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{7 perPologion

1) Dicct Method

f()( l) - '“Xo)
f(x) d f(xn)w‘ W(x—xo) , Xo<&xgx
NDDP: Example:
Determine the interpolating polynomial for the follwing = 2| < 2 f _
data: f(x) | 5|-5|-40 | 10 0 Qe
Solution: Xi=Xo
xi | f[] =£() f[. ] f[. . ] fl...]
2 5
—5-5 _ _p
4 _2 - N
4 -5 =308 — 10
74(;:(;5) — _35 2077(:210) -6
50 -40 B9 — 2
10—(=40) _ o5
—5 — &
7 10
p(x)=5-=5(x—2)—10(x —2)(x —4) + 6(x — 2)(x — 4)(xz — 5)
X f(x) . ,
| 1 3 Calculate f(4) using Newton’s
Given the data 2 6 interpolating polynomials of order
3 19 1 through 3.
5 99
% flxd (RS [ Second 0 1 Fhird 1100
1 3 3 5 {
2 6 13 9
3 19 GLo
5 99

P = %+ 3(x-)

P00 = 3x2 (L) ¥ 5 (X~ bb@&)
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R(x)
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The upward velocity of a rocket is given as a function of time
in Table 1. Find the velocity at t=16 seconds using the
Lagrangian method for quadratic interpolation.

Velocity vs. Time
1000

t (s)|v(t) (m/s) zzz e
0 0 R 700t
10 | 227.04 § Boof . *
15 | 362.78 |
20 | 517.35 | ¥
22.5 | 602.97 200} °
30 901.67 100
5 10 W%me(S)QO 25 30 35
4,2 \5 Vo= 3b2.94 Pty = 406) b +le) 4 )
b,= 2o V2513 .15
tz= I V,2 227,04 H =
4. 4 {3
Psldﬁ 329 ( 5 5) + 613, 35[7;“5) * 2230l (-L sé)
p = &4 €-¢,
0= ¢ -ty fo- €z
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1 1.‘/"1.‘ ff”é’L i - _L/
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/Z = ’ég_‘—fo fZ"?ff
e
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x | fx) 7
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0 3 9"  _2 ~4 -lo 7 gt %O (;1-{‘-(1
-0 -4 €-lo
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-0 Sz < Je
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L east Square Fiwna,
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Example 1: Use least-squares regression to fit a

straight line to

X

1

3

Y

4

5

Skplog 24723

X=105  $-33

Sap=dol Sk

a= lo-b -63)(log) , o= O. 3%2Ugbbb2s

O T — o5 =

Qo= 3. .33%A%50u7

« Example 2:
n=2
[ 1 2 4 5 6 17 S 24
y|0.5 2.5 2.0 40 35 6.0 5.5
23:52q

o, = H*EX?‘A; T 2&:2&;

n* qu;‘ —<2 x;)L

1935) ~(29)(2u)

Hiwo) - -

Soxge lar &= duewt

—

2)&‘ Lo Xz

, = O-%Zﬂz—j
Qo = 0.0 Hul

&= 002U} T 0.¢ gax
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The upward velocity of a rocket is given as a function of time
in Table 1. Find the velocity at t=16 seconds using the
Lagrangian method for quadratic interpolation.

Velocity vs. Time
1000

t (s)|w(r) (ms) - ’
0 0 a 700
10 | 227.04 g o
15 | 362.78 .
20 | 517.35 " ’
22.5 | 602.97 :
30 | 901.67
5 10 1‘5r|m9 (9)20 25 30 35
1,20 Viz 222 g Pz,(%) = é(f) bt +_ . /z)W)
(e 2 5 Vg 362.2¢
132 Lo Vi 519 S>n
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1. The exponential equation. 2. The power equation

log v

Slope = b,

Z log x
Intercept = log a,

(e)

oy

y* = a, + a; x y* = a, + a
X*

¥ = ax™

Intercept = In a;




3. The saturation-growth-rate equation

1

Slope = by/a,

Intercept = log 1/a;

1/x

y*=1ly
a, = 1/a;
a, = bs/a,
xX*=1/x

(2) Power Equation (y = A, xB2)

logy = log A, + B, log x
logy or
Linearization logy = ag + a;log x
|l

log x

Example 4: Fit the following Equation: y = a,x™ to the following data:

‘ofL ‘(@11') 2

6” Qg X / foaxg = {)ag«n + mg,x'”— Y ’éoazz/
X
f > Kaj,az + [Ozéoa,x X = /ayx X 3
L ‘f = aptqX
QO - 405/0\7_
d= ar—ax
X Yi a, = b
T 0.5 A
2 1.7
3 3.4 -
4 5.7 Xi v Xl ) [ = bgi)| X 17| X -
S 8.4 ' 07 O Joest0 | O O
15 19.7
7 1.3 9.3olo0 [9.2304 |0.0634 [0.0904
3(5)2\7 3 3.4 0w (05317 (02534 |0.2294
U 57% ooy (01959 [0uwsrt |0.3625
5 4 06992 10.9243 |0.6ubl [Olggs
S I 3 9.3 20950 |2.4utt [Luzuz |L1bS3
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lgd-= ~0.305¢ + 1. 7521 logx
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/Qj/é(v = ~O.800( + /0; X

1762
rof - 0.gooly lop= X
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e -
(. 7521
ét// Q.46s. X
édulej‘
Solution:

f(x.y)==-3xy- _1’2 y(1)=05 h=ol

(14)2 0.325
3 (X ~ (z\> = 60(\) *6»\ ). 0

Y1) = 05 + pdlias) = 0.3

$UD)= 0325+ o1(-117%) = 0.2072

2nd  Burge - tuta

/ Q. tag,
Heun
4(xi+h) = $(x;) + (’z"k« t ?'—"?f)["

by - e, y,)

by = F0X +h) i+ kl-L‘)

\
MidPoint

Y= (x+h)= 300) + ko-ly
ko= 00, )

ke = f(x;+%_ 7 »; +%h)



2nd Runge-Kutta Method: Example
Solve the following system to find x(1.02) using RK2
x()=1+x*+1, x(1)=—4, h=0.01, a=1

(1o) = 3 +( 200+ T Pot) = —Ur (8% 3.639)
Loz bl itho 1§ pl1o) = —3.413

ky = 10()() th) g ¥ klln)

bz = P/ lol; ar O;mg) = F(l\oi) Q.oisg

E2Z1g 13U}

tead= )+ (e +du )L Plio)= 35

k= “X:,a;) o= 1.6l

o= M) g+u ) A Loz, -3-%‘ﬁ+lé‘6w‘(o‘ol)) ko= 17 bogyy,
-3, 6523

16,6\ 19.4
Pl1og) = ~33 + (BEZ + i’%”’)g.o(

3rol l?—ov\ge/ - tuta
Yixt = Ji ¥ T (bvats k)
ke = lx;, &;)
ko= PO+ 2 ) 3;+E’ bh)

by = x4, 3;+u(z1vu))

Lih Burge - tuta

h
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kqﬁ 'p(xiﬂn / J-i *ksl'\)



Example: RK4

Problem: 5‘ _ 4+2_+X’L
@=l+y+x2, y(0)=0.5

dx hWzo.2_
Use RK4 to find y(0.2),y(0.4)

ko= fxiy) bo= e 4iv 22) glzf(x,»fg‘d, d,*'“b) by =L (x+h, 5%)

Solve the differential equation to determine
y(1.3) using: O\) Calor i Bt = B+ 3.2 n
) +3xy+y2 =0 y1)=05 h=0.1

dﬂll);ﬁ(l)*d‘(‘)(o-@ / &(H)s 04 -0.05  JUD=055

a. Euler Method (j(l.z)/ ©.207
b. Second order Runge Kutta method

c. Fourth order Runge-Kutta method

Zl, PN
d. Midpoint method J 3) 283

D Rb2: goi-giv 2tk bi=flxg) ) b tlxe, giotl)
b= -l
k= 401,07, 0.qz5) = ~LUubIs
J)= 07« owar (

Solve the differential equation to determine

y(1.3) using: A mpoiny:
YO +3y+y =0 yM=05 h=01  fo P Ly, b b2 05+ 1 0657 0.1
a. Euler Method L= ‘pb(‘é' = — [ W Lcr
b. Second order Runge Kutta method ) " L O bS5
b
c. Fourth order Runge-Kutta method by - _(}()(.l T /Zl—)
d. Midpoint method
Q.09 ., ~la;
Lye 10(4.99// o5+ “>
\/
0.4z

kzz ‘\ L{Lj?/



Solve the differential equation to determine
G,L\ef— y(1.3) using: \
/ ¢}
l y(x) $3xy +y y(1)=05 h=0.1
JH—\ =z J+ Ji N J(W¥9.375

a. Euler Method

(L) =05 ¢ ol(Ax) J(10)= °3r 0y

W)= 05 — 025 — 0,324

ey
/ \J I = dit /Z‘qéb(‘\' Qky x 2ksx l/,u.)

MdPo,‘/A k2 ‘j()(l /j)
/A
ﬁ'ﬂe‘)w%(b*kz) &Z:J(’((*{‘_
bz 3Cx,9)

ko = JCX *z/ Ji + ‘Ak')



