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ABSTRACT

Feedforward control, feedback control, and combined feedforward-
feedback control were studied on an analog computer to evaluate their
effectiveness in controlling a fluildized-bed reactor used for the de-
composition of cumene. Proportional,‘proportionalmintegral, propor-
tional-derivative, and proportional«inﬁegralmderivative modes of
control were investigated. Step changés in set.point and load were
ﬁsed as disturbances. The Zieglefmﬂidhois method and the process
reaction curve method.of Cchen and Coon were compared in determin-
ing values of Kc, Ti’ and Tq4 which gave optimum control of the fluid-
ized-bed reactor.

Control equation were obtained from the block diagrams of the
? systems and solved on an BEAL TR-20 Analog Computer.

'It was found that tighlter control of the fluidized-bed reactor
vas maintained when feedforward control was combined with feedback
contrel for a2ll modes of control studied. The Cohen and Coon reac-
tion curve method and the Ziegler-Nichols method resvlted in values

of XK,, T:, and Ty which gave equally good control.
cr *i d A
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INTRODUCTION

Significant advaﬁces have been made in the area of contf@lling
chemical reactors. The conventional. feedback systen and the newer
feedforward system' ve afforded fairly good control of a chemical
reactor. These reactor systems have been affected by changes in load
and set-point. In a feedback system the manipulated variable is re-
sponsive to changes in the control variable whereas in a feedforuard
‘system the menipulated variable is responsive to the disturbance ra-
ther than to the changes in the control variable. ‘It‘should be pointed
out that feedforward conﬁrol systems allow for perfect control of the
control variable since c@rréctive action is taken before any affect

-

is mad

[©)

to this variable. However, all transfer functions must be
known exactly and all potential disturbances must be known. For feed-
back control 211 potential disturbances néed not be known, bub the
,éontrcl variable is affecﬁed by load and set-point changes. Hence,
these two systems supplementing each other should bring aboul tighter
control of a chemical reactor.

A study of the design of a combination feedforward-feedback cone-
trol system for a continuous flow stirred tank reactor was presented
~in the EAL Bulletin No. ALAC6LO75,(3). It was concluded that come
bination feedforward-feedback systems controlled better those prd«
cesses displaying large lag times. Il is the purpose of this paﬁer
to investigate combined feedforward feedback conbtrol of 2 fluidized-
bed reactor used for the decomposition of cumene}

A study of frequency response of gas mixing in a fluidized-
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bed feacﬁor was done by Barnstone and H ' tt, (1) Soveral models
werepresented to explain gas mixing and reaction kinetics in a fluid-
ized-bed. Thede models were based on the two-phase theory of fluldiza-
tion. The differences in the models were atiributed to the amount of
weight placed on wixing in the dense ph&éeo The two extreme u,bperfect
mixing in the denée phase and plug flow in the dense phase, both resulted
in an empiriecal transfer function to describe the-systome It consisted
of a distant time delay e@u&l to tﬁe time it takes for a-bﬁbble to rise
from the bottom to the surface of the bed. The response was first order
and had a time constant equal to the Boldup time of the bed,(1). Such

¢

a transfer function is denoted by:

Gp(s) = e 0%/ (g5 + 1) | , (1)
Hore T, is the bubble time delsy, T, is the holdup %ime, and s is the
Laplace transform variable.

According to the time-shift theorem of Perlmutﬁorﬁ(B), multiplica-
tion by eToS in the s domain is the counterpart of a simple displace~
ment in the time domain. Howgver, in this study en approximation to
e~T05 yas used to test its effect in simulation. Accounting for this
term in compubing the traﬁﬁiemt response of a control system is quitle
difficult. For this reason considerable work hzs been done on the com-

puter simulation of the transportation lag. The transfer function de-

scribing this lag in terms of the complex freguency s is given by
G(s) = er08 (2)

whore Ty is the delay time constant. Expansion of this function into

the Maclaurin series form results in:

3 Ly
(T, 5)% (T ) (T,
G(S) pavd 1 . TOQ + o 2 -t»«.,c.‘ - [ n»mgm)w eoo Teoos (3)
21 31 It
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Holst (7) presents Padé-approximations which give the best values of
: . - . . 4 . . -
this series expansion. In defining the Padé.-approximation to e”*o°

Holst presents two polynomials whose ratio is given by:

b(Y> N + ‘N.t X + NZXZ teoe QN Xa -
Fooseetl o= 3 (1)
a,b :
' Da,b(X) D “i' D?» X - Dzy +os onX

By choosing the orders a and b, and gelecting the appropriate values
for the coefficients N, and D, the Padé.-approximation is completely
defined, Holst gives methods of obtaining the coeffioients in Na,b(x)
and Da,b<x) in his paper for the normal type of Padé-approximation where
ambéc, and the reduced typg where 2= b~ 1. Results of the first twelve
normal and reduced Padé-approximations are tabulated in the paper (7).

As an example of the accuracy of this approximation consider the
second order Padé;approximaﬁion, a=b =2,

Fp (%) = cmmoneone - (5)
12 4+ 6x + x

This gives the fifst five terms éf the Maclaurin series exactly and

a final tern R, ,(x) equal to

%0 x7
S = o e e L (6)
~ 1l 1 /28

" The final terms of the lfaclaurin series, M, éx) are

(%) = = oo & e a0 (7)
2,2 120 720

The higher the order of the approximation, the more exact the value of
Fa b is to the Maclaurin series. Figures 1 and 2 show thai step re-

, : '
sponses for the Padé.app FOXLmatlonS approach a perfect step response

- With increasing order,
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With this series expression for the time delay, it is now ?ossible

[rg)
. LTS
to simulate e¥ 9 on an analog computer. Holst presents analog computer

. - 4 » L -
circuits for Pade-approximations of order c¢ and reduced types of order
be. See the Appendix ( Fig.38), for the analog computer circuit of a

. /
sccond order Padé-zpproximalion.



PROCETURE

Transient responses of the
graphically. Steps exployed in

as follovs:

- . : ) ’ .
1e A signal flow block diagram was made of the system.

2. A control equation

Y(s)

EMPLOYED

various systems were obtained and compared

obtaining the transient response were

of the form

=G X(s)

was obtained by block diagram algebra.

3. A1l blocks were evalusated,

L, The resulting equations were solved using an analog com-

puter.

5. The resulting curves were compared.

The analog computer employed wes

computer.

™

an Electronics Associates,.Ince TR~20



THEORETICAL ANALYSIS

"~ Reactor system:

The reactor system employed is the fluidized-bed described by
.Echigoya et al (5), in their paper conoerning reaction conversion
rates in fluidized-beds. The first ordertgas pnase catalytic cfacking
reaction of cumene was carried out using silica alumina FCC catalyt.

The reaction taking place is :

061{50031{7 &= CéHé -+ 03}16 |
One hundred- seventy‘five grams of the silica alumina FCC catalyst
(average particle sigze ranée from 100.150 mesh), were heat treated to
600°C and fed to a three inch 1edo, 3015 inch high bed. The system was
mainteined at 45000 and one atmosphere, conditions at which secondary
reections did not occur. Cumene was diluted to a mole ratio of tén
éimes with hydrogen and fed to the reactor at a rate of ten times the
catalyst weight. The 1inear velocily of the gas flow was mainteained at
seven times the nminimum fluidization veloci%y;(umf = 0,23 cn/sec).

Pertinent data concerning the reactor system is given in Table I,

A scheratic diagram of the reaclor system is given in Figure H.



TABIE I
‘REACTCR SYSTHM
Cross-sectional area of bed = A = 5,26 10" Ft,
Totsl pressure = 1l = 1 atmosphere

Temperature = 450°C

Mole fraction of cumene in feed stream

11

T = 0.1

Concentration of cumene in feed stream = C

13
H

= 1.051 x 10~ Tomoles/£t3
Feed rate of cumene = F = 1,75 moles/hr

Volumetric flow rate of cumene = x(o) = 1.02 x 10”3rft3/sec
Superficial linear velocity = T =W, = 0.05275 ft/sec

Superficial volumetric velocity = v, = 2,78 x 10-3 ftB/sec

Transportation delay time = Ty = 5 sec.
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Block diagrams:

Figure &4 gives the block diagram for the feedforward control sys-

ten. Utili,z.ihg block (}‘j_a‘grm alzebra:

P(s) = R(s) - Hy U(s) (8)
X(s) = G(5)a K P(s) = Gp(s)e K, R(s) - H{U(s) (9)
2(s) = Gy(s)6 K {R(s) - HU(s) + K U(s) (10)

Xff<S) = GfCS)GVKxgp(§>R<S> +

(¥, - Hqﬁf(s)GﬁKxJGp(s)U(s) : (11)

?iéur@ 5 gives thu block diagram fbr feedback control, From
block di&éram algebrat
B(s) = R(o) -y, (s) (12)
X(s) = K06 (8)5(s) = Kxgvgc(s)[R(s) - Hngb(Sﬂ (13)
2(s) = K0 6 (s)R(s) - K.GG ()Y (s) + KU(s)  (14)
Lo (5) = K,8.0 (810, ()R(5) - | -
| Kxgvcc<s)ﬂzap<s>be(s> + e (s)K uls) - (15)
Rearranging,

KXGVG (s)a (s)R(s) + G ()X U(s)
¥, (s) S A N - A (16)

1K L0 () ()

i

Figure 6 shows tho block diagrem for the combined feedforward-

feedback control system, Employing block diagram algebra:

V(s) =Rp(u) - H,U(s) | U
E(S) = Qf(w)v(s) = Gf(s}Rf(s) - Gf(s)HiU(s) (18)
E(s) = R(s) - Ho¥pp () : (19)
H(s) = G _(:)R(s) - B0 (8)Ypp o (8) : (20)

P(s) = Gf(s)Rf(s) - HTGf(s)U(S) + G (8)R(s) =~

1
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X§S) = KXQVGf(S)Rf(s) - Kxgijgf(S>U(s> +
Kxgvec(s)a(s) - KxgvﬁzGc(s)Yfffb(s) (22)
z(s) = K, 0,0p(s)Rg(s) ~ K .G H G (s)U(s) +
K8 Go(e)(5)  KU() - KB H0 (9)Eppr () (23)
Yfffb(s) = KXQVQf(S)Gp(s)Rf(S) - Kxgvgf(s)ﬂ1ap(s)u(s) +
Kgavog(s)@p(sm(s) - K0, H,0(8)0,(8)Ypppp(s) +
K Gp(8)0(s) | o (28)

Rearranging, :
o = OO ooen]
A Kyt o (8)G,(s)
(K, 0uCs(8)H + Ko ()t (s)

T K0 Eple(s)Gp(s)

(25)

Equations 11, 16 and 25 are the control equations used to obtain the

transient responses of the reactor system.
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Evaluation Of Transfer Functions:
As stated earlier the process iransfer function Gp(s) is the func- -

tion derived by Barnstone and Harriott(4). Thus

The units of the solvent flow rate, u(t), and the cumene flow rate

x(t) are not immediately compatible. From this viewpoint the blocks

K_ and K, are essentially conversion factors (8)e To evaluate these
% , :

blocks, a material balance was teaken at the entrance to the fluidized-

bed.
Ll = st ) | (26)
vhere ¢ and M are the density and molecular weight of the cumene. Lin-
. earization results in
5 =(32)x 4 B@rﬂ;u (27)
0% 4 SUfo ‘
7(s) :@?') X(s) +<l%:-> u(s) (28)
IL)s GYA
Let o
_ D?:) . (A2 |
CAGEL e 5=, @
Then :
- 2(s) = EX(s) + K U(s) | (30)
By direct calculations the partial derivatives can be found %o be
. ”(‘\%3 . ~u(o) Va2 u(o) )
THTIER T o prem e e B TT emeermen e e e o o e o i
x DR S Eu(o) + x(oi}z RT {u(o) o+ x(o)]
YL e x(0) Ve x(o)
K, =55 = B et B P (32)
Wi i ‘p(o) + x(o)] ?J’ Eﬂo) o+ X(oﬂ

Blocks H1, HZ’ and G_ were selected as follows.

Hi = 12psi/2vo
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H

i

, =12psif C

G, = ybvo/ 12psi
The maximum deflection of the pressure signal was assumed to be 12psi.
The transfer fuhction for the feedforward controller is denoted

by'Gf(s)q Ifs value is chosen so that any disturbance in the solvent
flow rate, u(t), would not affect the control variable y(t). This
means that for R(s) = 0.0, the coefficient of U(s) in the control
equation for feedfofward and combined feédforward«feedbéck control must
be zerc. Thus,

'Kugp(s> - KxgyGf(s)Hij(S)bﬁ 0.0 (33)
or )

Gp(s) = Ku/H1GVKX ' (3)
The feedforward controller transfer function is denoted by Geo(s). The
nodes of control investigated are proportiongl, proportional-integral,
@roportionalnderivative, and proportional-integral~derivative. The

transfer function of each are given below:

P: Gq(s)

:::Kc
PI: Go(s) = K (1 +;1/Tis)
PD: Gc(s) = KC(1 + Tds)

s = K- T.8
PID: G,(s) = K (1 + 1/1;s Tgs)
Here Kc is the proportional gain: Ti, the integral time constant; and
Td the derivative time constant. In general proportional control re-
~sults in a response having maximum offset but little if any oscillation.
The response to PI control has no offset but a large period of oscilla-
tion. PD control gives a response having little offset and a shoriter

period of oscillation than PI. PID control has a response which dis-
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plays the 'no offset! characteristic of PI control and the "short pe-
riod of oséillation“‘characteristic of PD control.
Step changes iﬁ the set-point and load were arbitrarily chosen.
" The solvent flow rate, u(t), was doubled, that is,
U(s) = 2u(o)/s.
The step change in set-.point was selected to be 3psi, that is

R(s) = 3psi/s.



Ultimate Controller Settings
Tﬁe Ziegler-Nichols method and the Cohen and Coon reaction curve
ﬁethod of determining those values of KC, Ti’ and Td'which gave opti-
" mum control were compared. The Ziegler.Nichols settings are derived
'by'determining the wltimate gain, K, and the ultimate period, L The
ultimate gainris defined as:

K, = 1/A (35)
where & is the gain at the crossover frequency LA The ultinate period
is defined as: _

Py =2 [, S (36)
Table II gives the Ziéglerwmichols contrcller‘seﬁtings for wverious
modes of control. The ultimate gain and period for the system employed
in this study were found to be
- P

u

K, =12

3.37 sec/cycle

i

ﬁérivati@n of these valués is given in Appendix I. The ultimate con-
trollgr settings from the Zieglermﬂicholg method'were:

P: K, = 6,0 A i

PL: X, = 5ok, Ty = 311

PID: K, = 7.2, T, = 1.86, Ty = o166

The Cohen-and Coon reaction curve method assunes the pfocesg

tranéfer function to have the form

Gp(s) = K e Td5/(1 + T6) | | (37)
Cohen and Coon derived theoretical values of the controllef settings

which would give minimum offset and minimum area under the load re-



TABIE TT

Zieglerx-Nichols Controller Settings

Type of control - G (s) K.
Proportional , KC,‘ ‘ 0.5K,
Proportional-Integral KC(T + 1/Tis) O.QﬁKu

Proportional-Integral- ’
Derivative K (1 + 1/Tis +Tds) O°6Ku

. 20

1

Pu/T.,Z

'Pu/zso P, /8.0



sponse curve. The values of the setiings found are given beloW.
by o

The values Ty, K

1o

Proportional:

K, = ~be <Te (14 T4/30) o (38)
Kp Ta ,

Proportional-Integral:

K, = 2= -2~ (9/10 + Tg/121) (39)

, Kp Tq ) .

T, = T4(30 +3Td/T)/(?+ 2074/T) | (40)
Proportional-Derivative:

K = 1o .To ( s/l o+ T./67) (1

¢ Kp Ty / Ld/ , ' ')

T, = Tq(6 - 274/7)/(22 + 314/1) o (2)
Proportional-Integral-Derivative:

v A— 1 T ! m 1T ‘

}\C = ..}.,{... m;f-: (Lr/a + ,Ld/Lfi> (14'3)

p +*d
Ty = Tq(32 + 674/7)/(13 + 874/T) (&)
Tq = Td(tﬂ/(‘ﬂ 7§~2Td/’f) (45)

p* and T are derived as follows, (Z)av‘

Apply a small stép change M in the manipulated yariable to
the opened contfol loop and record the measured variable
versus time. A typical curve is shown in Figure7 .

A tangent is drawn to the inflection point. The intercept

with the abscissa is the apparent dead time T

“The slope S, of this tangent is BU/T, therefore

T = B,/S

where Bu is the final value reached,

The gain K., is given by

p

21
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In this case the process transfer funcition was the same as that assumed
.by Cohen and Coon. Thus,
= 1,0

= 1,0

3

0.

T = 5,0
These resulted‘inlcontrollér settings as follows:
Py K, = 5.333
5.5833
Ty = 2.355
= 6,4166

il

PI: Kc

ry
4
=
!

Td = 0,248
PID: X = 6,916
T, = 2,27

= 0,351

=3
o
-



DISCUSSION OF RESULTS

Transient responses of the variously contrclled systems are given

in Figures 8 through 37. It was obscrved that for any mode of control,

combined feedforward-feedback control sys@ems seenm to control the
fluidized-bed reaétor better ﬁhén either of the systems alone.

Figures 8 through 11 show the transient responses for feedfor-
ward control. It secems that offset occurs with changes in load even
though corrective action is taken before the'measured variable is af-
fected. This is probably because the diSturbance might be overflow-
ing the system. That is, the disﬁurbahce might be too large for the
ideal controller to control properly. If this was the case, the re-
sponse curve shown 1s the uncontrolled responée to a step change in
load partially affected by the ideal controller. Fipgures 10 and 11
show the response curves for the same systems as do Figures 8 and 9,
except here the lag time term was omittled in the process transfer
function. The only‘appareht differenQe iﬁ the curves is that the
curves of Figures 10 and 11 arc 3hiftéd to the ieft an amount equal
to Ty, the system lag time. OSince it was observed that this was the
only éffebt TO had on the systen, it was omitted from the process
transfef function because of the difficulty met in trying to scale
the analog computer circuit with this term present.

Figures 12 through 19 are the transient responses for the.sysm
tem'employing feedback control. As expected, proportional and probarn
tional~derivative mdd@s of control exhibited offset, and proportional-

integrel and proportional-integral-derivative modes exhibited periods

2L
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of oscillation. It is observed that as K, decreases this period of
oscillation increases. Thus a higher value of K ,(¥which is equlvalent
to a lower prdportianal band), means that the system will come into
" control sconer, although deviation from the final value will be greater,

Figures 20 through 31 show the transient response for the system
empleoying combined feedforward feedback controls Offset in the pro-
portionsl and prepO?LLQualmuerlvatave modes of control is not as great

as in feedback and the period of oscillation in propsrunonajmlntegral
and proporticnal-integral-derivative modes is not as longe Also devie
ation from the final velue is not as great as in feedback control.
‘

The first 30 seconds in each of the figures corresponds to the initial
dlsturman e due to the step change in the set~point of the ideal control-
lere |

Figures 32 through 37 show the responses for the combined feed.-
forverd.feedback control system when using the Ziegler-Nichols ﬁltimate
contrcl]er settings and the Cohen %pd Coon ultimate settings. Little
difference is seen. At these ullimate settings oscillation and deviation
from the final value are minimal.

In the Appendix (Figures L6 through 66) appear Bode Diagrams of the

above systemse These futher support the above staler ntse
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CONCLUSIONS

From the resulls of this study it can be concluded thats

1. Combined feedforward.feedback control systems bring about
tighﬁér control of a fluidized-bed reac%ér than either feedforward
or feedback slone.

2¢ Both the Ziegler.Nichols and the Cohen and Cocn reaction
curve methods of determining values of K,, T3, and Tg for optimum
control appear to be equally good in gchi@ving tighter control,

3¢ Elimination of the lag time term from the process transfer

‘

funetion only shifts the curve to the left an amount equal to the re-

actor lag time.

ot Sl
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RECOMMENDATTONS

The findings of this paper and those of the EAT Bulletin No.
ALAC6LO75, (3), show that combined feedforward feedback control sys-
tems offer im?rovements in the performance of systems displaying large
holdup times. Perhaps this would not be so withvsyﬁtems with relatively
shorter holdup times, This should be investigated.

Other disturbances other than step changes in.setmpoini and. load

should also be investigated.
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U(t)’

NOMENCLATURS

Gain at the crossover frequency
Concentration of cumene, lbmol/ft”
Contreller transfer function
Ideal controller transfer function
Process transfer function
Transfer function for valve,_ftB/sec psi.
Transducer transfer function, psi sec/ £t
. ‘

Pransducer transfor function, psi £t5/1bmol
Sart(-1)

Proportional Gain

(328 5),

Ultinate goin
(Yoo ),

Molecular weight of cumene

Ultimate period, sec/cycle

Step change in set.point

Laplace transform variadle

Integral time constant, sec

D@rivétive time constant, sec

Reactor lag time, sec

Transportation time deley, se

Minirmum fluidization velocity, £t/sec
Solvent flow rate, £t°/sec

Step change in loads f‘i}B/ sec
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x(t)
Ie
z(t)
€
T

Frequency, radians

Crossover frequency, radians

Volumetric flow rate of cumene, ftB/sec

Mole fraction of cumene

Total volumetric flow

~ EN
ray

e through bed, fi3/secc

Molar density of cumene, lbnol/ft3

Total pressure, atn
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APPENDIX

T. Zieglerollichols Ultimate Controller Settings
IT. Analog Computer Diagrams
A. Pade Circuit
B. Feedforward Conlrol System
C. Feedback Control System
" D. Combined Feedforwarderedback Control Syétem
IIT. Bode Diagrams

 IV. Digital Computer Program
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To.21EGIFR-NICHOIS ULTIMATE CONTROLIER SETTINGS

The Ziegler-Nichols settings are derived by determining the ul-
timate gain and the ultimate period. The ultimate gain is defined as:
7
K, = 1/A
wnere A is the gain at the crossover frequency, Voo The uwltimate
period is defined as:
| P, = 27T/ Voo
y £ . / 3 " - .
A method of determining K, and P, is given below:
Let (G(s) represent the gain of the final control element, the
process, and the measuring element in series., This function is needed

at the crossover freguency. Hence,

G(s) = GVKXHZGP(S) (L6)
Now as previously stated,
«To8
e .
G (8) = mmmmmmicmnm (1)
: P T1S # 1
and, o o
, s = Ju (47)
~ Thus, .
. Gp(jw) = e”TOJW/ Tijw + 1 (48)
G(3w) = 6K 5,6, (3%) (59)
o=Tod¥W
G(59) = 0635 mmmmrmmem (50)
Tqdw + 1
'/»T1jw +17 [Tcos w - jsin w
G(jw) = 00635 | e e e 2 o (51)
' nTijw‘v i T1JW + 1 ‘
G 0.635 3.175u |
G(JW) = wompmmemcne o] mmogegeswe- (C0S W - jsin w)  (52)
T12w2 + 1 T1“w2 + 1 :

Simplifying terms,



0.635c08 W ~ 3.175w sin w

G(IH) = s s e e et +
25w* + 1 '
~3.175w cos W - 0.635sin w
S et e s et (53)
25w 4 1

By definition,
~3.175w cos w - 0. 63551n W

LG(JW) = an™! e e s (54)
0.635c08 W = 3 175w sin W

The crossover frequency is that frequency at which the phase lag is

160°, i.e.,

G(jw) = 180° = tan~! 0.0 (55)
Thus, v
-3 175W‘ oGO8 Woo = 0.635sin w
£G(,) = 000 = mommeme T O e ol (56)
» 0. 635003 Yoo = 3 i/5u oSin W

Solving by trial ‘ '
Vo, = 0.0, 1.685 rad’

Now for the gain at the crossover frequency:

A = a(gug,)| = 0.0836

Therefore,
» Ultimate Period = P = 27 [u,, = 3.73 sec/eycle

Ultimate gain = K = 1/A =

62
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IL. ANAIOG COMPUTER DIAGRANS

.

second Order Pade-Approximation
Proporticonal. controller |
Proportional~integral contraller
Proportional-derivative controller.
Proportionalmintegralmderi?ative controller
Feedforvard Control Systen

Feedback Control System

Feedforwvard-feedback Control Systen
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ITTI. BODE DIAGRAMS

Ao Introduction
Bo Figures 46.58: Changes in sel-point

" C. Figures 59.66: Changes in load



Introduction

The following Bode diagrams were obtained by programiing the
control equations 11, 16 and 25 on & digital computer. In the equa-
tions s was set equal to Jw. The awplitude ratio was defined as fol-
lows:

AR = f(jw)
The amplitude ratio is reported in decibsls, The phase angle was de-
fined as: |

G = ten™ bfa.
whé,;re a is the real part of the control equation and b the imaginary

part.
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1D = D
MATNH =
N = 100
WRITEY6Es 1O% ‘ . . .
WRITE)I6Es 12% Ngl’%.x\INH:KCgKVg%(l@KZ;TO;Tl,TIaTDaKXsKU
DO 1 I = 1sN ‘
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S = )0s0,1e0% FMAINH¥X
GP = JCEXP)~To#GuHx

GC = KC¥)leo)le/)TI%E%% o )TO5HH

GF = =) KU/ TKXEKIRKY*
o= YGRPREF ¥RV
#o= ) GP% )y KT RK ST ARV LUK EY) SR
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Gy ~ 7%
T,‘:X
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¥ o= FUON)YIR/FB0) I

V1% = JEFL)IL® ~FER)I# o FER)I%x/FRD) I

1

RYFF)J# = REAL)YFF) J#x

i\( ).J\ = /\I:'(/\,\‘I)Yf )J" i
-?Y'i)JA REALYYFD) Jeese
_IY(U)J* ATMAGYYFL ) J*
RYFPEB)Y J% = REALYYEFFEG) i

- i

H

i



LYFFABY I = ATMAG)YPET &
MYFFEYJ% = CABS)YFF ) Jes :
PYFF)J# = ATANYIYFF)J#/RYFF) s
MYFB ) JE = CARSIYFR) e
PYFB)Y J* AIAM)IYF' y % /uvr,)u&%
MYFFFEB) J% = CARSIYFFFDL) Jwx g
PYFFEB)YJ® = ATANIIVFFFBIJR/RYFFFD) s
2 CONTINUE
WRITE)Gs 16%
DO 3 J = 1N -
WRITEIGs18% JsRYFFIJE s IVFF ) J¥ s RYFRYJ¥ s IYFE) I s RYFEFBIJ¥s IVFFFR ) J*%
3 CONTINUE _ : - :
WRITE)G s 20%
DO 4 J = 1sN . . . . :
WRITEYG916% JaMYFF)J% sPYFF ) JN s YFB)IJHa PYFE) S sV FFFB)JS s PYFFFE) J¥%
4 CONTINUE ' g
100 CONTINUE ' * -
10 FORMAT) 1+ils N A TNH KC .. KV K1 K2
1 70 T1 71 , D KX KUY s /%
11 FORMAT)YEFL10.0% : '
12 FORMAT)IIH 912s2Xs10F12e4/1H 5s10F1244% ‘ ' .
16 FORMATYI# st J REAL YFF ~ 1MAG YFF REAL YFB TMAG YFB REAL
1 YFFFB TMAG YFEFEY s /%
18 FORMATIIM s12s6) l)oth(Xna///" ] : ]
20 FORMATIIH stJ ~ MAG YFF PHS YFF MAG YFS PHS YF3 MAG Y
1 PHS YFFFB 4, /% ’
22 FORMATYIM 512565 10e4%
- ST0P '
_ CEND
/7 EXEC
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