Homework #8 Solution

ENCE 203 - Spring 2001
Due M, 4/16

Problem1:
Textbook: 6-6
Let F(x) be the function used to derive the data point

F(x)=a,+ax+a,x*+........ a.x
Let f(x) be the polynomial with the same order as the function F(x)
f(x)=b, +bx +b,x*+........ b x"
If the data set is given by the following table

n

X C1q Cor | ceeeiinnn Cq C nt+l
Fr) | /i) | fox) [ o Sox) | fan(x)
the method of undetermined coefficient will result in
fi(x) = b,+bc, +bci+ ... +b, ¢/
fo(x) = b,+bc,+bci+ ... +b.c;
f.(x) = b,+bc, +bhci+ ... +b ¢}
fan(¥) = bytbc,, the, o +b, ¢y
or, using a matrix format
1 ¢ ¢ .. o o] [ fi(x) ]
1 ¢, ¢ ... ¢, ||b f>(x)
. . . . L . 0
1 ¢, ¢ ... et |6 Ja (%)
_1 Ch+l c§+1 """ c:H B _bn B _fnﬂ (x)_‘
Since the data set is generated by the F(x), the following matrix equation can be obtained
1 ¢ ¢ ... o (la,] [ fi(x) ]
1 ¢, ¢ ... ca |la S5 (x)
=| 2)
1 ¢, ¢ ... ey || 4 So(x)
1 ¢, ¢ .. cng [ lan ] [fan ()]

Comparing Egs. (1) and (2) results in
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,ao - Fbo -
a, b,
= =  F)=Ax)
a, b,
s_an — ._bn —
values
Problem 2:

Textbook: 6-18

(a) The following is the finite difference table:

= and the polynomial provide error free interpolated

Latitude(’N) R AR A’R AR A'R
0 891
-35
20 856 -102
-137 14
40 719 -88 24
225 38
60 494 -50
275
80 219
R(L) = 891+ n(-35) + —”(”2'_ D 100y 4+ 20 =D =2) 13)'(” =2) 14y M= 1)(”4_' 2 =3) 4y
where n=—— L,
(b)  ForL =35, Ly=0.0, and AL = 20"
L3500 .
20
R(35) = 891+ 1.75(-35) + L75d75-1) (1; 1) (-102) + L7575 _61)(1'75 —2) (14)
L 175(175 - 1)(1L75-2)(1.75 - 3) (24)
24
7625 & ) qay
cm

Problem 3:
Textbook: 6-25
L(D,) =100w, +45w, + 39w, + 22w, + 5wy + 05w,
where
(D, =)D, —2)(D, —10)(D, — 50)(D, —100)
(0—1)(0-2)(0-10)(0—50)(0—100)

wy (D) =
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w,(Dy) =
wi(Dy) =
wy(Dy) =
ws(D,) =

we(Dy) =

ForDy=1.6 m

L(1.6) = 100(—0.0960) + 45(0.5864) + 39(0.5103) + 22(~0.00071) + 5(1.3495* 10™°)

(Do B 0)(D0 B 2)(Do B 10)(Do B 50)(D0 B 100)

(1—0)(1=2)(1—10)(1-50)(1—100)
(D, — 0)(D, — (D, —10)(D, —50)(D, —100)

(2=0)(2=1)(2=10)(2 = 50)(2 — 100)
(Do B 0)(D0 — 1)(Do — 2)(D0 — 50)(Do B 100)

(10— 0)(10— 1)(10 = 2)(10 — 50)(10— 100)
(D, —0)(D, — (D, —2)(D, —10)(D, —100)

(50— 0)(50 — 1)(50 — 2)(50 — 10)(50 — 100)
(Do B 0)(Do B 1)(D0 — 2)(Do B 10)(Do — 50)

(100—-0)(100—1)(100 - 2)(100 —10)(100 - 50)

+0.5(=35759*107%)

= 36.674 %
Problem 4:
Textbook: 6-30
T (min) 5 11 23 33 49 60
S(%) 9 31 57 64 68.00 71
Linear Spline:
T; (min) | S(T) Linear Spline
(%) Si(T)
5 9
97%@75): 9+ 3.67(T - 5)
11 31
31— 5273:f11(T— 11)=31+2.17(T - 11)
23 57
57— i‘;:;; (T -23)=57+0.70(T - 23)
33 64
64 — ﬂ(r ~33) = 64+ 0.25(T - 33)
49 68
68 — 601 B 4698 (T —49) = 68 + 0.273(T — 49)
60 71
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Quadratic Spline:

80

60 |
S(%) 40 |
20 |

Linear Spline

5 1"

23 33 49

T (min)

60

Using Eq. 6-71a of the textbook, the following equations can be developed:

Equation 6-71b of the textbook results in the following conditions:

Equation 6-72 of the textbook results in the following conditions:

or

25 a +5 b +¢ =9
121 a, +11 b, +c, =31
529 a, +23 b, +4c; =57
1089 a, +33 b, +c, =64
2401 a; +49 b, +c; =68
121 a, +11 b, +c¢, =31
529 a, 423 b, +c, =57
1089 a, +33 b, +c; =64
2401 a, +49 b, +c, =68
3600 a; +60 b, +c; =71
2a,(11) +b, =2a,(11) +b,
2a,(23) +b, =2a,(23) +b,
2a,(33) +b, =2a,(33) +b,
2a,(49) +b, =2as(49) +b,
22 a, +b, =22 a, +b,
46 a, +b, =46 a, +b,
66 a, +b; =66 a, +b,
98 a, +b, =98 a; +b,

Since a; = 0, the resulting system of 14 equations can be summarized in a matrix format

as
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1
)|
1
]
1
J

510 00 O OO O OO O 0 0]y 9
0 0121 111 0 O O O O O O 0 O0]|c¢ 31
00 0 OO0 52 2321 0 0 0 0 0 O0}fa, 57
00 0 00 O O 0108 33 1 0 0 0f|lb,| |64
00 0 00 O OO0 O 0 0 2401 49 1||c 68
mTmi1 o o0 0 00 0 00 0 0 0f)la, 31
0 0529231 0 00 0 00 0 0 0flb 57
00000108933100000003:64
00 0 0O O O 02401 49 1 0 0 Offa, 68
00 0 00 O OO0 0O O0 0 3600 60 1|5, 71
1 0-2-10 0 00 0 00 0 0 0flc 0
0 0 46 0 46 -1 0 0 O 0 O 0 Offas| |0
00 0 0 0 66 0 66 -1 0 0 0 Of|b| |O
(00 0 00 0 00 9 1 0 -9 -1 0|lces| [0
The solution of this system of equations is

(b, ] [ 3.667]

¢ —-9.333

a, —0.125

b, 6417

c, —24.458

a, 0.0033

by| | 05133

e, | | 43430

a, —0.0302

b, 2.727

c, 6.903

as 0.0460

b, —4.742

[ cs | [ 189.893]

The following table summarizes the Spline:
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T; (min) | S(T) Quadratic Spline
(%) Si(T)
5 9
3.667T - 9.333
11 31
-0.125T7%+ 6.417T- 24.458
23 57
0.0033372+0.5133T +43.43
33 64
-0.030272 + 2.727T + 6.903
49 68
-0.046T2 - 4.742T + 189.893
60 71
Quadratic Spline
80.00
70.00 +
60.00 +
50.00 +
S(%) 40.00 |
30.00 +
20.00 +
10.00 -
0.00 bbb

5 9 13 17 21 25 29 33 37 41 45 49 53 57
T (min)

Problem 5:

(a).

(b).

Textbook: 6-31
09610-0.8123

2,223)=08123+ 22.3-20) =0.846501
£(2.223) 0 a0 )

f(3,223)=21670+ 2'8923 — é; 670 (22.3-20) =2.333313

1(23223) = 0846501 + 2232 1; _3'8465 Ol 23-2)=12925446
£(3,10.6) = 08190 + 2‘16;(0) = (1)(? 190 10.6-10) = 089988
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f(4,10.6) =18231+ 3'1653 - 1'5);231 (10.6—10) = 190344

f(34,10.6) = 0.89988 + 1'90341_ (3)'89988 (34-3)=1301304

ENCE 203 — Spring 2001 © Assakkaf



