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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 bottie 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 ov_erwhelming 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 I page gives a basic description of the program. The Program 
Description II 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 I and Program Listing II 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 I and 
Program Listing II 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 
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 Deserip'ion I 
Program Title Frequency Response of a Transfer Function 

Contributor's Name Hewl ett-Packard 
Address 1000 N.E. Circle Blvd. 
City Corva 11 is State Oregon Zip Code 97330 

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

The program computes/ G(jw), IG(jw! and log !G(jw)! 
for any input frequency w. 

L·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 Kl ,'2,N3,'4,'5, /;;6 and w7 are stored in registers 1,2,3,4,5,6 and 7 
respectively. 

Operating Limits and Warnings 

For type a systems enter N3=0 

'2,'4 and/or '5 can be entered as 
and w7 very large compared to 1 

'5 first order term used. 

O.If there is no quadratic term enter ~6 as a 
Where '5 is the smallest (other than zero) 

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'r()gram I)es~rip.ion II 
Sketch(es) 

-, 

t t-

Sample Problem(s) Jjng L(]{jw), 1 G (jw}l and log I G (jw) I for 

Ger-::- -- __ J2_Js±._6J -- = .2(1..67S + 1) 
__ s_ ~_sJs_!JHs?+6s-+361 s (s+ 1 ) (* +2X62 s+ 1 ) 

For inpu't frequencies of (;.)=.01 ,.1,1.0 and 10 rad/sec. 

K = .2 ----1---------- ---
'[2 = 1.67 

N = 1 3 
'[ = 1 
4 

'[ = 0 
5 

S =.5 
---~ 

w = 6 7 -

Solution(s) 

w(rad/sec) 

.01 

. 1 

1.0 
_.- --

10.0 

L G(jw)degrees IG(jw) I 

-89.71 20.00 

-87.18 2.02 

-85.64 .28 

-224.56 .01 

1.30 (26.02dB) 

.30 (6.10dB) 

-.55 (-11. 09dB) 

-1.86 (-37.29dB) 

Reference(s) ___ Automati.c...CDntro1 Engi neering s F.H. Raven. McGraw-Hi lls N.L s 1968 

___ This. program is.a.translation of the HP-65 Users I Library program #00834A 

submitted by Eugene Bahniuk. 
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User Instruetions 

FREOOENCY RESPQ\JSE 

Paramo w 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1. Enter program CJc=J 
c::=J c=J 

2. Initial ize [I]CJ 1.00 

c:=J c=:J 
3. Enter the qain kl [R/S I c=J 2.00 7.00 

Enter f? when 2.00 is displayed f2 N3 L_Rflj c=J 2.00+7.00 
Repeat parameter entries in order N3,f4,f5 f4 fl) sf\ C::~ [-- 1 

S6 and w7 w7 c=JL~ 
c=J [---l 

4~ When 8.00 is displayed enter the frequency w L~~ 8.00 
(rad/sec) c=JL~ 

C::=l c=J 
5. Upon completion of the calculations / G(jw) c=J L=--=:J /G(jw) 

will be display C-J [--~ 
------ -

[-=:] L __ I 
6. Amplitude ratioIG(jw) lis stored in the c:=J L-=:J 

stack (z and T) and in register 8 ~JL~ 
To find /G(jw) / REC 8 CRQJ [::::a:J / G(jw) / 

c=Jc=J 
7. Log/G(jw) / is in stack y and in register 9 []IT] CO Log! G(jw) I 

To calculate decibels - REC 9, enter 20 and c=Jc=J 
multiply CJc=J 

[=:J c=J 
8. For another frequency go to Step 4 c=JC~ 

[~c=J 
9. To chanqe transfer function oarameters enter Kl f?,N,:! CDCJ 1.00 thru 

all parameters or if only one parameter is to I'4f Ss6wI [ill] c=J 7.00 
be changed enter the changed parameter(s) in CJ C--=:J 
the proper register(s) For fA in register 4 [=-:J CJ 
and so on. CJCJ 

L-::=J c=J 
10. For frequency response of the new transfer w [RJSJ [~-=:J 8.00 

function enter w when 8.00 is displayed (if [~~~~ 
only one parameter was chan~ed first enter 8) [ -J[~~ 

[~J c=J 
l--~~ [--=:J 
L ---] [-~ 

---- - -- .. _-
L --1 [--=-_] 

I--=:::J c=J 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 
~8el :tLKh 21 11 857 RCL:!. 36 83 

8i~~' 1 81 858 9 99 
0e3 STO: 35 46 859 8 88 
8~4 *LFL9 ,,~ 89 Start of parameter 868 x -35 -. 
88S peLI ~~ 

46 -55 .jt· entry display 1.00 861 + 
886 R····S 51 and stop for entry 1362 CHS -22 eel STU; 35 45 of Kl Store Kl 863 RCL2 36 82 
eB8 IS:1 16 26 46 864 ReL&' 36 88 
8eg peL! 36 46 Disply 2.00 and 86S x -35 
81!." 9 J9 stop for entry of T2 966 RCLl 36 81 
811 \-,\VI") 16-34 etc. 867 x -35 ""," I: 

812 bi09 22 89 868 RCL~ 36 81 
813 RCL8 36 88 Compute L G(jw), 869 ~p ?4 
814 *LBLf 21 12 LG(jw) and loglG(jw) 878 Rt 16-31 Rep 1 aces w wi th 81S STaB 35 88 871 - -24 IG(jw)1 816 RCL6 36 86 872 STa8 3S 88 
el? peL? 36 B? 873 fHTt -21 Stores log IG(jw) I 818 -24 874 LOG 16 ." .... 
819 2 82 This is 21';;6w/ B~ ST09 35 89 
828 x -3S W7 876 Rt 16-31 Computes L G(jw) 

I 
1321 RCLS 36 88 877 Rt 16-31 

I 8?? ;.:: -35 878 + -55 I 
.-

82J 1 81 879 RTH 24 .L 

824 ReLS 3f, 88 888 R/S 51 
82S PCL? 3£ 87 
826 -24 2 8,7 EPt -21 Results in lWj.;; -, - 7 1328 :::" -35 
e;·Q - -45 ---' 
l3:m +P 34 
8J1 }.;'t'r' -41 
832 F.:CL5 J6 il5 
833 PC'L8 36 8" .... "'-. _,;\"1 .y -35 090 

835 1 81 
836 ~p 34 
837 Pi .... -31 
838 + -55 
839 ~'J. -31 
840 }~ -35 
841 P1" 16-]1 
~42 /:I~' -··.L·L"I 

7~ 

.... t· 84 
!34? peLf 36 88 

, 
100 844 '~.' -35 i •... 

I 
045 J- 81 
846 ~p 34 
947 Pt 16-31 
848 .l\ -~~ ';\., 

849 R: -31 
SET STATUS 85e + -55 

051 Pt 16-31 FLAGS TRIG OISP 
852 RG.8 36 88 ON OFF 

0 0 !Xl DEG !Xl FIX ID 053 RCL3 3( 83 
110 1 0 IX! GRAD 0 SCI 0 854 i"'X 31 2 0 fXJ RAD 0 ENG 0 855 }:' ~r 

3 0 IXI n_2_ -j-, 
856 x;!y -41 

REGISTERS 
0 1 2 3 

N3 
4 5 6 7 8 W 9 Log kl T2 T4 TS 1';;6 w7 IG(jw)1 IGLiw)J 

80 81 82 83 84 85 86 87 88 89 

A IB lC 0 E 11 



Program Deseripfion I 
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 

Program Description, Equations, Variables 

Given a laplace transfer function: 

F(s) = 
(S+Zl+jZi~)(s+z2+jZ2') ···(s+z~jZN') K ______ ~ ________ ~ ____________ ~ __ ___ 
(s+Pl+jPl')(s+P2+jP2') ···(s+z~jZM') 

F(jw) 

where 

and e Z2'+w + Tan- 1 + 
ZN'+w ... + Tan- 1 

Z2 

Pl'+w -Tan-1 
PI 

+ Tan -1 P2 '+w 
P2 

also decibels = 20 10glO magnitude 

N.B. zeroi 

polei 

-(z·+·Z·') ~ J ~ 

-(Pi+jPi') 

Operating Limits and Warnings 

+ 
PM'+w IKI-K ... + Tan- 1 + 2 Tan-1 1 

PM K 

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 0036lA takes half as long. 

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. 

5 
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Sketch(es) 

Sample Problem(s) 

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

For F(s) 

Solution(s) 

Reference (5) 

s + 62890 
0.09091 at 3333 Hz. 

s + 5717 

3333 IA] ~ O. 

62890 It] 0 IB] ~ 1. 

5717 [t] 0 [e] ~-l. 

.09091 [R/S] ~ -1. 

[D] +-11.1 Decibels 

IR/S] ~ 2.77590 (10- 1 ) Volts/Volt 

IE] +-56.3 Degrees 

HP-65 Program 0036lA 

This program is a translation of the HP-65 Users' Library Program 
#02582A submitted by E. P. Sansing. 
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BODE, EACH POLE AND ZERO GIVEN 

hz/rps Pi, Pi' DB/mag angle 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 Enter program card CJ[~ 
2 (Optional) For dB = 101og,n Magnitude: l=:J CJ 

Switch to run [GIO] l J2__1 
Switch to w/prgm ~L~T-J 31 

[SST] [~ 02 

~C.J @~~J 062 1632 

1 C:] l_-J 01 
Switch to run [- ___ J [~~ I 

3 (Optional) For phase angle not in degrees: l-~ -II 1 

a. for e in grads [-_I ] [GRD-' 
b. for e in radians [£_1 [GRil] 

4 Key in frequency ,---I r-~--J 
a. in Hertz or Hz [-A_l [ 1 O. 
b. in radians/second rps IA 1 IRIS j l. 

5 Key in z;, Z; I t j [ I 
Key in zi 

, zi' [ B 1 I j i. 

6 Repeat step 5 for each i ~ N I j [ --I 
7 Key in Pi Pi I t I [ I 

Key in Pi Pi' I C- 1[_ I -i. 

8 Repeat step 7 for each i ~ M [- I [ I 
9 (Optional) key in k, otherwise the program I I I 

-

I 
will default to k = + 1 k [R/SJ l I 

10 Display de~ibels I D II I db 
11 Display magnitude I R/S j [ J unit less 

-

12 Display phase angle [ E Il 
---

1 depends 0 3 

I I L 1 
For each new frequency, repeat steps 4 I --- Il ---I 

through 12. I II j 
[ I [ __ I 
I J[ 1 
I I [ I 
[ j I j 
I II - _I 
[ I [- --1 
[ IL _I 
[ II - I 
I 1 L ____ l 
I I [_ -1 
I - IL I 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

BB! $:LBLH 21 11 Frequency input 857 y ... v -41 lip ~ 

882 CLRG 16-53 858 ~P 
.., .. ! Subroutine .:''t 

883 STOG 35 86 B59 bT08 22 88 
884 2 82 Convert Hertz to 866 *LBLD 21 14 Subroutine to 
885 .. -35 routine/second 861 RCLl 36 81 compute decibels 10 
886 Pi 16-24 862 LOG 16 32 
807 x -3'5 863 2 82 
888 ST05 3'5 8S Store rads/sec k B64 e 88 
B89 1 81 will default to 1 8(,5 x -3S 
81e Srol 35 81 unless step 9 used 866 DSPI -63 81 
811 RCL2 36 82 867 R ... c-

.. " 51 
812 FIX -11 868 ReLl 36 81 Display magnitude 
813 DSre -63 88 869 DSPS -63 85 
814 R/S 51 Display O. 878 SCI -12 
815 RCL6 36 86 If input was 871 RTN 24 
816 ST05 35 85 rads/sec recall 872 *LBLE 21 15 Subroutine to call 
81? RCLl 36 81 input store rads/ 873 t?CL2 36 82 phase angle 
818 RTN 24 sec display l. 874 DSPl -£3 81 
819 *LBLS 21 12 Subroutine for 875 FIX -11 
828 RCD 36 83 zero inputs O?6 PTH 24 
B21 1 81 Increment N counter 8-'" F.'.·· .. S 51 i ( 

8?? -- + -55 
823 STD3 35 83 
824 STD? 35 87 
825 N -31 
826 RCL5 36 85 
8"7 .:.., + -55 
82e V~··.t 

I', .. ' -41 
829 ~p 34 
838 GTOB 22 86 
831 *LBLC 21 13 Subroutine for pole 
B32 RCL4 36 84 inputs 
83J 1 81 Decrement -M pole 
834 - -45 inputs 090 

835 ST04 35 84 
836 STD? 35 87 
837 R4 -31 
838 RCLS 36 85 
839 + -55 
848 CHS -22 
841 x~v .. , -41 
842 ~p 34 
843 1 ..... ;;; 52 
844 tLBLB 21 88 Subroutine to 100 

845 STx1 35-35 81 update magnitude 
846 R4 -31 and angle 
B47 RCL2 36 82 
848 + -55 
849 1 81 
85e ~R 44 SET STATUS 

851 ~p 34 FLAGS TRIG DISP 
852 R.i- -31 ON OFF 

853 ST02 35 82 0 0 I}Q DEG ~ FIX ~ 
Display N or -M 110 1 0 (X] GRAD 0 SCI 0 854 ReL? 36 87 

2 0 ~ RAD 0 ENG 0 8S5 R .. ·"$ 51 
3 0 00 n2--

856 e 8e 
REGISTERS 

0 magnitudE 2phase :: zero 4- pole 5radians 6 first 7 lasa 8 9 

M ang. (') counts counts per input, u~date 
i < N -i > -M second requency ( or -M) 

SO Sl S2 S3 S4 Is, Sfi k7 ~8 S9 
A 

1
8 Ie D E II 



Program Deserip'ion I 
Program Title BODE OF SECOND-ORDER OVER THIRD-ORDER TRANSFER FUNCTION 

Contributor's Name Hewlett-Packard Company 

Address 1000 N.E. Circle Boulevard 

Corvallis City State Oregon Zip Code 97330 

Program Description, Equations, Variables 

F(s) 
QS 3 + Gs2 + Hs + K 

Rs4 + Ls3 + Ms2 + 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 

I magnitude I 
,/(K-Gw 2)2 + (Hw-Qw2)2' 

1(P_Mw2+Rw4)2 + (Nw-Lw3) 2 , 

where w=21TF 

Decibels = 20 10gl0 I magnitude I 

Phase _ Tan- 1 Nw-Lw 3 

P-Mw 2+Rw4 

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

F F t 1 Coeffl'cl'ent of s3 Operating Limits and Warnings requency, , can no equa zero. 

in numerator is -1, 0, or+l~ Coefficient of s4 in denominator is -1, 0, or +1. 

Display of phase will be between -180° and +180° (-1T and +TI radians or 

-200 and +200 grads). 

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. 

9 
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Sketch(es) 

Sample Problem(s) 

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

8s L l 
For F(s) = 3s 3+8 at DC and f=O.l Hz 

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

Rewritten, F(s) 

G=_O 

k=-0.125 

M= 0 

p= 1 

s3_0.l25 

0.375s 3+l 

H= 0 

L= 0.375 

N= 0 

f=10-50 (zero is not allowed) and 0.1 

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

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

.375 [t] 0 [t] 0 [t] 1 [B] -+ 0.38 

[EEX] 50 [CHS][D] 

[R/S] -+ 

[E] -+ 

.1 [D] -+ 

[R/S] -+ 

[E] -+ 

-+ 

o Hz { ~::: 
Phase 

F 

18.06 db 

0.13 volts/volt 

180.00 degrees 

F 0.1 Hz Gain 0.28 volts/volt 
{

Gain 11.16 db 

Phase -111.43 degrees 

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

#02272A submitted by Edward P. Sansing. 
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Numer denom gain phase 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 Enter program CJ[ I 
c=J[ I 

2 Exercise option(s) if desired (see page 4) c=J I __ I 
c=J [ __ ~ 

3 Select angular mode if grads or radians r- .. _J[~ 
are to be computed r- =_J [ .... 1 

r- _] I __ J 
4 Input numerator coefficients G It _ I r_= .. 1 G 

H f t _I I-- I H 

K fA I r I G 

I -Il I 
5 Input denominator coefficients L f t I r --- J L 

M [L.J [ I M 

N I t II 1 N 
p I B I [ I L 

[ I [ I 
6 Key in first frequency f (or wl ID 1 [ I _gain/DB 

(OPtional) IR/s 1 I I J Magnitude I 
[ I [ I 

7 Compute phase [ E I I I 8 

(ODtional) IRIS II I 8numer 
I g irR .j. I 8denom 
IRCL II 8 I w/rad/sp.C'. 

I 1 [ I 
(After a step 6 is done, it is not [ J L I 
necessary to do steps 1, 2, 3, 4, 5, nor 7 [ I L I 
before another step 6 is done.) I- II I 

I I I I 
[ II I 
I II I 
[ I [ I 

I I I I 

I II I 
I I [ I 
I II I 
I II I 
I II I 
I II I 
I II J 
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nwner denom gain phase 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

OPTIONS c=J [ .. ~ 
Any combination of the four may be used; I IC=] 
however, order of selection must be as follows [~l ____ I 

[ _ I L __ J 
I l-----J 1 To use radians/second inputs instead of Hz. I - - ----

Switch to Run IGTO .1 l_u~ 
Switch to w/prgm I I [ I 2114 
Perform 4 times [SST I I f I 35 

[DEL 11 I 14 
Switch to Run I I [ -J 

[ I I -I 
2 For db=10 x log10lMagnitudei I 1 r- I 

Instead of 20 x log10lMagnitudei r __ I I I 
Switch to Run IcTa-11 2_ I 
Switch to w/prgm [ I [ . J 2102 

Single step 14 times ISST II I 02 

I f I [DEL I 1632 

1 [ II ._- ] 
01 

[ 
- . 

II I Switch to Run 

I II -1 
3 For s3+Cs2+Hs+K as numerator I I [ I 

Switch to Run ICTa ILl I 
Switch to w/prgm I f II DEL -1 -24 

I -I L_ 1 
IRCL I LJr- J 36 08 

(For -s3, use +) I II --l -45 

Switch to Run I I [ -~ j 
[ IL -] 

4 For s4+Ls 3+Ms 2+Ns+P as denominator r -
J I _I _.---

Switch to Run ICTO I Lz I 
Switch to w/prgm [ f 1112ELI -24 

[ f I I LST..t 16 -63 
(For -s'+, use -) I II + J -55 
Switch to Run I I I I 

[ I [ I 
I I r I 
I I I . I 
I I I I 
I I I I 



97 I'rc,gram I.Js'in~ I 13 
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

Be; *LBLP 21 11 Numerator 8S? X:Y -41 
Be::: 3T£J:; 35 83 coefficients 858 - -24 
1383 PJ - "31 859 ENTt -21 
13134 '?T02 :::5 82 86B Loe; 16 32 
8e'5 EN -21 861 2 82 
886 STUl ~c: 

~~'-' 81 862 8 88 
eLF inN 24 863 x -35 
8BE: tLBLB ::1 1 0

) Denominator 864 R/S 51 , ... 
I 889 STU? .,e:- if" coefficients 865 .'>i:r -41 ~1 .... ' 

8re f'J. -31 86t: PTN 24 
ell STO£ ~r" 86 867 tUlLE 21 15 Compute Phase .j .... ' 

812 PJ. -31 868 Pt 16-31 
813 STO'S 7r &5 869 Rl 16-31 ' " 
81< R~ -31 8713 RCL9 36 89 
1315 ST04 3'5 84 1371 - -45 
816 RTN 24 8-'" it"- CHS -22 
8 f7 .LBW 21 14 Convert degrees 873 LSTX 16-63 .1 
B18 2 82 to radians 874 x:~· -41 
8'Q iJ ).:" -35 875 1 81 
82C Pi 16-24 876 ~p 44 
821 .\" -35 877 ~F 34 II 

8~'" 5TC8 7r 8° Compute I F(s) I 878 IN -31 .:.~ "-' -' ~. 

82:3 RCL2 3£ 82 879 R/S 51 
824 peLS 36 138 888 P.J. -31 
82'5 -24 881 PTN 24 
826 .LBLI 21 81 882 P.····f 51 
827 RCL] 36 03 
828 RetS 36 88 
829 V" l," 53 
838 - -24 
!El PCLl 36 81 
fnZ - -45 
1333 ~p 34 
834 STa9 35 89 090 

835 N -31 
836 PCLf jt~ 86 
8J? peLS 36 88 
838 -24 
8:::9 RCL4 7~ ,.1:; 84 
848 RCL8 :::6 88 
841 ).: -35 
842 - -45 
843 PCL? 7~ 

~·b 87 
844 ReLe 36 88 100 

045 XE.- 53 
846 -24 
847 tLBL2 21 82 
848 prrr; 

.... L~· 36 85 
849 - -45 
858 RCL9 36 139 SET STATUS 

851 PJ. -31 FLAGS TRIG DISP 
8r~ . 
.J~ ~F 34 ON OFF 

0 0 Kl DEG Kl FIX Xl 853 TN -31 
110 1 0 Kl GRAD 0 SCI 0 eS4 PI -31 

2 0 ~ RAD D ENG 0 
855 STD9 J5 89 3 0 Xl n.2..-
856 RJ. -31 

REGISTERS 
0 1 2 3 4 5 6 7 8 9 

80 81 82 83 84 85 86 87 88 89 

A fB l D E II 
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Program Deseripfion I 
Program Title BODE OF 2ND - OVER 2ND - ORDER TIMES S**N TRANSFER FUNCTION 

Contributor's Name Hewlett-Packard Company 

Address 

City 

1000 N. E. Circle Boulevard 

Corvallis State Oregon 

Program Description, Equations, Variables 

Qs 3 + Gs 2 + Hs + K 
F(s) -- sN(Rs 3+Ls 2+Ms+P) 

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, ... J 

J (K-Gw 2) 2+ (Hw-Qw 3) 21 

wN ./ (P-Lw2)2+ (Mw-R3)2 ' 
I Magnitude I 

where: w :;: 271F 

Decibels = 20 loglolMagnitudel 

~_~3 Mw-~3 
Tan- 1 - N sin- 1 1.0 - Tan- 1 

2 P-Lw2 
K-Gw 

Phase 

Zip Code 97330 

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 0 and +180 0 

(-71 and +71 radians or -200 and +200 grads). 

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. 



Sketch(e5) 

Sample Problem(5) 

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

For F(s) at F 0.1 Hz and 1.0 Hz 

Option 3 (see page 4) is required but the coefficient of 9 3 can be 
only -1, 0, or +1 

s3 - 0.125 
Rewritten, F(s) 

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(5) Switch to Run: [GTO] 1 Switch to w/prgm: [g] [DEL] [g] [DEL] [RCL]8[F-~ [-r] £-] 

Switch to Run: 0 [t] 0 It] .125 [CHS] [A] ~ 0.00 

2 It] .125 [t] 0 [t] .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 ID] ~ Gain 1. 67 db 

[R/S] ~ F 1.0 Hz Gain 1.21 volts/volt 

IE] ~ Phase -90.03 degrees 

Reference (5) This program is a translation of the HP-65 Users' Library Program 

#02273A submitted by Edward P. Sansing. 

15 
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NUMER DENOM GAIN PHASE 

INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
STEP DATA/UNITS DATA/UNITS 

l. Enter program c=JC J 
c=JC I 

2. Exercise option(s) ~[-- I 
If desired (see paEe 4). c:J [ __ ~ 

1 ___ ~-l l-=-J 
3. Select angular mode if grads or radians are 1----] [_-=-J 

to be comouted. 
r---] [~ 

-- -- --

C I[-~ --~-- -

4. Input numerator coefficients G [}_-=l 1-· -_-I G 

H [ t ____ ] [~ __ .J H 

k [.A _l [-_=:J G 

L_=] r _-=.J 
5 Tnnl1r rlAnnmin<lrn..- nnT.'A..- nf c::: N 

r ..1--J [~ -1 N 

and coefficients L Cf_l [~~J L 

M ILJl -] 
M 

P [ B-] [ __ I N 

[= __ 1 [ ____ J 
6. Key in first fre.~uency F Co.ruJ. L=D_ -I L --=:J ir.ATN/rlR 

(Optional) [gin L ___ ~l IlMagnitude 
[---] [--] 
--- --

7. Compute phase [E l [_-_l e 
(Optional) [iCL.J [8- ··-1 w lRADISEC 

(After a steo 6 is done it is not necessary 
[-- I [ _=.J 
[ .=J[- J to do steps 1,2,3,4,5, nor 7 before another 

--- -- ---

step 6 is done. ) l ____ ~J L_ J 
l -..--J 1-] 

- ----

[===J [-] 
L_~J 1..J 
L=l [~.J 
I-=-J [=--1 
r- I [-- I 
[-] L __ --.J 
[---I [==J 
[ J [ __ -l 
r J L 1 
[ 

-

11---] 
- - ---

l II 
---j 

I ][- I 
I J[ I 



STEP 

DENOM 

INSTRUCTIONS 

OPTIONS 

GAIN 

INPUT 
DATA/UNITS 

Any combination of the four may be used; howe\er, 
order of selection must be as follows: 

PHASE 

KEYS 

CJc=J 
L==-:J c:=J 
L-=:J 1 __ . I 
c=J C=-J 

1. To use radians/sec. inputs instead of Hz [ .... 1 [~~J 
Sud 1- (' h 1- () rlln [ GIO J [. I)-I 
Switch to W/PRGM [- _II _.1 

t----j~P........,..er"'--'fo.u.rm'"""'--=4--'t='i"""m""e"'-s ____________ -+-___ ---1 ([ ssil [ £ I 
\n)EL I r I 

Switch to run 

2. For dB-10 x log1() Magnitude 

Instead of 20 x log. ~ Magnitude 
.LV 

<'. • T.T Innr"'Y 

Sin2:le stell 16 times 

Sw;trh to run 

3. For S3 + GS
2 + HS + k as numerator 

Switch to run 
Switch to W/PRGM 

(for _5 J , use +) 

Switch to RUN 

As denominator switch to run 

Switrh 1-0 W/PRr.M 

(for _SJ, use +) 

Switch to RUN 

1 

[ -I [ 1 
I I [ I 
[ I 1_ I 
I_~J [ I 
[ GTO I [ 1 I 
I II I 
[ SST II I 
1 f I [ DELI 

I I l I 
[ I [ - I 
I I [ I 
I I [ I 
[ GTO I [ 1 I 
[ RCLI [ 8 I 
I J l_rl 
r j 1.~21 
I I [ - I 
I II I 
L j [ J 
r II I 
I GTO II 2 I 
I I [ I 
I RCL I [ 8 I 
[ x2: II J 

[ I [ - I 
I II j 
[ I [ I 
I II I 
I I [ I 
I j I I 

OUTPUT 
DATA/UNITS 

21 14 

35 
14 

23 01 
02 

16 32 
01 

34 08 

53 
-45 

23 02 

34 08 
53 

-45 

17 
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18 
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 8e: *LBL~ ·)f 11 857 RCL9 2{ 89 ':".i. 

092 ST02 35 fJ 858 Rl -31 
883 Rl _7f 

859 ~p 34 ~: ... 

~84 ST02 35 82 Store numerator 868 Pt 16-31 
885 PJ· -Ji coefficients 861 -24 
886 STUl 35 fH 062 1<: ./. -31 
88? PTN 24 863 - -45 
888 *LBLB ':If 12 864 CHS -22 .... 
889 .~TD7 35 07 865 Rt· 16-31 
818 (;J. -31 8£6 ENIt -21 
311 STat 35 86 8£7 LOG f ~ ~.-,. Total phase Store denominator .b .:.c. 
1312 PJ. -31 868 " 82 magnitude coefficients & "-
813 ST05 35 85 869 13 88 
B14 PJ. -31 power 

e70 x -35 
915 ST04 35 84 871 I?-·"S 51 
816 RTN 24 672 X"'" -41 , +- ' 
817 *LBLD 21 14 Compute gain 873 PHI 24 
8lf 2 82 874 *LBLE 21 15 
819 .". -35 875 P~ 16-31 
l128 Pi 16-24 These four 876 1 81 Compute phase 
821 x -35 program steps B7? ~R 44 
8?? ST08 35 88 are deleted 875 ~p 34 
823 RCLf. 36 86 for inputting 379 N -31 
924 *LBL2 21 82 radians/second 888 PHI 24 
8"c; PCL? 36 87 e81 R .. ·-S 51 
826 RCLS 36 88 
827 -24 

I 
828 RCLS 36 85 
8"Q c.J ReL8 36 98 
838 .. -35 
BJ1 - -45 
332 ~p 34 
833 RCL8 36 88 
834 RCL4 36 84 090 

825 V): 31 i 

836 x -35 Denominator 
1337 • 81 magnitude • 
838 SIN-I 16 41 
839 RCL4 2€ 84 
848 x -35 
841 x:r -41 
842 R4 -31 
843 + -55 
844 Rt 16-31 100 

845 ST09 35 89 
846 IN -31 
847 I<[L3 3f 83 
848 ReL8 36 88 
849 -24 ---- - _. -- -~ 

e58 ReL! 36 81 SET STATUS 

851 RCLS 36 88 FLAGS TRIG DISP 
852 x -35 ON OFF 

0 D Kl DEG Kl FIX Xl 853 - -45 
110 D Rl GRAD D SCI D 1 854 RCL2 36 82 2 D KJ RAD D ENG D 

855 *LBLl ;:H 81 3 D ID n_2 __ _J 

856 X:'r' -41 
REGISTERS 

2 H'Ioeff 3 k, coeff 4NfPower 5 L, c~eff 6 M, coeff. :¥, ~8eff 8 W 9 DENOM o G, coeff 1 G, coeff 
RAD/SEC MAGNIT nf s2 'of ':2 of s of sO o S of S of Sl 

50 51 52 53 54 55 56 57 58 59 

A 1B Tc 0 IE II 



Program Deseripfion I 
Program Title Pole-Zero to Group Oelay 

Contributor's Name Hewl ett-Packard 

Address 1000 N.E. Circle Blvd. 

City Corvallis State Oregon Zip Code 97330 

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

. [s- (azn + jQzn)] 
ls- (apl + jQP1) J Ls- (ap2 + jQp2) J . Ls-(apm + jQpm)J 

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

This program evaluates the expression for time response: 

m 
T = L dpk k=l 

n 
L dzk where dk k=l 

for 

either poles or zeros. A negative quantity for T indicates delay so that for 
positive values of time delay n m 

TO = -T = L d k - L d k 
k=l z k=l P 

Group delay: GO = TO - TOO where is the time delay at reference frequency wOo 

As wO+O,TOO -+insertion delay. 

Operating Limits and Warnings 

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 
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. 

19 
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II 
~ 

I Sketch(es) 

! 

(jD r. 
($ 

5 
\ IN 5£R77f)/f/ 

Del-At I 3,77ft£. 

" 5CC. 3 

z. 

~ ~~~---;-;-?: 
o .2. Jf .f, .'1 I,D /,l- f.'I\ "', r W 

5{)LII T/Otf/I NIP /5ec :\ 

Sample Problem(s) 
A 7 pole Caver - Chebyshev filter normalized to R = l~ and 

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

0Q oJ 03 05 ~l ~2 ~3 ~4 ~5 ~6 
-.78683 -.12406 -.3904 -.65874 1.16504 4.3544 .99847 2.0445 .60818 2.4903 

Tabulate the group delay referred to w=.OOl from w=.l to w= 1.5 and generate a 
.. normaJ ized group delay curve. 

··-561-ttT-ffiN:- .. Note that all zeros lie on the j~ axis resulting in no contribatiorr··to 
delay. Register loading is shown below. Pole zero data ;s called up 
with the following sequence written in step 2 of the instructions. 
Results are tabulated below and graphed at top of page. 

RAO/SEC 
w 

Solution(s) In W. PRGM MOOE: TO/GO SEC RA07sEC GO SEC 
REGISTER: -PO · .787tOC .001 TO=3.770 .8 1.544 · 

R4=-01=O.12406 -PH · RCL 4 RCL 5 CHS C .1 GO=0.015 .9 2.282 · 
~.5=~1 =1.16504 -P · RCL 4 RCL 5 C .2 0.064 1.0 3.647 ..... 1- · 
R6=~_0.3.~O. 3904 -P 3+ : RCL 6 RCL 7 CHS C .3 0.150 1.1 6.663 
R7=~ =0.99847 -P · RCL 6 RCL 7 C .4 0.281 1.2 7.220 ..... 3.... .. . 3- · 
R8=-0 =0.65874 .. 5-· -PS+ : RCL 8 .608 CHS C .5 0.462 1.3 2.842 

-P r s~ 
: RCL 8 .608 C .6 0.708 1.4 0.390 

TOTAL: 34 steps .7 1.052 1.5 -0.808 
~ 

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



STEP 

l. 

2. 

3 

4. 

5. 

6. 

7. 

8. 

POLE-ZERO TO GROUP DELAY 

W.PRGM. 
GD TDO optnp 0ztnz 

INSTRUCTIONS INPUT 
DATA/UNITS 

Enter proqram & initialize 

Switch to W. PRGM mode. Enter 3 digit: 
a) real comDonent of neaative * of 1st Dole °olRAD/SE 
b) imago compo of neg. of 1st pole nnlRAD/SE 
c) repeat (a) & (b) for each pole 

r 

d) real como of nf>a of 1 st zero °7,RAD/SE 
p) im.-:ln rnmn nof non nof l"t- 70 .. " -n

7
,RAD/SE 

-.., .'" -
Record on auxil cnrrl swi tch to RUN 

Enter w for GD=O wORAD/SEC 

Calculate time delay at REF FREQ. 

Enter w w l\t\u'SEC 

Calculate arOUD delav 

Repeat (6) & (7) for each freQ. 

NOTES: * 1) Since poles & zeros often lie 

in the 1 eft ha 1 f pJ ane. enteri nq neqative 
vectors results in positive valu es saving 
many CHS steps. 

2) Anv Dole or Zf>ro with rpnl como POlIn' 
tn 70 .. " m.-:l" ho "mittori in "t-on ? -.., 

..,\ A n ft T 

"I ~~~r~C~I,;,'-CI~f~-Ui;IIU I~-~ It =>t C 
C inn :p, 0' rr; ';rn no p, 7propc: 
Use RCL ( ) in step 2 instead of 3 
diait data and enter t. 

21 

KEYS OUTPUT 
DATA/UNITS 

[ill] [ tLJ 
l==:J L_J 
~l ) 

C!::J L~ 11 
[ C 1[---] REGISTERS 
I _J , --I AND 183 
[ tJ[ ) STEPS 

I D_ j [ I AVAIL. 
[ II I 
r II I 
1 I [ j 
r ) , --J 
1 __ 11 I 
I B II ) 

I II ) 

I II ) 

I j 1 ) 

I A I [ I GD SEC 
[ ) [ I 
I ) [ I 
I II I 
[ II I 
I I [ I 
I II I 
1 ) [ I 
I ) l I 
I I [ I 
1 ) [ ) 

I ) [ I 
I I [ I 
I I [ I 
I ) I ) 

I II J 

I J [ I 
I II I 
I ) I I 
I I [ I 
I II I 
I II I 



22 97 I)rc'~ram I~is'in~ I 
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

0Bl tLBLB 21 88 
982 Rf'" ~, ,.,.._ .... 36 132 
99~ F~9 16 23 91 
884 &T03 22 83 060 

995 peL:? 26 93 
886 - -45 
89? IV'S 51 
308 ti..BLH 21 11 
889 CFt 16 22 81 
918 STOl J5 81 
Bll 0 88 
812 ST02 35 02 
813 ,;roe 22 88 
914 *LBLB '" 12 070 

~J. 

815 SFI 16 21 81 
816 STDI 35 81 
817 8 88 
818 ST02 35 82 
819 bTOe 22 88 
828 ,LBLe 21 13 
821 I?CL1 J6 81 
822 + -55 
82J x:r -41 
824 ~p 34 M 080 

B25 LST."': 16-63 
826 x:·( -41 
827 X2 53 
S"c, L.U -24 
B29 ST+2 35-55 82 dp subtracted from 
838 PTN 24 R2 
831 tL8LD 21 14 
332 RCL1 36 81 
(E] + -55 
82:4 x:y -41 090 

835 .;,p 34 
836 LSTX 16-63 
8J7 X~'/ .. , -41 
838 Xf 53 
829 -24 
848 C;T-~ 35-45 82 dz added to R2 

~. ~ 

841 RTN 24 
842 tLBLJ " ~. 83 
84J ST03 35 fH 
844 P/S 51 

100 

050 SET STATUS 

FLAGS TRIG DISP 
ON OFF 

0 D IL!I DEG [2\J FIX ~ 
110 1 D [)(l GRAD D SCI D 

I 2 D ~ RAD D ENG D 
3 D [XI n~ 

REGISTERS 
0 1 2 TD 3 TDo 4 5 6 7 8 9 

W Used 
80 81 82 83 84 85 86 87 88 89 

A IB r
c 0 E I I 



Program Deseripfion I 
Program Title /?o£"(""TN -r~i !f:,rz. {GH7/H ltoL(~ ,:'JNO 

5'1S~~1 5?1f1/fIL1rt( 
Contributor's Name "JJQ~S v. WtSte.¥HIf;.J "'SR, 

Address 

City 

3~ '2 C. CI9~ '(cJ~ 

LAF-IJ'1J!.. T7L 

RJ 
State 

23 

Zip Code 9S"J3I' ____ _ 

Program Description, Equations, Variables DIC:"t.NIE.tJ 1~ 7ei 71-1£ ~{147L~ OF 7t1-lE /ZQtJ1S 

01' A CMt4flJ4c.7~fZ/J"1 c IifJJ.I,u4-rllJrJ IN 71J..E. NI2W\ " 
~ I \ J O.pli.Nl1~H" QJ.I ~YS?*"" P /5 S oil ~ ;/'1 NAND 

..... 

RIlt.4:1(~ rtf'!>"T ~fZ R~ " t2oo..,s : 1?tq}1?14-r~" +1 7im~ : 
i~HP 1a~au ~ ~ (-il7iwnu ~~O ') 

" # ., • ., 

, 

Cc~ .... ":. G~_I" ~: q .... 

Operating Limits and Warnings '2t ,~ 

) ~A+~ 
I L'ftI\;l,-r#b.) fiy CIQ,-c" .. I4T~ Ue./~7eR~ ~,:) ,u.J OIZQE/2 ~ __ _ 

2) 120(..(7/.1 IRS?' W(111 UlltzlouS ~7'S 4/...0#' I""'A~'NA/'ry_ . ... __ 

A'io/S 111~'t JJ.lp/eI97"€ IN~"7/1~~~r'7' . -SII-II:7 AI</T 5~'d.7~-'7 ____ _ 
~ C/I·«k ;#k~4L 4l,f"Ifl-t # ~ S" , _ _ . ___ _ 

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) 

)( . 
• 

)CI 
• , 

Sample Problem(s) _ 

A1./~ ~H-'~1 W'c,.c. I~A'~"4."'7~ e(jlM,q..,IO~ 1- IZeFJJlU7 

AN 1I~/s 71?4N~t"ri4J( ol'! d, 

mJQP~ I.ni9 

:e~ (S"')6~/) 
514 /S'$lIIrt'H 

~>. 

I) ~e..~ ~\2~3.,st4"'&+'{ ~e"tlaeN'r A S7A4~ ~ON-rI"'UO"'S "'""if SyJ7'2n-. ? 
ec.) €J.(-r~!2 /,01.,,/. 11., p/l.U~/;'~ "fe'. IN ~blol:slt 7.. fiM ~19$11/~~ 

C; )<I!:.-y IN 0.. (() I IAJ 12£)tf/bJ.l''; 7l) 11J'fr ~~,4SLtlliJ~ i' k:ie y 
iN a., (2.) eT, ~7t. l.4N-(I..(" Q'4 (4) IS IfN71!,z~Q I~ ~~$'< 

~ /t~ /'tA$///#f !I: SrolZE p()t'-(. fi., P/UJ~Hf 'f J' (/~N4iur 
RASH/iJ~ 'S') • 

IV IExte4l7'~ /Gw.71i 7es7 8'{ I'/U~;"N< II '* C4I.CtlI-If~ G..Il~ PI44JiC 

VI)lhAv'i.t~ I S..f COI.UWl~ ote 1?otA7111J.tZIl~: I) l) -I,IZ) 4 I4J.1D 

ft,.tlSH (on jJPIH1) /;ht ;';uWl6ete O!= RltP /20075; 2. l.IHS7Adt£. 

2) 12e:c,qLCuL..i1-re p I( of 9 P 3 
-t :2. c,p"a .(. t.{ Ij> .2.0 70 12E,e'~,er7 .4h .#~/.,. SN-/~7 

OfC d:: -I,S (~E€ 19/fotJ£' i)~r~" ') 

Q..') /EJ.l7F.te ~()J~. /1, ,:U ;012'44. -«/ ';:;4/2, ~ 
b~}4;;.-", -IN -I,S- j11U~S c I. At GJ..JQ OiC l4tC"''''i7liH P)Z/~7 t:>a 7 

NelA.l 10J.YJ./6h1IAt. 8"1 e'~ f"-I '$p3-4 zp"l.-.# /.1.$'1' -/·,s-,2S-

3) f)(),;~ ~ 1./ -t. :5 ~ '3 + . Ie' .. . oS"~ ~. (.)0 I f2~P~~,4I1 1'1 s741!'-t£ IJ/SCtzeT.£ 711'H£ $y57eJf-t 

"') 121017ett PoL..,. A"> IN ptz.,m -ttl P4l27 (a. 

I) m/Jxli. ~ ~ (s'fI)h's-d 51..4(j/)~r/~J.( 8 y ',re', ~"'L7> CI4t--l IJ~ ;:OuNt:7 
\ I v J Z 81 C 1>:> He: l·tjS/$ -J '1,'1" ~ ..f S-·$o, S .. 3· '196 S -+ .7SI 

c) ~XtE-~-,.£ /20~7* re~r 13'( PIU~sn(t, )qt, II, Ii" f)/UUJ ttl jJ~127 (b 

(J<1L44L.~.7'On" WI~ P4<.L~lS 111 /. '-IS'I; "/,t/9'J '-I·, tel 2· 771.{ ~ o. 7,s1 )70jJp';/{. 

GvI7/J. 0, IN 11/7£ ()to/JLt9't I 7tK it R ~p ,', ST4JSt.E 

Reference(s) ,) l{. it1kF/IJIISH( I 1'1. jCl4rtlHS I Aloi/J D. AttH.ANQEtz. J COJ..l71tol- ~ Af]()/~-w~,-teJ..t) 
0r:~(J1i.J4J HI45~.) 1,10 

z) 1(;ll'7'; f,r,; 7thGc~'t. A/'iO /J§P~I9"7"~H 4/= u/:£ E 7'fMt'SJbttIk ~7#!!1'J 
;.J~oJ2JC. ~ wlf .. ~y /4$1. t( 

3) -:So {,u1"'E.mA~ I ~tg,Crc ALlaOll11UMS ,:ott 2ou'11 1t!~ I~ ~Ml. ~ f}'~7( Ttmre 
ilM/or 116" M L 7p 41f ~ ~/. . 
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ROLlT~ TEST POI.'1NOWlII4l.. a (UI!-Illf-r/o IVG 

l~ ~ RoU1M Tel' 118/j/lr S~~'+)( RiC.tIioU. ,,,,uz,"'e 
~ ~'L ~? II SAuc .1. ee~D ~. ,. .. ~-,) I. 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

) f2EAO~ i~ faD"'?N S ,t;1~~ ~ OU20 LJ[ ~ o. 
2) J2&.AD IN Po.;." N om 1'fIIk B .. 'fE' /(UA.o\ u=J Le. I 

" r.r. JIM WI" r.e ~UlSJlttQ !=oil ~I9C~ G_ I~I I m 
I?~h ,-."N' U"~fZ f';;' k~ -/~ C(~ , (Ju" CI~ C""" I . II 1 
P;4u$€ ~J.lt:,15 Iif:-;';T~v I-IAS J1~~.J.I ..... ~.u:: I I [ I 
N~XT 

\ , 
IS F=LI4$ II e.u 'Sr,,1.) J}JI."TA I II I »I 

~J.I"'~ J7;,/.J Je57 11 ... 'lcl' (:S.4u~' I " I I cJ I 
- 7"" s W tc. .. 4.. SA IJ L!. 

4 I, 
IJ..I ~~Q.lAI9t21J I I I I 

12e.t. ') IF: "" ~ 10 t>"'?/~l2wl3E.. 17 lui c.L. [ I r I 
~lolU a;" o~ gc!Z~ .. ra1. Cd&J2 . · ,/ U/~ cr I I [ J o. 

3) I~ 0, ~c-1U!..71'E 7'/1'Wtl. ~1J~~e,., .... dM'J#!: [ I [ I 
'"l ': ~./)I(~-,) ')4AI1'Y1Ufi';t IS", ~.fc. I fihS I ~ I I <:. I 
/Nt Lt. .. (,,; ,L_A_"-:,q N~ {)~4. 'JJIf"WA'~~ ,'hJ I __ I [ I 
1)~J4c..E. 0':' 61Z&/~A(. ()&£1 Jt:.rJ/NI. ~u.lIJsr.ur/~1/ I 1 [ I o. 

q) I" I1x/~ 5'JI,i:;? IS lJi£sl/Z.lE.o eN T~ i.oet4-n/H, I II I 
CJIC U~~,,' o126lJ..i IN X E..X/CCa7€ t>1=~~1E-7 Ie II I 
'5111j:~ !3\r \ , { , ,} C S"--~+1<. tINS r I [ .. --] 
WIt.\. 6 ~N~"A-r,tf A N~ ~()J. I~NO'HJIf< I -_ Il _ I 
iJ.J iJt.A~ D~ 0261N~ 1/L!.'-'bTIU, AWlS ~HiH I I [ I 0 

s) f?otA 11., , -t L~" I:' 1C..1'1fEC"'7#~ B ... 'I? '(~"1J781 ,~ IR]f - _ I 
Pt2Dt..I2f4/llit. PJ4u.~£~ j)UI2IHI. £~~/irt ~ I 1 L _ I 
01 ).0.,14... If" -- , r S t:)~ / st Co, c.c WIN I II I 
I;; !2dU7M Afl~t9..,. AI.:> 01: 'S/6'N [ I [ I 
Ci.-I14Io1' IE. S /NO/C-If .,/IS Hit 6J: I2IJP I II -I 
12007~ P/J ... " ~.A", J.jl4uu ~ PRIN."NC. U L J I J 
([t=- I2H" I2mns l __ It -1 d Rt-aP/&» t.s 

No7£ .. I I [ _I 
,- 4) (?I:" '~S/~ ~OI2lTH IHS AU. DIYfJ2uc"r/crc L -I r I 

IN "fIilfr -1t~ ))~~ '7Pt( t:Ie4,N"'£ 1 ___ J ,-- I 
PDL ~ )./f>mlA-L FO ~ AlJorr//JN!k RuN S l_ Il __ I 
GinA J1w.)T' SL &1'~ viA [ -I [~ __ l 
'D' /,2.E:s-I1J1ZIC. ) I/: n ~/r:a o 7. u..Aw. "'Ii! [p lL - -] 

/5" SGAI4TClf CII1ei) ~Rol'IIL 5'fKA :2.. I --- I [ 1 
b') Pbl..I.o'AHlrn..AL mtlN IS£.. f?.;~ n Jt:.1_ ,~" olZ I _ I [~_ J 

P~#.I"'~ ~!e /ZItuMJ'J,5 811 'E ' Il.IJler,£ ) L- J l __ ~J 
c:..) IK ,1/V. If-I2I& 12 I S m~ j}HJ2~~'- Q ... [ -1 I ---I 

kArtl2"'7 14 AI." .t1A-; a 15 ' 714.Jeefi' PIU$ S I .. - ·1[-__ = I 
'B' (AI'I2:1) ANLJ Sr~7 a ~ (..oJr7/J 1.8 J [-~] 

".fe.' r¥ 1 [eJ 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 
001 ~ i.~L. A 31 ~S 11 510 'L) '33 :J.'f 

sc,z 3"'2 :4"3 I~ DS Z. ?ll 3:3 
osP 3 :( '3 (;) :; R" ~s £3 

¢ 00 060 ~10 (:t) 33 211 
sro [) 3'3 1 1./ rUL ,; 3'1 15 

V L.BL. oJ 31 :LL 00 X?~ ? 31 81 
~c.l.. ~ 3'1 00 Got"o 4Z) 22 00 
PAUfJe 3S' 72. Rct.. (l) 3'1 DO 

f<". I 3 '10 I P4u~~ 3$ ?Z. 
010 )(~. '7 31 (" I (2c.c.. 0 .~" 1'1 

6.70 a 21. '31 II t:-IX 31 .23 
CI. 1< 1./4 OSP0 .2.J 00 
r-I!..y. 43 P/Z,J.4TX 31 B't 
Cj·ts _'lz. 070 ~p~ as 8'1 
s os rt/ $ SC( ,~ 
t:3 DO ~"c.8 22. I'Z. 

S10 1 33 01 ~ L./$(.. C 31 ~ 13 I~ 
iI L_8t.. a 32 2.f I I x~e ~ 31 SI 

'O{ C.T~ 13 22. llo 
020 Sio c. 33 13 Sc.., 32. 2..3 

x2a' 3-' s( OS~I{ ~3 oLf 
670 a. :n 11 11 ~'N""X 3/ Bq 

Rc.(.. 0 3'1 14 Sic. P g ~ l't 
I D( 080 Rc(..E 34 IS 
+ 6.1 S'To C. 33 13 

S70 0 33 Ilf ~ L.S,- 2- 13 I ~ 02-
4 L.ftL a. 32 1~ ~, (z) 00 )-. 

I 01 57 :z: ~S 33 .'1. 
f)i I as" 33 ~ LI3c. 3 131 1..~ O~ 

...... 
~ 030 -a", I 31 1) 01 12"£1) .~ '/ .21./ iii 

Ilct..u) SCi 2'1 /2,( D 3'1 1'1 
O~'Z- 31 3J x ?I "l 

S10 (1) 33 .24 1 S'Z. 31 J'J ~ 
510 CD 3! 2"1 090 STo+(;a 1'33 '" 3'1 

~ 

152. 3' '3'1 
)... 

/2c 1: 35" 34 \0 

IS 2. 31 ~'f ~ Ret.. c. 3'f 1'3 
I2c.t.. (z) 34 ll1 X~v? '32 61 
152 31 34 ~ ~'Tc;) 3 2'2. 03 
Ra.(;r.\ 3'1 :l'l ~ 

, I 
040 RCL c:. 3'1 13 

~ - S'I 
)( '11 570 <:. 33 13 - ~I K~pS ~ '31 b( 

DS 'Z. l( n 61.::. z.. 2.'2. oz. 
DS, '3' .l3 100 GTo J3 2. ~ '1.. 
~1o (1:-~ 33 '-t( )t l.I3L c:. 3.2. ~ 13 ;. 
IS"2. 31 lH CF2. 3s· 61 02, 

IS 'Z. 11 3 "I I 01 

f2c. Z ~ ~- l'f 570'" :n It{ 

12t:.t.. IE 3 'I IS .)1. LT3L JJ l~l ~ IZ 
050 )(? Y 7 32 61 <2i ()O 

~ "('0 I 22 o[ S"r r 3S 33 , 01 ¥ LB, '¥ 31 .2.r o/( 

- S'I ~SB .s- 131 22. DS 

~'To IE. 31 IS 110 '51! ~ 31 aZ, 0," 

QCl.. (~) 3 Lj J'I I2c.L U) '31.{ '2-4 

0 00 ~St3 '" 31 21. D'-
REGISTERS 

0 Ct 1 
Q\ 

2 al. 3 
~1 

4 5 6 7 8 9 
, .. . . . . .. . . . . . . ..... .. 

SO S1 S2 S3 S4 S5 S6 S7 S8 S9 

Ci,a·ft qo 'it! lin q, q,J. o~q1. ((" ... t q S . . . ~ • r .. • .. r • . . ... .. .. .. . ...... 
A IB Ie 'Sct?1'} ~uI 0 5'e leA Teli IE n I I 12Ie51C/et»E P '-12.0 S'elZlI-"~ 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMME~TS 

" II ,q 0'1 
-t M 170 12c.(. ~ 3"1 I~-

~'L (x> 34 :2.4 X~ VO! 3.l ;, 
~~v as st. '10 d 2Z al 1'1 

S7c> ~ l't-) 31 (.1 ).4 w/04-l'A 31 t.lL 
IS~ a I ~'( "To a lZ IZ 

.~ 12c..1. 0 3'-1 14 ~ leL. cl. 131. 2-$" 1'1 
120 12(.. 1: 3S 3'{ S10 g 33 12- ~ 

x..~~? 3.l. fal ST I 3S J' -\to.-
SFZ 3SJ""1 61- 1M. L.IS c. q 131 :J.s o~ 
12 ~ 3s S'f I2c.L (1) 3'1 ;1t{ ~ 1'2 ~ 1$ 71 02.. 180 p;: s 31 4Z 

C. II) 't 2.'2 0'1 5ro~ .~ J 2'1 " "'3 

CaSg~ ~I '2..1. oS" P':s 31 "/Z ~ 
~ 

/lee.. a) 3'1 .2'4 OSlo 31 JJ 

L 
x ;1 <-ToG Zl o~ 
of" (., I~C.L cD 3'1 0{) 

130 ~"'Q l%.) 33 .24 P~:5 31 '12 
I2t:.L ,: 3'1 IS' ~To 4!1 33 DO 
f2c.~ D 3'1 14 t..h g 22. 12. 
K:: '" 1 ~2.~1 l' L13&. C 32 ).S IS" 

J 6;0 -/3 ~z. 1'2.. 190 c,:3 JS" (I 03 
I ot 0 (.)0 

+ 'e ST ~ 3s 31 
S70 D 3s J'f ]I. LI?1. 7 31 2s" 01 
&.To b 22 31 12. PAusE 3s 7Z 

I~ 1.S(. 5 31 2S os F 1 ., ~ 11 03 
140 12c.. L 3S' 3(1 ~ b'l"oe. 12"Z. 31 IS 

x.~!IJ' M 4, I" '1"07 2Z 07 .~ 
11\ .... 

~ioS 22 os ~ ~ l...I3L < Il2 1S IS" I 

I O( ~ 510 ~) .~1 21( ~ 
'it' 

S7a c: 33 13 
.... 200 Rc. 1: 3.s- 111 ~ If) 

I2TN 1r" 22- 'V ~LO E 31 IS 
IY LIL s- 131 .~ oS" ,J ISlo 31 ~({ 

Ret.. P 31.( II.( N Rc.. .:I 3~- 3'1 - S'I G10 ? 22 07 , 01 *" L/3L € 131 ~s IS ~ 
150 - S'"I SPIJc..I! 3.~av 

fkLC _3'1 13 ~c~ 3'2 .2.3 
)( '11 OSP~ 21 OJ' 

.570 C 3'3 13 d 60 
12t:. r 3s" 3'( 210 5T I. 3s- 33 
N! X 8( )i J..13t.. 9 "31 ts 08 ..... 

Be I2cL Cr) J'I 2'( ~ 12 TN ~s zz. PaiN" )( 11 B~ 
iI 1.I3L ~ 13, 2.) 0' ISZ 3, 31( ~ ..... 

f2<. .. D '34 /'( I2CL E 1'1 Is:. ~ 160 X~I ss- 2'( /2(.. :z: 3~ J't 
~To 0 33 ,'" X !- ~ ,. J2 " J R+ 3S 3J I '''0 8 zz. 08 

12 TN 3.)- ZZ :J"'~ 35- BY 
~ LJg(. D 13t JS' III ~ 220 t) J..i3c.. B '31 :z.S' I, 

I2cL « 3 4( Il. eLK 'I'l ~ 
~ 

~Tl:J t: 3 ~ IS- J:.IX 31 ..23 ~ P;!! S 31 6/1- g5P~ 23 00 ~ 
M 1.B L d 131. U 1'1 Ills 8t.( 

LABELS FLAGS SET STATUS 

A RQCI..."1,., B A~Tl1 c s. 5 .. )( D R~rtlRc E wfZrre 0 
FLAGS TRIG OISP 

a b c ~-tJ}, d 5A.ne e~dP 1 ON OFF 
X >- E:::(~-, ) o 0 181 DEG KI FIX ~ 

0 1 )( 2 )( 3 Ie: 4 
Ie 2Z S~6. 1 o ~ GRAD 0 SCI 0 

\f o 00 RAD 0 EN2° 5 6 8 9 3fhtr/t EJ.r11t~ 
2 

" It 
7 't' " ')C o ['9 3 

n __ 
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Program Deseription I 
Program Title CONVERT FREQUENCY RESPONSE, OPEN LOOP, CLOSED LOOP 

Contributor's Name Hewlett-Packard Company 

Address 

City 

1000 N.E. Circle Boulevard 

Corvallis State Oregon Zip Code 97330 

Program Description, Equations, Variables For a linear, unity feedback control system thisj)rogrc ~ 

converts open loop frequency response data LG(jw) (or loglG(jw) 1 or 

2010g 1 G (jw) Uto closed loop data Lj(jw) and I~(jw) 1 (or log li(jw) 1 or 

or 2010g -(jw) I) 

~(jw) 

where ...c (jw) = 
R 

G (jw) 
l+G (jw) 

C (jw) 

This program also 

L {(jw) and 

L G (jw) and 

converts from closed loop data 

Ii (jw) 1 
IG (jw)l· 

C 

_____ Tl"l~ relationship used is: 

R (jw) 
g (jw) = 

_~-=£ (j~L _ 
R 

Operating Limits and Warnings 

angle cosine (/~ (jw)or / G(jw))is zero 
the conversion-ls in ina~curate beyond the 

A. 

B. 

When the input phase 
(e.g. L i(jw) = -90) 
6the declmal place. 
When input is to be IG(jw) 1 or I~(jw) 1 label C is used and 
I~(jw) 1 or IG(jw) I is calculated. Similarly when the input is 
loglG(jw) 1 or log j(jw) 1 then logl~(jw) 1 or loglG(jw) I. 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. 



Sketch(e5) 

COw) >~L ___ 1 __ G_(_j_W_) ___ ....L[ R(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. 

Sample Problem(5) }for the system 4 G(jw) = 
jwtl + .25]w) (1 + .0625]w) 

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

w 
rad/sec 

.1 

1 

10 

LG(jw) 
degrees 

- 91. 79 

-107.61 

-190.20 

IG(jw) I 

39.99 

3.87 

.13 

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

Solution(5) For each frequency 

w /Q (jw) 
~~egrees 

I~(jw) I 

.1 1.43 1.00 

1 - 14.96 1.05 

10 -191. 71 .15 

Reference (5) 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. 

29 
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STEP 

1 

2 

3 

4 

FREQUENCY RESPONSE CONVERSION 

Closed to ~ Open to 
~ Close Open Magn. 

INSTRUCTIONS 

Enter Program 

To convert from open loop response to 

loop response 

or 

To convert from closed loop response 

open loop response 

Enter open loop phase jG(jw) 

or 

Enter closed loop phase /% 

Enter open loop maqnitude 
or 

Enter open loop log magnitude 

or 

Enter open loop decibels 

or 

Enter closed loop magnitude 

or 

Enter closed loop log maqnitude 

or 

Enter closed loop decibels 

For a new case qo to step 2 

closed 

to 

Log Magn. DB 

INPUT KEYS 
OUTPUT 

DATA/UNITS DATA/UNITS 

CJ [-=--:J 
~ I [-I 0.00 

~l __ I 
c::::=:J [ ~ 
IB~] [~ 0.00 

r--JCl 
/G(jw) [R/s-] [_-I 1.00 

degrees L_-J L=l 
/f (jw) I R{S_J [-_~-l 1.00 

degrees [- J[ -] 

IG(;wl"i I_~_l [- __ l U*(jW)J 
[R~J:lI_~~ ~*(j<!l) 

10gJG(jw) [JLJ [ ---] ~~*lhUJ 
LR:C_L l [~-l !."R(jw) 

20loq G(;ll) I~-ll=-=J 
. C 

~0.!Q9j Rill ) 
l~CLJ r~-] / (j(1l) 

/~(jW) I CC lL-l I G (jw) I ., 
L~CL I [2 · .. 1 /G (jw) I 

100 JE.(;W) ID 1 [ __ =-.J 10qlG(jw) I ... 
~J [£-1 /G (jw) 

20100 J il.il. ) II E ] [-=~ 20log/G(jll) 
Rci-l [ i---J /G(jw) l ____ 
[ .. J L_-l 

I -=J L=J 
1--==1 L_J 
L~~ L--~ 

[_=~] C-] 
L_l Cl 
L~L_l 
L~ L-:---.J 
[- -] [-~ 
[=-~ L~~ 
C1C...=J 
l---J C-.J 
----- --

L HI [. __ J 
[~ __ J [-] 
L_-_J [-=J 
I 1 [-] 

--- ----

r - .=:J L. ] 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 
88l *LBLfi 21 11 Ind. that conv. 857 fLBL2 21 82 
882 f 88 from open to close 858 CF9 16 22 88 
883 5T06 35 86 lo~ is 210 be 859 LOG 16 32 pe orme 
884 *LBL5 21 85 Enter phase 86B 2 82 
8B5 B BB I 861 8 B8 
086 R···s 51 ! 862 }. . -35 . ' ~ 

I 

387 ST04 35 84 I 

863 STDI 35 81 I 

388 RCL€. 36 86 These steps determ. 864 R.···S 51 
889 - -45 if vector add. or 
BIB 1 81 vecotr sub. is I 

811 R'S 51 performed 
812 tLBLB 21 12 j 

For closed to open I 

813 1 81 i loop conv. Note: 
314 8 88 I 070 I Vector sub. occurs 
815 e 80 I by reversing vecto 
816 5TD6 JS 86 I 

direction then 
917 nDS 22 85 I 

add resultin vecto 
B18 tLBLe 21 13 
819 \1'*' f ,';" r -41 
928 R' ,.- -31 
821 ST05 35 a5 
822 ~R 44 Steps 22 through 34 . 
823 1 81 perform the 
824 + -55 I complex algebra 080 

825 ~p 34 
82£ RCL5 36 85 
827 Xti' -41 
1328 -24 
8"Q ~J STCI JS 81 
838 x:r -41 
831 CHS -22 
8~? 
~~ RCL4 36 84 

833 + -55 
834 5T02 35 82 090 

fH5 v~\-' -41 '·.~I 

836 Fl'? 16 23 81 
e37 bTOl 22 81 
BJe F8? 16 23 B8 
8.39 GT02 22 82 
848 R/$ 51 
841 tLB!..D 21 14 Magnitudes are 

842 10·-- 16 33 logarithmic 

843 SFI 16 21 81 
844 (;TOe 22 13 100 

845 tLBLl --:of 8i .t:.l 

846 eFl 16 22 81 
84? LOb 16 32 
848 STOI 35 81 
849 rus 51 .-- .-
858 tLBLE 21 15 Indicates magnitUde SET STATUS 

851 2 82 are decibels FLAGS TRIG DISP 
852 B BB ON OFF 

aS3 -24 0 0 IX! DEG ~ FIX Kl 
110 1 0 IX! GRAD 0 SCI 0 854 1l~)( 16 J"3 2 0 IXI RAD 0 ENG 0 

855 SFe 16 21 88 3 0 IX! n_2 __ 

856 Groc 22 13 
REGISTERS 

0 1 computec 2 computed 3 ~ntered 15Ent.ma9~6 0 7 8 9 
magnltude Dhase phase IG'~lIljc:t:IC~' 180 

80 81 82 83 84 '35 186 87 88 89 

A IB Ie D E II 
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Program Deseription I 
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 

Program Description, Equations, Variables Given the forward transfer function of unity gain 
feedback system KG(s) = _K~(~S_+~Z~1~)_(~S~+~Z~2~)~ __________ __ 

s (s+Pl) (s+P2) (s+P3) (s+P4) 

where s = o+iw is the complex frequency variable and zl' z2' PI' P2' P3 and P4 
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-planI , which is a root of the above equation for some value of K, 
G{o+iw) - K 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 01 and as~ume a trial value for ~, say wl • The program then determines 
G- 1 (ol+iwl) = Kel~, and ~ is displayed. If ~ is not equal to 180°, a new trial 
value of w = w2 is obtained. The process is repeated until ~ is as closed to 
180° as desired. The equation for searching the correct value of w is 

~ ;;:; wl (4 ,.. 6b)' 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 UJ. 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 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. 



Sample Problem(5) KG(s) K (s+1) (s+2) 

s (s+3) (s+4) (s+5) (s+6) 

It is desired to obtain the complex roots for a 0, a -1, and a -2.5 

Solution(5) i) For cr == 0, starting with w == 5, after 4 iterations <p 180.01, for 

w == 8.545, and K == 999.51 

ii) For a = -1, starting w==6, after 4 iterations, ¢ 

w = 6.823 and K == 519.61 

179.99 for 

iii) For (1 == -25, starting w 4, after 5 iterations <p 

w = 4.35 and K == 140.52. 

180.01, for 

0) 'A J . " . 1 An l' d ." Reference (5) D zzo, J .. , Honpls, C.H. Llnear Contro System a YS1S an Deslgn, 
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. 

33 

.-



34 

STEP 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

~1 AID TO ROOT LOCUS PLOTS I 

~ zeroes and 01 t wI + w2 

INSTRUCTIONS 

Enter Program 

H cp ~ 180 0
, 

Repeat steps 9 and 10 until cp = 180 

To obtain K 

To obtain W at the root 

For a different value of 01 , start from 

INPUT KEYS 
OUTPUT 

DATA/UNITS DATA/UNITS 

c=J [ ~ 
zl [IJ L=:J 
z..., [li.-] I. J zl 

PI CI:J L~~ 
P2 L_Ll [--] 
P3 L~]-J [.~ 

P4 [Rt"U l --~ PI 

0, l~~ [ __ J 
w1 G_l L~ __ J <b 

[~~~ [~-~ w2 

[_~~ [-J cp = 180 
L- I Jx;-] .-- 4y- K 

[EeL J L8 __ [ wroot 
l-~~ L ____ -J 

step 8 L __ l L_-l 
C· I [-=-J 
l . -.=J L ___ J 
C~_ ] C~ 
C1C.J 
[--~ [~~ 
[_J r-..=J 
[ __ -~ [~~-=:J 
[ =:J L_~-l 
l---J [- J 
l __ ] [ J 
L_J c=l 
L·~[-I 

L~L~ 
C-=:J LJ 
[=.J C=:J 
l--':] L~ 
[=-:-J LJ 
[ __ 1 r=::::J 
~-~ [~ 

l=~ l.-:=l 
r _J [~ 
[ ~ [~ 
L_~_ J c=_ J 
[-]C J 
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STEP KEY ENTRY KI=V ('nne COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

881 tLBLP 21 ; ; 

857 Rt 16-31 •• 
882 STO~ 35 82 Z2 e58 RTN 24 383 X"" -41 ,~I 8r::C, *LBLD 21 14 w_, 
804 STD1 3'5 81 zl 868 RCL? 36 87 OJ5 R.·'S 51 861 + -55 886 STet: 3~ 86 P4 862 ReLS 36 B8 88? R.i· _71 

863 \:-,,.11/ -41 .J. ., ... : 

888 -C'Tnco: 35 85 864 ~F' 34 _:: L'..J 
P3 889 R.J. -31 865 ~' ...... -41 ,i .. 1 811] ST04 35 B4 P2 866 IU -31 811 RJ· -31 I 

8~- -24 bt -812 ST03 35 83 PI 868 RJ -31 813 RTf~ 24 869 - -45 814 *LBLB 21 12 8?8 CHS ... '" -£c-
B15 STaS 35 88 WI 871 Rt 16-31 81f V~II,'" -41 ·,+-1 872 RTH 24 817 STOi' 35 87 °1 873 RCL8 36 88 318 ~p ::4 074 R.,·S 51 819 RCL6 J£ 86 
828 ;SBf '"I- f':: .::;j .. ' 
821 RCL5 36 85 
(1"'" ,~~ bS"Bf 23 15 
823 RCL4 J6 84 
824 bSBE 2'3 15 080 

B25 RCLJ 36 83 
826 t;SBf 2J 15 
O?7 ~, RCL2 36 02 
8?P {;SB[; ?- 14 ~ .. ~j 

329 RCL! 36 81 
83B GSBD "'-c.~. 14 
831 Ir'-+V 

..... ! -41 
87 ':' RTf' 24 Display </> 

.... .:., 
833 tLBLC 21 1J 
834 6 86 090 

83'5 8 88 
836 -24 
837 4 B4 
338 - -45 
BJ5 CHE -22 
348 ReLE> 36 88 
841 x -35 
842 5roS 35 88 
843 ReL? 36 87 
844 RCLS 36 88 Display W2 100 

84'5 RTN 24 
84f *LBLE 21 15 
847 RCL7 36 87 
848 + -55 
849 PCL8 36 8'~ 

858 ,'1:y -41 SET STATUS 

051 ~p 34 FLAGS TRIG DISP 
852 X:'r' -41 ON OFF 
853 Ri -31 0 0 ~ DEG !XI FIX Kl 

-35 110 1 0 !XI GRAD 0 SCI 0 8'54 .. 
0 riO RAD 0 E~G 0 2 85S RJ -31 

3 0 IKI 
n __ 

856 -55 
REGISTERS 

0 1 2 3 4 5 6 7 8 9 
Zl Z? P, P? P~ P4 0, Wl Used 

so S1 S2 S3 S4 S5 S6 S7 S8 S9 

A IB Ie 0 E II 
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Program Deseripfion I 
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(S+Zl) (s+z;;j!) 

where s = a +iw is the complex frequency variable, and zl, z2' PI' P2' and 
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, 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 a, say a l and assume a trail value for w, say wI. The program then 
determines the modules M, and the argument, ¢ of G-l(s) at this point, and the 
argument ¢ is displayed. If ¢ ~ ISO, a new trial value of = 2 is obtained 
using the equation 

w2 = wl(4-¢/180) 

The process is repeated until ¢ is as close to ISO 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 S 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. 

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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-, ----:- - - - - - -r-nnn:- . -. n'i ~ ___ n - n-+----+-~-_j-__t___: 

I 
i l ___ : ------'--"'-----'--'-:::.:-:..:.--'--::.c.~.~! --'--_-_--'-----'-~J_--_-:--__ -~J_--_;-_-_~t-_:T-<c-=~--r~:T.=~~:_:_: .. ~ .. n=_-? ____ =_=__1 nn~_ ' __ 

Sample Problem(s) Consider 

K K(s+1) (s+2) 
KG (s) s(s+12+51) (s+12-51) s (s+1) (s+2) (s+12+5i) (s+12-51) 

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 cr = -1, -2 and -4. 

Solution(s) (ll For 0 = -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 0 = -4, starting with w = 5.5, after 8 iterations the root is 

lQcgted at_ w = 5.00 with ~ = 180.01 and K = 656.3 

Reference(s) 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. 



38 

~1 AID TO ROOT LOCUS PLOTS II 

~ zeroes 
~ and poles a t w -+- w 2 

INPUT KEYS 
OUTPUT 

STEP INSTRUCTIONS DATA/UNITS DATA/UNITS 

1 Enter program c=J L_~ 
2 z, [CJ [ I 
3 z? 

[A--] l_~~J z, 

4 B 
o:=J C-] 

5 P2 [~:~ CJ 
6 ex [j:~-J L ] 
7 s ~J [--~ p, 

8 a [t~ [-~ 
9 w [BJ [~:--l ¢ 

10 If ¢ f: 180 ~I c=J w2 

11 Repeat steps 9 and 10 until ¢ = 180 1=] L ___ ] 
¢ = 180 

12 To obtain K [~g--J Gt_~ K 

13 To obtain w at the root [iCr-,-] G -] 
w 

[~~J I~ 
For a different value of a~ , start from step 8 I---~[ ~ 

l JL-
- -- --- 1 
[~_:=J t=J 
[-=t L _ 1 
I _~ L~:-J 
C] [-_=-.1 
[=-_l Ll 
C_- J CJ 
CJ [--~ 
[.=J C~J 
[-_~ C-~ 

[=--::J C:.=J 
[~ C-=:J 
L--=:J C---.J 
e.=J C-] 
L---:J [ 1 
1 ____ -] C] 
[~~J c=J 
L ____ l [~~ 
[-~-] l-~ 

r_J c=J 
[--] L ___ -:=J 
l_~ C-=] 
L~~_] L ___ J 
r-] L-~ 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

IW1 tLBLR 21 1 : 857 RCLS 36 88 
1382 ST02 35 p~' _0';: z2 858 }~. -35 
8eJ '.J~".' -41 859 ST08 7r B8 lip' .J~' 

OB4 STDI 35 81 Zl 868 ReL;" 3£ 87 
885 ((·'5 51 861 RCLS 36 88 
1386 ST06 35 86 S 862 RTtJ 24 Display w2 
887 IN -31 BE3 tLBLD ~1 14 .:... 
888 ST05 7r 

,,~I 85 a. f64 ReL? 36 87 
B89 RJ· -31 865 + -55 
e18 ST04 J5 84 P2 866 RCLS 36 88 
1311 RJ -31 867 X:Y -41 
812 STu3 35 fE PI 968 ~p 34 
BE PTN 24 869 x~v ,+- ' -41 
814 tLBLB 21 12 ~78 IU -31 
815 STa8 ':'5 Ba WI 871 -24 
81£ {..'~l.' -41 IP" RJ· -31 i ... ~ ,<-

817 STa? 7r::: 87 0.1 873 - -45 .. : ..... 

818 RCL5 36 es 874 CHS -22 
819 + -55 a75 Rt 16-Jl 
82f. g:y -41 876 RTH 24 
821 peLf 36 86 877 tLBLE 21 15 
0·-';> c_ .. -55 878 g:r -41 
823 RCLf 36 88 e-Q 

I J ~p 34 
824 peLf 36 86 883 X:'r' -41 
825 - -45 681 R4 -31 
82f Pt 16-31 882 ..•. ~ -:.5 
8"'" ~: ~F' 34 883 RJ· -31 
828 RJ. -31 I 384 + -55 
O?Ci RJ· -31 I 885 P* 16-Jl 
03~ GSBE 23 15 6S[ RTH 24 
831 RCL4 36 84 fj"'" '-', P·'S 51 
832 ReL? 36 87 
lB3 + -55 
834 RCLS 36 88 090 

835 (;SBE "7 15 .0.. .. ' 

BJ6 RCL:? 36 83 
83? peL" 36 87 
838 + -55 
039 RCLE: 36 88 
848 GSBE 23 1r:-

'" 
841 RCL:' 36 iF' 
842 ReL8 36 88 
B4J GSBE 23 15 
844 RCL2 36 82 100 

845 GSBD 23 14 
846 RCLl 36 81 
847 (;58[1 23 14 
848 )(~\-' , +-, -41 
1349 PIN 24 Display cp 

SET STATUS B58 :+LBLC 21 13 
8~1 6 J6 FLAGS TRIG DISP 

aS2 @ 88 ON OFF 
0 0 Kl DEG KJ FIX .KJ 853 -24 110 1 0 Kl GRAD 0 SCI 0 

854 4 84 2 0 Kl RAD 0 ENG 0 
fl5~ - -45 3 0 Kl n_2 __ 
eS6 CH~ -22 REGISTERS 

0 1 2 3 4 5 6 7 8 9 
Z, z') P, P? a. S 01 Wl Used 

so S1 S2 S3 S4 S5 S6 S7 S8 S9 

A IB Ie D E I [ 
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Program Deseripfion I 
Program Title Classical Control Gains 

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

Address 

City State Oregon Zip Code 97330 

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[l + T~S + TDs] 
~ OPEN LOOP TEST - input step function, measure respo~se, draw tangent at 

point of maximum response slope, scale L & R. 

-I-NP-U-T---1~ PLANT 1---------=-oU=T=pU=T=-->-7 L 
1.01-----

( TIME 

R= maximum slope 

~ ~LOPE=R 

0VI TIME 

7 Lr-

L= time intercept of maximum slopeline 

TANGENT AT MAXIMUM 
SLOPE 

Then for P control, k =l/RL' PI control k ='o/RL T.=3 3L' 
c' 'c '," 

for PID control, kc=1.2/RL, Ti=2L, TO=lt2 

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 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. 



Program Ileseripfion I 
Program Title Classical Control Gains 

Co~ribu~~sName 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' 

OUTPUT 
PLANT 

Then for P control, let kc = .5ku 
PI control, let kc = .45ku' Ti = 0.83Pu 
PID control, let k = 0.6k , T. = .5P , TO = c U 1 U 

General control form is = Gc = kc[l + T~S + TOsJ , 

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 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. 

41 
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Sketch(e5) 

INPUT t& Gc PLANT OUTPUT , 

-
Final form of controlled plant 
P control~Gc=kc; PI control~Gc=kc[l + _l-J 

T .s 
PID control-7Gc=kc[l + liTis + TOsJ 1 

Sample Problem(5) 
1. For the following open loop test data, compute the control coefficients for: 

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

(unit step input) 

-r---------

i 
L=l, 

/ 

I 
1 

--tL 

2 3 
R=1/2 

OUTPUT 

t 

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

Solution(s) 

1. L=l, R=1/2 
a) k =2 . c 
b.) kc=1.8, Ti=3.3 
c.) kc=2.4, Ti=2.0, TO=0.5 

2. ku=lO, Pu=50 
a.) kc=5 
b.) kc=4.5,T;=4l.5 
c.) kc=6, Ti=25, TO=6.25 

Reference (5) 

OGATA; 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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CLASSICAL CONTROL GAINS 

R,L ku,Pu P PI PID 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1. Enter program CJc=J 
c:=:J CJ 

2. For Open Loop Test Data: [- ] L_-
1 

TNDIIT R R o=J C--=::J R 
THEN L L ~l[~ 0.00 

[~-_J L~ 
r- ~[--J 2. For Closed LooQ Test Data: 
--- ---- .-

INPUT k k O~] [-~-~ ku 
THEN p, .. p" [~~ [=l 0.00 .. 

c-J[~ 

3. For P Control, calculate k [C~ [ ____ ~ kr 
'"' [ lc=J 

3. For PI Control, calculate k,.. []=:J C_~l k" 
lRL~J l_-J 

v 

THEN T. T.; 
I L_=l r-~ 

3. For PID Control, calculate k I -E_~ [---=---=J k" 
THEN T. 

v 

m7S -I r ___ ~ Ti 
THEN T~ [Rlsl [ ____ ] Tn 

C-l[~~ 
4. For new case go to step 2 C-l r~~~ 

C_~~~ 
[-] L_-=:J 
[=:J c---=J 
l __ ~ [-~ 
r~c=l 
c=JLJ 
I ___ J [-=:J 
[-~C=l 

C~L=- ] 
CJC_ .. 1 
[----l r _J 
[~[_~J 
l--=-:J [~ J 
[~--J [=~._1 
[-- JC~ 
[--==J L_ -~ 
[-~] [-=--] 
L __ J [ __ J 
r - JC] 
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STEP KEY ENTRY KEY CODE 

Bel tLBLh ',. 11 

r 

857 -62 &;.1 . 
Bi32 STG2 ~t' 82 Open loop test 858 8 88 ": .• .1 

0e:? .Y ~t' data 859 :; 8:! -.:I., 
1 

COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

884 1.··V 5~ 868 x -35 - 0" ,,', 

8e~ C'Tn1 35 ,~ 1 861 ST06 7t' 86 ,.', ... .&. -' .. ........ ' 
886 STDJ 35 e.:: 862 CLX -51 
8@l . -£2 BfJ RTN 24 
B88 0 B9 864 .LBLC 21 13 
889 ):" -3~ 865 RCLJ 36 83 P control 
818 Si04 35 64 866 RTf-! 24 
011 RCL1 36 B! 867 'tLBLD 21 14 

PI control B12 < B1 1 868 RCL4 36 84 i 

BE -62 869 R.·'S 51 
814 .~ B2 .:. 878 RCL6 36 86 
~15 .:-.~' -3'5 B71 RTN 24 
816 Sr05 ~t' 

..5.' 135 B72 .LBLE 21 15 
817 RCU 36 132 873 RCL5 36 B5 PID control 81f: 2 82 974 R,"S 51 
819 .\ _7r: 

I 

875 RCL7 36 87 ...... : 
828 src? 35 e7 8?6 R.···r; 51 
821 1 el IF"? RCLS 36 88 I . , 
B22 . -62 878 PTN 24 
023 6 Bf 879 P,·-S 51 
8'" <-Of 

". 05 .' 
825 x -35 
826 ST06 .,.c:- 86 .... ,.J 

13"7 "-, RCL2 36 82 
e28 .~ B" <-

929 -24 
838 ST08 2'5 88 
831 CL."': -51 
lP" '"'- RTN 24 
833 .LBLB 21 12 Closed loop test B34 5T02 35 82 090 data 
93'5 R4· -31 
836 STOl 35 81 
837 2 82 
838 - -24 
B39 SID? 35 83 
848 . -62 
B41 9 B9 
842 x -35 
843 ST04 35 N 
044 peL! 36 81 100 

B45 . -62 
846 t· 86 
B47 y -35 
848 .5TC'5 35 85 
849 RCL2 3£ 82 
~5e 2 82 SET STATUS 

e51 - -24 FLAGS TRIG DISP 
852 C"Tn7 35 07 ON OFF ~'f '-" 

0 0 ~ DEG ~ FIX (2g B5::? A 04 
0 SCI 0 

.. 
110 1 0 IXl GRAD 854 -24 

2 0 !Xl RAD 0 ~NG2D 855 STa3 35 88 3 0 !XI 
056 Rt:L2 36 92 

REGISTERS 
1 A-T7RL 2 

~=~, 3 4 :PID-kc 
6 7 PID-T; 

8 9 0 P-k PI-kC PI-T; PID-TO R-"'"-- c 
80 81 82 83 84 85 86 87 88 89 

A 1B Tc 0 E II 



Program Deseripfion I 
Program Title FIRST ORDER REGULATOR 

Contributor's Name Hewlett-Packard Company 

Address 

City 

1000 N.E. Circle Boulevard 

Corvallis State Oregon Zip Code 97330 

Program Description, Equations, Variables Given a system; 

• x 
dx 
dt 

where 

ax + bu 

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 

the solution is: 
b 

u = -ex, where e = - Sand S is the positive solution to 
r 

o 
Then: 

x 

and x 

Operating Limits and Warnings 

the Rieeati equation: 
s 2b 2 

-2as +-­
r 

ax where a: 
t 

xoe T where T 

q ~ a 
r > a 
b of a 

q 

a-be 

1 
a 

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. 

I 
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Sketch(es) 

• 1/2 !~ 
x C_u_) 2] Sample Problem(s) x ax + bu J I C;z-)2 + 
max umax 

1 1 
1. a = -1 b 1, q ( __ )2 0 r = (_ .. _. )2 1 

Xmax umax 

2. a = 1 b 1, q 0 r = 1 

3. a = 1 b 1, q 1 r = 1 

4. a = 1 b 2, q 3 r = 4 

Solution(5) 1. c = 0 s = 0 -a -1 T = 1 

2. c = 2 s = 2 a -1 T = 1 

3. c = 2.41 s = 2.41 a -1.41 T = 0.707 

4. c = 1.5 s = 3.0 a -2 T 1/2 

Reference (5) Shultz and Melsa, State Functions and Linear Control Systems, 
McGraw-Hill, 1967. 

dt 

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

H04464A submitted by Randy. A. Coverstone. 
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FIRST ORDER REGULATOR 

a,b q,r c,s a T 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 Enter program c=J [ =:J 
c=J c:=J 

2 Input a a u=J 1 ___ 1 '" 
then b b [IJ L 1 0.00 

r- --I [----=---J 
3 Input q a I t~ J [:-=l q 

then r r [-B _ II_J 0.00 
[ -I L_- ~ 1 

4 Calculate c rC -lr- I C 
(optional) then s IR.iS j [ j S 

[ I [ I 
5 (Optional) Calculate a [ D - I r-- 1 a 

1 ___ 1 [ 1 
6 (Optional) Calculate T = - l/a [ E II J T 

I II I 
7 To change q and r go to step 3 I I [ ) 

I I [ -I 
8 For new case go to step 2 I I [ 1 

[ II I 
I II I 
I 1 [ I 
t II I 
t t t I 
I j I I 
[ J I I 
t 1 [ I 
I II I 
I II I 
[ II I 
I II I 
[ II I 
[ II I 
I /I J 

[ II I 
I II I 
[ II I 
I /I j 

I II I 
I II I 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

881 tLBLR 21 11 
I b -+R2 882 ST02 35 92 

883 IU - '31 I 

884 STDl 35 81 q-+ Rl 060 

90S CL.': -51 
886 RTN 24 
987 tLBLB 21 12 
888 ST04 35 84 r-+ R4 
889 RJ· -31 
81B STCr? 35 03 q-+ R3 
911 CLX -51 
812 RTN 24 
013 tLBLC 21 12' 
014 RCLl 36 81 070 

815 RCL2 36 82 
816 -24 
817 X~· 53 
818 ReL3 36 BJ 
019 RCL4 36 84 
328 -24 
821 + -55 
822 [)r,' 54 
823 RCL1 36 81 
824 RCL2 36 82 080 

825 0 -24 
82£ + -55 
9"" Co; R.'S 51 Calculate C 
828 RCL4 36 84 
8?Q x -35 
838 RCL2 36 82 
In! 0 -24 
832 RTN 24 C 
833 fL8LD 21 14 
8.34 RCLl 36 81 090 

835 X:2 53 
836 RCL2 36 82 
837 X'i: 53 
838 RCD 36 83 
839 .'x' -35 
848 RCL4 36 84 
841 -24 
842 + -55 
843 [X 54 

100 
844 CHS -22 

S 845 RTH 24 
846 tLBLE 21 15 
847 GSBD 23 14 
848 1/)( 52 a 849 CHS -22 SET STATUS 
858 RTN 24 
8'51 FUS 51 FLAGS TRIG DISP 

ON OFF 
0 0 IKl DEG Ila FIX Xl 

110 1 0 Ila GRAD 0 SCI 0 
2 0 ~ RAD 0 ENG 0 
3 0 ~ 

n_2 __ 

REGISTERS 
0 1 2 3 4 5 6 7 8 9 

a b ~ r 
SO S1 S2 S3 S4 S5 S6 S7 S8 S9 

A IB Ie 0 E J 



Program ))eserip.ion I 
Program Title SECOND ORDER REGULATOR 

Contributor's Name Hewlett-Packard Company 

Address 

City 

1000 N.E. Circle Boulevard 

Corvallis State Oregon Zip Code 97330 

Program Description, Equations, Variables Given a system and a quadratic performance index 

as follows: 

,-

[:~l r ] 
, 0 

+ ; b u 
,.. 

J 1/2 t"a 

where: xl' x2 are the system states 
u is the control 
J is the performance index to be minimized. 

The optimal control is given by: 

u = -cl,xrC2x2 and [x] [A] [x] [A] 
1 1 

where: cl = b (cI*+allc2*) c2 = D (aI2c 2*) 

cl* = al + -V b 2 ' 
c2* a2 + 

-v, b~ 
aI 2+ql- ai+2cl *+q3r r 

al al2a21 - al1a 22 ql qIl - 2 ql2a ll + q22a 1l2 

a12 al22 
a2 all + a22 q3 q22 

Operating Limits and Warnings 

qll' q12' ql3 ~ 0 

r > 0 

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

I 
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Sketch(es) 

Sample Problem(s) 

let xl y 

x2 Y 

.-' ~ 

y + 8y + <p = U 

r ° 11 

[:~1 ! x1l lOt 
so :. i = ~<p -eJ +td u LX21 

-second order system 

suppose <p 2 
8 3 

Find the optimal control that minimizes: 

l. J = 1/2 f 0
00 

(x12+X22+u2 ) dt , i.e. ql1 1, q12 

2. J 1/2 fcc 
0 (4X1 2+u2 )dt i.e. ql1 4, q12 

3. J 

Solution(s) 
A 

fo 1 
b 1 =1 u =-clx1 - c2x 2 i,:"2 -3 

l. Q ~ ~J, r = 1 -+ u = -.236x1 -. 236x2 

2. Q ;=: [~ ~J ' r ;:: 1 -+ u -. 828xl -. 264x 2 

-
~] , 3. Q l~ , r = 1 -+ u 0 

0, q22 1, 

0, q22 0, 

Reference(s) Shultz and Melsa, State Functions and Linear Control Systems, 
McGraw-Hill, 1967. 

r 

r 

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

#04465A submitted by Randy A. Coverstone. 

1 

1 
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SECOND ORDER REGULATOR 

[AJ b [QJ, r 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 Enter program CJI~~ 
2 Input A matrix: input all all [CJ [ I all 

then a12 a, ? LOl_ I a12 

then a21 a21 [LJ C--_l a2l 

then a22 a22 I_A I [-~_-l all 

3 Input b b I BJ I ~ --I b 

4 Input Q and r: input qll q" 
[-t I I I qll 

then q12 q12 I t I [ I q12 

then q22 q22 I t II I q22 
then r r [ C I [ I ql/r 

5 Calculate feedback coefficients I D I [ I cl 

IRIS II I c2 

(Optional)* Calculate LAJ (closed loop I ~ __ II I 
dynamics matrix) IRIS II j 
Recall [AJ IRCL II 1 I all 

[RCL II 2 I a12 

IRCL II 3 I a21 

IRCL /I 4 I a22 
6 To change Q and r go to step 4 I II I 
7 For new case go to step 2 [ I [ I 

[ II I 
*~ DO NOT CALCULATE [AJ IF STEP #6 IS TO BE I I [ I 

EXECUTED, AS [AJ REPLAGES THE ORIGINAL [AJ [ II I 
MATRIX AND STEP 5 MUST OPERATE ON [AJ, NOT [A I II I 

[ II I 
Ix 11 rau a121 Ix,l r 01 [ II I 
lX2J l:21 a22J LX2 l bJ I II I 

I II I 
J = 1/2 ~o« (qllx12+2q12xlx2+q22x22+ru2)dt [ I [ I 

[ /I I 
minimize J -+ U = -clxl - c2x 2 [ II I 

[ II I 

x,1 
,.. 

x,l [ I [ [ a" a,? 

x..,i = x..,l I I I I ia')l a..,.., 
-..,I. ... - --I 

I I [ I 

I II I 
I /I I 
I II I 

I II I 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

881 HBLH ~:1 11 857 Xi" 53 -. I Store [A] C2* B82 S"W4 3'5 84 I 858 ReL8 7~ 88 
i 

~,b 

883 F.:J. -31 859 .... -35 
8134 Sro3 J5 8:: I 

86@ + -55 
885 RJ· -31 861 IX 54 
886 ST02 7C 82 862 RCLl 36 81 

..... , .... i 

I 
13e7 RJ· -J1 863' RCL4 36 84 
B8~: STU! 35 81 864 t -55 
B139 p .·r- 51 , 

8£5 Sro7 35 87 
..... .:,. 

818 lLBLB 21 12 Store b 86( -1-P 34 
811 ST05 35 8S 867 ReL7 36 87 
812 PTN 24 868 + -55 
1313 *~BLC 21 13 869 sro:' ?-5 87 
814 STO? 35 87 878 RCLl 36 81 
1315 - -24 871 ,x' -35 
816 Bro8 35 88 872 RCL6 36 86 
817 LSTX 1£-63 87:3 -+ -55 
IHe .... ~35 874 5ro6 35 86 
819 ReLt 36 81 875 1<,'CL5 36 85 
628 -- -35 876 -24 
8'" R"" ~, 36 82 877 R.··S 51 Display cl ~L~ 

1322 -24 878 RCL? 36 IF 
132:: X~'-' -41 87Q RCL2 7~ 82 ' .. I 

'J ..,t; 
R'::'~ 2 82 888 .X.' -35 _,,-'t 

(PC; .~{ -35 13S1 STa7 7C 8'" -~- .... , ... ' .. 
8?~ - -45 382 RCL5 36 85 _t> 

8""" RCLl 3t: 81 I 882' -24 ~! 
I -828 }:." 7 C 

I 
884 ~· .. ··'S 51 Display c 2 

- .... : ... 1 

1329 RCL2 56 82 I 885 PCLE 36 82 
OJO - -';4 886 ReD 36 83 
1331 + -55 887 RCL6 36 86 
832 RCL? 36 87 888 - -45 
iJJ3 -24 889 RCL4 36 84 Co~pute [A] 
834 S"TO-: 7C: 13{ 898 ReL? 36 87 ....... ' 
1335 PTN 24 I 891 - -45 
13J6 :f:LBLD ?f 14 I 

892 RCLl 36 81 -. 
3-- RCL2 36 82 893 RJ -31 " ~:l 

838 peL? 36 133 894 GTCH 22 11 
839 x -35 1395 R···S 51 
8413 RfU 36 131 
841 RCL4 36 84 
842 x -35 
843 - -45 
944 ST06 35 86 100 

845 RCL7 36 87 . ,. 

946 Ii' 54 
847 RCL'S 36 85 
848 x -35 
849 PCLf 36 86 cl* 
9513 -+P 34 SET STATUS 

851 RCL6 36 8£ FLAGS TRIG OISP 
852 + -55 ON OFF 
853 ST06 35 86 0 0 Kl DEG Kl FIX Xl 
854 " 82 110 1 0 Kl GRAD 0 SCI 0 

0 RAD 0 ENG 0 2 Kl 855 y -35 
3 0 Xl n_2 __ 

856 RCL5 36 85 
REGISTERS 

0 1 2 3 4 5 6 7 8 9 
all al2 a 2l a

22 b temp temp temp R-+P 

80 81 82 83 84 85 86 87 88 89 

A IB Ie 0 E r 
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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. Everyone 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 
Mathematics 

Electrical Engineering 
Business Decisions 

Clinical Lab and Nuclear Medicine 

Users' Library 

Mechanical Engineering 
Surveying 

Civil Engineering 
Navigation 

Games 

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 
Portfolio Management/Bonds & Notes 

Real Estate Investment 
Taxes 

Home Construction Estimating 
Marketing / Sales 

Home Management 
Small Business 

Antennas 
Butterworth and Chebyshev Filters 
Thermal and Transport Sciences 

EE (Lab) 
Industrial Engineering 

Aeronautical Engineering 
Control Systems 

Beams and Columns 
High-Level Math 
Test Statistics 

Geometry 
Reliability / QA 

Medical Practitioner 
Anesthesia 

Cardiac 
Pulmonary 
Chemistry 

Optics 
Physics 

Earth Sciences 
Energy Conservation 

Space Science 
Biology 
Games 

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 I - REAL POLES 

AID TO ROOT LOCUS PLOTS II - COMPLEX POLES 

CLASSICAL CONTROL GAINS 

FIRST ORDER REGULATOR 

SECOND ORDER REGULATOR 

HEWLETT' PACKARD 
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Reorder No. 00097-14026 Printed in U.S.A. 00097-90201 

Revision D 7-78 



 
 
 
 
 
 
 
 
 

Scan Copyright © 
The Museum of HP Calculators 

www.hpmuseum.org 
 

Original content used with permission. 
 

Thank you for supporting the Museum of HP 
Calculators by purchasing this Scan! 

 
Please to not make copies of this scan or 
make it available on file sharing services.


