POLYNOMIAL INTERPOLATION FOR FINITE ELEMENT ANALYSIS

By Tom Irvine
Email: tomirvine@aol.com

January 6, 2009

Linear Interpolation

Consider a line which passes through the points: (x1,y7) and (x2,y2).

Determine an interpolation equation for the domain: X1 < X < X2
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Transform the interpolation equation to local coordinates.

Let
E=X-X1 @)
X=E&+X] (3)
L=x2-x1 (4)
X2 =X1+L (5)
X2 —X=X1+L-X (6)
Xp-X=X1+L-&-X1 (7)
By substitution,
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Quadratic Interpolation

Consider a curve which passes through the points: (x1,y1) , (x2,y2) & (x3,y3).

Determine an interpolation equation for the domain: X1 < X < X3
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Transform the interpolation equation to local coordinates.

Let
E=X-X1 (11)
X=E&+X1 (12)
Li2 =x2-x1 (13)
L13=x3-Xx1 (14)
L23 =Xx3-X2 (15)
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Now consider the special case where
Liz=L (20)

By substitution,
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Cubic Interpolation

Consider a curve which passes through the points: (x1,y1) , (x2,y¥2) , (x3,y3) & (X4,y4)

Determine an interpolation equation for the domain: X1 < X < X4

Fix here

fx)=wn1
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Let

§=X-X1 (24)
X =E+X] (25)
L12 =x2 —X1 (26)
L13=x3-X1 (27)
L14 =X4-X1 (28)
Lo3 = X3 —X2 (29)
L24 =X4-X2 (30)
L34 =X4-X3 (31)



(xg —E-x1)x3-E-x1)xq &~ Xl)} {(X4 —&-xp)xg-&- Xl)ﬁ}
.
©= yl{ LioLi3lig Y2 Lo3liolog

s y3[(é +x1-x2) x4 -~ Xl)ﬁ} . y{(& x1 - xg)JE+x1 - Xz)&}
Lo3lL13L34 L3sgLlogli4
(32)
oL -eflyz-E)NLia-€) (L4 —€)L1z3—€)
o= yl{ L12L13L14 T2 Lo3LioLl24
N yB[(& ~L12)(Lia - é)&} iy 4[(& +Lag)e- le)&}
Lo3Li13L34 L3glo4l14
(33)
_ &
0= ylﬁl '—12 L3 (1 L14 H
. yz{ L14L13 }{ L1g-&)L13 - é)&}
Lo3Liol2g L14Ll13
. Y3{ Li2L14 M §-L1p)L1g - &)&}
Lo3L13L34 LioL14
.\ yl{ L13L12 }{ g+Lig)e- le)&}
L3gl24L14 L13L12
(34)



£ 3 3
fE&)=y||1-——||1-—=|1-—=>
© yj{( leJ(' L13J[ L14J}
el
+y2_'—23'—12'—24m L13 |-14é
| Lyglia § _1)(1_LJ}
+y3_L23L13L34ML12 L14 -

| Lial1o ( d _1]( g _q}
+y4_L34L24L14}{ L12 L13 -

Now consider the special case where
L1g =L
Li3=Log =2L/3
L2 =L23=L34=L/3

By substitution,
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