igxiﬁﬁC
PROGRAM DESCRIPTION I Page 1 of2°

Program Title  BODE PLOT OF A GENERAL TRANSFER FUNCTION

Contributor's Name 1 OM Frenock

Address 3122 NW 27th Street

city Gainesville State/Country F1Orida Zip Code 32605

Program Description, Equations, Variables This program computes and plots the fregquency

response of a general transfer function in the form:
[5+21+jzl}{s+zz+J22}...(S+szjzm)
{s+py+ipyHs*p,+Ip, ) e v (STp *3p )

where K is a non-zero real number which takes care of any leading

T(s) = k

coefficients in the unfactored polynomials. The program can be used
with or without the 82143A printer and all operations, except those

used exclusively for printing, are operational without the printer.

Highlighted features of this program are subroutines to auto-
matically compute the freguency scale of the plots, compute gain and

phase margins, compute magnitude and phase of a single frequency, and

offer direct comparison of two plots (useful in system compensation).

The storage requirements are dependent on two variables, the

(continued)

Necessary Accessories At least 2 memory modules (guad recommended) and printer.

1 : :
Operating Limits and Warnings 11 freguencies are in rad/s.

_%pp not assign any USER functions_to A,E,or F . keys,

?Lu is displayed on the HP-41C as W.

dset printer to MAN for all operations.

Reference(s) Dorf, Richard C.,Modern Control Svstems,Third Edition,Addison-

Wesley, Reading, Mass.,1980.

Hamming, Richard W., Introduction to Applied Numerical Analysis,
MeGraw Hill, 1971,

This program has Gean wenfied anly wih respect o the numencal gample gean o Frogram Descrpbon I User accepts and u5es Ihs program material AT HIS OWN RISK, in reiance soigly LPGN his Cren
mspection of fie program masenal and wilhout (IERGE upon any represeniabon or SeSCIpon Concarming 1ha prgram mabenal

NEITHER HF NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY HIND WITH AEGARD TO THES PROGRAM MATERIAL INCLUDBMG. BUT NOT LIMITED TO. THE
IMPLIED WARRANTIES OF MERCHANTABILITY AKD FITNESS FOA & PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL 0 CONSECUENTIAL
DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURANISHING. USE OR PERFOAMANGE OF THIS PROGRAM MATERIAL




014

460

ot

Page 2 of 25

number of points to be plotted and the size of T(s). A

formula for determining the necessary memory is:

SIZE = 18 + 2 (m + n + STEPS)
where STEPS is the number of points to be plotted.This means
that if T(s) has 2 finite zeros, 3 poles, and a 25 point
plot is desired, 78 memory registers will be required. The
maximum number of points to be plotted can be computed from
this formula:

M-2(m+n)—
TS 2{m2n] 164

where M is the maximum available memory before the program
is entered into the calculator. Using the above example, the
maximum number of points that can be plotted with an HP-41C
that has full memory is 72.

It should be noted that if poles or zeros exist on the
jw axis in the s plane, the magnituée plot might go to j““dE.
These numbers are not computable on a finite machine and l{]_99
is substituted for zero when division by or logarithm of =zero
is to occur. The result of this substitution is that the
magnitude extremes will be i 1980 dB. If one of these singu-
larities is present, it might be overloocked on the magnitude
plot because of its discrete nature, but a 180° phase shift

will appear on the phase curve, This sudden phase shift is

an indicator of the singularity.

Detailed description of this program follows the simplified

flow chart, but this reading is not necessary to learn how
to use this program. The best way to learn this program is to

work the sample problems.



SIMPLIFIED FLOW CHART

initialize
program

l

input
T(s)
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1no
WMIN? compute
break
4 freguencies
WMAX? & scale
L |
h |
STEPS?
: 1
test =
storage ;
g subroutine
GM
or 1
T er 21
—a computing | |
subroutine
data display
es
output o7 21 Y P MAG=
' g &
no A >
print
output

NOTE: Caps denote message prompted on the HP-41C display.
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LABELS. A good starting point is the subject of label
searching (see Appendix G in the HP-41C Owner's Handbook).
The calculator looks for numeric labels by cycling through
the program until the address’ is found, that is, if a GTO
statement directs the computer to the previous line wvia a
short form numeric label, it must pass through the entire
program to get there. Subseqguent branching to this address
Progrmm
is faster, but the first pass through this lengthyais time
consuming.For this reason many addresses have ALPHA labels,
which require more memory space but provide faster execution.
As seen in the flow chart there are many conditional
branches, which ffpically advance the computer 10 lines
or less, As indicated above, the execution time is short
for small advances in the program, so the short form labels
are ideal for this use. The large number of these " jump
ahead" statements would more than exhaust the 15 short form
labels (00-14), so 00 and 01 are used extensively as addresses
for a "jump ahead" branch. This is illustrated in this excerpt:

262 F5? 82
263 GTD 88 ——
264 RCL 00
265 20

271 §T0 a1
272+4LEL 00 —-t—
273 RCL 135

274 5TO IND B6
275 F5? 82 |
276 GT0 88— |
277 ROL 1V

234 570 16
235+LEL 00—
28k RCL 11




D196 0
Page 5 of 25
Label 00 is used twice here and the computer would branch
as the arrows indicate, stopping at the first LBL 00 it
comes across. By using this labeling scheme, there are

enough short form labels left to address unique locations.

INITIALIZING. Execution of BODE clears all storage

registers, sets the USER mode, and initializes a program
counter and plotting field width (see the footnote on page 57

of the 82143A Printer Handbook).

INPUT OF T(s). The HP-41C prompts the operator for

all of the data in the factored transfer function. It will
first display "K=?" for the constant and "M=?" for the order
of the numerator, which sets a counter that prompts for

the right number of zero terms. These are prompted for by
"Z?" for the real part and "Jz?" for the imaginary part.
After the zeros are read in the compute€r prompts "N=?" for
the order of the denominator. The poles are read in like the
zeros were by prompting the right number of "P?" for the
real part and "JP?" for the imaginary part of the poles. It
should be noted that if m=0 and/or n=0, indicating no zero
and/or pole terms, the HP-41C will progress to the next

item.

FREQUENCY SCALING. If the printer is present (flag 55 set

the HP-41C prompts "Y AUTOFREQ N" for the operator to select

automatic or manual frequency scaling. If flag 55 is clear
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FT
this operation is bypassed and subroutineais accessed.

If automatic frequency scaling is desired, press A
located directly under the Y (yes) in the display. The
Calculator then computes the break frequency of each term
in T(s), recording the minimum and maximum, and then computir
g one decade beyond these limits,

If the operator wishes to manually choose the freguency
scale limits, press E located directly under the N (no) in
the display. This is useful for expansion of a portion
of a response plot. The minimum and maximum frequencies will
be prompted for by "W MIN?" and "W MAX?" on the display.

After the scale limits are determined, the calculator
prompts "STEPS?" for the number of points to be plotted,

then computes a logarithmic scale.

PRINTED OUTPUT. After the computations are completed,

the stored data is printed next to its corresponding freg-
uency. The units of magnitude is decibels and the units of
phase angle is degrees. This data can be matched up directly
with the points on the following plots.

Both plots use the REGPLOT and PRAXIS operations in the
printer (see the Printer Handbook, pages 56-59). The hori-
zontal axis is at 0 dB on the magnitude plot and at TR0
on the phase plot, which 1is useful on the gain and phase
margin calculations.

The field width is 115 dots which gives a plotting
accuracy of about 1% ecept on the first and last 3 columns

of dots. There is a compression experienced at these limits
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CALCULATIONS. The heart of this program is the subroutine

that computes the magnitude and phase angle of the transfer
function; this is located at LBL K (step 189). The routine
calls the real and imaginary (rectangular) parts of T(s) from
memory, adds the fregquency to the imaginary part, then con-
verts this complex number to polar notation which is then
combined by magnitude multiplication and angle summation

in the accumulatorregisters 14 and 15. This pracess is repeatec
for each factor of T(s) with the numerator operations being
performed in the absence of flag 00 and denominator oper-
ations being performed when this flag is set. With the calcu-
lation completed, the constant K is multiplied and the magni-
tude is converted to decibels. A maximum and minimum search

is carried out for the scale of the two plots and then the
magnitude and angle are stored in memory to later be called

for the printed output.

PT SUBROUTINE. If data at only one frequency 1s needed

or one does not have a printer present, this operation pro-
vides magnitude data in absolute and decibel units and angle
data in degrees. As mentioned before, if the printer is not
present, PT will be automatically accessed. Otherwise,
execute PT and the calculator will prompt "W=?" for the
radian fregquency. PT will then branch to the calculation
routine and the display the magnitude and angle data on

the ICD display only.
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GAIN AND PHASE MARGIN. In the closed loop system:

R(s) | G(s) :I——‘fn:s}
His)

the gain and phase margins can be defined by this graphical

representation:

G(s)H(s)| 45 | _ T
0 * ;

2

-180°

wherecuc is the gain crossover fregquency anduup is the
phase crossover frequency. Both gain and phase margin may
be positive or negative. It should also be noted that there
may be more than one axis crossing, which is illustrated

in problem 2,

PM SUBREOUTINE. This computation is bhased on a linear

interpolation of two frequencies and their associated magni-
tude data as compared to a magnitude of 1.0 (0 d4B}. The
interpolation computes the gain crossover frEquEHcy;ch,

and then computes the magnitude and angle for{dc- For this
computation to work it is necessary to make a linear approx-
imation of an axis crossing, which requires that a small piece
of the curve be examined.

To use, execute PM and the HP-41C will prompt "W1?" then
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W

"W2?" for the two frequencies close to W . It should be
noted that these freguencies do not have to straddle the
axis and one of these should ke within one dB of the axis,.
The calculator then solves forcac and 1its magnitude and
angle. The magnitude is checked to be l.GtD.GOS to ensure
the phase margin accuracy of 0.1° as displayed.(The accuracy
will wvary slightly with the slope of the curve as it passes
through 0dB. The higher accuracy i1s obtained with a shallow
slope,) If the magnitude is within this range, the calculator
will compute and output the phase margin and w_ to the
display and printer. If the accuracy is not met, the program
branches to the message "BAD DATA" and the computation need

be reinitialized with closer starting frequencies.

GM SUBEQUTINE. This routine uses the same program steps

as PM but Flag 01 is set,to distinguish which is being com-
puted, and the phase 1s examined to be lBGD:G.GDEO. If the
accuracy is not met, the program branches to "BAD DATA" and
closer frequencies need be entered. These freguencies should

be within about one degree ngnp.

COMP SUBROUTINE. This is used to directly compare two

plots by overlaying them and viewing them with the light of
a window or desk lamp behind them. This offers the user

a direct and accurate way to see how a system compensation
affected its frequency response, This comparison depends on

the vertical and frequency scales being identical, and the



0.i96C

Page 10 of 25

calculator prompts for all necessary data to provide this
regquirement.

COMP sets Flag 02 then branches to the begining of the
main program and the new (compensated) transfer function
is entered. The AUTOFREQ choice is not offered and the min-
imum and maximum frequencies, dB scale, and angle scale data
are prompted for. Other than this, the program operates the
same as usual. Care should be exercised in reading the scale
factor on a plot. It is not always 1. as shown here.

Scale factor

MRGHITUD
¥ {URITS= E ‘

-13.1

MISCELLANY. A number of safeguards have been built into
this program to prevent time consuming errors. The major ones
will be mentioned here.

The flags in the HP-41C are checked throughout this
program for printer existence. This ensures that no printer
function can be accessed without the connector being inserted.
An example of this is if A or E is executed for frequency
scaling, the program will branch back to PT and time is not
wasted on computing break freguencies or some other' unneeded
operation.

Another check is to see if enough memory is available
before executing the program. If there was not enough memory
the HP-41C would keep computing the data until it tried to

store something in a ficticious address and then stop execu-



011960

Page 11 of 25

tion and display "NONEXISTENT" after several minutes of
time. To prevent this situation the SIZE is computed as

in the introduction and if the memory space is insufficient
execution is halted and the message "SET SIZE nnn." is dis-
played. The operator can then correct the SIZE to that re-
commended by the program or larger then press R/S to re-
start the program.

Another point of interest is that by executing F one
can display the frequency in any non-printer operation. This
is useful when using PT and the frequency is forgotten. This
routine is the same one used by GM and PM to Dutput:up and
Ww» respectively.

An anomaly was noticed during an execution of COMP. One
plot was made on the end of a roll of paper and the other on
a fresh, full roll. When the two plots were aligned on the
far left, they were unacceptably misaligned on the far right.
This was the only time that any misalignment was ever exper-=

ienced and this situation should be avoided,
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SAMPLE FPROELEMS

1. Compute the Bode plot of a transfer function described

by T(s) = 552+l} = — (s*i)(s=]) :
(s7+4) (s+2) (s+j2)(s-]2)(s+2)

OFERATION DISPLAY . COMMENTS
¥XEQ BODE KE=7? input constant
1 [R/5] M=7 number of =zeros

2 [R/S] 72 real part of zero
0 [R/S] JZ7 imaginary part

1 [R/S] ‘ Z?

0 [R/3] JZ7

-1 [R/5] N=7? number of poles
3 [R/5] P? real part of pole
0 [R/3S] Jp? imaginary part

2 [R/S] P?
0 [RrR/s] JP?
-2 [R/s] P?

2 [R/S] JP?
0 [R/5] Y AUTOFREQ N choose auto scaling
A STEPS? choose 15 points
15 [R/S] Outputs printed plots as shown:(next page

Notice that there is a discontinuity indicating a singularity
(in this case, two) around 1.414 rad/s. Now expand this por-

tion of the plot.

press E W MIN?

0.9686 [R/S] W MAX?

2.065 [R/S] STEPS? choose 10 this time
10 [R/S] Output printed plots (next page)

Note that there is a 180° phase shift at the singularities.
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1414400 -13.8  144.7
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MAGHITUDE
Y (UHITS= L.} 2
-48. 8 12.7
8.4

1
=
-

Ll

i
s
+
=
=
"

96110

J

¢ Jo ¢1 =bed



Page 14 of 25

01i96C

-2
52+5+4

5

Compute the phase margin of T(s)=

2.

A plot must be made to determine where and how many crossover
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frequencies occur. Compute this plot like done in problem 1.

is region

Expand th

Note that there are 2 axis crossovers.

as shown then compute the phase margins.

DISPLAY COMMENTS

OPERATION

Expand as described in problem 1,

then:

W1l?

XEQ PM

w27

1.4 [RrR/S]

nowcompute the

other

289.5
=1.4147

PH=
FREQ

1.45 [r/S]

Gobp 2=0344
808 1=Nd

2pib ' 1=0344

G 682=Kd

. x 180492
“ : S
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% LAl
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W27
PM=180.0
FREQ
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I
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P99 b
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2.4 [R/S]
2.5 [R/S]

XEQ PM

2Ll
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&'eLl
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3. Compare the open loop response of transfer function

7
G_(s)H(s)= 10
P s(s+10)(s+1000)
with and without the compensator
Gc{s}z 13.9 S8¥51.3 in the form of G (s)G_(s)H(s).
s+713 = P

First plot the compensated system response as done in problem 1.

p-.n?.“iﬁ-:w:mm‘\:c:v: G‘. --l"
s BB L-ETE W 32 “
(= el B 3 A Y] r_'|
[ | I ] ITTI I 1 :‘i- r::l: Ll
. = - mm e mm o mm e me - ——
L= == e B I T ] (=~ - SN - -
I8 s qnsn o |
o bl A o W e i zﬁﬁ
N s anamns O o
e L O R e = s=a ) D)
EERRERBIRFE T- 0 FTIEEI::
- B3P e v 0l I o B e o
Now plot the uncompensated system
followings:
OPERATION DISPLAY
XEQ COMP K?
W MIN?
1 [rR/S] W MAX?
10,000 [R/5] STEPS?
10 [R/S] dB MIN?
-77.2 [R/S] dB MAX?
60 [R/S] X MIN?
-260 [R/S] A Max?
-95 [R/s] Printed

Now hold the overlayed plots up to

_
W~ o=
- f="=) EE mEm ma e me mm e e e =
o = -
"
EJA "
" IE=
b= g
A=
" :.‘I E
- = DD O e w W O L E
acipne e T
+ + =+ = + + o+ o+ + + = o
=3 ol & O Fe O &8 P WO M3 D
=

Gp{s}H(s] by doing the

COMMENTS

enter all data as
prompted for, then:

be sure to note
the vertical scale
multiplier when
these data are
entered

output .on next page.

a light and align the

axes. It is clearly seen how the lag compensator shifted

the gain crossover frequency to the left and caused the

T

e e T R Ty — LE 3 Lp S o Ll T R T —— R —————
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characteristic "hump" on the phase plot. It can also be seen

that the ends of the response curves converge and the compen-

les.

ffective at these frequenc

ine

sator becomes

"
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that the last point (10,000 rad/s) on the uncompensatec

Notice

response is experiencing compression caused by the fixed

d

it is realize

if

though,

no concern,

f

This is o

sEcales.

that this point is unreliable.
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SIZE:
Hpa1cy 018

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Enter program
é Initialize XEQ BODE K=7?
3 Input data as prompted K [R/S] M=7?
(number of =zeros) M [R/S] Z?
(real part) Z FR/E] JZ?
(imaginary part) JZ [R/S] N=?
(number of poles) N [R/S] P?
(real part) P [R/S] JP?
(imaginary part) JP [R/S] = Y AUTOFREQ N
| Determine auto/manual scaling yes A STEPS?
no E W MIN?
tmin frequency) freq [R/S] W MAX?
(max frequency) freq [R/S] STEPS?
5 Number of points to plot nn [R/S] Printed
Cutput

*
NOTE: Go to Elwith no printer

6 Single point computation XEQ PT W?
7 Frequency freq [R/S] MAG=
[R/S] 4 =
8 Gain margin ¥EQ GM Wl?
freq [rR/sS] W27
freq [R/S] GM=
(output WP'}I FREQ=
9 Phase margin SR XEQ FM W17

freq [rR/sS] W27
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USER INSTRUCTIONS Pagel8 of 2!

SIZE:

(Hp-a1c) 018
STEP INSTRUCTIONS INFUT FUNCTION DISPLAY
freq [R/S] PM=
{ output {..r_.rc} - FREQ=

same as 2 &

10 Compare subroutine XEQ COMP 3 to the *
then... W MIN?
freq [R/S] W MAX?
freq [R/S] STEPS?
nn [R/S] dB MIN?
nn [R/S] dB MAX?
nn [R/S] A. MIN?
nn [R/S] 4 MAX?
Printed

Output
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STEP/

LINE KEY ENTRY
HBli+l EL =EBOD

E
az
a3
a4
as
as
av
SES
a9

15

Ose7

® 41C

CLRG
SF 27
115
STO &z
17.4
STO 85

KEY CODE
(E7/97 only)

PROGRAM LISTING

COMMENTS

initialize

=7
PROMPT
STDO @87y

read in the
constant K

(L] |'|'I=?il

PROMPT
H=a? f
GTO @6
STO 86

enter number
of zeros

le+«LBL *“H*®

17
12
19
29
B>
21
P
23
24
a5
23
25

“E?n
PROMPT
ISG a5
STDO IHND

= N2
FPROMPT
ISG a5
STO IHD

DSE 86
GTO “N"

read in the
Zeros

27+LEL Bg2a

28
29
38
31
32
33
34
35
36
37

RCL &5
IMT
1888

&~

STO B8

store last zero
in REG 08

STEP/
LINE  KEY ENTRY

47 DSE
42 GTO
49« BL
58 RCL
51 IHT

=52 1886

53 -

54 STO
55 FC7?
Se GTO
57 FS7
52 GTO

KEY CODE
(67/97 only)

85
llDlr

Pagel9 of 2

COMMENTS

G5
15 b

as

EtDre last pole
in REG 09

o3

(] PT L1
a2

E

= AUTOF

RERZ H

c8 FPROMPT

&1+LEL
62 FC?
&2 GTO
64 RCL
&5 18
65 +
67 STO

A

93

(1] PT L1
B2

as

&8 1 E99

69 - 8TOD
TA+LBL
¥l RCL

as
r2 ISG
73 RCL

1z
BE
IMD

as
IND

aptomatic
frequency
Cpmputations
(Bcaling)

llH='?l.l
PREOMFT
®=a7
GTO @@
STO 85

enter number
of poles

Z8+LEBL ="O-

39
46
41

42

as
43
44
45
4 &
as

HF.'? [T
PROMFPT
ISG B85
STO IHD

- Jp 3
PROMPT
ISG B85
STO IND

read in poles

as

4 X=@7

¥S GTO B8a

76 Xt2
77 RLr>Y
78 XT2

7o o+

88 SERT
21 XILFY
E2+LEL B804
B3I XHL>Y
84 HX=a7
85 GTO oo

8& AES

87 RCL 19
B8 =®4>Y
89 X>Y?
98 STO 18
91 RCL 12
92 HLrY
DI XLY?
94 STO 12

" look for min

& max break
frequencies

Hote: Faler 1o “HP-41C CWNER'S HANDBOOK AND PROGRAMMING GUIDE™ for spacihe informaton on keysirokes. Tha FLoction Index is found at the very back of the Handbook. Reder 1o Appendis E in

67 o 87 "OWNER'S HANDBOOK AND PROGRAMMING GUIDE" lor sact keysinokes



0.1960

Os7

STEP/
LINE

097

2c
=
935
92
iae
121
182
183
164
185
186
187
188

KEY ENTRY
9SS+ _EL

E 41C

KEY CODE
(67/87 only)

ag
a3
as
18

I1SG
GTO
RCL

PROGRAM LISTING

COMMENTS

STEP/
LINE
i

18
¥
LOG
STO
RCL
18
-
LOG
5T0
GTO

18
12

12
az

Compute one
ecade akbove &
elow the max &
min break

TrEquency

1a9+LEL E

1192

FC? 55
T PT
"W MIN?-
PROMPT
LOG

STO 12
“W MAX?"
PROMPT
LOG

STO 1@

nual freq.
cale read in

1ZE+LEL 82

121
iz2
123
124
125
1z6
127¥
128
129
138

131+LEBL

132
133
134
139
136
127
128
139

148

141
142
1432
144

= e = ]
SF 21
FS? B2
GTO B84
—1c@
STO
STO
a
STO
STO

16
17

aa
81
Baa
12
13
a9

RCL
STO
RCL
1868
e

1

+
ENTERT
~STEPS?"
FROMPT
STO 11

2

#

initialize the
Yertical scale
registers &
tounters.

KEY ENTRY

145
146
147
143
149
158
151
152
153
154
155
156
Y

157
152
159
1ca
161
lez
E i
163
164

KEY CODE
(6797 only)

+
1

ENTERT
ENTERT
la@a

4

RT

+

STO B8g

-

Page 200of 25

COMMENTS

SF+25
STO IND

FS?C 25
GTO aa
FIXx B

1

ST+ 2
“"SET SIZ

ARCL 2
FPROMPT

heck to see if
here is enough
mory avail-
ble, output
essage if
lecessary

L

1e5+LEL @G

166
167
leg
169
176
171
irz
173
174
175
176
177

=
172
126

181
182
183
184
185
186
187
185

189+LEBL "K=

198

RCL 11
1

RCL 1@
RLCL. 32

2LFY
g
sSTO
FC7?
GTO

11
Bz
- Ki!

¢ompute freq.
1ncrements

“dBE MIWN?

FPROMPT
STO @aa

“dBE MAR?-

PROMPT
5TO A1
"L MIN?"™
FPEOMFPT
ST 17
"&£ MAX?"
FROMPT
STO 15

input scale
data in COMP
subroutine

CF a8

Refar 1o “HP-41C OWHER'S HANDEOOK AND PFROGRAMMING GUIDE™ lor speche indormalion on keysirokes. The Functon Index 15 found al e very back of the Handbook. Refer 1o Appanda E in
B7 of BT "OWNER'S HANDSOOK AND PROGRAMMING GUIDE™ Ior a0t keysinokes
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Oer 0Os97 ©E41C

STEP/
LINE KEY ENTRY

KEY CODE
(67/97 only)

COMMENTS

191 @

192 STO 1S
193 1

194 STO 14
195 RCL 88
196 17

197 +

192 STO B85
199+LEBL A3
208 ISG B85
281 GTO B8
282 GTO B4
203+LBL @8
264 KEG@ “L*
2085 GTO B3
206+LEL 84
287 1

2A2 ST- @5
269 SF Q9
218 RCL @9
211 RCL B85
S1D: LT :
213 +

214 STO as
21S+LBL 85
216 ISG B85
S17 CTo bE o
218 GTO a7
219+LEL B8
228 XE@ -L-
221 GTO B85

initialize the
computing
routine

tl
H

determine if
term is from
(fthe numerator
Pr denominator

I

222+LBL -L~
223 RCL
as
224
225
as
226 RCL 13
227 181¥
228 +

229 HL>Y
23268 R-P

221 FS? oo
2322 GTD 81
233F ST* 14
234 R{>Y
235 ST+ 15 -
236 RTH
237+LBL ©1
238 Hx@?

ISG 85
RCL IND

is performed
here

o

K 7 oo s

G ooy Y

H

tthe calculation

STEP
LINE

PROGRAM LISTING

/

KEY CODE
KEY ENTRY  (87/97 only)

Fagezl of 2

COMMENTS

239 GTO a4
248 RIDH
241 1 -E=99
242«LEL Q&
24 ST~ 14
244 XL>»Y
245 ST—- 15
246 RTH

247+LBL 87
248 RCL 14
242 RCL @7
258 *

251 FC? 21
252 sSToO 14
253 XK=87?
254 1 E-99
255 LOG
256 2@

257 *

258 FC? 21
259 RTH
268 STO
as
261
262
263

IND

ISG B&
FS? -82
GTO G4

%cnstant K

is multiplied
nd the magni-
tude is con-
verted to dB

RCL @a
"Ly

HLw?

STO a8
RCL @1
BnL>Y

278 HK>Y7?

271 STO @1
272+LBL B8
273 RCL 15
274 STO
8o

ary
276
277
2va
279
220
281
282

264
265
266
267
268
269

FS? B2
GTO B8
RCL 17
K< >Y
KLY ?
eTD 17
RCL 16
K>V
283 HE>W7?
284 STO 16
285+LBL 098
286 RCL 11

IMND

min & max
magnitude &
angle search

then store
data and

loop back to
calculate the
next freq.

Hote: FAoferio "HP-41C OWNER'S HANODBOOK AND PROGRAMMING GUIDE for specilic informaton on keysirokes. The Function Indax  found al tha very back of the Handbook. Fleter o Appande E in
67 or 97 "OWNER'S HANDSOOK AND PROGARAMMING GUIDE" lor sxact Waysinokes
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Oer 0O97 &@4aiC

STEP/ KEY CODE
(67/97 only)

LINE KEY ENTRY
287
288
289
298
291
=292

ST+ 13
ISG As

CF 82
ADY

SF 12
293 "DATA-"
294 HACA
295 4

296 SKPCHR
297 ADY
e98-CF 12
290 'S EFREG ™
288 ACA
381 6

382 SKFPCHR
383 "dB"-
3684 RACAH
385 S

386 SKPCHR
By "L*
282 HCA
89 3

318 SKPCHR
311 ADY

GTD HH--

PROGRAM LISTING

COMMENTS

STEP/
LINE KEY ENTRY

|
|

print heading

ifor DATA
block

312 RCL 12
3212 STO 13
214 RCL @&
215 1

316 -
317 INT
212 1044
319 -

F2a STO 14
3221 1866
322 ST+ @9
2232 RDH
3224 RCL B9
325 +

326 STO A5
3227 1Isc 85
328+LEBL @G-
329 SCI 3
F38 RCL 13
331 181X
332 ACX

333 2

234 SKPCHR
335 FIxX 1
336 RCL IHD
as

initialize
counter &
print data

KEY CODE
(E7/97 only)

Page 220of 25

COMMENTS

3327 ACH
3238 2

2392 SKPCHR
224G ISGC A5
Z41 RCL IHND i
% |
342 HACH .
243 PREBUF

244 ISG 85

345 GTO 4l

346 GTO 81

247+ LEL 868

348 RCL 11

49 ST+ 13
‘358 GTO @~

print data

351<LBL 81
3525 "1
353 ADY
3254 “MAGHITU
DE™

355 HCA

356 1

357 SKPCHR
3258 ADY

3592 CF 12
3cB 8

361 STO a4
362 XROM PR
AXIS*"™ ;
363 SCI 1
364 RCL 89
F65 1.08882
366 *

367 RCL 14
368 +

369 STO B85
3780 RCL 12
371 STO 13
372 ¥EG "M*™

print heading
for MAGNITUDE
iplot & branch
{to the plotting
routine

373 SF 12
374 “"PHRASE"
375 HCH
376 S

377 SKPCHR
378 ADY
3279 CF 12
3889 -—188
381 STO @4
382 RCL, 17
383 STO B8
384 RCL 186
385 STO @81

'print heading
/for PHASF plot
and continue
into the
plotting
routine

Hote: Relar to "HP-41C OWNER'S HANDBOOK AND PROGRAMMING GUIDE” for speahic informabon on keysirokes, The Function Index i found at the very baok of the Handbook, Fleter o Appendix E in
67 or 97 "OWNER'S HANDEBOOK AND PROGRAMMING GUIDE™ for exact keysirones.
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PROGRAM LISTING

Page 23of 25

COMMENTS

'initialize the

gain &/or phase
margin computa-
!tions
Flag 01 set for
gain margin
|

linear inter-
polation
computation

compares to
.0 for the
agnituge (PM)
r +180° for
ngle (GM)

067 097 @4a1C

?..1.I-PI|IEEF.'r KEY ENTRY {EE.’:?FEEIE} COMMENTS SJEEF KEY ENTRY é;f;;:srafri
386 XROM "PR 43Z5 SF 81
AXIS~ 436+LBL “"PM"
387 RCL @9 ; 437 BF 21
388 2.880882 ' 438 "W17?"
389 + 4Z9 PROMPT
390 RCL 14 44@ LOG
391 + | 441 STO 12 .
392 STO @5 ' 442 “W2?"
393 SCI 1 4432 PROMPT
394 RCL 12 444 LOG
395 STO 13 445 STO 18
396 1606 446 STO 13
397 ST~ B9 447 XER “"K-
3F98+LEBL ~M- 448 FS? 81
3299 RCL 13 449 RCL 15
408 101X 45@ STO @@
461 ACH 451 RCL 12
462 4 : 452 STO 13
4832 SKPCOL plotting 453 XE® “K*"
as 455 RCL 15
485 REGPLOT 456 STO 81
486 RCL 11 457 FC? @1
487 ST+ 13 452 GTO B8O
4688 ISG 85 459 186
489 GTO =M= 460 +
418 FIX 4 461+LEBL ©86
411 ADY 462 RCL 12
412 RTHN 462 RCL 1@
413+LBL “PT~" 464 -
414 CF 21 ; 465 *
415 “W=2= 466 RCL @1
416 PROMPT 467 RCL 80
417 LOG single point 462 -
418 STD 13 routine 469 7
419 XEGQ “K-=- 478 CHS
428 FIX 1 471 RCL 12
421 “MAG=" 472 +
422 ARCL 14 473 STO 13
423 wp=- 474 RE@ "K-=
424 ARCL ¥ 475 SF 21
425 “FdBE*" 476 FS? 61
426 AVIEMW 477 GTO @a
427 STOP outputs data 472 RCL 14
4008 wg=m then loops 479 1.885
429 ARCL 15 back to repeat 488 KL=Y7
4Z@ AVIEN for a new 481 GTO B1
431 FIX 4 frequency 422 RDH
432 STOP o = 4332 .995
4323 GTO *“PT- ' 484 X>¥Y?
434+LEBEL "GM* 485 GTO @1

.chexks the
accuracy of

PM

Mete: Relor to "HP-41C OWNER'S HANDBOOK AND PROGRAMMING GUIDE ™ for spache infarmason on keystrokes. The Funciion Index is lound at the very back of the Handbook. Fefer to Appanda E in
BT or 97 "OWNER'S HANDBODK AND PROGRAMMING GUIDE" for axact keysiiokes,
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‘067 Doz

STEP/
LINE KEY ENTRY

PROGRAM LISTING

® 41C

KEY CODE
(6787 only)

COMMENTS

STER/
LINE

KEY ENTRY

KEY CODE
{67/97 only)

PageZ4 of -

COMMENTS

486 RCL 15
427 128
422 +

489 FIXK 1
498 "PM=-
491 ARCL X
492 AVIENW
493 GTO F

outputs the
iphase margin

51

404+ L_BL B8a
495 CF 81
494 RCL 15
497 ABS

4932 186.6885
499 HL{=¥"7
583 GTO 81
5831 RIDH

582 179.995
582 X>Y7?
584 GTO @i
585 RIH

586 RIDH

checks the
accuracy of
GM

s87 FIX 1
seg “GM="
S@9 ARCL X
518 “FdB-
S11 AVIEMW

outputs the
gain margin

S1z2«LEL F
513 FIX 4
514 RCL 13
515 168+X
51i¢ "FRE@="
517 ARCL ¥
512 RAVIEHW
519 RTH
Sza«LEBEL A1
52 “BAD DRAT
a-

522 AVIEW
522 RTH
S524+LBL
P -

525 SF az
52& GTO "“BOD
E -

527 EHD

“Ccom

outputs freq.

for GM, PM, or

any single

f requency

operation

GM/PM

| message

‘sets flag 02

iand branches

to beginning

of program

8l

67 or 97 "OWNER'S HANDBOOK AND PROGRAMMING GLIDE for axac! keystrokss.
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
U0 | Y min sze Ul8 tormea ¥ USER MODE
Ol Y max (see ENG **  Fix scl on ** oFf
U3 | Plotting charagter printer DEG ** RAD GRAD
04  Axis book )
05  Counter
06 Counter ' INIT FLAGS
07 | K # SiC SET INDICATES CLEAR INDICATES
08 | Last zero U0 ** pDenominacor Numeracor
09 | Last pole Ol ** | Compute PM Compute GM
10 ¢ max 02 ** (Compare Normal
11 o, increment 21 ** Printer on No printer
12 | w min hh ** «..3ame as 21...
13 | «w counter
}g f:g-}aGCumulator
16 £ max
17 £ min

* | Varies with the number of
points to be plotted.

*% Automatically set and cleared

in the program.

ASSIGNMENTS

FUNCTION KEY FUNCTION KEY
AUTUEEREL A
Manual freg E
FREQ= F




