Numerical Methods — Lecture 5 - Dr P. H. Sneddon

Cubic Spline Example

Determine the parameters a, b, c, d, e, f, g and h so that S(x) is a natural cubic spline

where
S(x) = {ax: +bx? +cx+d x €[-1,0]
ex® + fx? +gx+h x €[0]]
with interpolation conditions S(-1) = 1, S(0) = 2 and
S(1) =-1.

On[-1,0], S(x) =ax® + bx* + cx + d
on [0, 1], S(x) =ex* +fx* + gx + h

Continuity conditions: S(x), S'(x) and S"(x) continuous at x = 0.
End conditions: S"(x) <0Oatx =-1,x = +1.

2 6ax+2b
$'(x) = 3ax2 +2bx +c¢ and 5" (x) = ax+
3ex“+2fx +g oex+2f
Atx =0, SX)=2=>d=h=2 1)
S'(x) continuous=>c=g (2)
S"(x) continuous =>b=f  (3)
Atx =-1, S"X)=0=>-6a+2b=0=>b=3a 4)
Atx=+1, S'"X)=0=>6e+2f=0=>f=-3e (5)
From (3), (4) and (5): a=-e
Also,atx =-1,S(x) =1 =>-a+b-c+d=1=>-a+b-c=-1
And at x = +1, S(x) = -1 =>e+f+g+2=-1=>-a+b+c=-3

(6)
(7)

From (6) and (7): ¢ =-1; from (7): -a+ b =-2; and from (4):-a+ 3a=-2=>a=-1

Hence a=-1,b=3a=-3,c=-1,d=2
e=-a=+1,f=b=-3,g=c=-1,h=d=2.



