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Chapter 11

Numerical Integr‘ation Methods
in Vibration Analysis
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g =2 %oy F 20\, [Xig) = 2%+ %in ;=2 %, + X, y
{( (ak)* ) 2( (at)* ) M ( (aty (At)

ii-rz" 4 X0 + 66X —4%;_ |+ X,
(at)4

Egua-énon x + %X =0 L .
Central difference solution: @ )Z(( “)1 )x: -(At)‘ x‘_‘}

=(2- at ) X = X, ---(&)
For xg=0 and x, =1, Ep. (11:9) gives x = - at

-1
¢y with ab=1,  x = x-x, - (&)

Repetitive application of (E,_) ,with % = -t and %, =0, gives the
results shown in the following table.

(.'i) with at= o'5, xi“: B I T T ---(E,)

The results , sor X ,= =05 and %X,=0, are shown in the table.

comparison of solutions:

"

e () | _value of “x(£) ohtained with "} Exact value of x(¥)
_at=1 P st=os . =sint
--——-——--——:—-——-—-———-----—---—---—-—---——----T-
o ' o ° E °
o5 E - 0§ : 0-4794
i ' { 0.3750 i 0:-2415
1S ' - 10313 ' 0:9975
2 ' 1 0.9297 | 0-9093
2.5 ) - 0-5957 | 0-5995
3 ) 01128 ! o141
3.5 V- -0.3983 ! - 0350%
4 b=t -0-309% ; -07568
45 ! - ~t0189 ' -0:9775
5 7y =1 —0.9733 ; —-0-9589
5.5 H - - 06343 ' - 0:7055
¢ i o - 022412 g ~0-2794
At t;, central difference formula gives
@ (‘1 —1"-|+"<-z)+°.1 x. =
(at)*
ie. X, = 2 Xt~ X = 101111 (2 %, = X;, ) Sor at=1
1-o0-1 (at)? --- (&)
Since X, = ?_";Tx'_‘.-.o, X, = X, =4

€. (E1) 9gives the following results.
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A Y 2 3 4 5 6 7 H 9 1o

e . i N1 13580 1TRIL 2.2084 2:63% 3-058% 3-4840 33092 43344
X2 b L lun 13580 17832 22084 2:4336 3.0538 3-4840 3-9092
x; from (E')i lun 1350 17832 22084 2.(33G 3.0589 1-4340 39031 43344 47536

0-2(7% -3 x:y) - )

For 9iven data., €. (11:7) 9ives x .,
Eps- (11-83) and (1.9) give -

on-i, x

(;_;)7':(% )z < (-‘i“ =1> > Underdamped

Since 7, - %L = 2w sec, we will consider the response for 15 steps.
n

)
1 o -0:625 0-375

2 0-375 o 0.525

3 0.525000E+00 0.375000E+V0 V.510000€+00
4 0.510000E+VV 0.525000E+00 0.,39900VE+0Q0
5 0.3939000E+90 0.510000E+00 0.252600E+00
6 0.252600E+00 0.399000E£+00 0.114240E+00
7 0.114240E+00 V.252600E+00 0.837604E~-02
8 0.837604E-02 0.114240E+400 <0,568176E=01
L N *0,568176E=01 0,8370604E-02 =0,845702E-01
10 -0,845702€-01 =0,568176&~01 <0,343078E=-01
" “0.843076E-01 =0,845702E-01 <=0.,072887E~01
12 «0,672887E~01 <0,843078E-01 =0.436196E=-01
i3 =0.,436196E£-01 <=0,6728B87E-01 =0,206932E=-01
4 =0,206942E-01 =0,436196E=-01 =0,280008E-02
IS =0,2800038€-02 =0,206942E~01 0.8496039E=02

= - 0625
cose .

(z-c;)z=i = (%") > cri.{:n‘cau.y damped case.
For the data, Egs. 1) to (11.9) 9ive

Xiwt = ‘L (7x;-2%.,)

= -2, % =-075 . Response is given below-
A o I Zipy_from (81)
1 o -0-15 0-25

2 0-25 o 02917

3 0.291667E¢00 0.250000E+00 0.256944E+00
4 V0.256944E¢+00 0.291667E+00 0,202546E+00
5 0.202546E+00 0.256944E+00 0.150656E+00
6 0.150656E+00 0.202546E+00 0.,108250E+00
7 0.108250E+00 0.150656E+00 0.760728E=01
8 0.,760728E-01 0,108250L+00 0.526683E=01
9 0.526683E-01 0.760728E=01 0.360888E~01
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o 0.360888E=-01 0,526683E-01 0.245475E-01

" 0.245475E-01 0.,3608885=01 0.,160091E=01

2 0.166091E-01 U.245475E=01 0,111948E-01

3 V.111948E-01 0.166091E~01 0.752425E=02

14 0.752425E=02 0.111948€-01 0.504668E=02

5 0.504668E=02 0.,752425E=02 0.337971E=02
For 9iven dota, Ep - (”-7) Jives x‘,ﬂ = 0.875 x;

This ezua.fmn does not involve %, and hence the response cant be

found since x,=o0.

Hence we change At to o-4. This gives, from

Ez- (1, Xipy = O 03889 (u 5 X; ~ (25 x, ') --- (g)
Egs‘-(ll-?) and (11.9) give ;°= -4 X, = -0-72
Resulbs:
+e Xy x; X:py from (Ey)
1 =0.720000€+00  0,000000E+00  0,800010E=01
2 0.000000E+00 0,800010E=01 0,817798k=01
3 0.800010E=01 0,817798E=01 U.747091E-01
4 0.817798E=01 0.747091E-01 0.672835E=01
5 0.747091E=01 0,672835E=01 0.604784E=-01
6 0.672835E~01 0.604784E~01 0.543471E=01
7 0.604784E-01 0,543471E=01  0.488356L=01
8 0.543471E-01 0.488356E-01 0.438829E-01
5 0.488350E=01 0,438829E-01 0.394323E-01
10 0.438829E=-01 0,394323E-01  0,354332E-01
" 0.394323E=91 0.,354332E-01 0.,318396E=01
az 0,354332E=014 0.318396E~01 0.286105E=-01
0.318396E=01  0,286105E=01 0.257089E=01
J’°°° = 273861 , Tn= 2Wls = 0:22943 ; At= 0.05
Ey,s {5 )) t‘o (1.9) sive ; 0st<0.2
- - x. F'
ivl |czo (200 X, - 1530 X, + Fo) wl\ere F(t) = { soot +300; 02£t<0-¢
X,= 50, %, = 0:0625 --- (&)
Results:
e t; Fi=F(t) x; Xig %4, From (&)
Ty 6 T 0.2000006+03  0.000000E+00  0.625000E=01 0.625000E=01
2 o005 0,200000E403 0,025000E-01 0,000000E+00 0,131173k+00
3 o 0,200000E+03 V131173400 0.625000E=01 0.786942E-01
4 o5 0,200000E403 0.786942E-01  0,3131173E+00 0,523812e-02
5 02 0.200000£+03  0,523812E-02 0.,756942E=01 0.473524E-01
6 0-25 0.,175000E+03 0.273523E~01 0.523812E=02 0.108762E+00
7 0.3 0.150000E+03 0.108762E+00 0.473524E=01  0.598368&-01
3 o035 0,125000E+03 0.598368E=01 0,108762E+00 =0,.,215287E~-01
9 o4 J.100000E+03 <=0,.215287E-01 0,598368E=01  0,711154E-03
10 o0.45 0,750000E+02 0.711154E=03 =0,2152B7E=01 0.673812E-01
It o5 0,500000E+02 0.673812E-0f 0,711154E=03  0,384892¢-01
12 0.55  0.,250000E+02  0.384892E-01 0,673812E=01 =0,455336E-01
13 0.6  =0,305176E~04 <=0.455336E-01  0.384892E-01 =0,431603E~01
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I4 065 =0,250001E+02 =0,431603E-01 =0,455336E=01  0,236487E=01
5 o7 =0,500001E+02 0,236487E=01 <=0.431603E=-01 0.141500E=01
6 o075 -=0,750001E+02 0.141500E=01 0.,236487E-01 =0,676142E-01
{7 o-8 =0.100000E+03 =0,676142E-01 0.141500E-01 =0,838765E=01
18 o3 <«0,125000E+03 -0,838765E-01 <«0,676142E-01 =0,215709E-01
19 o9 ~0,150000E+03 =0,215709E-01 =-0,838765E=-01 ~=0,134502E-01
20 0.95 =0,175000E+03 =0,134502E~01 =0,215709E-01 =~0.886470E-01
2! 100 =0,200000E+03 =-0,886470E~01 =0,134502E-01 =0,121283E+00

Eguation: mx+cx+ kx = F(¥)=1

Since Tp=2W, at is selected a3 o-5.

Egs- (1.7 1o (11.9) 9give xopy= 002 (7rs=3 %, + i‘;) Ceee (E))

X =0, %,=0

(-]
Exact solution (from exq.mple 4.9):
For §F=1, k=4, .= 1, T=0.5, W = 096603, we find

-o0.5t -
x(t)= t-14 € ° (ccs 0.96603 t - 057735 sin o0-36603t) " (E‘)

L Resulds: e eemm——m——mm——————— e — e ————
vt x; Ao X015 E) X; 4 +E2)

i o 02000000E+00 0.000000E+00 0.000000E+00 0.,182477E-01

2 05 0,000000€+00 0.,000000E+00 0.,100000E+00 0.126190E+00

3 i 0.100000E+00 0,000000E+00 0.340000E+00 0.364080E+400

4 -5 0.,340000E+00 0,100000E+00 0.716000E+00 0.731292E+00

5 2 0.716000E¢00 0.340000E+00 0.119840E+01 0,120253E+01

(4 2.5 0,119840E+0} 0,716000E+00 0.174816E+01 0.174240E+01

7 3 0.174816E+01 0.119840E+01 0,232838E+01 0,231622E+01

8 35" 0,232838E+01 0.174816E+01 0.291084E+01 0,289641E+01

9 4 - 0.291084E+01 0.,232838E+01 0.,347815E+01 0,346501E+401

0 45 0.347815E+01 0,291084E+01 0.402290E+01 0.401335E+01

1] 5 0.402290E+01 0,347815E+01 0.454518E+01 0.,454011E+01

2 55 0.454518E+01 0.,402290£+01 0,504950E+01 0.504860E+01

13 6 0.504950E+01 0.454518E+01 0.554220E+01 0.554439E+01

4 65 0.554220E+01 0.,504950E+01 " 0,602938E+01 0.603328E+01

s 7 0.602938E+01 0.554220E+01 0.651581E+01 0.652013E+01

(73 75 0.651581E£+01 0.,602938E+01 0,700451E+01 0.,700828E+01

17 3 0.700451E+01 0.651581E+01 0.749682E+01 0.,749949E+01

} ] 35 0.749682E+01 0.700451E+01 0,799285E+01 0.799426E+01

9 9 0.799285E+01 0,749682E+01 0.849190E+01 0.849219E+01

" 20 9.9 0.849190E+01 0,79928SE+01 0.899294E+01 0.899244E+01
~ dxy _ d= dxa 4= dx ey

t x=x, X, = =L = 4% =22 _4% .. net _ d

h‘i PR Ta TR T T T

» guation: 4N 96 8) A, A" o _an am --- (&)

" = an - Qn ! u, 4t
= x,t) Qo _ Gn-z e =2 x, .- (B2
’(am - Qi *n _Ta.': Tnt @ * ( )

(&) and (Er) can be expressed as

Jx - - -
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£ X2
where -

X = ?2 G“J F - ;,. = x3

x % .

n . :
3 Xn
) JOA) _Bmot o -,
G (- 4 Dy,

. The main program for problems (o) and (b) is given below.

S

e

M

RLN PROGRAM FOR CALLING THE SUBROUTINE RK4

THE FOLLOWING 7 LINES NEED TU BE CHANGED FOR A DIFFERENT PROBLEM

10

20

30
40

DIMENSION TIME(40),X(40,1),XX(1),F(1),¥I(1),YJ(1),YK(1),¥L(1),
2 uuQ)

XX(1)=1,0
NEQ=1
NSTEP=40
DT=0,.1

r=0,0

WRITE (58,10)

FURAAT (//,3X,5H 1 ,10H  TIME(1),7X,5H X(1),/)
DO 40 1=1,NSTEP
CALL RK4 (T,DT,NEQ,XX,F,¥I,YJ,YK,YL,UU)
TIME(L)=T.
DO 20 J=1,NEQ
X(I,J)=XX(J)
WRITE (58,30) I,TIMEC1),(X(I,J),J=1,NEQ)
FORMAT (2X,15,F10.4,2X,E15.8,2X,E15.8)
CONTINUE
STOP
END
The subroutine FUN and output are given below.
- . - D G SR S WD R R YR R G e - e - I— —————————————————————————————
fFor problem (o) '1' For problem (b)
SUBROUTINE FUN (X,F,N,I) | SUBROUTINE FUN (X,F,N,I)
DIMENSION X(N),F(N) }  DIMENSION X(N),F(N)
F(1)2X(1)=1,5%EXP(=0,5¢T) y FL1)==T#(X(1)%%2)
RETURN ' RETURN
END e beee END e -
1 TIMECI) x() T [ TIME(L) X(1)
]
1 0,1000 0.95122939E+400 | 0.1000 0,99502486E+00
2 0.2000 0,90483737E+00 ] 0.2000 0,98039210E+00
3 0.3000 0,.86070738E400 ! 3 0.3000 0,95693767E+00
4 0.4000  0.81873059E+00 1 4 0,4000  0.92592573E+00
5 0,5000 0,77880061E400 '@ § 0.5000 0,88888866E+00
6  0.6000 0,74081802E+00 ' 0.6000 0.84745741E+00
1 0.7000  0,70468783E+00 . 7 0.7000 0.80321264E+00
8 0.8000 0.,67031974E+00 | 3 0.8000 0,757575S7E+00
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3 3.1000 0.21224274E+00

31 3.1000 0.17226547E+00
32 3.2000 0.20189069E+00

32 3.,2000 V.16339886E+00
33 3,3000 0.19204344E+00 33 3.3000 0.15515921E+00

'
]
]
]
[
t
]
34 3. 4000 0.18267635E+00 T 34 3. 400v 0,14749278E+00
35 3.5090 0.17376597E400 135 3.5000
i
:
i
'
]

0.14035103E+00
36 3.6000 0.16529004E+00 36 3.6000 0,13368998E+00
31 3.,7000 0.,15722735E+00 37 3.7000 0.12746987E+00
38 3.8000 0.,14955774L+00

38 3.8000 Ve12165364E+00
39 3.9000 0.14226201E+00 39 3.99000 0.11621183E+00

40 4.,0000 0.,13532193E+00 40 1.0000 0.,11111123E+00
The program and outruﬂ: are given below.

MALL PROGRAM FOR CALLING THE SUBROUTINE RK2

C
C
o

1 I 33t I it It I it i I it i 1 i 3 13t 1
- D T D ey W D D D W T W D P s WD D D S D D D S R N P I S D WD T T e e e VI e D S AP D SD D TR P WP WD WP R Wb @R TP TP D A W D WD YR W W D -

IHE FOLLOWIRG 6 LINES NEED TO 8E CHANGED FOR A DIFFERENI PROBLEM

DIMENSION TIME(40),X(40,2),XX(2),F(2),Y1(2),YJ(2),0U(2)
XX(1)=0,0

XX(2)=0,0
NEQsS2
NSTEP=40
DT=0.31416/2
=0.0
WRITE (57,10)
10 FORMAT (//,3X,54 I ,10H TIME(CI),7X,5H X(1),12X,54 X(2),/)
DO 40 I=1,NSTEP
CALL RK2 (T7,0T,NEQ,XX,F,Y1,¥YJ,UU)
TINECI)=T
DO 20 J=1,NEQ
20 X(1,J)=XX(J)
WRITE (57,30) 1,TIMECI),(X(I,J),J=1,NEQ)

40 CONTINUE

STOP

C SUBROUTINE RK2

c =s3=zz====s=ss=ss=====s=3=s=sSSs=s3sssss==ssssssSsSssssSs=sssssssszzsass
SUBROUTINE RK2 (T,DT,N,XX,F,X1,XJ,UU)

DIMENSION XI1(N),XJd(N), UU(N).XX(N):F(N)
DO lo 1‘1."

10 uuCI)=Xxx(1)
CALL FUN (4AX,F,N,T)
00 20 I=1,N
X1(1)3F(1)*DT

20 XX{L1)=UU(L)+XI(I)
T=r+DT
CALL FUN (XX,EF,N,T)
DO 30 I=1,N
XJ(1)=F(I)¥DT

30 XXC(DIS0UCI)+(XLICI)+XJ(1)) /2.0
RETURN
END
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~
-

ZZ3ST=SESSSSEESSSESEEISSTISSSESSSSSSESSSSSSSISSSSSSISSSIIZISSIIIZZS=ZE33
C SUBROUTINE FUN FOR USE IN THE SUBROUTINE RK2
C I[HLS SUBROUTINE CHANGES FRUM PROBLEM IO PRUBLEM

SUBROUTINE FUN (X,F,N,T)

RETURN
END
B S § 1119 9 R X(O T X"
1 0.1571 0.12337063E-01 0.14845039E+00
2 0.3142 0.46506263L=-01 0.27647862E+400
3 0.4712 0.99086702E=-01 0.38170516E+00
4 0.6283 0.16633771E+00 0,46245623E+00
S 0.7854 0.24431184E+0QV 0.51778144E+00
6 Ve9425 0.32896915E+00 0.54745305E+400
7 1.09906 0.410628993E+00 0.55194682E+00
8 1.2560 V.50238299E+00 0.53240609E+00
9 1.4137 0.58358723E+00 0.49059010E+00
10 1.5708 0.65656364E+00 0.42880845E+00
36 5.6549 =0,28463572E+00 0.51887971E+00
37 5.8120 =0.19237404E+400 0.65321267E+00
38 5.9090 <=0,79548687E~01 0.77926701£+00
39 6.1261 0.52324414E-01 0.89440674E400
40 6.2832 0.201334364E+00 0.99627030E+00

DIMENSION X(N),F(N)
F(1)=X(2)

FO0=1,0

T0=3,.1416

AM=1.0
XC=0.2
XK=s1.0

FT=FO0*(1,0-SIN(3,1416*T/(2,0%T0)))
F(2)=(FT=XC*X(2)=XK*X(1))

The computer program ond output are given below.

THE FOLLOWING 6 LINES NEED TO BE CHANGED FOR A DIFFERENT PROBLEM

DI4ENSION TIME(40),X(40,2),XX(2),F(2),Y1(2),¥J(2),1K(2),0U0(2)
XX(1)=0.0 .

XXx(2)=0,0

NEQ=2

NSTEP=40
DT=0,31416/2

r=0,0

WRITE (57,10)
FORMAT (//,3%X,58 I TIME(1),7X,5H X(1),12X,5H X(2),/)
DO 40 I=],NSTEP

CALL RK3 (T,DT,NEQ,XX,F,YI,¥J,YK,UU)
TIME(I)=T

nhnaan

10 ¢+ 10H
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DO 20 J=1,NEQ

20 X(I,J)=XX(J)
WRITE (57,30) I,TIME(I),(X(I,J),J=1,NEQ)
30 FORMAT (2X,15,F10,.4,2X,E15.8,2X,E15.8)
40 CONTINUE
STOP
END .
C ===S33=2S3S=SSS53SSSSSSSSSSSSSSSSSS=SSS=S3SSS2SSSSSSS SIS SIS 2ISSSSSI=IS
C SUBROUTINE RK3
o

SUBROUTINE RKJ (T,DT,N,XX,F,X1,XJ,XK,UU)

DIMENSION XI(N),XJ(N),XK(N),UUCN),XX(N),F(N)
DO 10 I=1,N

10 uu(1)=xx(1)
CALL FUN (XX,F,N,T)
DO 20 I=i,N
XIC1)=F(1)*DT
20 XX(I)=SUUCI)+XI(1)/2.0
T=T+DT/2,0
CALL FUN (XX,F,N,T)
DO 30 I=}1,N
XJ(I)=sF(I)*DT
30 XX(I)3UU(I)=XI(I)+2,0*%XJ(I)
CALL FUN (XX,F,N,T)
DO 40 I=1,N
XK(I)=F(I)*DT
40 XXCI)SUUCI)+(XICI)+4,0%XJ(I)+XK(1))/6.0
RETURN
END
C =s=s====
C SUBROQUTINE FUN FOR USE IN THE SUBROUTINE RK3
C THIS SUBROUTINE CHANGES FROM PROBLEM TO PROBLEM
c i+t A e P 1] -
SUBROUTINE FUN (X,F,N,T)
DIMENSION X(N),F{(N)
F(1)3X(2)
F0=1,0
T0=3,1416
XMz31,.0
XCs0,.,2
XK=1.0
FT=F0*%(1,0-SIN(3.,1416%T/(2,0%T0)))
F(2)3(FT=XC*¥X(2)~XK*¥X(1))

655

RETURN
END - e e e e e e e e =
i S 3 111§ 9) F{§)) X(2)
1 0,0785 0,11884968E~-01 0,14891791E+00
2 0.1571 0.46078302E=01  0,28356332E+00
3 0,2356 0.10011104E+00 0,40113181E+00
4 0.3142 0.17111324E400 0,49932912E+00
5 0.3927 0,25589743E+00 0,57641083E+00
6 0.4712 0.35104716E+00 0,63120759E+400
7 0.5498 0,.45300832E+00 0,.66313553E+00
8 0,6283 0.55818105E+00 0,67219222E+00
9 0.7069 0.66300964E+00 0,65893871E+00
10 0.,7854 0,76406908E+00 0.,62446821E+00
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36 2.,8274 =0.56948423E+400 =0,28658101E+00
37 2.3060 <=0,00655731E+00 =~0,18535951E+00
38 2.,98345 =0,62764353E+00 -0,83412744E-01
39 3.0631 =0,63280767E+00 0.17002784E-01
40 3.1416 =0,62246108E+00 V.11373823E+00

=y

nnnananaec

10 FORMAT (//,3X,54 I ,10H
DU 40 1=1,NSTEP
CALL RK2 (T,DT,NEQ,XX,F,YI,YJ,UU)
TIME(L)=T
DO 20 J=1,NEQ
20 X(1,J)=XX(J)
WRITE (61,30) I,TIMECI),(X(1,J),J=1,NEQ)
30 FORMAT (2X,15,F10.4,2X,E15.8,2X,E15.8)
40 CONILNUE
sTOP
END
SUBKROUTINE FUN (X,F,N,T)
DIMENSION X(N),F(N)
F(1)2X(2)
F(2)==1000.0%X(1)
RETURN
END
"1 TIMECI) X(1) X(2)
1 0.0100 0,47500000E+01 =0,50000000E+02
2 0.0200 0.40124998E+01 <=0.95000000E+02
3 0.0300 0,28618748E+01 =0,13037500E+03
4 0.,0400 0,14150311E+01 <«0,15247501E+03
5 0,0500 =0.18047059E+00 =0.15900157E+03
6 0.0600 =0,17614628E+01 =0,14924678E+03
7 0,0700 <=0,31658576E+01 =0,12416982E+03
8 0.0800 <=0,42492628E+01 <=0,86302750E+02
9 0.0900 =0,48998270E+01 =0.39494984E+02
10 0.1000 <=0.50497856E+01 0.11478039E402

XX(1)=35.0
XX(2)=0,0

NEY=2

NSTEP=40
0T=0,01.

T=0.0

WRITE (619 10)

The main program, subroutine FUN and results are given.
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TIME(1),7X,5H X(1),12X,5H X(2),/)

THE FOLLOWING 6 LINES NEED TO BE CHANGED FOR A DIFFERENT PRDBLEM
DIMENSLIUN TIME(40),X(40,2),XX(2),F(2),¥1(2),YJ(2),U0U(2)
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36 0.,3500 0.,28330812E+01 0.13901421E+03

37 9.3700 0.40815692E+01 0.10373269E+03

38 0,3800 0.49148178E+01 0.57730366E+02

39 0.3900 0.52463808E+01 0.56956673E+01 !
40 00,4000 1,50410185E+401 =0,47052921E+02 '

The yain Progra.m, subroutine FUN and results are given.

C THE FOLLOWING 6 LINES NEED TO BE CHANGED FOk A DIFFERENT PROBLEM
DIMENSLON TIME(40),X(40,2),XX(2),F(2),YI(2),YJ(2),YK(2),UU(2)

XX(1)=5,0
£X(2)=0,0
NEQ=2
NSTEP=40
DT=0,01
T=0,0
WRITE (62,10)
10 FORMAT (//,3%X,54 1 ,10H TIME(I),7X,5H X(1),12X,5H X(2),/)
DO 40 1=1,NSTEP
CALL KK3 (I,DT,NEG,XX,F,YI,YJ,YK,U0U)
TIME(CI)=T
DO 20 J=1,NEQ
20 XCI,J)=XX(J)
wRITE (62,30) I,TI4E(I),(X(I,J),J=1,NEQ)
30 FUORMAT (2X,I5,F10.4,2X,E15.8,2X,E15,8)
40 CONTINUE
STOP
END
SUBROUTINE FUN (X,F,N,T)
DIMENSION X(w),F(N)
F(1)2X(2)
F(2)==1000,0%X(1)
RETURN
END
SETTTTTTTIMECTY TS X(L) ™~ ~=77 7T X(2)y - ~°°
1 0.0050 0.47500000E+01 <=0.49166668E402
2 0,0100 0,40290279E401 <=0.93416672E+402
3 0.0150 0,29089794E+401 <«0,12836461E+03
4 0.0200 0,.1501278SE+01 ~0.15055135E¢03
S 0,0250 =0,54207087E=01 =0,15778635E+03
6 0.0300 <=0,16030024E+01 =0.14936400E+403
7 0.0350 =0,29916553E+01 =0,12613235E+03
8 0.0400 =0.30823741E+01 <=0.90407799E+02
9 0.0450 =0.37672653E+01 <~0.45744061E+02
19 0.0500 =0,49787188E+01  0,34212494E+01
36 0,1800 0.18843936E+01 0.14399376E+03
37 0.1850 0.32061126E+401 0.11826420E+03
38 0.1900 0,42087383E+01 0.80824219E+02
39 0.1950 0,47930727E+01 0.35397079E+402
40 0.2000  0,49014902E+01 <0,13504654E+02
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The main program, subroutine FUN and outyu{: ove given.

nnNnoann

MAIN PROGRAM FOR CALLING THE SUBROUTINE RK4

C THE FOLLOWING 7 LINES NEED TO BE CHANGED FUR A DIFFERENT PROBLEM
DLMENSION TIME(40),X(40,2),XX(2),F(2),Y1(2),YJ(2),YK(2),YL(2),

2 UuUL2)
XX(1)=5.0
XX(2)=0,0
NE Q=2
NSTEP=40
DT=0,01
T=0,0
WRITE (59,10)
10 FORMAT (//,3%,54 1 ,10H TIMECI),7X,5H X(1),12X,5H X(2),/)
DO 40 [=1,NSTEP
CALL RK% (T,DT,NEQ,XX,F,YI, YXJ,YK,YL,UU)
TIME(1)=T
DU 20 J=1,NEQ
20 X(I,J)=XX(J)
WRITE (59,30) I,TIME(CI),(X(I,J),J=1,HEQ)
30 FORMAT (2X,I5,F10.4,2X,E15.8,2%X,E15.8)
40 CONTINUE
STOP :
END
SUBROUTINE FUN (X,F,N,T)
DIMENSION X(N),F(N)
F(1)=X(2)
F(2)==1000,0%X(1)
RETURN
END
T TiAE(D X(ry -~ "7 TTTTTTXR Y T
1 0.,0100 0.47520833E+01 <=0.491666068E+02
2 0.0200 0,40329871E+01 ~=0,93457642E+02
3 0.,0300 0.29140182E+01 =-0,12848141E+03
4 00,0400 0.,15061308E+01 <~=0,15076540E+U3
5 00500 <=0,51074505E=-01 ~0,15810023E+03
6 0,0000 =0,16031944E+01 =0,14975887E+03
7 0.,0700 <0,29963315E+01 «0.,12656857E+03
8 0.,0800 <=0,40923543E+01 =0,30828957&E+v2
9 0,0900 <=0,.,47825933E+01 =0,4b5033870E+02
10 0.1000 =0,49986143E+01 V,32299538E+01
36 0.,3600 0,18898817E+01 0.14634213E¢+03
1 0.3700 0.32352061E+01 0.,12050217E+03
38 0.3800 0.42597318E+01} 0,82714409E+402
39 0.3900 0.48618734E+01 0.36725792E+402
40 0.4000 0.49819474E+01 <=0,12903667E+02
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The main program, subroutine EXTFUN and results are given.
(3t tt ettt t -ttt ittt 1ttt 1t 1ttt ittt ittt 2 Pttt -t e 2 2 2 1

C

c

C PROGRAM:- -
C MAIN PROGRAM WHICH CALLS CDIFF

c

C

FOLLOWING 10 LINES CONTAIN PROBLEM=DEPENDENT DATA
REAL M(2,2),K(2,2),MC(2,2),MK(2,2),MCI(2,2),8NC(2,2)
DIMENSION C(2,2),X1(2),XDI(2),XDDI(2),XM1(2),F(2),R(2),RK(2),
2 XMK(2),XMI(2),xmM2(2),XP1(2),2A(2),2B(2),2C(2),LA(2),LB(2,2),
3 S(2),Xx(25,2),XD(25,2),XDD(25,2) '

NSTEP1,DELT/2,24,25,0,24216267/
DATA X1/0,0,0,0/

DATA XDI1/0.0,0,0/

DATA M/1,0,0,0,0,0,2.0/. .

DATA c,2.°'°2.°"20°'2g01

DAT‘ K’sool.2.°'.2.°‘a.°’

=DEPENDENT. DATA . e e
CALL CDIFF (M,C,X,XI1,XDI1,XDD1,N,NSTEP,DELT,F,R,RR,XM1,XMN2,XP]3,
2 MCQMKOHCIQXMK'"HC‘XHI'ZA'ZB'ZC,LA'LB'S'I'XD'xDD'NSTEPI)
10y . .

10 FORMAT (/7,38H SOLUTION BY CENTRAL DIFFERENCE METHOD,/)

WRITE (53,20) N,NSTEP,DELT

—20 _ FORMAT (12H GIVEN DATA:,/,3H N=,I5,4X,7H NSTEP=,15,4X,6H DELI=,
2 Ei15.8,/)

WRITE (S3,30)

-SOLUTION:,//,5H STEP,3X,5H TIME,3X,7H X(I,1),3X,

2 8H XD(1,1),2X,9H XDD(I,1),4X,7H X(1,2),3X,8H XD(1,2),2X,
3 9H XD0(I,2),/)

..-DO 40 I=1,NSTEP}
TIME=REAL(I=1)%DELT
40 WRITE (53,50) 1,TIME,X(I,1),XD(I,1),XDD(I,1),X(1,2),XD(}1,2),
_—2 _XDD(I,2)._ . _ ...
S0 FORMAT (1X,14,F8,4,6(1X,E10.4))
STOP
END.

SUBROUTINE EXTFUN
THIS SUBROUTINE IS PROBLEM=DEPEMDENT

nnaoanNon

SSZXZISIEBIZES =z ==
SUBROUTINE EXTFUN (F,TIME,N)
DIMENSION F(N) ..

F(1)=0.0
F(2)=10.0
— RETURN = .
END

SOLUTION BY CENTRAL DIFFERENCE METHOD

GIVEN DATAS.
Ns 2 _ NSTEPs 24 =~ DELT= 0,24216267E+00

659



www.FluidMechanics.ir

SOLUTION:

STEP  TIME  X(I,1)  XD(I,1)  XDD(I,1) X(I1,2)  XD(I,2)  XDD(I,2)
1 0.0000 0,0000E400 0,0000E+00 0,0000E+00 0,0000E+00 0,0000E+00 0,5000E401
2 0.2422 0.0000E+00 0.0000E+00 0,0000E+00 0.1466E+00 0,3077E=07 0,5000E+01
3 0.4843 0,1122E+400 0,2317E+00 0,1913E401 0.5045E+00 0,1042E+01 0,3604E+01
4 0.7265 0.3601E400 0,7436E+00 0.2314E401 0.9859E+00 0.1733E+01 0,2105E+01
S 0.9687 0,6966E+400 0.1207E+01 0.1510E+01 0.1500E401 0,2056E+01 0,5669E+00
6 1.2108 0.1036E+01 0.1396E+01 0,5531E~01 0.1961E+01 0,2013E+01 =,9224E+00
7 1.4530 0.1289E+401 0.1224E+01 =.1478E+01 0.2292E+01 0.1633E+01 =,2217E+01
8 1.6951 0,1388E401 0,7260E+00 =.263SE+01 0.2438E+01 0.9851E+00 =,3136E+01
9 1.9373 0,1302€401 0,2610E-01 =.3145E401 0.2378E+01 0,.1795E+00 =,3518E+01

10 2,1795 0.1045E+401 =.7088E+00 ~.2925E+01 0.2127E+01 =,6433E+400 =-,3277E+01
11 2,4216 0.6664E400 =.1312E401 =,2061E+01 0,1732E+01 =,1335E+01 =,2439E+01
12 2.6638 0.2433E+00 =,1655E401 =.7648E+00 0.1270E+01 =.1769E+01 =,1146E+01
13 2.9060 =,1398E+400 =,1665E401 0,6808E+00 0.8289E+00 -.1864E+01 0,3640E+00
14 13,1481 =.4070E+00 -,1343E+01 0,1979E+01 0,4940E+00 =.1602E+01 0,1803E+01
15 3,3903 =,5055E400 =.7550E+00 0,2874E+01 0.3288E+00 =.1033E+01 0,2895E+01
1b 3.6324 =,4166E+400 =,2001E-01 0,3196E+01 0.3645E+00 =,2673E+400 0,3427E401
17 3.8746 =,1584E+00 0.7167E+00 0,2B89E401 0,5935E+00 0.5466E+00 0,3295E+01
18 4.1168 0,2183E400 0,1311E+01 0,2019E+01 0.9707E+00 0.1252E+01 0,2527E+01
19 4.3589 0,6395E+00 0,1647TE+01 0.7600E400 0.1422E+01 0.1712E+01 0,1271E+01
20 4.6011 0,1023E401 0,1662E+01 =.6399E+00 0.1861E+01 0.1838E+01 =,2264E+00
21 4.8433 0,1295€401 0,1353E+01 =,1908E+01 0.2201E+01 0.1608E+01 =,1675E+01
22 5.0854 0,1403E401 0,7832E+00 =.2800E+01 0.2378E+01 0.1067E+01 =,2793E+01
23 5.3276 0,1326E+01 0,6342E-01 =,3145E+01 0.235TE+01 0.3211E+00 =,3366E+01
24 5.5697 0,1080E+01 =,6657E+00 =.2877E+01 0,2143E+01 =.4839E+00 =,3283E+01
25 5.8119 0,7142E400 =,1263E+01 =.2053E+01 0.1779E+01 =.1192E+01. =,2564E+01

~

REAL M(2,2),K(2,2),MC(2,2),MK(2,2),MCI(2,2),MMC(2,2)

w N

DATA N,NSTEP,NSTEP1,DELT/2,24,25,0.24216267/
ODATA X1/0,0,0,0/

DATA XD1/0,0,0.0/
DATA M/1.0,0,0,0,0,2,0/
DATA C€/0,0,0.,0,0,0,0,0/

~

DATA K/6,0,-2,0,=-2,0,8,0/
C END OF PROBLEM=DEPENDENT DATA

SUBROUTINE EXTFUN (F,TIME,N)
DIMENSION F(N)
F(1)=10,0%SIN(5,0¥T1ME)
F(2)=0.0
RETURN

END

SOLUTION BY CENIRAL DIFFERENCE METHOD

GIVEN DATA:

NE 2

SOLUTION:

NSTEP=

24

660

ODELT= 0.24216267E+00

The problem-dependent data. to be used in the main program (which
calls CDIiFF), subroutine EXTFUN and output are given

C FILLONING 10 LINES CONTAIN PROBLEM=DEPENDENT DATA

below.

DIMENSION C(2,2),XI(2),XxD1(2),XDDI(2),XM1(2),F(2),R(2),RR(2),

XMK(2),XMI(2),XM2(2),XP1(2),2A(2),2B(2),2C(2),LA(2),LB(2,2),
S(2),%X(25,2),XxD(25,2),X0D(25,2)
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STEP TIME x(I,1) XD(1,1) xbo(I1,1) X(1,2) XD(1,2) X0D(I,2)
1 0,0000 0.0000E+00 0,0000E+00 0,0000E+00 0,0000E+00 0,0000E+00 0,0000E+00
2 0,2422 0,543BE+V0 0,1133E+01 0,9359E+01 0,0000E+00 0,0000E+00 0,0000E+00
3 00,4843 0.1291E+01 0,2666E+01 0,3301E+01 0,3219E-01 0.6645E-01 0.5488E+400
4 0,7265 0,1307E+01 0,1565€+vl =,1240£+02 0.1325£+00 0,2737E+400 0.1162E+01
S 00,9687 0.2964E+400 =,2054E+01 =,1749E+02 0.2784E+400 0.5084E+00 0,7/65E+00
6 1.2108 =,9186E+00 ~,4535E+01 =,3493E+01 0,3764E+400 0.5035E+00 =-,8173E+00
7 1.4530 =,1279E+401 =,3252E+01 0.1458E+02 0,3322E+00 0,1110E+00 =,2424E+01
8 1.6951 =.6732E+00 0,5066E+00 0,1647E402 0,1351E+00 ~-.4982E+00 -,2608E+01
9 1,9373 0,3324E<-01 0,2709E+01 Q.1722E+VUl =,1332E+00 -,.9609E+00 =-,1214E+01

10 2.1795 0,1288E+00 0.16506E+01 ~,1042E+02 =,3683E+00 -,1039E+401 0.5660E+00
11 2.4216 =.1236E+00 =,323BE+00 =,5933E+01 =,5094E+00 =,7768E+00 0,1602E+01
12 2.6636 0.8610:5=02 «,2441E+400 0,6558E+0) =-,5383E+00 -,3511E+00 0,1914E+01
13 2.9060 U.b165E+400 0,1528E+01 0.8111E+01 <=,4404k+00 0,.1424E+00 0,2162E+01
14 3.14d1 0.9306E+00 0,1916E+01 =,4906&+01 =.2031E+00 0,6921E+00 0.,2378E+01
15 3.3903 0,3481E+00 =,5540E400 =,1549E+02 0,1368E+00 0,1192E+01 0,1749E+01
16 3.6324 =,7189£+400 -,3418E+401 =,6160E+01 0,4650E+00 0,1380E+01 =.1991E+00
17 3.8746 =.1185E+401 -,3166E+01 0,1024E+02 0,6420E+00 0,1043E401 =-,2579E+01
18 23,1168 =,5307E+400 0.2853E400 0.1826E+02 0,5989E400 0.2764E+00 =,3753E+01
19 4.3589 ©,4129£+400 0,3300£401 0,6635E+01 0,3812E+00 ~,5385E+00 ~-,2976E+01
20 4.6011 0,8081E+00 0,2867E+01 =,1021E+02 0,9837E-01 =,1033E+01 =-,1112E+01
21 24,8433 0,.4651E+400 0,1077E+400 =,1259E402 =,1602E+U0 -,1118E401 0.4146E+00
22 5.0854 v 109BE+00 =,1442E+0]1 =,2098E+00 =.3539E+00 -,9338E+400 0,1106E+01
23 5.3276 0.2596L+00 -,4244E+00 0,8612E401 =-,4582E400 -,6152E+00 0,1525E+01
24 5.5697 0.5064E+00 0,8188E+00 0,1655E+401 =,4397E+00 =,1772E+00 0,2092E+01
25 5.8119 0,1UB9E+00 -, 3112E+00 =,1099E+02 ~,2885E+400 0,3504E+00 0,2265E+01

-

The PrOLlem—dependen{: date tp be used in the ma.in

calls CDIFF), subroutine EXTFUN and output ore

rJULONING 10 LINES COUTAIN PROBLEM=DEPENDENT DATA

[ M

DATA
DATA
DATA
DATA
DATA
DATA

END OF PROBLEM=DEPENDENT DATA
SUBROUTINE EXTFUL (F,TIME,N)
DIMENSION F(N)
F(1)=35.0
F(2)=20,0#SIN(5.0*TIME)
RETURN

END

SOLUTION Bi CENTRAL DIFFERENCE METHOD

GIVEN DATA:

N= 2
SOLUTION:
STEP

TIME

NSTEP= 24

X(1,1)

DELT=

XD(1,1)

xpD(1,1)
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0.25000000E+00

X(1,2)

REAL M(2,2),K(2,2),MC(2,2),MK(2,2),MC1(2,2),MMC(2,2)
DIMENSIUN C(2,2),XI(2),XDI(2),XDD1(2),XM1(2),F(2),R(2),RR(2),

XMK(2),XM1(2),XxM2(2),XP1(2),2A(2),2B(2),2C(2),LA(2),LB(2,2),
5(2),X(25,2),X0(25,2),X0D(25,2)

N,NSTEP,NSTEP1,DELT/2,24,25,0.25/
Xx1/0.,0,0.,0/

x01/70.0,0.0/

M/72.0,0.,0,0.0,1,0/
c/0.0,0.0,0,0,0.0/
K,6.°'-2001-2.0'4.0/

XD(1,2)

0 which
Pgri vz‘;\w'l: (

e\ow -

xbD(1,2)
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1 0,0000 0,0000E4+00 0,0000E+00 0,2500E+0) 0.0000E+00 U.0000E+00 0.0900E+00
2 0.2500 0,7813E=01 0,0000E+00 0,2500L+01 0,1186E+01 0,2372E+01 0,1898E+02
3 0.,5000 0,3720E+00 0.74402+00 0,3452E+01 0.2834E+01 0.5668E+01 0,7381E+01
4 0,7500 0.,9295E+00 0,1703E+01 0,4218BE+01 0,3105E+01 0.3837E+01 =-,2202E+02
5 1,0000 0,1663E+01 0,25B82E+01 0,2816E+01 0.1517E+0]1 =,2633E+01 =-.2974E+04
6 1.2500 0,2336E+01 0,2813E+01 ~,9716E+00 =,2832E+00 -,6776EL+01 =,3407E+01
7 1.5000 0,2709E+01 0,2092E+401 =,4790E+01 =-.5484E+00 =-,4131E+01 0,2456E+02
8 1,7500 0,2697E+401 0,7215E+400 =-,6176E+01 0.4430E+00 0,1452E+01 0,2011E+402
9 2,0000 0,2362E+01 =,6938E+00 =,5147E+01 0,9807E+00 0,.3058E+01 =,7259E+01
10 2.2500 0,1803E+0! -,1788E+01 =.3606E+01 0,3588£+00 =-.1685E+00 «,1855E+402
11 2.5000 0,1084E+01 «,2557E+01 =,2549E+01 =.2105E+00 =,2382E+01 0,8438E+00
12 2.,7500 0,3046E+00 =,2996E+01 =,9614E+00 0,.5659E+00 0.4142E+00 0,2153E+02
13 3.0000 =.3400E+00 =,2847E401 0,2152E+01 0.,2052E+01 0,4524E+01 0.1135E+02
14 3.2500 =.06363E+00 -,1882E+01 0,5572E+01 0,.,2337E+401 0,3543E+01 =-,1920=+02
15 3,5000 =.5110E+00 =.3421E+00 0,6746E+01 0.,7394E+00 =-,2625E+01 =,3013E+02
16 3,7500 =.6742E-01 0,1098E+01 0.4772E+01 =-.1231E401 =-,7137E+01 =-,5967E+0}
17 4.0000 0,4318E+00 0,1886E+01 0,1531E+01 =,1764E+01 «,5007E+01 0,2301E+02
18 4.,2500 0.9161E+00 0,2007E+401 =,5596E+400 =-,9579E+00 0,5471E+00 0,2142E+02
19 4,5000 0,1325E+01 0,1786E+01 =,1206E+01 =.4U66E+00 0.2715E+01 =.4080L+01
20 4.7500 0,1610E+01 0,.1400E+01 ~,1882E+01 =~,8160E+00 0,2836E+00 =,1537E+02
21 5.,0000 0.1710E+01 0.7696E+00 =.3165£+01 =-.9849E+00 -,1157E+40G1 0,3850E+01
22 5,.,2500 0,1577E+01 =,7782E=01 =,3614E+01 0.4299E+00 0,2492E+01 0,2534E+402
23 5.,5090 0,1332E+01 =,7549E+400 -,1802E+01 0,.2808E+01 0,7586E+01 0,1542k+02
24 5,7500 0,1169E+01 =-,8162E+00 0,1311E+401 0.4VU79E+01 0.7298E+01 =,1773E+02
25 6.0000 0,1198E+01 =-,2684E+00 0,3071E+01 0.3241E+01 0.8649E+00 =-.3374E+02
W(=
) T — T —,
- \\
|/ sy’
L{T) 31 ~t2 T' _,z
-2 - 1 2 3 ‘r n-2 n-i n ntt net2
X, .
x=0 z=1
At =0 (aX node 1):
Vf )
[e 4FWed ( —~— J]=ez --3.\7(-)
,| w _ JW(-)
e E‘E_(w;—?.wl"'z w_."h_'.z)‘_' ",’51 W,
EI - . -
=5 (W -2 Wit wo) = - Ky g (V- w)
At x= [l (ot node n):
d "W(z) 3w
dx [EI dxZ J' EI 30 = k, Wiez)
i__ - dW ()
EIX s = I AW ()

ve.

dx
“; (w +2-2W +2 W,

-—1‘ (wn-m -2 W+ wn—l) =

'
ftz';:(wnu“

wn-z) = ﬁz'wh

Woo)
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Given ezua.{n’ons Can be expressecﬂ as
- $ Ay
d X 1

—

it 5\ _ $(5-6%+2%3)
e x4
5;' 10 sin 5t + 2%, -4 X3
ul'lere x, 3"‘?‘“’! %) o
-l - . - (]
X = :z = gu?aud %, amd X, = o
3 suginal zp o
*4 oiginal 5,

The main program which calls RK4, the subroutine FUN and the
results are 9iven.

MAIN PROGRAM FOR CALLING THE SUBRUUTINE RK4¢

acnonNnnNnnn

IHE FOLLOWING 7 LINES NEED TO BE CHANGED FOR A DIFFERENT PROBLEM

DIMENSION TIME(25),X(25,4),XX(4),F(4),YI(4),YJ(4),YK(4),YL(4),
2 Uu(4)

XX(1)=0,0
XX(2)=0.0
XX(3)=0.0
XX(4)=0.0
NEQ=4
NSTEP=25
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DT=0.,25
1=0,0
wRITE (60,10)
10 rORMAT (//,3X,54 I ,10H TIME(I),7X,5H X(1),12X,54 X(2),
2 12X,5d X(3),12X,5H X(4),7)
DO 40 1=1,NSTEP
CALL RK3 (T,DT,NEQ,XX,F,Yl,XJ,YK,YL,UU)
[IME(I)=T
DU 20 J=1,HEQ
2V X(1,Jd)=XX(J)
WwRITE (00,30) L, TIME(I),(X(1,J),J=1,NEQ)
v FORMAT (2X,I5,F10.,4,4(2X,E15.8))
40 CUNTINUE
STLP
END
SUBROUTLIRE FUN (X,F,N,T)
DIMENSION X(N),F(N)
F(1)=X(2)
F(3)=x(4)
F(34)520,0%SIN(S.0%T)+2,0%X(1)=4,0%X(3)
RETURN
ENU
1 [IME(L) (1) x(2) X(3) X(4)
1 0.,2500 :0,76903297E-01 0.62070506E+00 0.24460433E+00 0.26932180E+01
2 J.5V00 Ve31453162L+400 0.13009652E+01 0.14515579E+01 0.,64889636E+01
3 Ve 71500 0,73014312E400 0.21077421E+01 ' 0,29793470:+01 0,45641656E+01
i 1.0000 0.13591884E+01 0.27739763E+0L 0,32007102E+01 <-0,26126151E+01
5 1.,2500 0.20711818£+01 0.27800630E+0} 0,189106913e+08 =0,72935324E+0}
b 1.5000 0,26687703E+01 0.18683126E+401  0,27935052E+00 <=0,.45067854E+01
1 1.7500 0.,29524713E+01 0.35540020E400 =0,78577667E=01 0.,14555850E+01
8 2,000V 0.28473990E+01 <=0.11584098E+01 0.60290357E400 0,29186647E+01
9 2,2500 0.,24058905E+01 <=0,23112003E+01 0,90024042E400 +«0,.96232796E+00
10 23500V 0.17232550£+401 =0,30908332E+01 0.238703¢1E+400 <«0,35336885E+01
11 2,7500 0.89089936E+0U0 <«=0,34831977£+01 *0.34061307E+00 =0,26938438E400
12 3,0000 0.3434b6521E-01 <=0,32377021E+01} 0.25854278L+00 0.30597433E+01
13 342500 <0,65400219E+00 =0,21399481E+01 014909362401 0.39903281E+01
14 3.5000 =0,98101954E+00 =0,%3759835E+00 0,17313157E401 =0,24955246EL+01
15 3,7500 <=0.87797028E+00 0.11996664E+01 0.39478755E+4+00 <0,72439308E+01
X 4,0000 =0,43708453E+00 0.221199066E401 =0,.12451535£+401 =0.47495975£+01
17 442500 V.16884252E+00 0.25470126E+01 =0,16587874E+01 0,13500827E+01
18 1.5000 0.80284208L+00 0.23732747€401 «0,92830122E+400 0.,34720352E+01}
19 1.7500 V.138%24182E+01 U.21252785E+01 <«0.39376926E+00 0,36745048E+00
20 5,000V 0.18340303E+01 V.14129710E+01 <=0,64064902E+00 <0.15653036E401
21 S5.2500 0.20612290E+01 V.37833023E+00 <«=0,.64773440E+00 0.,236367423E+01
22 5.5900 0,20297880E+01 =0,5677%379:£+00 0,71066928E+09 0.81037455E+01
23 5.7500 0.,18273093E+01 =0.94346517E+00 0,28840952E+01 0,79655704E+01
24 L PRVITTHIV) 0.16137744E+01 <0,69621664E+00 0.40854921E+01 0.10114455E+01
25 b.25U0 0.14900963E+01 =0,.25771955E+00 0.34342446401 =0,54408941E+01
Ezua.’h'on of wmotion é U, Uy 84- — ¥
@ 4V L lu SRS A
= el e}
S a Y= WL L r L
At 3n'd Poin“: i, this becomes 4 4 4
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U:+|- 2 Ui + U"_l + d’—kl U.,' =0 or U£+|-(Z-A)U; + U:_. =0 --- (El)

wh T Y L 1.3 .
€ (1), when applied to nodes ; = i,-;_v:s- £ Lo/ e
U;—(I—A) Uz + U =0
U4—(1—A) U3 + Ur=0 }
Us—(z—/\) Uq, +U3=0
with bouncla.ry conditions U, =VUs=o0, (Ez) becomes
m U-n 2 - o 1 © © Uy
[A] U—k[I] U=0 where EA]=[_| ) —'Ak , [I]:{'o | o}‘_&:i%}
|

3x3 3xyv  3Ixi
3x3 3x) 3 o -l 2 o 0

The solution of this eigenvalue problem is found vSing Prog ram9.F ,
The results are

A|= 0:58573%¢ ) X,_: 2.0, k;: 3:-4(421
E
= 306147 [E- , =5.45 ,E (9, = 7-39103 [=—
L‘,l 4 ffl (‘92 5 “,Gg; fl" ’ 3 f!z
- 0.5 2 0-707 — 05
U(‘)z {0'707} > -G( )= o R U (;}2 -0.707
0-5 - 0707 oS

(i) Forced fongitudimal z
v.‘bra.l:{on: 1 2 3 n={ n ne+d

Egua«h’on ] Fia. 4 ::—_:l_
9% u £ : =)
EA 2% 48 =pA—
?x* at
——— (E|) t=(\n—|)6t_' . ’ e O
wl\ere u:u(x,é)- f=(m-2)At-om—l )—I 5 .
Let the solution be [ |
reguired for ost=T ¥ B ol |
sek up tha inile Yir
°l’"3 t
* ond t=2at > 3 s - ) 3
axes ot shoum r
. - At » ,2) |6.2) B! N
im Fig. 2. Note t=a 2 )T < I .
. . _ @) |0
that imagt narwy tz=o0 - i CEEn T e ?‘. :n_.ﬁ "
qud  poinls ane to-at> &b podobocbo.dod
sek up ot x=nh () @e) Go) ) O ()
amd t=-at s xzo x=h x=24 x3(n-%h x=nh
that e J; _ T
corditors cam be b= n-1 °’ at= —
a"lu.) ot ¢=(-0h - F-'j. 2
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amd m.uta.l Ca'r‘u:bmh.& cam !IC G?M ot t=o.
Let 'u‘.’). = value of u o th cfu.al P:ini' (<,4)-
Ep- (E)) com be adva:ho&imnﬂd af gud point (7)ot |
EA (ui+l,j. 'Zzui,j""ui-a,j).,. .FL-,} = pA (ui:}*"-zu":j*. uz’}._'> --- (&)
4 at?

U‘\J.M f;,a.: ;(x: x;' ‘E:'bj).

The procedure to set up tie b-u.n.ut J-f&bzha.-n.u ef},m.mmli::
). AHJ, (€y) ok 7‘!-«1 M (21, (30 5oees (n,1) 5 (2,2), (302) -+, (M,2);

e s (7.,m-c),(3,m-|),...,(n,m-u). This gives (n-1 x m-1)

ezua,tions in the unknowns assoccalnd wilh o ta ?ha( raonﬁ

}I‘\B‘wh im FQIS;Z'
(@). Apply the boumdary cond fors -
At x=o, u(z,t)zo > U, =U,z=--- = Up,m=t = U,m=o0

At x=1{, 33_: =0 > ‘unH,}.= "n-o,j. for a‘: 1,2,-4, m
() M’r\.’ the initral conditions.
At t=o, Ut u(xt)= Uo(l)-Then U, = Uo(x=x;) for i =1,2,--)n+)
At t=o, Lt %‘ti(x,t) = U(=)- Then U, - Y-t {}o (x=%;)
: . 2 at
VU= Uea -2 8 U(x) for = b2 sl
(4). Exrre&! Ha nuul.tng EZ).u:.u'nI on wujiix tgﬁ,.,. Thene u-..ﬁ? Le

(ii) Free vibration: .
Ezu.a.fl'or\ 8 é"_li + «* U =o where o(": '&’. ---(Ez)
dx* E
At node i , (§) becomes 2
(Fg3.-1) ( ) Vier =2V + Uiy +2Ug =0 where A= 4‘1"( - (E4-)

AP"”(N.’ (Ez) a.k 'ﬂ.ﬂ'if-l 2,%3,..,n afves
U’ - (Z-A) Uz+ U, =o
Ug = (2-A)Us 4 Uy =0

: --- (&)
Up- (""\) Vnoy + U, =0
Unﬂ" (2-MUn+ Uy =0

Boundary condilions ane U, =0 (u =0 ak x =0) amd u.=u._ :lTU =0 arx:l.)
Es) avd (&) give --- (&)
U, - (2— A) Ug_ =0

U(.- (2-M) U3+ U; =0
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Up=- (2=M)Upoy + Uy =0 --- (E-,).
—(1—X)Un+zun_' =0

For m=4, (E7) om be etpreseed as

2 -1\ ° U, 10 o U2 o
-\ 2 —a}{u; —A‘:o 1 oj\{u;}: o} . (E,)
o -2 2 Vs © o Us 0

Fre&uencj e,va.a.tcn ¥ X3— o A% +9) -2 =0 —-- (E9)

Roots ane A= 0.267964, Ag= 2.0, Az= 3.732050

Wy = "55"9‘/;1‘{ , U,=4.241¢4 [E Oy= 5.79555 [E

P&’ T
Forced T&ional vibnalion : k- h—
(2 t; 316 gze ? 0 ® e ® :,
67)11 +F: J; ot?* ---(E') 14 2 3 n-4 r.r
L&t the SO'U‘I::'o’n be Yeeu(reo‘ Jccf oct<s T ":i ] A‘t T 121
S'ct.u.f o b;n.u& A.:W'_ ?*(,..'J glp-v\g = -n_:l- » - me-|

x (wilk n points) amd olmg t
(wth m points) timidan & Fig.2 of problem 0.24.
Let 6,4 = a( == z;,t:fj‘) amd ,c‘..é= $(x= % t:-!:}-)
7. () af gud point (¢,5) gives
cT (9‘.“,}-::4:,3- + 6., 5)4. ;‘:’} -7 (9:,,‘“ :ze.:,}-+ e;,,'-i
The Procedurc to set up the finite difference 3‘,&,( Py --= (&)
). AH",‘J Eg-(Ez) ok 71«1 M (z,l),(‘s,l),---, (n=1, D) ; (3,2), (3.2),
s (NE) Sl (2, me), (3om=n), e, (n=t mei) . This  gives
(n-2) x(m-1) evu.tawf ww R () X(m+1)  umkmowns-
@). A—HJ’ bav.un.do-"l# condilTons -
At x=0, @(nt)=0. Herce 614. =0 Jor §= V2., m
pt x=1, @(x,t)=0. Hence en.j =0 for $§= b2 ..., m
(3)- Apply inilrad comdiffons .
At t=o0, Lt o(x,t) = @c(z)$ 9‘_'1: ®o (z-_-'z‘-) for ¢= L2,--5 1

- 38 . .
At t=o0, Lot 3t @)= 206 - ®.,~zat @, (x) fr =120

4,-1

(k) Express tha M"B eopoliont in nafix i . Thene il be
(m-2)xm Cv&ntm w (n-2) 2w Wkmowns-
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=20 x:l
A”Iym, Ep. (n-50) te mesh .___:' . o . E____.
points 2, SZa.nJ 4 9ives -1 ‘31— 2 3 '

We-4 W3+ (- W—4w, 4+ W, =0 }

Ws= 4 Woth 6-N) W3- kW + w, =

(&)

= ©0
w‘-+W5+(‘-X)W4_4w;+W22 o
Boundary conditions a.re w = % =0 aF xz0 and x=f
res W=0, w

1= Wo 3 wy=o0, Wg= W
Bg-(B) becomes, after applying boundary conditions,

7 -4 V(" 1 0o o] (Wa 0
-4 6 -4 {w;}_)‘[} I W3 -.-{o} E.)
{: I -4 7] We °© o w o

Solution (obtained using Program 9.F)is

- O

A= 1-25544 , Az 60, Ag= 12:7446¢
8= 17-9274 ’ €L _ | w, =398 [-EXI_, =s7.u93 [-EL
' FAL* : pAL “ A PyyL
—0)_J 04544 =@  { o707l - (3)_[ ©-%413
w 0-766 2 w = 0 > w ={—O'G4-ZG}
0-4544 -0:7071 0:5418
Evmtd‘n 110 ...‘_‘_. - X x=/ x
E I +fA — = ;(ﬂ, é) -1 {1 2 3 if wef @ NH ne2
axt --- (&) ' T
4.:(_1_-) At =
Let the Solul'lon be rezu\red for ost<T. w1/’ A

Set w o o Finite L“vw ?uA aJ.rng

x (grid points -1, 1.2,..., ne2) amd olomg t (yvd points i, 1,2,..-, m).

Imaginahy qud points ane focafid at x=-4 ,x= f+h amd z~1+z£,

amd af t=-at.

Let W ;= v (x=x;, t= ‘\':}) amd fi,}' = j:(:= x;, t= 'l:j)

B (E) oF Pud point (4,5) gives

= (w}“’? 4 Worg T - “"i—ué+%"'5)4-:/\(%"'”-;%’5-*w""'q
44 ax* /

= £, = & S{ou-)at} ---(Er)
The Procedure to set up the finite difference egua.h'ons 3

(1) Arr'y (E2) aF qud poimld (21, (31),00-, (1) 5 (2,2),(3,2) 5 -0 (mi2);

3 (2>m=1), (3, m=1), , (n,m m=1). Tha Gives =) x(m=-v) W
n He Mmkmowns a.ua'c..aﬂa‘ wilh ol 71..:5( M

(). Apply boundony comditions
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At x=o0, w= %:i =0 2 la)‘i’} =0, 1'-_’_",,.’-‘- Uz,;‘ For J=h2,em
At x=1, :::‘-’ = ?i?:o > ﬁ3;|+,.’- -2 Un,;',-i- W._, =0,
Unﬂ.,}' -z to;wl,} +2 wn-v,;-wn-z,,' =0
> UI'H",)' =1 w",?.— Un-l,,‘, ’ u’nq-z,}z l'\»tJ“,’,-‘f U;u-o,",*u;u-z,}'

for j: 1, 2,2, ™
(3). Apply initial conditions:
At t=o, Lt w(x,t)= W, () > w;-,iz T*To(xzx;) for L= 1,2,...,n

At t=0, b 2 (xt) = Wy W =, -2at W(x:) for izheem

G-}

(4). Express the nuulling eppoliond in mafiix (Fim.

Eﬁ;r:fw’ ‘- Y £ o m} it ke
P(SF*'SF)* =Pz (B) R

Sd:ufou b-;-u.t&i“vw?*ua( ¥t ‘.=_:_-__'

with n,m amd p points alorg fy= b
%Y amd t axes. rbicduce am 3'_'“::

|ma.?'.n.ahg ?"H:J PG'U'J-OJ-' t:—At :‘," r:::;&‘ f
tqﬁﬁimﬁlm&ﬁu- 2 23 { peam

Let w-.. k:ﬁ?‘(x-.-x‘:, y:g’.,ht*) &

")au

M f‘:;j)k= }(Z:Z‘:, ’=yjlt= tk)’ f At

(E,) gives ok ?’hc' Pofnt (i,a',k)'. t

P(ur,;+.,,',4<- ZQJ‘_-,?-,* + w;.‘-l,,',k) + P (%,}H,*" zu{,,‘-,k-l' u{,,-_l,?

X 7
"’fc‘,,',k = (w},j,tﬂ-?-t:’},,',«-" @,k—l> --- (&)
¥

The fouow.‘ng procedure is used to denive the finak et)..atau:

@). Apply E.(E2) ax guid points (&,3,%) For i= 1,2,.0, M5 = hEeen
moand &= 1,2,..., p-1. This gives nxwmx(p-1) cva.nto'nl im
nxmx(p+l) unkmowns-

() AH»‘:} bwdo:"-y. condilions :

At x=o, w(x,y,t) =0 > Wi 5,4 =0 for F=htom; k=12,

Atx=w, w'(x;y,t):o:b Un.a‘l‘k =O;U" 9.'="z"“'m; ‘k=':21""?
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A‘ty 0, w("yt) o > ‘IIJ" 4k—O fm; 52, n;k=l,z,...,k

At} b w(z'3t)—o=>w' m.k-Oﬁ"f(—l,Z, ;4<=|,2,...,'1,
(3) A"lj initial conditions:

At t=o, ot w(x,yt)= W (x,4) > w;
At b0, fob I (e y,t) . W, (a

}_‘ ‘Jah(x[;’j)ﬁy 4=1,2,...,n;

j: L,2,..., M
3) > = .
DI = s sk W)

fdl’i—'n, 2N, j'-lz, m
(#4). Express the resulting epuations in matrix form. ‘rhere wilf be

@-2)x (m-2) xp_eppalions in the Somme numbor of wmkmouwnd.

Ezu.a—‘l:fans o; motion:
[m, o]§5f-,}+[c —c]{i,}+[k,+k - % x, F (4
. o mali{x, -C c '3;'3_ -k *_‘_kz]{xz}—{f:z(é)}
€.

ol |2 -2715 6 -2 —» 0

[o z]”+[-2 2]7‘ +[-2 8]x={'°} (0

E&uai'mns (1) can Le rewn'H:en as

)4 2% = 2%, 4+ 6%, —2%p= 0

le—zx'-‘—z*z—z,“-{- szz (o

or :“.l=‘2’;|+29.¢9_—63¢|+27<z (2)
Xz X - %y + %, - 4%5 45 (3>
Usfng
% xq
?: | o)™ and Y (t=o)= o
#3 Xy
4, %,
E&s-(z) a.hd (3) can be exrresseJ as
bA '
dY _ -2l +v29, -6 + 2% =
It yl,z o = §(¢)

Y2-0y+Y¥ -493+5
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US\'ng n=4, xx= Z , dt
O

ics.ir

(¢
used to ;fl'nJ the solution.

25

™

20

05fF

0.5

) Prajra.m I4-m can be

-1 1 .l 1 ] L 1
0 1 2 3 4 5 6
: Time

Results of Ex11_29

222 EEZRERESREERES R RS 2
>> programlé

I Time(I) x(1) dx(1) x(2) dx(2)

1 1.5708e-001 5.9523e-003 1.0944e-001 5.8328e-002 7.2086e-001

2 3.1416e-001 4.2823e-002 3.7884e-001 2.1918e-001 1.3032e+000

3 4.7124e-001 1.2857e-001 7.1703e-001 4.5992e-001 1.7366e+000

4 6.2832e-001 2.6725e-001 1.0403e+000 7.5658e-001 2.0145e+000

5 7.8540e-001 4.5102e-001 1.2817e+000 1.0845e+000 2.1343e+000

6 9.4248e-001 6.6316e-001 1.3960e+000 1.4189e+000 2.0580e+000

7 1.0996e+000 8.8165e-001 1.3607e+000 1.7358e+000 1.9137e+000

8 1.2566e+000 1.0827e+000 1.1755e+000 2.0132e+000 1.5971e+000

9 1.4137e+000 1.2440e+000 8.5854e-001 2.2318e+000 1.1714e+000

10 1.5708e+000 1.3472e+000 4.4240e-001 2.3770e+000 6.6715e-001

11 1.7279e+000 1.3799e+000 -3.0920e-002 2.4352e+000 1.2076e-001
12 1.8850e+000 1.336%9e+000 -5.1500e-001 2.4149e+000 -4.2760e-001
13 2.0420e+000 1.2200e+000 -9.6373e-001 2.3069e+000 -9.3696e-001
14 2.1991e+000 1.0382e+000 -1.3356e+000 2.1246e+000 -1.3687e+000
15 2.3562e+000 8.0625e-001 -1.5969e+000 1.8828e+000 -1.6895e+000
16 2.5133e+000 5.4353e-001 -1.7248e+000 1.6009e+000 -1.8747e+000
17 2.6704e+000 2.7201e-001 -1.7082e+000 1.3017e+000 -1.9098e+000
18 2.8274e+000 1.4410e-002 ~1.5489e+000 1.0090e+000 -1.7921e+000
19 2.9845e+000 -2.0779e-001 -1.2607e+000 7.4627e-001 -1.5312e+000
20 3.1416e+000 -3.7614e-001 -8.680%e-001 5.3442e-001 -1.1482e+000
21 3.2987e+000 -4.7674e-001 -4.0407e-001 3.9037e-001 ~6.7391e-001
22 3.4558e+000 -5.0135e-001 9.2720e-002 3.2551e-001 -1.4669e-001
23 3.6128e+000 -4.4804e-001 5.8124e-001 3.4484e-001 3.9092e-001
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24 3.7699e+000 -3.2129e-001 1.0214e+000 4.4658e-001 8.9549%e-001
25 3.9270e+000 -1.3159e-001 1.3773e+000 6.2229e-001 1.3263e+000
26 4.0841e+000 1.0545e-001 1.6202e+000 8.5755e-001 1.6487e+000
27 4.2412e+000 3.7042e-001 1.7305e+000 1.1332e+000 1.8367e+000
28 4.3982e+000 6.4167e~001 1.6997e+000 1.4267e+000 1.8755e+000
29 4.5553e+000 8.9711e-001 1.5307e+000 1.7143e+000 1.7622e+000
30 4.7124e+000 1.1160e+000 1.2378e+000 1.9728e+000 1.5063e+000
31 4.8695e+000 1.2807e+000 8.4493e-001 2.1811e+000 1.1290e+000
32 5.0265e+000 1.3779e+000 3.8448e-001 2.3227e+000 6.6103e-001
33 5.1836e+000 1.3999e+000 -1.0601e-001 2.3860e+000 1.4069e-001
34 5.3407e+000 1.3451e+000 -5.8663e-001 2.3663e+000 -3.8975e-001
35 5.4978e+000 1.2182e+000 -1.0184e+000 2.2653e+000 -8.8723e-001
36 5.6549e+000 1.0296e+000 -1.3664e+000 2.0915e+000 -1.3115e+000
37 5.8119e+000 7.9480e-001 -1.6025e+000 1.8590e+000 -1.6283e+000
38 5.9690e+000 5.3301e-001 -1.7080e+000 1.5869e+000 -1.8122e+000
39 6.1261e+000 2.6552e-001 -1.6747e+000 1.2974e+000 -1.8486e+000
40 6.2832e+000 1.4057e-002 -1.5055e+000 1.0141e+000 -1.7349e+000
%================ ==S==s=== ——===========’=============================
%
% Programl4.m '
% Main program for calling the subroutine RK4
%
%======‘_==========——— """‘==========?===========================
% Run "Programi4" in MATLAB command window. Progrmld.m, rkd.m, and fun.m
% should be in the same folder,and set the Matalb. path to this folder
% following 5 lines contain problem-dependent data
format long
xx=[0 0 0 0);
neq=4;
nstep=40;
dt=pi/20;
t=0;
%end of problem-dependent data
fprintf(’ I Time(I) . x(1) dx(1) x(2) dx(2) \n\n’);

for i=l:nstep

[xx, £,t]=rk4(t,dt,neq, xx);

time(i)=t;

for j=l:neq

x(i,3)=xx(j);

end )
fprintf(’$2.0f %8.4e %8.4e %8.4e %8.4e %8.4e\n’,i,time(i),x(i,1l:neq));
end
plot(time’, x(1:40,1));
gtext(’'x(1)’);
hold on;
plot(time’, x(1:40,3));
gtext ('x(2)’);
xlabel(’Time’) ;
ylabel (‘X’);
%=================================================== _______________

function [xx,f,t]l=rk4(t,dt,n,xx)

[xi]=funixx,n, t);

for i=1:n
uu(i)=xoc(i)+.5*dt*xi(i);

end
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tn=t+0.5*dt;
[xjl=fun(uu,n, tn);
for i=1l:n
uu(i)=xx(i)+.5*dt*xj(i);
end
[xk)}=fun(uu,n, tn);
for i=1:n .
uu{i)=xx(i)+dc*xk(i);
end
tn=t+dt;
[x1])=fun(uu,n, tn);
for i=1:n
£(i)=x1(i);
30 (1) =200 (1) + (xd (1) +2*xF (1) +2*xk (1) +x1 (i) ) *dt/6;
end
t=t+dt;

sS==========

function [f£]=fun(x,n,t)

£(1)=x(2); -

£(2)=-2*x(2) + 2*x(4) - 6*x(1) + 2*x(3);
£(3) = x(4);

£(4) = x(2) - x(4) + x(1) - 4*x(3) + 5;

Ezua.«{’l'ohs of motion: X, 4+ 60, -2%3 =19 sin st

7-7“.2_-2‘x|+ §x;= 0

or X = -6, +2%,+ 10 Sin 5t

Problem 1o be solved s:

é__\_f_ - —63'.+27,+lo sin 5¢ - F
t y
l'
Ji - 473
with ¥, X,
Y= )b b= x and “F (o) = °
73 Xy
yq x2
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?rojra.m W-m s used to

n=4,

1.5

0.5

0.5

-1

-15
0

00O

and

solve these ezu.a.tl'ons with
dt = :r—o (40 steps used).

‘Results of Ex11_30

khkkkkdkhkhkrh bk kdkdhhhrkrhRrbhrdx

>> programld

I

LCOJaan W

B R WWWWWWONNNODMDNNNNRREMEMHRPBRODSNIOND W

Time(I)

.5708e-001
.1416e-001
.7124e-001
.2832e-001
.8540e-001
.4248e~-001
.0996e+000
.2566e+000
.4137e+000
.5708e+000
.727%e+000
.8850e+000
.0420e+000
.1991e+000
.3562e+000
.5133e+000
.6704e+000
.8274e+000
.9845e+000
.1416e+000
.2987e+000
.4558e+000
.6128e+000
.7699e+000
.9270e+000
.0841e+000
.2412e+000

x(1)

.1474e-002
.2179%e-001
.1079%e-001
.0743e+000
.3821e+000
.3282e+000
.5623e-001
.0705e-001

.4233e-001
.1164e+000
.1780e+000
.8870e-001
.5992e-001
.2531e-001
.7785e-003
.0457e-002
.4170e-001
.4399%e-002

Time

ax(1) x(2) ax(2)
5.7845e-001 0.0000e+000
1.8901e+000 1.1243e-003
2.9264e+000 8.0316e-003
2.7210e+000 2.9302e-002 2.01lle-001
9.7131e-001 7.3678e-002 3.6666e-001
-1.7201e+000 1.4387e-001 5.1794e-001
-4.1349e+000 2.3154e-001 5.7695e-001
-5.0999e+000 3.1685e-001 4.8144e-001
-4.1400e+000 3.7374e-001 2.1824e-001
-1.7473e+000 3.7893e~-001 -1.6442e-001
8.9242e-001 3.2064e-001 -5.7311le-001
2.5560e+000 2.0294e~001 -9.0595e-001
2.6458e+000 4.3964e-002 -1.0910e+000
1.4788e+000 -1.3077e~001 -1.1074e+000
4.2490e-002 -2.9627e-001 -9.797%9e-001
-6.2931e-001 -4.3343e-001 -7.5366e-001
~8.8991e-002 -5.2993e-001 -4.6650e-001
1.2595e+000 -5.7769e-001 -1.3404e-001

1.2360e-003
.8174e-002
.9050e-002

W=

2.4398e-001 2.4172e+000 -5.6974e-001 2.4201e-001
6.4251e-001 2.4157e+000 -4.9981e-001 6.5101e-001
9.2294e-001 9.3611e-001 -3.6547e-001 1.0521e+000
8.8747e-001 -1.4465e+000 -1.7347e-001 1.3711e+000
4.8295e-001 -3.5521e+000 5.6379e-002 1.5210e+000
-1.5268e-001 -4.2469e+000 2.9198e-001 1.4382e+000
-7.5178e-001 -3.0953e+000 4.9531e-001 1.1148e+000
-1.0537e+000 -6.2016e-001 6.3242e-001 6.0943e-001
-9.4005e-001 1.9747e+000 6.8277e-001 2.9645e-002
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28 4.3982e+000 -4.9282e-001 3.4645e+000 6.4407e-001 -5.0708e-001
29 4.5553e+000 5.7387e-002 3.2671e+000 5.3052e-001 -9.1308e-001
30 4.7124e+000 4.6138e-001 1.7307e+000 3.6614e-001 -1.1528e+000
31 4.8695e+000 5.8458e-001 -1.1398e-001 1.7658e-001 -1.2380e+000
32 5.0265e+000 4.6760e-001 -1.1837e+000 -1.6504e-002 -1.2032e+000
33°5.1836e+000 2.8161e-001 -9.8207e-001 ~1.9670e-001 -1.0768e+000
34 5.3407e+000 2.0842e-001 1.2869e-001 -3.5051e-001 -8.6708e-001
35 5.4978e+000 3.1891e-001 1.1786e+000 -4.6447e-001 -5.6937e-001
36 5.6549e+000 5.2369e-001 1.2108e+000 -5.2494e-001 -1.8930e-001
37 5.8119e+000 6.2652e-001 -9.9538e-002 -5.2141e-001 2.3595e-001
38 5.9690e+000 4.4921e-001 -2.2015e+000 -4.5213e-001 6.3386e-001
39 6.1261e+000 -4.6585e-002 -3.9510e+000 -3.2835e-001 9.1654e-001
40 6.2832e+000 -7.1472e-001 -4.2611e+000 -1.7399e-001 1.0159e+000

%::::é:::: ——————————— ===S=ssS== Bt e S T

% .

% Function fun.m

%

%=======_._.._--._____..._..====..___—=====================’===================

function [fl=fun(x,n,t)

£(1)=x(2);

£(2)= - 6*x(1) + 2*x(3) + 10*sin(5*t);

£(3) = x(4);

£(4) = x(1) - 4*x(3);

E&ua-‘l-’l'or:.s of mo.{:n'on: R
[m] X +[c) % +[«] x = F(®)
“ith m1-[2 0], C1= ]

F(t).—. {:o Sin st}

Solution usin Praara—m I5.

R ER SR S A IR
{:}, nstep =14, delt = 6.25

-

F = {:o sin 5t

W

xdi
In Subrrojram:

Results of Ex1i_31

LA R EAREREEEEEEEEEERSEREE 2 RT B LR R RERY
>> programl5
Sclution by central difference method

Given data:

n= 2 nstp= 24 delt=2.500000e~-001

Solution:

step time x(i,1) xd(i,1) xdd(i, 1) x(i,?2) xd (
i,2) xdd (i, 2)

1 0.0000 0.0000e+000 0.0000e+000 2.5000e+000 0.0000e+000 0.0000e+000
0.0000e+000

2 0.2500 7.8125e-002 0.0000e+000 2.5000e+000 0.0000e+000 0.0000e+000
0.0000e+000
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3 0.5000 2.9785e-001 5.9570e-001 2.2656e+000 1.1960e+000 2.3920e+000
1.9136e+001

4 0.7500 6.9273e-001 1.2292e+000 2.8024e+000 2.8783e+000 5.7566e+000
7.7812e+000

5 1.0000 1.2939e+000 1.9920e+000 3.3001e+000 3.2132e+000 4.0344e+000
~-2.1559e+001

6 1.2500 2.0095e+000 2.6335e+000 1.8316e+000 1.7079e+000 -2.3409e+000
-2.9444e+001

7 1.5000 2.6113e+000 2.6349e+000 -1.8206e+000 -1.4739e-002 -6.4559e+0
00 -3.4760e+000

8 1.7500 2.8788e+000 1.7387e+000 -5.3487e+000 -2.3474e-001 -3.8852e+0
00 2.4042e+001

9 2.0000 2.7482e+000 2.7373e-001 -6.3712e+000 7.4471e-001 1.5189e+000
1.9191e+001

10 2.2500 2.3050e+000 -1.1476e+000 -4.9998e+000 1.2015e+000 2.8724e+00
0 -8.3629e+000 ‘ :
11 2.5000 1.6610e+000 -2.1743e+000 -3.2136e+000 4.3624e-001 -6.1695e-0
01 -1.9552e+001 .

12 2.7500 8.8908e-001 -2.8319e+000 -2.0468e+000 -3.1334e-001 -3.0296e+
000 2.5063e-001

0 2.1734e+001

20 4.7500 1.3287e+000 2.0191e+000 -9.4959e-001 -1.5950e-001 3.4773e+00

0 -4.4812e+000

21 5.0000 1.7010e+000 1.6947e+000 -1.6456e+000 -4.5222e-001 8.7311e-00
1 -1.6352e+001

22 5.2500 1.8823e+000 1.1071e+000 -3.0551e+000 -5.8471e-001 -8.5041e-0
01 2.5638e+000 ’

23 5.5000 1.8304e+000 2.5880e-001 -3.7315e+000 7.8790e-001 2.4802e+000
2.4081e+001

24 5.7500 1.6408e+000 -4.8304e-001 -2.2032e+000 3.0664e+000 7.3022e+00
0 1.4494e+001

25 6.0000 1.4914e+000 -6.7792e-001 6.4412e-001 4.2109e+000 6.8461e+000
-1.8143e+001

10 14 1 T ¥ T
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@3

Ezuw‘fpons of mo’bn

1% +[e] %+ [«]%

with

oS P P BT S Y O B

on-

F (¢)

Solu.fl'on uSinj T"roj\’a-m IS. m;

e (03] e o[ el

xdi= { }, nste.P 50, delt =

}

In suLProaram s

Results of Ex11_32

[~
o

-t
F =

{

Je e e de % de st de e vk e vk e o o e e o e o e e ok ok e e o ok e ke

>> programl5 .

Tc

20

Solution by central difference method

Given data:
n= 2 nstp= 50
Solution:

step time
i,2)

x(i, 1)
xdd (i, 2)

1 0.0000 0
5.0000e+000
2 0.2500 3.
5.0000e+000
3 0.5000 7.
3.8980e+000
4 0.7500 2.
2.1978e+000
5 1.0000 5.
3.1952e-001
6 1.2500 9.
-1.3969e+000
7 1.5000 1.2034e+000
-2.7089e+000

8 1.7500 1.3294e+000
-3.4627e+000

.0000e+000 0
4694e-018 6

9153e-002 1

8633e-001 1
2647e-001

45 11.0000 2.6959%e-001
2.5015e+000

46 11.2500 6.5996e-001
1.2070e+000

47 11.5000 1.0064e+000
0 -3.2947e-001

48 11.7500 1.2380e+000
0 -1.7914e+000

49 12.0000 1.3076e+000
1 -2.8789e+000

50 12.2500 1.2018e+000
01 -3.3706e+000

51 12.5000 9.4307e-001
001 -3.1680e+000

8025e-001 5.

delt=2.500000e-001

xd(i,1)

.0000e+000
.9389e-018
.5831e-001

6050e-001

.0144e+000
.2924e+000
.2342e+000
.0596e-001

-1.0110e+000 2.4211e+000 1.5410e+000
-2.4148e+000 2.5053e+000 7.6957e-001

0
5
1.
1l
1
5

xdd(i,1)

.0000e+000 O
.5511e-017 1.
2664e+000 5.
.9511e+000 1.
.6798e+000 1.
.4495e-001 2.

x(1i,2)

.0000e+000 0O
5625e-001 0.
5613e-001 1.
0934e+000 1.
6506e+000 2.
1205e+000 2.

xd(

.0000e+000

0000e+000
1123e+000
8742e+000
1889e+000
0542e+000

1.1967e+000 1.7533e+000 9.8753e-001 1.2500e+000

=P

.4887e+000 5.8245e-001 1.4537e+000 1.7136e+000
.4736e+000 -7.0280e-001 1.8992e+000 1.8233e+00

1.1560e+000 -1.8379e+000 2.2327e+000 1.5582e+00

6.0249e-001 -2.5905é+000 2.3864e+000 9.7439%e-00

-7.2283e-002 -2.8077e+000 2.3293e+000 1.9320e-0

-7.2916e-001 -2.4473e+000 2.0743e+000 -6.2413e-
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" xdd(1)

4 1 - 1 1 2 I
0 2 4 6 8 10 12 14
6 T T T T T T

x(2)

14

@ E?uad:n'ons of motion: [m] ';E.'+ [c] i’-f [«] x = F(ﬁ)
S R O N S A B B

?(t): {:o Sin Sb}

0
Solu'h'on uﬁng Prajrﬁm 6.m:

onme [03] e [2 3] #o[8 3]
di = {: } R nsl:cr_ 50, delt= _;[

(<]
In subpregram: F ()= {'o Sin 5t }

Results of Ex11_33 o

I EEEEREER SRS RRERZERR RS R RS L SR ]
>> programlé
Solution by Hobolt method

Given data:

n= 2 nstp= S0 delt=1.570796e-001

Solution:

step time x{i,1) xd(i, 1) xdd (i, 1) x(i,2) xd(i,2) xdd
(i,2)

1 0.0000 0.0000e+000 0.0000e+000 0.0000e+000 0.0000e+000 0.0000e+000
5.0000e+000
2 0.1571 0.0000e+000 0.0000e+000 O. 0000e+000 6.1685e-002 2.2087e-017
5.0000e+000

678



www.FluidMechanics.ir

3 0.3142 3.0440e-003 9.6895e-003 1.2337e-001 2.4065e-001 7.6602e-001
4.7533e+000 ’

4 0.4712 1.8912e-002 1.6259e-001 9.1608e-001 5.1478e-001 2.0011e+000
2.9598e+000

5 0.6283 5.8032e-002 3.4519e-001 1.3650e+000.8.56619-001 2.3334e+000
1.6316e+000

6 0.7854 1.2964e-001 5.7894e-001 1.6914e+000 1.2346e+000 2.4551e+000
1.9106e-001

7 0.9425 2.3963e-001 8.3483e-001 1.7936e+000 1.6157e+000 2.3650e+000
-1.2232e+000 '

45 6.9115 -3.7289e-001 1.7185e~001 3.0312e+000 3.9690e-001 -1.0620e+00
0 3.0395e+000
46 7.0686 -3.1591e-001 5.6154e-001 2.4307e+000 2.6762e-001 -5. 5794e 00
1 3.6136e+000
47 7.2257 -2.0460e-001 8.5380e-001 1.6722e+000 2.2229e-001 5. 0005e 003
3.9062e+000
48 7.3827 -5.5446e-002 1.0351e+000 8.6621e-001 2.6677e-001 5.8147e-001
3.8775e+000
49 7.5398 1.1405e-001 1.1066e+000 1.1476e-001 3.9952e-001 1.1229e+000
3.5160e+000
50 7.6969 2.8752e-001 1.0823e+000 -5. 0214e 001 6.1148e-001 1.5822e+000
2.8416e+000
51 7.8540 4.5143e-001 9.8440e-001 -9.3551e-001 B.8654e-001 1.9178e+000
1.9053e+00Q

x(1)

x(2)
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Ezua.'h'ons of motion: Given in solution of Problem 1120

Selution USm3 Progra.m l6.m:
n=2, m= [2 9], e=[0 5], «= I w)ex= {0}
xo\i:{:} , nsterz 50, delt= 4.25

In suLProgranu {20 s st
n

6 T Xaa(tT) T T T T

x(1)

N 8
o
=]
-
o
e
N
-
E-3

1
2
. Results of Ex1l_34

W v Jr o de de g e ol o e & de Xk ok 3k o ko ok ke de

>> programlé
Solution by Hobolt method

Given data:

n= 2 nstp= 50 delt=2.500000e-001

Solution:

step time x(i,1) xd(i,1) xdd(i, 1) x(i,2) xd(i, 2) xdd
(i,2)

1 0.0000 0.0000e+000 0.0000e+000 2.5000e+000 0.0000e+000 0.0000e+000
0.0000e+000

2 0.2500 7.8125e-002 0.0000e+000 2.5000e+000 0.0000e+000 0.0000e+000
0.0000e+000

3 0.5000 2. 9785e-001 5.9570e-001 2.2656e+000 1.1960e+000 2.3920e+000
1.9136e+001

4 0.7500 6.7731e-001 1.8615e+000 2.8459e+000 2.3779e+000 3.0857e+000
-1.9588e+001

5 1.0000 1.1875e+000 2.2638e+000 1.6286e+000 2.6912e+000 -1.6232e+000
-2.7568e+001
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« 45 11.0000 2.3544e+000 9.1504e-001 -2.2782e+000 2.2850e+000 -3.3050e+0
00 -2.4426e+001 :
46 11.2500 2.4907e+000 1.5041e-001 -3.4958e+000 1.4763e+000 -4.2224e+0
00 -6.8088e+000
47 11.5000 2.4280e+000 -7.0701e-001 -3.8836e+000 9.0044e-001 -6.8674e-
001 1.7538e+001
48 11.7500 2.1705e+000 -1.4140e+000 -3.0502e+000 9.6130e-001 2.0554e+0
00 1.6650e+001
49 12.0000 1.7634e+000 -1.8673e+000 -1.6701e+000 1.1202e+000 1.1342e-0
01 -7.0501e+000
50 12.2500 1.2630e+000 -2.1135e+000 -5.9375e-001 6.9518e-001 -3.7771le+
000 -2.0254e+001 .

51 12.5000 7.2135e-001 -2.1793e+000 1.7567e-001 -1.6028e-001 -4.0782e+
000 -4.4321e+000

The problem-dependent data t le wsed im the main program that cqlls
wiLSON (given in Problem 11. 49), subroutine gxvFuN
amd one 3(V€I‘\

-

i AIN—PROBLEM=DERENDENT OAT-A—
REAL 4(2,2),MI(2,2),K(2,2)
DIMENSION C(Z2,2),XL(2),ADI(2),XDDI(2),X(25,2),4kD(25,2),400(25,2),
— AR EEI LR ) K ) E T R I LA L2 LB 22 ) SC oA — ——
3 rK(2.2).XN102).XN2(2).XN3(2),XN4(2)
UATA V,NSTEP,NSTEPI1,TH,UELTA/2,24,25,1.4,0.,242102617/
SN, V- W W &7 24 B0 S0 Sote —_ —
JALA XDI/70.G,0.0/
UalA /140,0,0,0.V,241/
- - &F.EA--C/%.O-,°2.Q,~’-2-.U;1!1—04- - - S —— e
JALA R/640,2e0,%2eU, 8.0/
2 EM)D UF PROBLEM=DEPENOENT UATA
suorudi lick eXirUs (F,1L14E,N)
HLMENSLUON B (N)
F(l)=sV.0
L E(2)=l0. 00— e e e
RETURN
Eab

ST ON- B E LS ON—HETHUE- —- - - - - - —

‘IVEN DATA:

Z - 2——._ASPER= 24 - EH=- 04 140000008401 — - — DELTA= 0242162676400
OLUTLON:
TEP [IM4E  X(4,1) XD(L,1)  XDD(1,1) X(L,2) XD(I,2)  XDD(L,2)

-0, 0030—0+300054+00 0,0000E+000,0000E+00 0., 0000E+00 0, 0000E+00 0, SO000E+DL
2 0,222 9.15512=01 9,1922E+00 9,1587E+01 J3,1330£+00 0.1042E+V) 0,.3610E+401
3 0.49¥43 V. 1136E+00 0,6390e+¢00 9,2103E+61 0.4767E+400 0.1735E+01 0,2112E+0}
43— 04 126504 3250E400-0410BTE4F LU 15935401 0vI440E4+00-0, 206364010, 5Y8664+00-
S 0,9637 0.6233E+00 0,1325E+01 0,4052E+00 0.1447L+01 0,2036E+01 =-,8224E+00
o 1.,2198 VU,9431E+00 0,1250E+01 =,999Y8E+00 0.1905£+01 0,1691E+0! =-,2029E+01
——3 45301 206E40L - 0736915+00—-r£¥95E+0%—0r324bE+04—074095E#0¥—-r2392540L
8 1.6951 0,1340E+01 0,2550E+00 =,2877k+01 0.2423E+01 0,3457E+00 =-,3297E+01
9 1,9373 U,1323E+01 =,3452E+v0 =,2910E+01 0.2411E+01 =-.4384E+00 -,3179E+01l
~+O——%1+49%—07++465+0+—-T+018&+&+--r24}58+0+—07%}L3&+QL—:TL}J¥S#04—ATZS4SL#QL
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11 2.4216 0,8171E+00 =-,1511E+01 =,1252E+01 0.1879E+01 -,1620E+01 =,1489E+0]}

12 2.6638 0.4;74Ef00 -.1656E+01 0,5148E-01 0,1456E+01 ~,1822E+0] .-,1836E+0(
14 3.1481 =,¢/13E+00 =-,1044E+01 0,2341E+01 0.6543E£+00 =-,1291E+01 0,2276E+01
15 3.3903 =,4500E+00 =,4093E+00 V,2903E+01

04155400 -,6520E+00 0,2998E+01
lo—3.58343 =, 46388400-0.29605+00 0, 2323E+0])

--0e3474E 400 0,9684E=01 0, 3186E+01

17 3.,8746 =.3114E+00 0,9418E+00 0,2410E+01 0.4606£+00 0,8226E+00 0,2806E+01

18 ¢,1168 =,2189E-01 0.1411E+01 0,1468E+01 0,.7335E+00 0,1396E+01 0,1931E+01

. I 17E+01 0_71159E+00

20 4.6011 V.7399c+00 0,1539E+01 =,9597E+00 V0.1540E+401 0,1729E+01 =,b189E+00
21 4,8453 0,1074E+01 0,1180E+01

=.2005E+01 0.1929E+01 0,1432E+01 =,1834E+01
22— 5.04533 0,1294E+01 0,6124E400 =, 20H0E+01 0,2213E+01 0,8814F+00 =,2711€401

23 S5,3276 0.1362E+01 =,5939E~u1 =,2868E+01 0.2343E+01 0.1781E+G0 =,3097E+01
24 5.569? 0.1267E+401 =,7143E+00 =,2541E+401 0.2297E+01 =,5512E+00 ~,2926E+01

& Ll&lﬁtaLuavlﬂasE&QL"&rLllﬁﬁtaL_sfglJJEiﬂJ
The problem ~dependent data to be used in the main program {hat
calls WILSON (9iven in Problem 11. 49), subroutine gxTFUN, and

ll the results are given.

C FILLOWING 10 LINES CONTALN PHRUBLEM~DEPENDENT DATA
ReEAL (¢,2),11(2,2),K(2,2)

VIMENSION C(2,22,4102),X01(2),XUDE(2),X(25,2),4D(2S5,2),40D(25,2),
2 KT(2),F(2),F1(es,F2(2),FTC2),k(2),LAC2),Lb(2,2),5(2),2A(2),
3 INC2,2),XN102),AN202),XN3(2),454(2)

DATA o,NSTEP,NSTEP1,Th,DELTA/2,24,25,1.4,0.24216267/

DATA X1/0.0,0.,0/

DAIA XD1/3.0,0,0/

DATA ¥1/1.0,0.0,0,0,2.0/

DATA C/0.V,0.0,0.0,0,0/

DATA K/640,=2.0,=2.0,8.0/

OF PRUBLEM=DEPEWDENT DATA

SUBRUUTLIKE EXTFUN (F,TIME,N)

DIMEMNSION F(N)

FL1)=10,0*%S1N(5,.0%TIME)

£F(2)=0.0
RETURW
END
SOLUTION BY »lLSON

C END

METHOD

GLVEN UATA:

N= 2 NSCEP= 24 TH= 0.1400000GE+01 DELTA= 0,24216267E+400

SOLUTION:S

STEP T1vE x(L,1) Xb(1,1)

e pub pub
N OO~ DWW N -

0.0000
0.242¢
0.4b643
0.7265
0.9687
1.2108
1.4530
1.6951
1.9373
2,1795
2.4210
2.b038

0.0000E+00
0.8209E-01
0.,5226E+00
0.,1062E+01
0.1074E+01
0,3655E+4Q00
-,5003E+00
-,8380E+00
-,5584E+00
-,2170E+00
-, 228%E400
-,3632E+00

0.0000E+00
0.,1017E+01
0,23106E+vu1
0,1503E+01
-,1584E¢01
-,3797E+01
'02807E+01
0,1135E+400
0.1706E+v1
0.7537E+400
= .6334E+00
-, 3125E-01

XDD(1,1)

0.0000E+00
0.,8399E£+01
V.3071E+0}
=,1053E+02
=,1496E+02
=.3306E+01
0.1148E+02
0.1263E+02
0.5215E+00
-,8390E+01
=, 3066E+01
0,8040E+01
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x(1,2)

0.0000E+00
0.1461E=02
0.1381E-01
0.5495E-01
0.,1330E+00
0.2246E+00
0.2799E+00
0.2548E+00
0.1431E400
=.2359E-01
-.2004E+00
-.3488E+00

XD(1,2)

0,0000E+00
0.1810E-01
0.9867E=01
0.2498E+00
0.,3781E+00
0.3401E+00
0.8172E=01
-.,2930E+00
-,6043E+00
=-,7389E+00
-,6951E+00
'.5099E+00

X0D(I,2)

0.,0000E+00
0.1495E+00
0.5160E+00
0,7325E+400
0.3265E+00
-,6398E+00
=,1494E+01
-, 1600E+01
«,9714E+00
-, 1402E+00
0.5020E+00
0.,1036E+01



www.FluidMechanics.ir

13 2.9060 =.1303E+00 0,1973E+01 0,8514E+401 =,4357E+00 =,1847E+00 0,1641E+01
14 3.1481 0,4742E+00 0,2513E+01 ~-,4054E+0]1 =.42B0E+00 0,2662E+00 0,2083E+01
15 3.3903 J0,8b33E+00 0,2840E+400 ~,1436E+02 ~-,3050E+00 0,7389E+00 0,1822E+01
16 3.632%4 9,5643E+00 ~,2534E+01 =-.8916E+01 -.,8396E-01 0.1040E+01 0,6659E+00
{7 3.8746 -.1610a+00 =,2B845E+01 0,6349E+01 0.1726E+00 0.1017E+01 =~,8543E+00
18 4.,1168 =.59592400 =-,4607E+00 0,1334£+402 0,3836E+00 0,6825E+00 =,1911E+0}
19 4.3589 ~-.4018E+00 0,1711E+01 0,46V0E+01 0.4907E+00 0,1932E+00 -,2130E+01
20 4.6011 0,2833E~-01 0,1349E+01 =,7598E+01 0.,4783E+00 ~,2815E+400 =-,1791E+01
21 4.8433 0,1332E+00 -,4775E400 -,74084L+01 0,3623E+00 ~,6571E+00 ~,1311E+01
22 5.085% =,9143E£-01 -.9221E+400 0,3812E+401 0.1706E+00 =,9025E+00 ~,7150E+00
23 S5.3276 =.1416E+00 0,7610E+00 0,1009E+4V2 ~-,5983E-01 -,9628E+00 0,2168E+00
24 5,5697 0,2564E+00 0,2184E4ul 0.1056E+01 =,2753E+00 =.7698E+00 0,1377E+01
25 9.,8119 V,7047E+00 V,9850E+00 ~,1156E402 =.4136E+00 =.3408£+00 0,2166E+0}

S

SOLUTLIUN BY wlLSUN

output are 9iven.

r
w

REAL 1(2,2),141(2,2),K(2,2

)

The broblem-dependent data, to be used in the main '
calls WILSON (9iven /n Problem 11. 49), subroutine gxTruN,and

FULLOWLING 10 LINES CONTAIN PROBLEM=DEPENDENT DATA

program that -

ULMENSIUN C(2,2),X1(2),4X01(2),XDDI(2),X(25,2),XD(25,2),XDD(25,2),
2 XI(2),F(2),F1(2),F2(2),F1(2),R(2),LAC2),LB(2,2),5(2),2A(2),

3 TK(2,2),XN102),XN2C2),XN3(2),XN4(2)
N,NSTEP,NSTEP1,TH,VELTA/2,24,25,1.4,0,25/

DATA
LalA
DATA
DATA

X1/0.0,0,0/
XD1/0.0,0.0/
4/2.9,0.0,0.0,1.0/
vaTA £/0,0,0.0,2.0,0,0/
OATA K/b.U,=2.0,=2.0,4.0/
JF PROBLE 4=DEPENDENT DATA
SUBROUTINE EXTFUN
DIMENSLON F(N)
Ful)=5.v
F(2)=20,0¢SLI(S.0*TIME)
RELURN

eND

C END

METHOUD

GIVEN DATA:Z

NS

50LU

SIEP

WO = O N

2 NSTEP= 23

TIUNG

T1ME X(L, 1) xw(l,1)

0.00J9
V.2500
0.5000

V.VOVOE+OD
V.7846E~01

0.0000E+00
0.0290E+00

(F, [14E,

0,7500
1,00U0)
1.2500
1.5000
1.7500
2.0000
2.2500
2.5000
27520
3.0000
3.2500
3.500v
3.7500

Ve31732+00
0.7246e+00
0,1277E+01
U,1880E¢+UL1
0.2387£+01
O,206b0E+01
0.2661E+01
0.23842+01
U.1880E+01
0.1212£+401
V.4833E+00
-.1555e+00
~.5604E+00
=, 6b36L+0V

0.,1292L+01
0,1950E+0}
0,2398E+01
0.,2322E+01
O.,l038E+ul
0.5579E+00
«.5871E+00
=,1595E+01
=.2397E+01
-.2882E+01
~.2641F+01
=, 2164E+01
~.1028E+01
0.1787E+00

N)

IH= 0,14000000E+01

LDD(L,1)

0.2500E+01
0.2532E+01
0.2772E401
0.2539E+01
0.9958E+00
=-.,1598E+01
~.3881E+V1
~.4757E+01
-t4402Lf01
-.3661E+01
-, <155E+01
-.11225’01
V.1444E4901
0.3975E+01
0.5115E+v1
0.4530E+01
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DELTA= 0,25000000E+00

x(1,2)

0.0000E+00
0.1849L+00
0.1185E+01
0.2473E+01
0.2760E+401
0.1722E+01
0.5026E+00
0.2826E+400
0.8331E+00
0.9796E£+00
0.3022E+00
=.2795E+00
0.1675E+00
0.1194E+01
0.1459E+01
Ue4757E+00

XD(1,2)

0.0000E+00
0.2219E+01
0.5347E+01
0.3847E¢01
-.1840E+01
-.5495E+0}
-.32606E+01
0,1285E+01
0.,2090E+01
-,1282E+01
=-.3333E+01
=.4970E+00
0.3704E+01
0.33b4E40])
-.1662E+01
=-.5336E+01}

XDD(1,2)

0,0000E+400
0.1775E+402
0,7278E+01
-.1928E+02
-,2622E+02
=,3023E+401
0.2085e+02
0.1556E+02
-.,9119E+01
-~,1786E+02
0.1457E+01
0.2123E+02
0,1238E+02
=,1510E+02
-, 2510E+02

=.4289E+01
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17 4,000 =.4913E+0uU 0,1142E+01 0.3169L+01 =,7410E+00 =,3392E+01 0,1984E+u2
18 4.2500 =,119%+00 0,1784E+01 0,1965E+U1 =,1005E+01 0,1134E+401 0,1637E+02
19 4.5000 V,37058400 v,213dE+ul 0,3/35E+00 =-,4563E+00 0,2272E+01 ~-.7272E+401
20 4,7500 0U.7245E+00 0.2166E+01 =,.0563L+00 ~,.2094E+00 =-,6720E+00 =-,1628E+02
21 5.0000 0.1429E+01 0,1778E+01 -,2441E+01 =-,6840E+00 -.2317E+01 0,3120E+01
22 5.2530 0.1783t+01 0,1040E+01 =-,3117E+91 =,9452E+¢00 0,1110E+01 0,2429E+402
23 5.5000 0.1943E+01 0,2598E+00 =,2874E+01 0.1070E=-01 0.6216E+01 0,1655E+02
24 5.7500 U,1934E+4U1 =,2762E+00 =-_,1414E401 0.1780E+01 0.6725E+01 ~,1248E+02
25 0.,000) 0,1832E+01 =,.4927E+00 =_,3190E+00 0,2923E+01 0.1835E401 =,2663E+u2

The

~

uven'

REAL M(2,2),M1(2,2),K(2,2)
DIMENSION C(2,2),X1(2),XDI(2),XDD1(2),X(25,2),XD(25,2), XDD(25 2),

2 XT(2),F(2),R(2),LA(2),LB(2, Z)rSGZ)-vZA-(Z)-r —-——

3 TK(2, 2) AN1(2),XN2(2),XN3(2),XN4(2)

DATA N, NSTEP NSTEP1, ALPHA BLTA,DBLTA/2 24,25,0,16666667,0.5,
2 0, 24210267/ :

DATA X1/0.0,0.0/

OATA XD1/0.0,0.0/

DATA M/1,0,0.,0,0,0,2.0/
DATA C/2.0,'2.0,'2.0.2.0/
DATA K/6.0,'2.0,'2.0.8.0/

C END

problem-dependent data to be used in the main
cc»l-ls NUMARK (9|ven in Problem 11.50),
and output ave
C FILLOWING 10 LINES CONTAIN PRDBLEH-DEPENDEﬂinD#JL—-

program that
subroutine EXTFUN,

OF PROBLE4=DEPENDENT -DATA---

SUBROUTINE EXTFUN (F,TIME,N)
DIMENSION F(N)
F(1)=0,0
F(2)=10.0
RETURN

END
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SOLUT1ON BY

GIVEN DATA:

NENMARK METHOD

NS 2 NS1EP= 24 ALPHA= 0,16666667E+U0 BETA= 0,50000000E+00
DELTA= 0.24216267E+00
SOLUTION:
STEP TIME £(I,1) X0(1,1) xno(1,1) xX(1,2) XD(1,2) Xo0(1,2)
1 0,0000 0.0000E+00 0,0000E+00 0,00U0E+00 0,0000E+00 0,0000E+00 0,5000E+01
2 V,2422 VU,1770E=01 0,2200E+00 0,1817E+01 0.1335E+00 0,1048E+01 0,3656E+01
3 0.4843 0.,1287E+00 U.7143E+400 0,2266E+401 0,4799E+00 0,1753E+01 0,2170E+01
4 0.74b65 U,3613E+00 VU.1178E+01 0,1508E+01 0.9532E+00 0,2093E+01 0,0342E+00
5 00,9687 0.,0793£+00 0,1393£401 0,2007e400 0.1464E+01 0,2067E+01 =-,8511E+00
6 11,2108 0,1008e+01 0,1259E+01 =.1303E+401 0.1927E+01 0,1704E+401 =,2145E+01
7 1.4530 0,1203E+01 0,7991E+00 ~,2497E+01 0,226BE+01 0,1071E+01 =-,30B0E+0!
8 1.6951 0,1377E+01 0,1221E+00 =,3094E+01 0.2433E+01 0.2741E4+00 =,3505E+01
9 1.,9373 0.,1317E401 =-,0142E+00 -,2987+01 0,.2398E401 =,5540E+00 =-,3334E+01
10 2.1795 0,1088E+01 =,1246E+01 -,2231E+401 0.2173E+01 -,1270E+01 =,2581E+01
11 2.4216 0,7330E+00 =,1639E+01 -,1013E+01 0,1802E+01 =-.1748E+01 =~,1365E+01
12 2.6638 0,3203E400 «.1712E+401 0,4055E+00 0.1353E+401 =,1901E+01 0,9807E-01
13 2.9000 =.6943E=01 =,1453E+01 0.1736E+01 0,9094E+00 =,1703E+0] 0,1543£+01
14 3.1481 =,3607E+00 =,9133E+00 0,2721E+01 0,.5536E+00 -,1189E+01 0,2700E+01
15 3,3903 =,34977E+00 =,1994E+00 0,3176E+01 0.3513E+400 ~,4559E+00 0.3354£+01
16 3.6324 =,45344E+00 0.,5510E+00 0,3022£+0) 0,3395E+00 0,3593E+00 0,3379E+01
17 3.874b =,2394E+00 0,119Y5E+0] 0,2295E+01 0.5196E+00 0.1104E+01 0,2773E+01
18 44,1168 0.1059:£400 0,15610E+01 0,31138E+01 0.8573E+00 0,1639E+01 0,1647E+01
19 4.3589 0,5158E+00 0,1720E+01 =,2284E+00 0,1289E+01 0,1865E+01 0,2165E+00
20 4.6011 U,9129:+400 0,.1506E+01 =,.1545E+01 0.1732E+01 0,1740E+01 ~,1251E+01
21 4.8333 V,1222E+01 0,1008E+01 =,2564E+V1 0,2105E+01 0,1288E+01 ~-,2478E+U1
22 S5.0854 0.,1380E+01 0,3231E+00 =,3096E+01 0.2337E+01 0,5967E+00 =,3235E+01
23 5.3270 0,1374E+0]1 =,4202E+0V =,3043E+01 0.2385E+401 =,2046E+00 =-,3382E+01
24 5.5697 0,1189E+01 =-,1081E+01 =,2419E+01 0,2241E+01 =,9643E+00 =-,2893E+01
25 5,8119 0.,8670E+00 =,1537E+01 =,1342E+0] 0,1933E+401 ~-.1540E+01 =-,1862E+01
The problem-dependent data 4, be used in the main program

”

-

FJLLU*IVG 10 LINES CONTAIN PROGLLEM-DEPENDENT DATA
REAL i-1(2,2),£-‘.1(2.2);K(2,2)

DIMENSLON C(2,2),X1(2),XDI(2),aDD1(2),X(25,2),XD(25,2),X00(25,2),
2 XI(2),F(2),RC2),LAC2),LB(2,2),5(2),2A(2),

3 TKR(2,2),4AN1(2),4N2(2),XN3(2),XN4(2)

that calls NUMARK (givenin Problem 11:50),the subroutine
ExTFUN, and the output are given here:

DATA W,NSIEP,NSTEP1,ALPHA,oEIA,DELTA/2,24,25,0,16666667,0.5,
2 v.24216267/

DATA
DAlA
DATA
DATA
DATA

END

x1/0.0,0.
%D1/0.0,0.0/

M71.0,0.0,0,0,2,0/
c/0.0,0.0,0.0,0,0/
K/b.O,‘Z.O,‘Z.O,B.O/
UF PROBLEM=DEPENDENT DATA

0/

SUBROUTINE EXTFUN (F,TIME,N)

DIMENSION F(N)

F(1)=10,0%¥SIN(5,0*%TINME)
F(2)=v.0
RETURQN

EnD

685



www.FluidMechanics.ir

SOLUTIUN BY NEwMARK HMETHOD
GIVEN DAYA:
N= 2 NSTEP= 24 ALPHA= 0,16666667E+00 BETA= 0,50000000£+00
DELTA= 0.24216267E+00
SOLUTION:
SIEP T14E x(I,1) XD(I,1) Xbo(1,1) X(1,2) XD(1,2) xDD(I1,2)
1 06,0000 0.0000E+400 0,0000E+00 0,0000E+00C 0,0000E+00 G,.0000E+00 0,0000E+V0
2 0.242¢ 0,8042E-0]1 0,1071E+01 0,8642E+01 0,8129£-03 0,1007E-01 0,8317E=01
3 0.4843 0,5509E+00 0G,2542E+91 0,33U8BE+01 0,9875E~02 0,8206E=01 0,5114E+400
4 0.7265 0.1120E+401 0,1570E+01 =,1134L+02 0,487BE~01 0.2560L+00 0,9251E+00
5 0.9687 0.1119E+401 =,1784E+01 -,16306E+02 0,1345E+00 0,4383E+00 0.5807E+00
b 1.21U8 0,3303E400 =.4220E+401 «,3762E+01 0.2457E+00 0.4296E+00 =,6523E+00
7 1.4530 =-.6401£+400 =,3127E+401 0,1279E+02 0.3182E+00 0.1190E+00 =,1913E+401
8 1.6951 =.1003E+0]1 0.2052E+006 0.1473E+02 0,.2886E+00 =,3739E+00 =.2158E+01
9 1.9373 -,0501E+400 0,2182E+01 0,1601E401 0.1439E+00 -,7835E+00 =,1226E+01
10 2,1795 =.1786E+00 0,1284E+01 -,9018E+0)1 =.6887E=-01 ~.9202E+00 0,9693E-01
11 2,4216 =,8717E=01 =,3477E400 =.4458E+01 =.2797E4+00 =-,7836E+00 0,1031E+01
12 2,6638 =,1394E+00 -,2747E-01 0,7103E+01 =,4342E+00 =-.4713E+00 0,.1547L+01
13 2.90080 VU.2207E-01 0.1815E+01 0.8110E+01 ~.4984E+00 =-,3990E~-01 0.2016E+01
14 3.1481 0,5744€+400 0,2232E+01 =,4bb4E+01 =-.44506E+00 0.489SE+00 0,2357E+01
15 3.3903 v.8748BE+00 «,1764E+00 ~,1524E+02 =~.2622E+00 0,1008E+01 0,1924E+01
16 3.6329 0.4459E+00 ~-,3111E+401 ~,B8975E£+01 0.2292k-01 0,1284E+01 0,3542E+00
17 3.874b =.403%E+00 -,3220E401 0,8070£401 0.3241E+00 0.1121E+01 =,1700E+01
18 4,1168 ~,8682E+400 -,2884E+00 0,1614E+02 0,5329E+00 0,5516E+00 <-,3000E+01
19 4.,3589Y =,5593E+00 0,2449FE+401 0.64b7E+01 0.5797E+400 -.1601E+00 ~-,2878E+01
2C 4.6011 0,B159E-01 0,2258£+401 ~,8046E+01 0.4672E+00 =-,7250E+00 =~,1787E+01
21 4,8433 V,3764E400 0,1102E40C =-,9b92E+01 0.2506E+00 -,1017E+01 =-,6259E+00
22 5.0854 0,2284E+00 -,8793E400 0,1519E401 =,5534E-02 =-,1063E+01 0,2506E+00
23 5,3276 0,1303E+00 0,3584E+00 0,8703E+01 =-.2470E+00 =-,8969E+00 0,1118E+01
24 5.5697 0.3961E+00 0,152¢E+01 0,9086E+00 =.4220E+00 =-,5091E+00 0.2084E+01
25 5.8119 0,6650E+00 0,1770E+400 ~,1202E+402 =,.4793E+00 0.5587E=-01 0,2582E+01

The problem-dependent data to be used in the main program given in Problem
) 11-50 (which calls NUMARK), subroutine EXTFUN and vesults are given.

« vouwuUWING 10 LINES CONTAIN PROBLEM=DEPENDENT DATA
REAL M(2,2),M1(2,2),K(2,2)

DIMENSION C(2,2),XI(2),XxD1(2),XDDI(2),X(25,2),XD(25,2),XxDD(25,2),
2 XT(2),F(2),R(2),LAC2),LB(2, 2) s(e), ZA(2);

3 TK(2,2),XN1(2),4N2(2),xN3(2), XH4(2)

DATA N,NSIEP,NSTEPI,ALPHA,BETA,DELTA/
2 2,24,25,0,.16666667,0,.5,0.25/

DATA
DATA
DATA
DATA

X170,0,0,0/
XD1/0.0,0.0/ ,
472,0,0.,0,0,0,1.,0/7 .
</0,0,0.,0,0,0,0,0/
VATA K/6,0,-2,0,=2.0,3.0/

END OF PRUBLEM=-DEPENDENT DATA
SUBROUTINE EXTFUN (F,T1ME,N)
DIMENSION F(N)

F{1)s5.0
FC2)=¢0,U*SIN(S5.0*TIME)
RETURN

END
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SOLUTION BY NEWMARK METHOD

GIVEN DATA:

N= 2 NSTEP= 24 ALPHA= 0,16666667E+00 BETA= 0.50000000€400
SOLUTION: DELTA= 0.24216267E+00
STEP TIME X(I,1) X0(I1,1) XDD(I,1) X(1,2) XD(I1,2) XDD(1,2)
1 0,0000 0.0000E400. 0,0000E+00 0,2500E+01 0,0000E+00 0,0000E+00 0,0000E+00
20,2500 0,7769E-01 0.6198E+00 0.2458E+01 0,1914E400 0,2296E+01 0,1837E+02
30,5000 0.3129E400 0,1276E+01 0,2789E+01 0.1228E+01 0.5553E+01 0,7683E+01
4 0.7500 0,7202E+00 0,198BE+01 0,2905E+01 0.2565E+01 0,3982E+01 =,2025E402
S 1,0000 0.1293E+01 0.2534E401 0,1469E+01 0.2847E+01 =-.204BE+01 =,2798E+02
6 1.2500 0.1940E+01 0,2517E+01 =,1606E+01 0.1715E+01 =,6001E+01 =,3641E+01
7 1.5000 0.2488E+01 0.1742E401 =,4594E+01 0.3703E+00 =-.3674E+01 0,2226E+02
8 1.7500 0.2769E+01 0.4543E+00 =,5706E+01 0.9920E=01 0,1312E+01 0,1763E+02
92,0000 0.2712E+01 =.8750E400 =,4927E+01 0.7083E+00 0.2480E+01 =,8290E+01
10 2.2500 0,2353E401 =,1940E+01 =,3596E€+01 0,9630E+00 =,B6B6E+00 =,1850E+02
11 2,5000 0.1768E+01 =,2694E+01 =.2435E+01 0.3681E400 =,3089E+01 0,7367E+00
12 2,7500 0,1035E+01 =,3095E+01 =,7734E+00 =.1674E£+00 ~,3396E+00 0,2126E+02
13 3,0000 0.2664E+00 =.2940E+01 0,2019E+01 0,3183E+00 0,3851E+401 0,1227E+02
14 3,2500 =,3745E400 =,2064E+01 0,4988E+01 0.1364E+01 0,3319E+01 =,1652E+02
15 3,5000 =,7216E+00 =-,6614E+00 0.6231E+01 0,1566E+01 =,2150E+01 -,2722E+02
16 3,7500 =-.7048E+00 0,7455E+00 0,5024E+01 0,4094E+00 =-,6182E+01 =,5035E+01
17 4.0000 =-,3862E+00 0,1704E+01 0.2642E+01 ~-,1016E+01 -.4117E+01 0,2155E+02
18 4,2500 0,1030E+00 0,2133E+01 0,7952E+400 =,1396E+01 0.9885E+00 0.1929E+02
19 4,5000 0.6503E400 0.2201E+01 =.2522E+00 =.8012E+00 0,2745E+01 =-,5238E+0)
20 4,7500 0.1181E+01 0.1991E+01 =.1429E+01 =.3879E+00 0.1236E+00 =.1573E+02
21 5.0000 0.1617E+01 0,1437E+401 =,3003E+01 =.6516E+00 =~.1444E+01 0.3194E+01
22 5.2500 0.1874E+01 0.5849E+00 =,3B13E+01 -.6909E+00 0,2016E+01 0,2449E+02
23 5,5000 0.1912E+01 =,2353E+00 =,2748E+01 0,4886E+00 0.7060E+01 0,1586E+02
24 5.7500 0,1792E+401 =.6351E+00- =,4500E400 0.2425E+01 0.7132E401 =.1527E+02
25 6,0000 0.1636E+01 =.5461E+00 0,1163E+01 0,3569E+01 0,1377E+01 =,3077E402
5 x + 4% +3%x = ¢sint

‘ Egu a.'l'n'or;:

D

or

®

‘fferential eguations to be solved:

AY

dt
with

J2

-~0.8¥Y,-0:¢J, + 12 sint

4

¥ {

7=

42

x

i} and
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Ex11_41.m

This program will use the function dfunclil_41l.m, they should
be in the same folder

span = [0: 0.1: 20];

x0 = [0.0; 0.0]);

t

t,x] = ode23(’dfuncll_41’, tspan, x0);

disp{’ t x(t) xd(t)");
disp([t x]);

plot(t,x(:,1));

xlabel(’t’);

gtext('x(t)’);

% dfuncli_41.m

function £ = dfuncll_41(t,x)

f = zeros(2,1);

£(1) = x(2);

£(2) = - 0.8 * x(2) - 0.6 * x(1) + 1.2*sin(t);

Re

LR

>>

x(t)

_1.5 1 1 1 1 1 1 1 i . 1
2 4 [ 8 - 10 12 14 16 18 20
t
sults of Ex11l_41
22 X222 R 2R RRRSR RS2 R 2 R 2
Ex11_41
t x(t) xd(t)
0 0 0
0.1000 0.0002. 0.0058
0.2000 0.0015 0.0226
0.3000 0.0051 0.0493
0.4000 0.0117 0.0847
0.5000 0.0222 0.1274
0.6000 0.0374 0.1762
0.7000 0.0576 0.2298
0.8000 0.0835 0.2867
0.9000 0.1151 0.3456
1.0000 0.1526 0.4051
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19.1000 ~-1.3092 ~0.2840
19.2000 -1.3310 -0.1518
19.3000 -1.3395 -0.0181
19.4000 -1.3346 0.1158
19.5000 -1.3163 0.2486
19.6000 -1.2849 0.3789
19.7000 ~1.2406 0.5054
19.8000 -1.1839 0.6268
19.9000 -1.1154 0.7420
20.0000 -1.0358 0.8498
@ Eguations: 2% +10 %y = 5xy = F(¥)
Ag = -5 x, 4+ 2.5 3‘2 + 0.5 F' (f?)

E&ua.b‘ons n vector form:

49

t

-
—

with

-
L

% Exll_42.m

%
-5Y + 25 J3+0:5
L2
125 3y -3.15 3
h X,
Y2 = 7'¢, , ?(o)
73 Y
4y %,

F (8D

= ?( t)
F (%)
5
and
0 >

% This program will use the function dfuncll_42.m, they should
% be in the same folder
tspan = [0: 0.1: 20];

x0 = [0.0; 0.0; 0.0; 0.0];
{t,x] = ode23(’dfuncll_42’, tspan, x0);

disp{’

disp([t x]);
plot(t,x(:,1
xlabel(’'t’);

ylabel(’Solid line: x_1l(t)

hold on;
plot({t,x(:,3

t

));

Y. 720

x1(t)

xdl(t)

689
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% dfunclli_42.m
function £ = dfuncll_42({t,x)
F = 5*( stepfun(t,0) - stepfun(t,2.0) );
f = zeros(4,1);

£(1) =
£(2)
£(3)
£(4) =

x(2);

2.5 * x(3) -5 * x(1) + 0.5*F;

x(4);

1.25 * x(1) - 3.75 * x(3);

15

(=

SoHdHne:x‘u) Donedﬁnezxza)

ad
3
T

05L

T

T

-1
0

2

4

Results of Exl11_42

drkkkdrhhd ki khhkikhk

>> Ex11_42

19.
19.
19.
19.
19.
19.

19.

20.

HooOOOOOOO

x1(t)
0

COO0O0OO0O0O0O0O0O

-0.
-0.
-0.
-0.
-0.
-0.
-0.

.7655

.0124
.0492
.1084
.1871
.2814
.3869
.4984
.6106
.7184
.8170

1051
2073
3146
4229
5273
6225
7036

xdl(t)
0

OHRMHRERHOOOO

-0

-1.

-1
-1
-1

-0.

-0

.2479
.4835
.6952
.8725
.0072
.0932
L1272
.1086
.0397
.9256

.9836
0540
.0855
.0711
.0066
8902
.7229

.5090

10 12

x2(t)

.0000
.0002
.0010
.0032
.0076
.0152
.0271
.0442
.0672
.0967

[=NeNeNofolololaRole)

-0.5591
-0.6238
-0.6678
-0.6907
-0.6931
-0.6762
-0.6417

-0.5920

[eReoNoRoNoNoNoRol-a]

xd2(t)

.0005
.0041
.0135
.0311
.0583
.0958
.1434
.1995
.2620
.3277

.7481
.5451
.3349
.1256
.0750
.2603
.4248

.5644

20
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09

Ezua-+|'°“‘ t bLe solved : (See Problems 1n-18 and 1.29)

S—
<

|

S
o

Wi

th

W

7

-2 }ﬂz'f 2':74 -6 :I| + 2 :#3

94

$p-y+ - 443 +5

7
J2

<
w

Results of Ex11_43

dhkdkhdehddkdhhdhdddhkdddhdrrd

I

(Yo ls JIEN e WU, I S VS N

ooV IR BB R EBRWWWWWWNNDNNDONMNNOMFERFPRPRERPFROOOOOO

TIME(I)

.15708000
.31416000
.47124000
.62832000
.78540000
.94248000
.09956000
.25664000
.41372000
.57080000
.72788000
.88496000
.04204000
.19912000
.35620000
.51328000
.67036000
.82744000
.98452000
.14160000
.29868000
.45576000
.61284000
.76992000
.92700000
.08408000
.24116000
.39824000
.55532000
.71240000
.86948000
.02656000
.18364000
.34072000
.49780000
.65488000
.81196000
.96904000
.12612000
.28320000

X(1)

0.00595234
0.04296424
0.12871802
0.26619304
0.44606930
0.65071547
0.85871211
1.04904086
1.20434253
1.31294336
1.36961694
1.37525431
1.33574082
1.26038610
1.16023580
1.04653025
0.92948759
0.81749686
0.71672563
0.63108587
0.56246606
0.51112440
0.47614448
0.45587455
0.44829676
0.45130011
0.46285317
0.48108992
0.50433136
0.53106884
0.55993248
0.58966273
0.61909585
0.64716684
0.67292815
0.69557810
0.71449180
0.72924718
0.73964026
0.74568650

COORRPRRPIHEHFROOO

[N eRoNeNeoofoNeofololeNoN o]

i

X(2)

.11190540
.38514540
.72177873
.03218582
.24885462
.33306426
.27520063
.09026067
.81046444
.47685982
.13148283
.18884744
.45654785
.65503054
.77849419
.83026508
.82029318
.76237983
.67160439
.56226450
.44648447
.33350502
.22956211
.13819995
.06084131
.00254980
.05284442
.09124953
.11897352
.13705660
.14633820
.14751780
.14126165
.12831325
.10957633
.08615286
.05933176
.03053440
-00123034
-0.

02716047

X(3)

0.07562662
0.25870383
0.51077890
0.79478663
1.07929835
1.34088682
1.56476458
1.74407153
1.87829054
1.97127049
2.02926358
2.05926699
2.06782932
2.06036319
2.04091265
2.01226511
1.97627325
1.93425605
1.88737286
1.83689975
1.7843749%4
1.73161322
1.68061392
1.63340072
1.59183581
1.55744649
1.53129308
1.51389460
1.50521674
1.50471659
1.51143126
1.52409402
1.54126111
1.56143405
1.58316615
1.60514603
1.62625520
1.64560020
1.66252252
1.67659091

X(4)

0.69862971
1.23457026
1.61270950
1.85249641
1.98056156
2.02464088
2.00934956
1.95390776
1.87158084
1.77038826
1.65455622
1.52621604
1.38695120
1.23893451
1.08554048
0.93144276
0.78229624
0.64415368
0.52277900
0.42300142
0.34821759
0.30010274
0.27854652
0.28179218
0.30673179
0.34929734
0.40488652
0.46876999
0.53644001
0.60387671
0.66772319
0.72537321
0.77498438
0.81543448
0.84623969
0.86745270
0.87955395
0.88334709
0.87986403
0.87028266
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Egua-’f\ons of motion:

X
—lp

x

o © = (A
IER Y ERIW
with ;(0) = E)-, and ;L:, (o) =

Program 15. cpp s used for salution.

Results of Ex11_44

Je g de e ke ok de ke K Jr ek de e ok ke e ko

Please input N and NSTEP:

2 24

Please input M matrix row by row

10
02

Please input K matrix row by row

6 -2
-2 8

Please input C matrix row by row

0o
00

SOLUTION BY CENTRAL DIFFERENCE METHOD

NSTEP =

TIME X(I,1l) XD(I,1)XDD(I,1)

GIVEN DATA:
N =
SOLUTION:
STEP
1 0.0000
2 0.2422
3 0.4843
4 0.7265
5 0.9687
6 1.2108
7 1.4530
8 1.6951
9 1.9373
10 2.1795
11 2.4216
12 2.6638
13 2.9060
14 3.1481
15 3.3%03
16 3.6324
17 3.8746
18 4.1168
19 4.3589
20 4.6011
21 4.8433
22 5.0854
23 5.3276
24 5.5697
25 5.8119

[
O OFRFRFRPROOCOCOOOOOHKRRPHOOOOOOO

.0000
.0000
.0172
.0931
.2678
.5510
.9027
.2354
.4391
.4202
.1410
.6437
. 0463
.4889
.8050
.8023
.4728
.0950
.7431
.2933
.6034
.6083
.3349
.8862

.4013

24

-2.

1
FOORRHOOODOO

DELT

.0000
.0000
.0355
.1922
.5175
.9455
.3107

.0000
.0000
.2932
.0009
.6859
.8485
.1680
.3219
.2012
.7971
.4366
.7201
.7077
.0621
.7357
.4359
.5732
.0638
.3676
.6667
.0959
.2053
.7444
.9897

0.

H NDNNNMNRHOOOOOOMKENNMMMNMNHEPOOO

6176

HE

-

0.24216267

.0000
.1466
.5520
.1222
.7278
.2370
.5470
.6057
.4189
.0422
.5630
.0773
.6698
.4012
.3030
.3797
.6135
.9689
.3958
.8321
.2077
.4526
.5098
.3498

.9837

U
COORKRHEHHOOKNNNHOO

COoORRRRPRE

]
fay

.0000
.0000
.1398
.0143
.4276
.3018
.6915
.7613
.2646
.1635
.7671
.9923
.8441
.3960
.7575
.0444
.6412
.2166
.6152
.7822
.6763
.2813
.6238
.2124

.0863

-5 -

X(I,2) XD(I,2)XDD(I,2)

5.0000
5.0000
4.4136
2.8090
0.6043
-1.6433
-3.3971
-4.2855
-4.1875
-3.2363
-1.7487
-0.1110
1.3345
2.3669
2.9063
2.9831
2.6789
2.0731
1.2194
0.1598
-1.0350
-2.2272
-3.2023
-3.7043

-3.5128

i

o Sin 5 ¢

(o)

i

692



www.FluidMechanics.ir

E&ua.i'n'ons' of metion:

2 o
c |

2 50

Please input M matrix row by row

20
01

Please input K matrix row by row

6 -2
-2 4

Please input C matrix row by row

00
00

LR
-

x

SOLUTION BY HOUBOLT METHOD

50

DELT

(see Problems 1120 and (1.31)

6 0 — ¢ -2
* [0 o] x+ [-z 4
with %(0) =0 and x ()= o

Results of Ex11_45

dr de o o e e de o A ok ok e e e de ok ke ke ke ok

Please input N and NSTEP:

X(I,1) XD(I,1)XDD(I,1)

GIVEN DATA:
N = NSTEP =
SOLUTION:
STEP TIME
1 0.0000 0.0000
2 0.2500 0.0781
3 0.5000 0.2979
4 0.7500 0.7015
5 1.0000 1.3214
6 1.2500 2.1367
7 1.5000 3.0390
8 1.7500 3.8478
9 2.0000 4.3696
10 2.2500 4.4586
11 2.5000 4.0419
12 2.7500 3.1231
13 3.0000 1.7906
14 3.2500 0.2287
15 3.5000 -1.3005
16 3.7500 -2.5205
17 4.0000 -3.2188
18 4.2500 -3.2899
19 4.5000 -2.7339
20 4.7500 -1.6400
21 5.0000 -0.1792
22 5.2500 1.4071
23 5.5000 2.8519
24 5.7500 3.9330
46 11.2500 3.7024
47 11.5000 3.6344
48 11.7500 3.2197
49 12.0000 2.4690
50 12.2500 1.4714
51 12.5000 0.3752

| |
BNOFRENWWNNMNOOO

.0000
.0000
.5957
.0388
.9557
.6237
.6390
.8069
.2560
.7048
.7752
.6742
.0399
.4607
.7014
.8938
.4660
.1109
.4779
.3326
.3485
.2745
.1403
.3011

.3659
.9623
.4109
.6600
.3654
.3846

.5000
.5000
.2656
.6195
.9797
.7889
.3395
.3877
.6821
.2635
.2545
.9744
.2080
.7209
.7195
.3655
.7521
.7232
.0298
.1804
.1320
.8521
.5357
.3734

.9785
.8596
.2469
.2000
.5259
.7930

-
x

0.25000000

X(1,2) XD(I,2)XDD(I,2)

0.0000
.0000
.1960
.2240
.4440
.6991
.2776
.6555
.9268
.6122
.3710
.1051
.3361
.5348
.6819
.6961
.4043
.6464
.6718
.2395
0.0943
.130%
.4800
.0742

ORNMONAOAVIWEO

HoOoWwWUWNMNOO

.0000 0.0000
.0000
.3920 19.1359
.2504 7.4868
.4114 -7.1638
.5474-33.9541
.9881-38.2107
.2542-11.5902
.6702 15.7921
.7352 14.9627
.2727 -4.2808
.7851 -8.6896
.7943 11.5993
.3200 29.1162
.5404 17.1324
.9838-12.5743
.3232-24.3329
.8229 -5.9818
.3328 15.4785
.9664 11.1806
.3961-10.479%2
.6326-16.3098
.0645 4.9768
.3048 26.1411

0.0000

.1394-13.8351
.8485-22.9011
.1488 -3.0939
.6700 22.3940
.1118 21.5438
.1019 -3.0201

Fe)= {

5 i
20 sin 5t

f
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13

14

12
11

11

12

The program and output are given below.

2
3

DIMENSION X(4), XT(4), XTN(4),FT(4),A(4,4),F(2),M(2,2),K(2,2),
C(2,2),. MI(2,2), MIK(2,2),MIC(2,2),MIF(2), IK1(4), ZK2(4), :
ZK3(4), ZK4(4), XD(2), XDD(2), XX(2), X1(2), X2(2)

REAL M, K, MI, MIK,MIC, MIF

DATA N, NSTEP, T, DELT/2, 25, 0. 0, 0. 24216267/

DATA X/0.,0.,0.,0.7/

DATA M/1.,0..0..2./

DATA C/1.0,-1.0,-1.0,1. 0/

DATA K/6.,-2..,-2.,8./

N2=N#2

DO 11 I=1, NSTEP

CALL RKM4 (N,N2,T,DELT., X, XT, XTN. FT, A, F. M: K, C, MI, MIK, MIC,
MIF, ZK1, ZK2, ZK3, ZK4)

DO 13 II=1,N

XX(II)=X(II)

XDC(II)=X(II+N)

CALL XMULT (MIC, XD, X1, N)

CALL XMULT (MIK, XX, X2, N)

DO 14 II=I1,N

XDD(II)=MIF(II)-X1(II)=-X2(1I)

PRINT 12, I, T, ({(XX(J), XD(J), XDD(J) ), J=1,N)

FORMAT (2X, I2,2X,F6.3,1X,3E10. 2, 1X, 3E10. 2)

CONTINUE ’

STOP

END

SUBROUTINE RKM4 (N, N2, T, DELT, X, XT. XTN, FT. A F» M, K, G, MI,
MIK, MIC, MIF, ZK1, ZK2, ZK3, ZK4)
REAL M. K, MI, MIK, MIC, MIF

DIMENSION X(N2), XT(N2), XTN(N2), FT(N2), A(N2, N2}, F(N), M(N, N),
KON, N), CCN, N), MICN, N)Y, MIK(N, N), MIC(N, N}, MIF(N),

ZK1(NR), ZK2(N2), ZK3(N2), ZK4 (N2)

DO 11 I=1,N2

XT(I)=X(I)

TIME=T

CALL FUN (N, N2, XT,FT, TIME, A, F. M, K, C. MI, MIK, MIC, MIF)

DO 12 I=1, N2

ZK1(I)=DELT*FT(I)
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DO 13 I=1,N2
13 XT(I)=X(I)+0. S#ZIK1(I)
TIME=T+0. 5#DELT
CALL FUN (N,N2, XT.FT,TIME., A, F. M, K, C., M1, MIK, MIC, MIF)
DO 14 I=1,N2
14 IK2(I1)=DELT#FT(I)
DO 15 I=1,N2
15 XT(I)=X(I)+0. S#ZK2(I)
CALL FUN (N, N2, XT,FT.TIME: A, F.: M. K, C, MI, MIK, MIC, MIF)
DO 16 I=1,N2
16 IK3(I)=DELT*FT(I)
DO 17 I=1,N2
17 XT(I)=X(I)+ZK3(I)
TIME=T+DELT
CALL FUN (N, N2, XT,FT, TIME, A, F, M, K, C, MI, MIK, MIC, MIF)
DO 18 I=1,N2
18 IK4(I1)=DELT*FT(I)
DO 19 I=1,N2
19 XTNCD)=X(I)+(ZKI (D) +2. O#ZK2(T)+2. O*#ZKI(I)+ZKA(I)) /6.0
DO 21 I=1,N2
21 XCI)=XTN(I)
T=TIME
RETURN
END

SUBROUTINE FUN (N, N2, X, FT.T,A:.F. M, K, C, MI. MIK, MIC, MIF)
REAL M, K, MI, MIK, MIC, MIF

DIMENSICN X(N2), A(N2,N2), FT{N2), M(N, N}, KIN, N), C(N, N), ML (N, N).

MIK(N, N>, MIC(N, N), MIF(N), F(N)

c INVERSE OF M-MATRIX)
DET—H(I:1)*M(2.2)-H(1.2)*H(2:1)
MI(1, 1)=M(2,2)/DET
MI(1,2)=-M(1,2)/DET
MI(2, 1)=-M(2, 1)/DET
MI(2,2)=M(1, 1)/DET

c END OF INVERSE OF M-MATRIX

CALL MATMUL (MIK,MI, K, N, N, N)

CALL MATMUL (MIC,MI,C.N,N,N)

n

C DEFINITION OF F-VECTOR
CALL FUN2 (X, T,N,N2,F)
c END OF F-VECTOR

CALL XMULT (MI,F,MIF,N)
DO 11 I=i,N
DG 11 J=I,N
A(I,J)=0.0
A(I,J+N)=0.0
ACI+N, J)=-MIK(I, J)

11 ACI, JEN)=-MIC(I, J)
DO 12 I=1,N

12 A(I, I+N)=1.0
CALL XMULT (A, X, FT,N2)
N1=N+1
DO 13 I=Ni,N2

13 FT(I)=FT(I)+MIF(I-N)
RETURN
END
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C
SUBROUTINE FUN2 (X, T,N,N2,F)
DIMENSION X(N2),F(N)
F(1)=0.0
F(2)=10.0
RETURN
END
C
SUBROUTINE XMULT (A, B, BB.,N)
DIMENSION A(N, N), B(N), BB(N)
DO 10 I=1,N
BB(I)=0.0
DO 10 J=1,N
10 BB(I)=BB(I)+A(I, J)*#B(J)
RETURN
END
c
SUBROUTINE MATMUL (A.,B.C.L.M N)
DIMENSION A(L,N),BC(L.M),C(M,N)
DO 10 I=1,L
DO 10 J=1,N
A(1,J)=0.0
DO 10 K=1, M
10 A(I, J)=ACI, J)+B(I,K)%C(K, J)
RETURN
END
HEER 2 %4, xg; xy; *e; Y %,
1 0. 242 0. 14E+00 -0. 47E-01 0. 66E+00 0. 14E+00 0. 12E+01 O. 40E+01
2 0. 484 0. S1E+00 -0. 33E+00 0. S0E+00 0. 33E+00 0. 22E+01 O. 21E+01
3. 0.726 0. 95E+00 -0. 10E+01 0. 19E+0Q0 0. 11E+01 0. 28E+01 -0. 17E+00
4 0. 969 0. 13E+01 -0. 20E+01 0. 43E+00 0. 16E+01 0. 30E+01 -0. 29E+01
S 1.211 0. 14E+01 -0. 31E+01 0. 17E+01 0. 20E+01 0. 28E+01 -0. 456+01
6 1. 433 0. 11E+01 -0. 40E+01 0. 39E+01 0. 22E+01 0. 23E+01 -0. 56E+01
7 1.699 0. S9E+00 -0. 42E+01 0. 64E+01 0. 21E+01 0. 156E+01 -0. SEE+01
8 1.937 -0. 66E-01 -0. 36E+01 0. BBE+01 0. 20E+01 0. 92E+00 -0. S1E+01
? 2.179 -0.64E+00 -0. 22E+01 0. 97E+01 0. 17E+01 0. 25E+00 -0. 3BE+01
10 2.422 -0.974E+00 -0. 1BE+00 0. 856E+01 0. 16E+01 -0. 3IE+00 -0. 22E+01
11 2. 664 —-0.87E+00 0. 19E+01 0. 535E+01 0. 13E+01 -0. B4E+00 -0. 86E+00
12 2.906 -0.44E+00 0.J37E+01 O.8BE+00 0. 16E+01 -0. 13E+01 0. S7E+00
13 3. 148 0. 21E+00 0. 47E+01 -0. 42E+01 0. 18E+01 -0. 18E+01 0. 14F+01
14 3.390 0. 8BE+00 0. 48E+01 -0. B6GE+01 0. 19E+01 -0. 22E+01 O. 19¢+01
15 3. 632 0. 14E+01 0. 40E+0Q1 -0. 11E+02 0. 18E+01 -0. 2SE+01 0. 24E+01
16 3.87% 0. 16E+01 0. 26E+01 -0. 11E+02 0. 16E+01 -0. 26E+01 0. 28E+01
17 4,117 0. 14E+01 Q. 11E+01 -0. 99E+01 Q. 12E+01 -0. 24E+01 0. J3EH+01
18 4.3%9 0. 99E+00 -0. 17E+00 -0. 61E+01 Q. 74E+00 -0. 18E+01 0. J39€+01
19 4.601 0. S0E+00 -0. 10E+01 -0. 23E+01 0. 32E+00 -0. 96E+00 0. 42E+01
20 4.843 0. 11E+00 -0. 13E+01 0. 99E+00 0. 79E-01 0. 135E+00 O. 41E+01
21 9.08% -0.39E-01 -0. 13E+01 0. 30E+01 0. 93E-01 0. 13E+01 0.3J3EHO01
22 9.328 0. 97e-01 -0. 12E+01 0. 37E+01 0. 38E+00 0. 23E+01 0. 18E+01
23 3. 570 0. 45E+00 -0. 13E+01 0. 34E+01 0. 88E+00 0. 30E+01 -0.21E+00
24 9. 812 0. 85E+00 -0. 17E+01 0. 27E+01 0. 135E+01 0. 32E+01 -0. 24E+01
25 6.054 0. 11E+01 -0.23E+01 0. 23E+01 0. 20E+01 0. 30E+01 -0. 44E+01}
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Cc ===================§==================================================

of

C PROGRAM 15.F
C MAIN PROGRAM WHICH CALLS CDIFF

C FOLLOWING 10 LINES CONTAIN PROBLEM-DEPENDENT DATA

REAL M(2,2),K(2,2),MC(2,2),MK(2,2),MCI(2,2),MMC(2,2),MI(2,2)

DIMENSION C(2,2),XI(2),XDI(2),XDDI(2),XM1(2),F(2),R(2),RR(2),

XMK (2) , XMI (2) . XM2(2) , XP1(2) , ZA(2) , 2B (2) , zc(2), LA(2),LB(2,2),

S(2),X(25,2),XD(25,2) ,XDD (25, 2)

DATA N,NSTEP,NSTEP1,DELT/2,24,25,0.24216267/

DATA XI/0.0,0.0/

DATA XDI/0.0,0.0/

DATA M/1.0,0.0,0.0,2.0/

DATA C/0.0,0.0,0.0,0.0/
8.

DATA K/6.0,-2.0,-2.0,8.0/

C END OF PROBLEM-DEPENDENT DATA

CALL CDIFF (M,C,K,XI,XDI,XDDI,N,NSTEP,DELT,F,R,RR,XM1, XM2,XP1,

2 MC,MK,MCI,XMK,MMC,XMI,ZA,ZB,ZC,LA,LB,S,X,XD,XDD,NSTEPl,MI)
PRINT 10
10 FORMAT (//,38H SOLUTION BY CENTRAL DIFFERENCE METHOD,/)
PRINT 20, N,NSTEP,DELT
20 FORMAT (12H GIVEN DATA:,/,3H N=,I5,4X,7H NSTEP=,I5,4X,6H DELT=,
2 E15.8,/)
PRINT 30
a0 FORMAT (10H SOLUTION:,//,S5H STEP,3X,5H TIME,3X,7H X(I,1),3X,
’ 2 8H XD(I,1),2X,9H XDD(I,1),4X,7H X(I 2),3X,8H XD(I 2),2X,
3 9H XDD(I, z) /)
DO 40, I=1,NSTEP1l
TIME=REAL(I-1)*DELT
40 PRINT 50, I,TIME,X(I,1),XD(I,1),XDD(I,1),X(I,2),XD(I,2),XDD(I,?2)
50 FORMAT (1x I4,F8.4,6(1X,E10.4))
STOP
END
c Y FF t f X P P F 21 3ttt ittt it &+ttt ittt itiit === =—=====
C
C SUBROUTINE CDIFF
c
C 3 Xt t+ £+ttt 13 i3ttt rtiitiiiiirit 3 3 £+ 3+ - -+t 1ttt
SUBROUTINE CDIFF (M,C,K,XI,XDI,XDDI,N,NSTEP,DELT,F,R,RR, XML,
2 . XM2,XP1,MC, MK, MCI, XMK, MMC, XMI, Za, 2B, ZC,LA, LB, 5, X, XD, XDD, NSTEP1
3, MI)
REAL M(N,N),K(N,N),MC(N,N),MK(N,N),MCI(N,N),MMC(N,N),6MI(N,N)
DIMENSION C(N,N),XI(N),XDI(N),XDDI(N),F{N),R(N),RR(N),6XM1(N)},
2 XM2(N),XP1(N),XMK(N),XMI(N),ZA(N),ZB(N),2C(N),LA(N),LB(N,N),S(N)
3 ,X(NSTEP1,N),XD(NSTEP1,N),XDD (NSTEP1, N)
DO 5 I=1,N
DO 5 J=1,N
5 MI(I,J)=M(I,J)
CALL SIMUL (MI,ZA,N,0,La,LB,S)
CALI, EXTFUN (F,0.0,N)
DO 20 I=1,N
R(I)=F(I)
DO 10 J=1,N
10 R(I)=R(I)-C(I, J)*XDI(J) K{X,J)*XI(J)
20 CONTINUE
CALL XMULT (MI,R,XDDI,N)
DO 25 J=1,N
X(1,J)=XI(J)
XD(1,J)=XDI (J)
25 XDD(1,J) =XDDI (J)
DO 30 I=1,N
30 XM1 (I)=XI (I)-DELT*XDI(I)+(DELT**2)+*XDDI(I)/2.0
DO 40 I=1,N
DO 40 J=1,N
MC(I,J)=(M(I,J)/(DELT**2))+(C(I,J)/(2.0*DELT))
MK(I,J)=K(I,J)-2.0*M(I,J)/(DELT**2)
40 MMC(I,J)=(M(I,J)/(DELT**2))-(C(I,J)/(2.0*DELT))
DO 45 I=1,N
DO 45 J=1,N
as MCI(I,J)=MC(I,J)
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50

60

70

CALL SIMUL (MCI,ZA,N,0,LA,LB,S)
TIME=DELT

DO 90 I=1,NSTEP

CALL XMULT (MK, XI,XMK,N)

CALL XMULT (MMC,XM1,XMI,N)
TIME=TIME+DELT

CALL EXTFUN (F, TIME,N)

DO 50 J=1,N

RR (J) =F (J) -XMK (J) -XMI(J)

CALL XMULT (MCI,RR,XP1,N)

DO 60 J=1,N
XDI(J)=(XP1(J)-XM1(J))/(2.0*DELT)
XDDI (J) = (XP1(J) -2.0*XI(J)+XM1(J) )/ (DELT**2)
Do 70 J=1,N '
XM1(J) =XI (J)

XI (J)=XP1(J)

DO 80 J=1,N

X(I+1,J)=XP1(J)

XD (I+1,J)=XDI(J)

XDD(I+1,J) =XDDI (J)

CONTINUE

SUBROUTINE EXTFUN
THIS SUBROUTINE IS PROBLEM-DEPENDENT

. SUBROUTINE EXTFUN (F,TIME,N)
DIMENSION F(N)
F(l1) = 10.0*SIN(5.0*TIME)

F(2) = 0.0
RETURN
END
C =====c==ssSEs=SSSSSSSEIRSSEEESSSSSSSSSSSSRSESSSSSSSTSESSSSSES ==s====
c
C SUBROUTINE XMULT
c
C =z=====s======-oSsS==SSS=E=SSSSSSSS=SsSSSSSSSSSSSSSSSSSSISSSSRIS=SSESSS

10

SUBROUTINE XMULT (A,B,BB,N)
DIMENSION A(N,N),B(N),BB(N)
DO 10 I=1,N

BB(I)=0.0

DO 10 J=1,N
BB(I)=BB(I)+A(I,J)*B(J)
RETURN

END

C =============================================================.=========

C

C SUBROUTINE SIMUL

(o

100

130

140
150

SUBROUTINE SIMUL (A,B,N,IND,LA,LB,S)
DIMENSION A(N,N),B(N),LA(N),LB(N,2),S(N)
DO 100 I=1,N

LA(I)=0

DO 250 X=1,N

Z=0.0

DO 150 I=1,N

IF (LA(I) .EQ. 1) GO TO 150

DO 140 J=1,N

IF (LA(J)-1) 130,140,300

IF (ABS(zZ) .GE. ABS(A(I,J))) GO TO 140
JA=I

IB=J

Z=A(I1,J)}

CONTINUE

CONTINUE
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160

190

200

220

230

250

260
270
300

LA (IB)=LA{IB)+1

IF (IA .EQ. IB) GO TO 190
DO 160 I=1,N

Z=A(IA,I)

A(IA,I)=A(IB,I)

A(IB,I)=32

IF (IND .EQ. 0) GO TO 190
Z=B (IA)

B(IA)=B(IB)

B(IB)=2

LB(K,1)=IA

LB(K,2)=IB

S (K) =A(IB, IB)
A(IB,IB)=1.0

DO 200 I=1,N
A(IB,I)=A(IB,I)/S(K)

IF (IND .EQ. 0) GO TO 220
B (IB)=B(IB)/S(K)

DO 250 I=1,N

IF(I .EQ. IB) GO TO 250
Z=A(I,1IB)

A(I,IB)=0.0

DO 230 J=1,N
A(Y,J)=A(I,J)-A(IB,J)*Z
IF (IND .EQ. 0) GO TO 250
B(I)=B(I)-B(IB)*2
CONTINUE

Do 270 I=1,N

J=N-I+1

IF (LB(J,1) .EQ. LB(J,2)) GO TO 270

IA=LB(J,1)
IB=LB(J, 2)

DO 260 K=1,N
Z=A(K, IA)
A(K,IA)=A(K, IB)
A(K,IB)=2Z

CONTINUE
CONTINUE

RETURN
END

SOLUTION BY CENTRAL DIFFERENCE METHOD

GIVEN DATA:
N= 2 NSTEP= 24 DELT=
SOLUTION:
STEP TIME = X(I,1) XD(I,1)
1 0.0000 0.0000E+00 0.0000E+00
2 0.2422 0.3867E+00 0.7984E+00
3 0.4843 0.3609E+00 0.7451E+00
4 0.7265 -.3707E+00 -.1564E+01
5 0.9687 -.1098E+01 -.3012E+01
6 1.2108 -.9436E+00 -.1183E+01
7 1.4530 0.1774E-01 0.2303E+01
8 1.6951 0.8044E+00 0.3609E+01
9 1.9373 0.6966E+00 0.1402E+01
10 2.1795 0.5749E-01 -.1542E+01
11 2.4216 -.2159E+00 -.1884E+01
12 2.6638 0.1297E+00 0.1450E+00
13 2.9060 0.4257E+00 0.1325E+01
14 3.1481 0.4341E-01 -.1781E+00
15 3.35903 -.6914E+00 -.2306E+01
16 3.6324 -.8546E+00 -.1854E+01
17 3.8746 -.1162E+00 0.1188E+01
18 4.1168 0.7762E+00 0.3367E+01
19 4.3589 0.8716E+00 0.2040E+01
20 4.6011 0.1564E+00 -.1280E+01

XDD(I,1)

0.0000E+00
0.6594E+01
-.7034E+01
.1203E+02
.7527E-01
.1503E+02
.1376E+02
.2979E+01
-1525E+02
.9061E+01
.6238E+01
.1055E+02
.8437E+00
.1157E+02
.6011E+01
.9746E+01
.1538E+02
.2624E+01
.1359E+02
-.1383E+02

PP OO0 1 1 P OO0

1 OO0
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0.24216267E+00

X(1,2)

.0000E+00
.0000E+00
.2268E-01
.6119E-01
.6362E-01
.1326E-01
.1424E+00
.2370E+00
.2289E+00
.1263E+00
.9378E-02
.1302E+00
.2280E+00
.2974E+00
.2995E+00
.1908E+00
.1272E-01
.2201E+00
.3303E+00
.3119E+00

1 O000O0O0 11

XD(1,2)

.0000E+00
.0000E+00
.4682E-01
.1263E+00
.8454E-01
.1537E+00
.4253E+00
.4620E+00
.1787E+00
.2287E+00
.4920E+00
.5295E+00
.4514E+00
.3452E+00
.1475E+00
.2200E+00
.6446E+00
.8484E+00
.6557E+00
.1897E+00

XD (I, 2)

.0000E+00
.Q000E+00
.3867E+00
.2702E+00
.6155E+00
.1352E+01
-.8906E+00
0.5872E+00
0.1753E+01
0.1612E+01
0

1 OoO0o0OoO

.5626E+00

.2534E+00
-.3910E+00
-.4864E+00
-.1146E+01
-.1889E+01
-.1618E+01
-.6526E-01
0.1657E+01
0.2193E+01
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.8433 -.4804E+00

4 - -.2792E+01 0.1339E+01 -.2112E+00 0.2455E+00 0.1404E+01
22 5.0854 -.3877E+00 -.1123E+01 0.1244E+02 -.8914E-01 0.4600E+00 0.3645E+00
23 5.3276 0.7305E-01 0.1143E+01 0.6277E+01 0.3113E-01 0.5004E+00 -.3116E-01
24 5.5697 0.9719E-01 0.1001E+01 -.7446E+01 0.1484E+00 0.4904E+00 -.5145E-01
25 5.8119 -.4297E+00 -.1038E+01 -.9396E+01 0.2365E+00 0.4241E+00 -.4963E+00

The data to be wted in Hae main program which calls HOBOLT,
subroutine EXTFUN amd the o-u:l".....i' ant given below -

C FOLLOWING 10 LINES CONTAIN PROBLEM=DEPENDEMT DATA
REAL ™(2,2),K(2,2),MC(2,2),MK(2,2),4C1(2,2),M¥C(2,2)
DIMENSIQON CLZ;Z.).;&ILZ)_JD_LLZ_).XDDI(2).X'41[2)¢F('2)¢R(1).RR(Z).
2 XMK(2),XMI(2),xM2(2),XP1(2),ZA(2),ZB(2),2C(2),LA(2),LBL2,2),
3 S(2),%x(25,2),XD(25,2),XDD(25,2)
. __DATA N,NSTEP,NSTEP1,DELT/2,24,25,0.25/ ..
DATA XI1/0,0,0,0/
CATA XD1/0,0,0,0/
DATA M/2.0,0.97,0.0,1.0/
DATA €/0,0,0.0,0,0,0.0/
DATA K/6.0"2o0"2c004-0/
C END_QF PROBLEM=DEPENDENT DATA

SUBROUTINE EXTFUN (F,TIME,N)
DIMENSION F(N)

F(1)=5.0
F(2)=320,04SIN(5.0%TIxt)
PETUKRN

END

;OLUTION BY HOUBROLT METHOD

iIVEN DATA:Z
= 2 NSTEP= 24 DELT= 0.25000000£400.. . _

OLUTION:

TEP TINE  X(I,1) XD(I,1)  xDD(I,1) X(I,2) %0(1,2) x00(1,2)

1 0,0000 0.0000FE+20 0,0000F+00 0.2500£+01 0,0900E+00 0.0000E+00 0,2000E+20
2 0,2500 0,7813E-01 0,0000E+400 0,2500E+01 D,11R6E+N1 0,2372E+01 0,1d9¥E+D2
3 0.,5000 0.3729E+00 0,7440E£+00 9,3452E+01 0.2R34E+01 0,5668E+01 0,7381E+01L
-4 0,7500 0,R908F+00 0,2538F+401 0,3748E+01 0.3920F+¢01 C,1861E¢0Q1 =,2533E+402
S 1,0000 0,1570E+01 0,2954E+01 0,1544E+N01 0,.3756E+N21 =_,40R1E+01 =,3106E402
6 1,2500 0,2281E+401 0,272BE+01 =,1597E¢01 0,2744E+0] =_,5200E+01 =,7080E+01
71,5000 0,2872F+01 0,1932F+01 =,4272F+01 0,184SE+01 =,2097E+¢01 0,1113FE+02
8 1,7500 0,3225E+401 0,7715E+00 =,5759E+01 0,1416E+01 =,2943E+00 0,1328E+02
9 2.,0000 0,3261E+01 =,5936E+00 =,5317E+01 N, 3659F+N0 =,2500E+01 =,B8222E+01
10 2,2500 0,2943F+401 =,2030F401 =,5253F+01 0,.7463F=01 =,S5007E+01 =.1377E+402
11 2,5000 0.2285SE+01 =-,3287E+401 ~,5188E+01 =-,2318E+00 =-,3088E+01 0,6572E+01
12 2.7500 0,137BE+01 =,4014E+01 =,2594E+01 -.9609E+00 0,2095€E+01 0,2512E+02
13 3,0000 0,3796E400 =, 3959E+01 0,1120F+01 -,2410F+00 0.4673E¢21 0.1473E+402
14 3.2500 =,5214E+00 =,3160E+01 0,4552E+01 O0,4R75E+00 N, 1810E+01 ~,1331£+02
15 3.5000 =-.1171E401 =_,1890E+401 0.6491E+01 0,4775E+409 =,2512E+01 =,2376E+02
16 31,7500 = 1480F+401 «,4332¢+00 0,6ARIF+0] =,4997E=01 ~-.2951E+91 =.37147E+01
17 4,0000 -.1417E+01 0,1036E+01 0,6435E+01 =,3148F+00 0,5060E+00 U.1668E+02
18 4,2500 =.9987E+00 0,2360E+01 0,5417E+¢01 =,7897E=N1 0,2262E+01 U.1182E+02
19 4,5000 =,29S0F400 0,3294FE+01 0,3460E+01 0.7496E=01 =, 3250E+00 =.1Ub3E+02
20 4,7500 0,565B8E+400 0,.3586E+0! 0,4555E+N0 =,3473E+00 =,3500E+31 =,1713E+02
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5.0000 0,1421E401 0,3191E+01 =.2697E+01 =,9347E400 -,21326+01L 0,3933E+01

5.2500 0,2126E+401 0,2332F+01 =, 46#AE+01 =, 80R89E402 0.3101E+01. 0.2347E402
5.5000 0,2599E+01 0.1315E+01 ~,5055E+01 0,2427E+00 0.63412?01'0.}921E+02
5,7500 0,2816E+01 0,3215E400 =,4484E+01 0,1464F+01 0,4216E+01 =,9333E+01

naonananr

”~
-

- 01E+00 =,3789E+01 0,2068E+01 0,1335E+00 =,2240£+02

FOLLOWING 10 LINES CONTAIN PRUBLEA~DEPENDENT DATA
REAL M(2,2),MI(2,2),K(2,2)

DIMENSION C(2,2),X1(2),XDI(2),XDDI(2),4(25,2),XD(25,2),X0D(25,2),
2 XI(2),F(2),F1(2),F2(2),ET(2),R(2),LA(2),uLb(2,2),5(2),2A(2),
3 TK(2,2),X81(2),XN2(2),XN3(2),XN4(2)

DATA N,NSTEP,NSTEP1,TiH,DELTA/2,24,25,1.4,0.,24216207/
DATA X1/0,0,0,0/

DAIA XDI/0,.0,0.0/

DATA M/1.0,0,0,0.0,2.0/

DATA C/0,0,0,0,0.0,0,0/

OATA ®£/6,0,-2.0,=-2,0,5.0/
END OF PROBLEM<DEPENDENT DATA

CALL WILSON (M,C,K,M{,X1,XD1,XDDI,X,XD,XDD,XT,F,F1,F2,FT,R,LA,
2 LByS,ZA,ITK,XN1,XN2,AN3,XiN4,NSTEPL1,VDELTA,TH,N)
PRINT 10
10 FORMAT (//,2b6d SOLUT1ON BY WILSUN METHOD,/)
PRINT 20, N,NSTEP,TH,DELTA
20 FORAAT (12H GIVEN DATA:,/,3d N=,15,4X,7H NSTEP=,15,4X,4H TH=,
2 E15.6,34,7H DELTA=,EL15.4,/)
PRINT 30

FORMAT (10H SOLUTION:,//,5H STEP,3x,5d T1ME,3X,7H X(I,1),3X,

2 8H xD(1,1),2X,94 xpD(1,1),4X,7H X(1,2),3X,8H XD(I,2),2X,
3 94 XDD(I,2),/)

D0 40 I=1,NSTEP}
TIMESREAL(1+=1)4#DELTA
PRINT 50, I,TIME,X(1,1),XD(1,1),%x0DC1,1),X(1,2),XD(1,2),XDD(1,2)

50 FORMAT (1X,14,F8.,4,6(1X,E10.4))
ST0P

30

SUBROUTINE W1LSON (M,C,k,MI,XI,XDI,XDDI,X,xD,XDD,XI,F,F1,F2,FT,
2 RyLA,LB,5,2A,TK,XN1,XN2,XN3,XN4,NSTELP1,DELTA,TH,N)

REAL M(N,N),ML(N,N),K(N,N)

DIMENSION C(N,N),XI(N),XDI(N),XDDL(N),X(NSTEP1,N),XD(NSTEP1,N),

2 XDD(NSTEP1,H),XT(N),F(N),F1(N),F2(N),FT(N),R(N),LACN),LB(N,2),
3 S(H),ZA(N), TK(N,N), XN1 (i), XN2(N) ,XN3(N),XNA(N)
DO S 1=1,N

po 5 J=1,N
S MIC1,J)=M(1,J)
CALL SIMUL (M1,ZA,N,0,LA,LDb,S)
cALL EXTFUN (¢F,0,0,N)
DD 20 1=i,N
R(I)=F(1)
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DO 10 J=1,N

10 RCI)=SROL)=C(L,J)*¥XD1(J)=K(1,J)*X1(J)

20 CONTINUE
CALL XHMULT (MI,R,XDDIl,N)

00 25 J=i,N
X(1,J)=3X1(J)
XD(1,J)=xDI(J)

25 X0L(1,J)=XDDI(J)
A1=6,0/((TH*DELTA)¥*2)
A2=3,0/(TH#DELTA)

A3=2,0%A2
A4=TH#DELIA/2.0
AS=A1/TH
A6==A3/TH
A751,0~(3,0/TH)
AB=DELTA/2,.0
A9=(DELTA¥*2)/6,0
DO 30 I=1,N

DO 30 J=1,N

30 TK(I,J)=K(I,J)+A1*M(I,J)+A2*C(I,])
CALL SIMUL (TK,ZA,N,0,LA,LB,S)
DD 100 II=2,NSTEP1
DO 40 I=i,N

XNI(I)=AL1*X(II=1,1)+4A3*XD(11=1,1)+2.0%XDD(II=1,1I)
40 XN2(I)=A2%X(L1I=1,1)+2,0#XD(II~1,I)+A4*XDD(11~=1,1)

CALL XMULT (#4,XN1,XN3,N)

CALL XMULT (C,XN2,XN4,N)

TIME1=REAL(11I=2)#DELTA

TIME2=REAL(II-1)*DELTA

CALL EXTFUN (F1,TIME1,N)

CALL EXTFUN (F2,TIME2,N)

DU 45 J=1,N
45 FT(J)SF1(J)+TH*(F2(J)=F1(J))+XN3(J)+XN4(J)

CALL XMULT (TK,FT,XT,N)

DO 50 J=i,N

XDD(II,J)=AS*(XT(J)=X(II=1,J))+A6%XD(II=1,J)+A7*XDD(I1~1,J)
XD(I1,J)=XD(II=1,J)+A8%(XDD(1I,J)+XDD(1I=1,J))

50 XCII,J)=X(11=1,J)+DELTA*XD(I1=1,J)+A9%(XDD(II,J)+2.0%XDD(II~1,J))
100 CONTINUE

RETURN

END

~C
€ ===3===3=SS3322=3S5S=S=2S=SSESEEITSSSSSESSS2SSSSIISSSSSSSESISSSIISISTSIS=S
SUBROUTINE EXTFUN (F,TIME,N)
DIMENSION F(N)
F(1)=0,0
F(2)=10,0
RETURN
END
( ==3=25535S3=S3SSSS===SS=E=ESSSS=SSSZSSS=SSS=SSSSSSS3ESE3SSSSIIZI=sSsSsS=s
c
C SUBROUTINE XMULT
c

SUBROUTINE XMULT (A,B,BB,N)
DIMENSION A(N,N),B(N),BB(N)
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00 10 I=i,N
88(I)=0,0
DO 10 J=i,N
10 BB(I)=BB(I)+A(1,J)*B(J)
RETURN
END
SOLUTIUON BY W#ILSUN YETHOD
GIVEN DATA:
N= 2 NSTEP= 24 TH= 0,14000000E+01 DELTA= 0,24216267E+00
SOLUTIONS
STEP TIME X(I,1) X0(71,1) XDD(I,1) X(1,2) XD(I1,2) X0D(I1,2)
t 0.,0000 0.3000E+00 0,0000E+00 0,0000E+4+00 0.0000E+00 0,0000E+00 0,5000E+01
2 0.2422 0,3344c-02 0,4143E-01 0,3422E+400 0,1392E+00 0,1119E+401 0,4244E+01
3 0.4%43 0,2893E~-01 0,1926E+0V 0,9065E+00 0,5201E+00 0,1967E+01 0,2756E+01
4 0.7205 0,1072E+00 0,4742E+400 0,1419E+01 0,1058E+01 0,2395E+01 0,7809E+00
S 0.,9087 0,2049E+00 0,8337€+00 0,1550E+01 0.1641E+01 0.2336E+01 ~,1267E+01
6 1.21v8 0,50762400 0,1152E+01 0,1076E+01 0.2153E+01 0,1825E+01 +~,2958E+01
7 1,4530 0,8074E+00 0,1281E+01 =~,4223E-02 0,2498E+01 0,.,9863E+00 =-,3964E+01
8 1.695! 0,1104E+01 0.1106E+01 ~,1442E+401 0,2619E+01 0,6096E=-02 ~,4131E+01
9 1,9373 0,1316E+01 0,5916E£+00 «,2807E+01 0,.2506E+01 =.,9176E+00 ~,3497E+01
10 2.1795 0.1369e+401 =,1866E+00 =,3621E401 0,2193E+01 =-,1615E+01 =,2266E+01
11 2.,4216 0.1218E+401 =,1052E+01 =,3526E+01 0.1750E+01 =,1979E+01 =~,7362E+00
12 2.6638 0,8710E+00 =,1772E+40) =,2420E+01 0.,1264E+01 =,1974E+01 0.7743E+00
13 2.9060 0,3897E400 =-,2127E+01 -,5128E+00 0.,8208E+00 =-,1638E+01 0,2002E+0!}
11 3.1481 =,1186E+400 =-,1981E+01 0,1717E+01 0,4905E+00 =,1059E+01 0.2781E+01
15 3.3903 =,5290E+00 ~-,1330E+01 0,365BE+01 0.,3183E+00 =,3521E+00 0.3056E+01
16 3.6324 =,7333t+400 ~,3125E400 0,4747E+01 0,3207E+00 0,.3643E+00 0.2860E+01
17 3.8746 =-,6708£400 0,5244E+00 0,3643E+01 0,4872E+00 0.9876E+00 0,2287E+01
18 4,1168 =,3477E+00 0,1791E+01 0,3340E+01 0,7852E+400 0.1440E+01 0,.1451E+01
19 44,3589 0.1627E+00 0,2337E+01 0,1170E+0! 0.1167E+01 0.1672E+01 0,.4655E+00
20 4.6011 0,.7389E+00 0,2323E+01 ~,1288E+01 0.,157S5E+01 0.1660E+01 =-,5639E+00
21 4,5433 0,1243E+01 0,1757E+01 =,33BOE+01 0.,1951E+01 0.1406E+01 =,1535E+01
22 5.0854 0,1558E¢01 0,7952E+00 =,4566E+01 0,2239k+01 0,9371E+00 =-.2339E+01
23 S.3270 0.1617E401 =,3112E+00 =,4571E+0)1 0,2392E+01 0,3075E+00 -,2860E+01
24 5.5697 0,141BE+0] =,1283E+01 =,3457E+01 0.2382E+0] =,.4004E+00 -,2987E+0}
25 S5.8119 0.,1024E+0} -,1894E+01 -,1588E+01 0.2201E+01 =-,1082E+01 =,2639E+0}

NN

REAL M(2,2),M1(2,2),K(2,2)

OIMENSION C(2,2),X1(2),XD1(2),XDDI(2),X(25,2),XD(25,2),XDD(25,2),
2 XT(2),F(2),R(2),LA(2),LB(2,2),5(2),ZA(2),
3 TK(2,2),XN1(2),XN2(2),XN3(2),XN4(2)

DATA N,NSTEP,NSTEP!,ALPHA.BETA,DELTA/Z,24,25,0.16666667,0.5,

2 0,24216267/

DATA XI/0,0,0.0/

DATA XD1/0.0,0,0/

DATA M/1,.0,0.0,0.0,2.0/
DATA C/0,0,0,0,0.0,0,0/
DATA K/6.0,-2.0,-2.0,8,0/
C END OF PROBLEM=DEPENDENT DATA
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CALDL NUMARI\ (M'C,K.ML.XIpXDI,XDDl.X.XD,XDD.XT.F,R.LA;DB.S.ZA.
2 TK,XN1,Xw2,XN3,XN4,NSTEP1,DELTA,ALPHA,BETA,N) ’
PRINT 10
10 FORMAT (//,27H SOLUTION BY NEWMARK METHOD,/)
PRINT 20, N,NSTEP,ALPHA,BETA,DELIA
20 FORMAT (12H GIVEN DATA:,/,3H N=,15,4X,7H NSTEP=,15,4X,7H ALPHA=,
2 E15.8,2X,6H BETA=,E15.8,2X,7H DELTA=,E15.8,/)
PRINT 30
30 FURMAT (104 SOLUTION:,//,SH STEP,3X,S5H TIME,3X,7H X(I,1),3X,

Z 84 XD(1,1),2X,9H XDD(I,1),4X,7H X(I,2),3X,8H XD(I1,2),2X,
3 9H aDD(I1,2),7)

DO 40 I=1,NSTEP1

IIME=REAL(I-1)*DELTA ‘
49 PRINT 59, I,T1ME,X(1,1),XD(1,1),XDDC1,1),Xx(1,2),XD(I,2),XDD(I,2)
59 FORMAT (1X,14,r8.4,6(1X,E10.4))

srae

END

SUBROUTINE NUAAKK

onNnnann

SUBROUTINE NUMARK (M,C,K,ML,XI,XDI,XDDI,X,XD,XDD,XT,F,R,LA,LB,S,
2 2A,TK,XN1,XN2,XN3,XN4,NSTEP1,DELTA,ALPHA,BETA,N) ‘
REAL M(NyN),MICR,N) ,K(N,N)
DIMENSION C(N,N),XI(N),XDICN),XDDI(N),X(NSTEP1,N),XD(NSTEP1,N),
2 XDD(NSTEP1,N),XT(N),F(N),RCN),LACN),LBCN,2),
3 S(N),ZACN) , TKCN,N), XNTCN) , XN2(N) , XN3 (N), XN4(N)
DO 5 1=1,N
D0 5 J=1,N
5  MLCI,J)=M(1,J)
SALL SIMUL (MI,2ZA,N,0,LA,LB,S)
CALL EXTFUN (F,0.0,N)
DO 20 1=1,N
RCI)=F(I)
DO 10 J=i,N
10 RCI)=RC1)=C(1,J)#XDI(J)~K(I,J)*XI(J)
20 CONTINUE
. CALL XMULT (MI,R,XDDI,N)
DU 25 J=1,N
X(1,Jd)=X1(J)
XD(1,J)=XDI(J)
25  XDD(1,J)=XDD1(J)
A1=1,07 (ALPHA¥ (DELTA#+2))
421,07/ (ALPHA*DELTA)
A3=(1.°/(200‘ALPHA))-1.°
A4=(1.0-BETA) *DELTA
ASSBETA®DELIA
A6=BETA/ (ALPHA*DELTA)
A7=(BETA/ALPHA) =1 .0
A8=(A7=1,0) DELTA/2.0
DU 30 I=1,N
DU 30 J=1,N
TKCI,J)=A13M(I,J)+A64C(1,J)+K
CALL SIHUL (TK,ZA,,0,LA L8 &) >
DO 100 I1=2,NSTEP1

30
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IIMESREAL(II=1)*DELTA
~ALL EXTFUN (F,TIME,N)
DU 40 J=1,N

AN1(J)=A1*¥X(1I=1,J)+A2%XD(1L~1,J)+A3*XDD(II-1,J)
AN2(J)=A0*A(11=1,J)+AT*XD(11I=-1,J)+AB*XDD(1I~1,J)

CALL AMULT (M, XN1,XN3,N)
CALL AMULT (C,XNZ,AN4,N)
D3 45 J=1,N
ANL(JISF(J) 2 XN3 (J) +aNE(J)
CALL XWMULT (TK,XN1,XT,N)
00 S0 J=1,N

X(11,J)=XT(J)

X00(11,J)=A1*¥(XC(IL,J)=X(11=1,J0))=A2¥XD(II=1,J)=A3*XDD(II~-1,J)

A0(I1,J)=xD(LI=~1,J)+A4%XDD(1Ll~-1,J)+A5%XDO(1L,Jd)

CONTINUE

SUBROUTLNE EXTFUN (F,T1IME,N)
DIMENSION F(N)

19

F(1)=0.0
F(2)=10.0
RETURN
END
C
C
C SUBROUTINE XMULT
c

SUBRUOJTINE XMULT (A,B,BB,N)
DIMENSION A(N,N),B(iN),BB(N)
p0 10 1=1,N

B8B(1)=0,0

00 10 J=1,N
BB(I)=bB(L)+A(1,J)*3(J)
RETURN

EnND

SOLUTION BY NEwWMARK HMETHOD

GIVEN DATA:

N= 2

SOLUTIUN:

STEP

N W N -

TIME

0.0000
0.2422
0.4843
0.7265
0.9687

NSTEP= 24

X(I,1)

0.0000E+00
0,2606E~02
0,2461E=01
0,1005E+00
0,2044E+00

ALPHA=

Xo(I,1)

0.0000E+0Q0
0.3228E~01
0.1757E400
0.4775E+00
0,8845E+00

0.16666667E+00

xD0(1,1)

0.00V0E+00
0.2666E+00
0.9181E+00
0.1574E+01
0,1788E+01
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BETA= 0,50000000E+00

DELTA= 0.24216267E+00

Xt1,2)

V.0000E+00
0.1411E+00
0.5329E+00
0.1088E+01
0.1687E+01

XD(1,2)

0.0000E+00
0.1143E+01
0.2030E+01
0.2471E+01
0,2382E+01

X00(I,2)

0.5000E+01
0.4438E+01
0.2893E+01
0.7467E400
-,1483E+01}
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6 1.,2108 0,5257£+00 0,1252E+01 0.1251E+01 0.2203E+01 U.1805E+01 =,3285E+01
7 1.4530 0,8530E+00 0,1398E+01 ~,5063E=01 0,2534E+01 0,8884E+00 -,4281E+01
8 1.,6951 0,1173E+01 0,1175E+01 =,1792E+01 0.2623E+01 =-,.1529E+00 =,4318E+01
9 1.9373 0,1389E401 0.5460E+00 =,3400E+01 0,2467E+01 =,1097£+01 =-,3481E+01
10 2.1795 0,1413E+01 =,3606E+00 -,4253E+01 0,2114E+401 =,1766E+01 =,2042E+01
11 2.4216 VU,1200£+01 =,1369E401 =,3914E+401 0,1643E+01 <-,2058E+01 -,3706E+400
12 2.6638 0,7630E+00 =,21242+01 =,2317E401 0.1148E+01 =.1960E+01 0,1175SE+01
13 2,9060 V,2111E+400 =,2384E+401 0,1724E+00 0.7195E+00 =-.1536E+01 0,2333E+01
14 3.1481 =,3348L+00 =,2017E+01 0,2854E401 0.4223E+00 -.8929E+00 0,2976E+01
15 3.3903 =,7196E+00 ~.1078E+01 0,4907E401 0,2946E+00 =,1570E+00 0,3102E+01
16 3.6324 -,8292E+00 0,.2025E+00 0.5664E+01 J,3445E+00 0.5568E+00 0,2793E+01
17 3.8746 -.6221E400 0,1475E+01 0,4833E+01 0,.5550E+00 0,1156E+01 0,2158E+01
18 4.,1168 =.1445e400 0,2382E401 0,20647E+01 0.8899E+00 (,.1574E+01 0,1296E+01
19 4.35869 0.4811E+00 0.2667E+01 ~,28H4E+00 0.1299E+01 0.1766E+01 0.2842E+00
20 34,6011 0,1031E+01 0,2257E+01 =-,3098E+01 0.1724£+01 0.1702E+01 =-,B069E+00
21 4.8433 0,1529E+401 0,1281E+01 =,4966E+01 0.2103E+01 0,1377E£+01 ~,1862E+0}
22 5,0854 0,16B9E+01 0,2673E-01 =,5390E+01 0.2372E+01 0.8102E+00 =,2799E+01
23 5.3276 0,1548E+01 =,.1150E+01 =,3326E+01 0.2480E+01 0,6281E=-01 =,3374E+01
24 5.5697 0,1163E+01 ~,1938E+401 =,2188E+01 0,2396E+01 =-,7600E+00 =,3421E+01
25 5.8113 0,6543E+400 =.2160E+01 0,3099E+00 0.2118E+01 =,.1515E+01 =,2B817E+01
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