Numerical analysis final exam correction 2024/2025

Solution of exercise 1: (6pts)

1. Newton's MEtNOd.. ...ttt e (2pts)
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p(x) = %(x+ 1) —%(x+ 1) (x+%) +%(x+ 1) (x+%) (X =1) e (0.5pts)
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2. p (Z) - 1.3750,f(z) = 07071 e e oo oo (1pES)
= (1> (1)| = 0.6679 0.5pt
e=|f 7 p 7)| =0 cen e e e e e e e e e e e e e (0.5PES)

3. Interpolation error

E = I£ () - p)] = Lo 16— ) (x = x) (6 = 1) (= x9)1, € € [1,2] ... (0.5p)

f®(c) = n*sinnc

E=|r(3)-»()| = g G+1)G-3)G-1)G-3)|= 11891 e (1.5pts)

Solution of exercise 2:(8pts)

1. Study Of FUNCLION CHANEES oottt et eer b saesbesnnenees (1.5pts)
f(x) =e* — 4x, x € [0,4o0o[

f)=e*—4,f(x)=0=>x=In4

X 0 In 4 + oo
f (x) - 0 +
f) |1 +0
N s
f(In4)

f(In4) =4 —8In2 = —1.5452



2. f decreasing, continuous on [0, 1] and f(0)f (1) < O e (1pts)

According I.V.T the equation f(x) = 0 has only one solution in[0, 1]

3. the iterations in the bisection method for € = 0.08 ........ccecovieviveieveciccie e, (1pts)
lnb —-a
n= £ = 3.64, son =4
In 2
4. Study of convergence of the SEQUENCE ....ooueeeeceeeeece e e raeeaes (1pts)

Xpne1 =9(x,), n=012,.........
xO € [a,b], g(x) = eT

X

' e ' e
g@W=7>0 mxlg@l=7<1 g0 e lcbl

Then there is exactly one fixed-point « in [0,1].

So the sequence is converges to the root a and the convergence method is linear(first-
order).

5. NeWLON'S METNOM ..o s st e st eae e s (1pts)
e*n —4x,
Xntl T Xn T T 0,1,2,
Xy € [a, b]
6. Calculate approximate root & of a fuNCLION.......ccceeve e (1pts+1pts)
Fixed-point method | Newton's method
Xg = 0 Xg = 0
*o e*0 — 4x,
xl—T—OZS X1 = X prr— = 0.3333
e*1 e*t — 4x
XZ—T:0321 xz—xl—exl—_4=03572
03446 | vy =1y — 2 3574
X3—%— . X3 = Xy ex2_4— .
e |xg —x5] = 0.002 > 0.001
Xg = T = 0.3529 So
eX4, .
X5 = = 03558 The root is 0.3572
e*s
xe = — = 0.3568
|xg — x5| = 0.001
So the root is 0.3568

COMPATISON ...ttt ettt st e et st et et seaaeraeetes (0.5pts)
Newton's method is more efficient than the fixed-point method because it converges faster, and its
order of convergence is 2, while the fixed-point method has order 1.



Solution of exercise 3: (6pts)

sinmTx dx

~
I
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1.Simple trapezoidal Method ... (0.5pts)

b
b —
1= [ r@ar =222 (r@ + 1)) = 0

2. Simple simpson’s method ... (1pts)

g b—a a+b
] fdx ~ == (f(a) Haf ) + f(b)) — 0.6667

3.Composite trapezoidal method (N=4) ........ccoiiiiiiiiiie (1.5pts)
b—a 1 1 1 3
= =Z,x0=0,x1=z.x2=§,x3zz'x4—1

b B 3
ff(x)dx ~o | fl@)+7B) + ZZf(xi) = 0.6036

_ (b- a)? @
R.(f) = o2 f(c),c €la,b] e vn v e v e e e e (0.5p1S)
f@(c) = —n?sinmc
( ) - ’
IR.(f)| = —==—|fP ()| = Y |sinmc| < o2 ..(0.5pts)
? .
< = = e eee weneee e e (O,
oz = 10™ © n > 286.81, son = 287 .. (0.5pts)
COSTTX 2
5.exact solution: I = [— — 1§ = —~ 0.6366 ... ... ... v ... ... (0.5pts)
Absolute error: E; = |0.6366 — 0.6036] = 0.03 ................coinennnl. (0.5pts)
Relative error: Ey = ——— = 0.05184 0.5pt
CER = 5mee = 005184 (0.5pts)



