Divided finite differences
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Example: write the table of the divided differences of f(x) = x3 + x— 1
Use x=-2,0,1,4,5

Xj Yi Ay; A%y, Ay, A*y;
-2 -11
5
0 -1 -1
2 1
1 1 5 0.000
22 1
4 67 10
62
5 129

Newton’s interpolating formula
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Example: write the table of the divided differences of f(x) = x*> + x — 1
Use x=-2,0,1,4,5 and find f(-1) and f(2)

Xj Yi Ay; A%y, A’y A%y,
-2 -11
5
0 -1 -1
2 1
1 1 5 0.000
22 1
4 67 10
62
5 129

f(x™) =yo+ (x" = x0)Ayo + (x* — x0) (x* — x1)A%yo + (x* — x0) (x* — x) (x* — xz)AB)’o +
(x" = x0) (x" — x;) (x" — %) (x" — x3)A"yg

f(-1)=-114+(C-1+2)5+(-1+2)(-1-0)(-1)+(-1+2)(-1-0)(-1-1)(1)
+(-1+2)(-1-0)(-1-1)(-1-4)(0)=-114+5+14+2-0=-3

fFQ)=-11+2+2)5+2+2)2-0)(-1)+(2+2)(2-0)(2-1)(1)
+2+2)2-0)2-1)2-4)(0)=-114+20—8+8—-0=9



Numerical Differentiation: (2 FaaY)
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Example: use the following table to find f'(0.5), f'(3)

1. By Lagrange method 2. By newton’s divided differences
x |1 2 4
f(x) |0 1 5

Solution:
1. Lagrange method

(x" —x1)(x" — x3) (x" —xp)(x" — x3) (x" = xp)(x" — x1)
(xo — x1) (X0 — Xx2) t1x) (x1 — x0) (x4 — X2) A (X2 — X0) (X2 — Xx41)

f(x*) = f(xp)

~(x=2)(x—4) (x —1)(x —4) (x —1)(x —2)
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x —4x—-—x+ 4 x2—-2x—x+2 x*°-5x+4 x4 —3x+2
=0+ +5 = +5
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f(x) =0.333x% —0.333
f'(x) =0.666x
f'(0.5) =0.666(0.5) =0.333

f'(3)=0.666(3) =1.998
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f(xX) =y + (x = x0)Ayp + (x — x0) (x — x1)A%y,
fX)=0+(x—-1DM)+(x-1)(x—-2)(0.333)=x—1+0.333(x*—2x—x + 2)
=x—140.33x> —x + 0.666 = 0.33x* — 0.333

f(x) =0.33x* — 0.333
J'(x) = 0.666x
f'(0.5) = 0.666(0.5) = 0.333

f'(3)=0.666(3) =1.998



