
For P Control, calculate kc ke
For PI Control, calculate k_. k.

THEN Ti T;
For PID Control, calculate kC k.

THEN T T

THEN T} o

For new case go to step 2
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
aa1  ¥LELA 21 11 | as7 ) -62
eaz STa? 75 @2 | Open loop test asg 8 a8
ez v -3= | data 859 3 83
gad 1Y 5z asa x -35
ges €101 35 il 81 STOE 75 a6
gas  STI7 5 e3 86z CLYX -51
867 ) -€2 @I RN 24
Bas s a9 864 sLBLC 213 | g e
aag -35 865  FRCLZ 3 a3 contro
81e &T04 35 &4 86¢c RTH 24
1! RILY 3 6! 867 ¥LBLD 21 14
12 1 8; 8ss RCL4 3¢ a4 | P1 control
812 . 52 868 RC 51
a4 2 8z 878 RCLE 36 86
a1s -im @71 RIN 24
@16 8705 5 a5 | a7z wLBLE 21 15
817  ROL? e 877 RCLS 26 85 | PID control
818 z 82 | 974 RS 51
@12 -5 875 RCLT % o7
@2e  STGT 35 ev 87¢ RS 51
21 1 a1 877 RCLS 3 8¢
22 ) -6 878 RTM 24
123 € A€ e79  F-S 51
824 5 @s
825 X =35
826 ST0¢ 5 a6
pz7  ROL? 36 A2
28 : 2
2a : -4
8@  ST08 75 a8
821 CLY -51
832 RIN 24
@33 xLBLE 21 12
824 o107 I @ glg;ed loop test 5
@35 RY -3t
@36 STOI 75 B
a:7 2 az
3 : -z
@39  £702 35 83
a4a ) -62
841 g as
a42 -75
@43 5704 5 84
844  RCL! 35 a1 100
845 ) -62
a4s @6
847 -35
@42 5T0S 75 @5
49 RCLZ 3¢ 82
a5é z az SET STATUS
es < -24 FLAGS TRIG DISP
o2 TN c N7
22‘; i % a4 o DX | pee ® | Fx 3
g3 110 1 0O GRAD O SsCl O
854 N -24 2 0 x| RAD O | ENG O
@5c 5702 35 88 3 0 n
ase  RoL? 3 @z e
0 R B [P ek [fPrke [PID-kc | PI-Ti |7 PID-Ty fPID-Tp P
SO S1 S2 Nl S3 S4 S5 S6 S7 S8 S9
A B C D E I
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Program Deseription 1

~
Program Title FIRST ORDER REGULATOR )

Contributor's Name  Hewlett-Packard Company

Address 1000 N.E. Circle Boulevard
City Corvallis State Oregon Zip Code 97330
\ y,
r )
Program Description, Equations, Variables Given a system;
x =3 - ax + bu
dt
where X = system state
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 = 1/2 /& (qx2+ru?)dt
the solution is:
u = -cX, where c = B S and S is the positive solution to
r
the Riccati equation:
s?b?
0= -2as + -q
Then: . -
X = ax where a = a-bc
_t 1
and x = xge T where T = 3
Operating Limits and Warnings
q>0
r >0
b# 0
\
s )

This program has been verified only with respect to the numerical example given in Program Description /. 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

N
Sketch(es)
L J
- . X u 1
=ax + b J=1/2 1§ 2+ (——)2] dt
Sample Problem(s) X u > / o [(Xmax) ( Umax) J
1 1
1. a=~-1 , b=1, q-= ( Y2 =0 , r= 2 =1
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(s)y 1. ¢=0 , s=0 , a=-1 , 1=1
2 c = , s =2 , a=-1 , T =1
3 c = 2.41 , s =2.41, a=-1.41, 1 = 0.707
4 c=1.5 , s=3.0 , a=-2 , T =1/2
\ J
( )
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.




User Instruetions

INPUT OUTPUT
INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

Enter program fhﬂ47
Input a a + "WI[,, , a
then b b A [ | 0.00
Input q q + q
then r r B 0.00
Calculate c¢ C_ o

(optional) then s R/S S
(Optional) Calculate a D 5
(Optional) Calculate T = - 1/a E T

To change q and r go to step 3

For new case go to step 2

— e — e —— e — e ———

—_———— —— - - —_————_— e —— —— —_—— —_——— — — —— o —_— — — o —
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
@@l ¥LELé 211
eez cTO02 35 @2 b »R2
8az Re -31
#a4  STO! 35 81 q> R1 060
pas  CLY -51
#2s  RTN 24
887 %LBLE 2112
8ag S04 I5 84 r> R4
869 R -31
e1@ ST 35 @3 q> R3
81! cLY -5
812  RIN 24
013 #LBLC z1 17
@14 RCLI 36 a1 070
@15 PRCLZ 3€ 8z
313 2 -24
817 xe 53
818 FRCLZ 36 e3
@19 RCL4 36 84
82e B -24
821 + -55
82z IS 54
823  RCLI 3E a1
824 RCL2 36 82 080
825 z -24
2€ + -55
27 RS 3 Calculate C
@28 RCL4 36 a4
24 X -25
838 RCL2 3 82
82! 2 -24
232 PTN 24 ¢
@37 alELD 21 14
@34 RCLI 36 a1 090
pzs e 53
836 RCL? 36 a2
837 vz 53
238  RCL3 36 @3
a3s X -35
840  RCL4 36 84
641 : -24
84z + -55
843 I 54
@44 CHS -2z 100
845 ™ 24 S
846 #LBLE 21 15
@47  GSBD 23 14
a4 1% 52 =
@49  CHS =22
@se RTN 24 SET STATUS
as1 RS 51 FLAGS TRIG DISP
ON OFF
o O DEG K FIX X
110 1 O GRAD O Scl O
2 O K RAD O ENG O
3 0 K n2
REGISTERS
0 1 2 3 4 5 6 7 8 9
a b q
S0 Si S2 S3 S4 S5 S6 S7 S8 S9
A C D 1
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Program Deseription |

~ D
Program Title SECOND ORDER REGULATOR

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 a system and a quadratic performance index

as follows:

) = 9 r

X1 - all al2 Xl + : 0 u

< !

X2 Lazl azo x2 | L b

J=1/2 5 {Ix; x5l rqll d12 XLl 4 w?r} at
|

quz 922 X2

where: X1, Xy are the system states
u is the control
J is the performance index to be minimized.
The optimal control is given by:
° — o)
u = -Cj,X]-C2X2 and [x] = [A}[x] [A] = [A]-[b]}[cy=c)l]
1
where: ¢ = ) (cl*+allc2*) cy = % (agco*)

-/ b2 - b< "’
c1* = a + a12+q1—r-— cp* = a; + /a22+2cl*+q3;—

-2 d12a11 + q22a112

a2 al22

ap = @1,821 T 211822 d1 = 913
az = ay) + ap 43 = 4922

Operating Limits and Warnings

411+ 9127 923 > O q11+d)ptd13 # 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 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

rSketch(es)
( L .
Sample Problem(s) y+06y+¢ =nu second order system
let Xl =
X2 = y
:-xﬂ __r o 1! xq E>-O§ suppose ¢ = 2
S°?~5'L } +. ju o =3
Find the optimal control that minimizes:
1 J =1/2 fooC (x12+x22+u2)dt r i.e. g7 =1, 92 =0, gy, =1, r =
2. J=1/2 /& (4x12+u2)dt , i.e. 917 = 4, 912 =0, gy, =0, r =
3 J=1/2 fg u?dt - note that this case violates d1+92493 # O
Solution(s) i 0 1]
A =L_2 _3;’ b=1 u =-C1x] — CoXo
1 Q=rio— r =1 -~ u = -,236 -.236
»0 l__‘ , . Xl . X2
5 _Ja o] Sl sy e
. Q= o0 o} r = u = -.828x; -.264x,
0 0
3.Q—‘-O O-,r—l > u =0
\
s
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.
\




User Instruetions 5

SECOND ORDER REGULATOR

b [Q1, r

STEP INSTRUCTIONS DATAONITS KEYS DATAUNITS
1 Enter program C] [:l
2 Input A matrix: input ajj ajl [D L:’ all
then ajj ajs Ei_-__J S l 212
then ap az1 [+ 10 ] a2l
then aj, ars IA o all
Input b b | B b
Input Q and r: input g7 dy3 [{ d11
then qjp d1o |+ d12
then qj, a22 | + 922
then r r | ¢ q1/r
5 | Calculate feedback coefficients [ D ci
|R/s €2
(Optional) * Calculate [A] (closed loop |
dynamics matrix) [rR/s
Recall [A] |[ReL || 1 a))
|RCL 2 al2
| RCL 3 az1
[rer [ 4 az
6 To change Q and r go to step 4 ‘
7 For new case go to step 2

* N

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

[x1]

= Fau alZ‘] —Xx-}' + i

x2]

0
Lf‘zl a22_| B3 | b|

minimize J - u = -C1X] - CyXj,

|
l
|
|
|
l
l
|
|
J=1/2 ,§ (qllx12+2q12xlx2+q22x22+ru2)dt |
|
l
|
|
[
|
|
|
|
|
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
eaz <04 35 8a | Store [A] gép. roie zee |
863 Fi -3 psa x 7
8s4  §TGI 15 @7 oo+ s
g5 K4 -2 es1 v 54
age STz N EE 862 RCLI 76 @
ggr R I 867 RCL4 36 64
peE  STO! 15 a1 acs s s
ges Bt 2 ges  cTo7 35 @7
810 ¥LBLE 2117 | ctore b g6t op 24
81§70 3565 @é7  RCL? 36 @7
612 RIN 24 P Jpas
b14 smov e are  RCLI 3 a1
A1e <108 33 66 a7z RCLE 36 @
gre = 3s 674 ST06 35 @5
a1s  FCiio 36 e 875 RCLS 36 @5
ee = -3 ere = -24
azz ¢ -24 878 RCLT 36 @7
£ & -41 879 RCL2 7 a2
pz4 2 2 cs 1=
ezs EH @s1  §T07 s a7
gze - 43 Bez  RCLS 36 as
827 RCLI 3% 8l P iy
8 Sl 884 RS £; | Display c,
28 RCLz ez 885 RCLZ 36 82
e = -4 886 RCLI 36 @3
a1 * 33 857  RCLE 3¢ 86
@3z RCL? 36 @7 e .
SSSR -&4 @sa  FRCL4 35 @4 | Compute [A]
i &TC; I3 &7 @98  RCLT € @7
gzs  RIN 24 a9 - 45
@3¢ #LBLD 21 14 ez RCLI % 81
937 RCLZ 36 82 Py 31
e pCLz 36 83 es4 cTeR 22 11
g3 X ~39 aes RS 51
842 ROLI € 01
A41  RCL4 36 B4
g4z x -3%
a4z - -45
844 STOE 35 8¢ 100
845 FCL7 35 67
adc v 54
@47 RCLS  3I€ @5
a48  x -35
@48 RCOLE 36 @6 c1*
a5a P 4 SET STATUS
@31 RCLE 3¢ ac FLAGS TRIG DISP
52 + =55 ON OFF
as3 cTRE 3% a6 o O K DEG FIX XJ]
as4 2 az 110 10 K GRAD O SCI O
cc . -c 2 0O K RAD O ENG O
oo L e 3 0 g n_2
@56 RCLS 36 @S e
0 1 2 3 4 5 8 9
ar alo ars 29 b temp temp temp R>P
SO St 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-97 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 Games of Chance
Aeronautical Engineering Aircraft Operation
Control Systems Avigation
Beams and Columns Calendars
High-Level Math Photo Dark Room
Test Statistics COGO-Surveying
Geometry Astrology

Reliability/ QA 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 Bivd., Corvallis, OR 97330

Reorder No. 00097-14026 Printed in U.S.A. 00097-90201
Revision B 11-77
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