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i What is Interpolation ?

Given (XOIYO)I (X]_IYI)I ------ (XnIYI’])I find the
value of 'y’ at a value of ‘X’ that is not given.

fix)
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Interpolants

Polynomials are the most common
choice of interpolants because they
are easy to:

mEvaluate
m Differentiate, and
m Integrate.



Newton’s Divided Difference

i Method

Linear interpolation: Given (*o>¥o), (x;,31), pass a
linear interpolant through the data

Si(x)=b, +b(x—x,)

(%0 )

where
by = £ (x,) N

bl _ f(xl)_f(xo) (Xq.¥0 )

fifx)

X1 — Xy



Example

To find how much heat is required to bring a kettle of
water to boiling point, you are asked to calculate the
specific heat of water at 619C Use linear and quadratic

interpolation.
Temperature SpeCiﬁC heat Specific Heat vs. Temperature
oC J
kg _°C _ 4250
Q4230 1
22 4181 S oo .
42 4179 £ 4190 . *
= .
52 4186 u% 4170 *
82 4199 e
0 20 40 60 80 100 120
100 4217 Temperature (C)




i Linear Interpolation

Cp(T):bO +b,(T -T,)

T, =52, C,(T,) = 4186
T, =82, C,(T;) = 4199

b, =C,(T,) = 4186

b :Cp(Tl)_Cp(TO)

1 T1 _To
 4199-4186
82-52

= 0.43333

, 4200
4.199x10°,

A4.186x10°, 4,5

50 60 70 80 90
X S 10



i Linear Interpolation (contd)

3
11111111

Cp(T) =by +b,(T' -T,)
=4186+0.43333(T'-52), 52<T <82
At T =61
C,(61) = 4186+0.43333(61 - 52)
J

o

kg— C

=4189.9




i Quadratic Interpolation

Given (x,,y,), (x,,),), and (x,,y,), fit a quadratic interpolant through the data.
Fr(x)=by +b,(x—xy)+b,(x —x5)(x—x;)

b, = f(xy) ; )
o)~ () -
1 X1 — X
f(x,)— f(x) - ) - f(x,) (%0.Y0) _

X, =X, X, — X, x

b, =

Xy — Xy



i Quadratic Interpolation (contd)

4.199x10°,

4 4175 I I
40 45 50 55 60 65 70 75 80 85
42, X, TANEE, X desired 82,

C,(T)=by +b (T ~Ty) +b,(T ~T,\T ~T,)
T, =42, C,(T,) = 4179
T, =52, C,(T;)=4186
T, =82, C,(T,) = 4199
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i Quadratic Interpolation (contd)

by = C,(T,) = 4179

p G -C,(0) 41864179 _
1 T T, 5242 '

C,(1)-C,() C,d)=-C,(Ty)  4199-4186 4186—4179

b, = 1, -1, 1 —1, _ 82-52 5242
T, -T, 82 —42
0.43333-0.7
- 40

=—6.6667*107
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Quadratic Interpolation (contd)

Cp(T):bo+b1(T_To)+b2(T_To)(T_T1)

=4179+0.7(T —42) - 6.6667 *107° (T —42)(T - 52), 42<T <82
At T =61,
-3
C,(61)=4179+0.7(61-42)+6.6667 *10 " (61 —42)(61 - 52)
=4191.2 J
kg —" C
The absolute relative approximate error |€ | obtained between the results from the first and
second order polynomial is
1= 4191.2-4189.9 <100
4191.2

=0.031017%



i General Form

fr(x)=by + b, (x—xy)+ by (x —x5)(x — x,)

where
by = flxo]= f(x,)
PV CARVLCN:
X1 =X
SO)—f(x)  f(x)—f(x,)
Slxy,x 1= x5 %] Xy =X X1 — X

bzzf[xzaxpxo]: -

Xy =Xy Xy = X
Rewriting

J2(x) = Sl 1+ x5 x0 J0r = x0) + f x5, %, 0 106 =2 )0 = x,)

12
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i General Form

Given (n +1) data points, (xo, Yo ), (xl, Y ),......,(xn_l, Y, ), (xn, yn),
f,(x)=b,+b,(x=x,)+....+D, (x —x,)(x=x,)...(x =x,_,)
where
by = f1x,]
b, = flx,,x,]
b

» = fIx,,x,%,]

D, = fIX, 15X, 55y Xy ]
b, = fx,,X, sy X, ]
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General form

The third order polynomial, given (x,,¥,), (x,,»,), (x,,¥,),and (x;,y;), 18

f3(x) = flxg 1+ fIx,x01(x = x) + flxy,x, %0 1(x — x¢ )(x — x;)

+ x5, %5, X, X0 J(x — X )(x — X, )(x — x,)

f[x17x0] bz
X f(x)) < >f[xzax1:£0]/\ /b3
SIxy,x,] /f[xsaxzaxlaxo]
X, /(x,) < %525,



Example

To find how much heat is required to bring a kettle of
water to boiling point, you are asked to calculate the
specific heat of water at 619C. Use cubic interpolation.

Temperature SpeCiﬁC heat Specific Heat vs. Temperature
oC J 4250
kg - C ‘Z 4230
3 .
22 4181 g .
T 4190 | .
42 4179 £ o
© 4170
52 4186 e -
82 4199 0 20 40 60 80 100 120
Temperature (C)
100 4217




Example

The specific heat profile 1s chosen as
Cp(T):bo+b1(T_To)+b2(T_To)(T_T1)+bs(T_To)(T_T1)(T_T2)

We need to choose four data points that are closestto 7' =61°C .
I,=42, C(T,)=4179
I,=52, C,(I,)=4186
T,=82, C(T,)=4199
T, =100, C (T;)=4217
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Example

T, =100,

4179
0.7

b
- 6.66674{ s
/

4186

0.43333 3.1849*107°

4199 0.011806

VAVAVA
VY

4217

The values of the constants are found to be
b,=4179 b, =0.7 b, = —6.6667*107° b, =3.1849*10~"
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Example

Cp(T):bo+b1(T_T0)+b2(T_To)(T_T1)+b3(T_T0)(T_T1)(T_T2)
=4179+0.7(T —42) - 6.6667 * 10~ (T — 42)(T —52)
+3.1849 %107 (T — 42)(T - 52)(T - 82)

At T =61,

-3
C,(61)=4179+0.7(61 - 42) —6.6667 ¥ 107 (61— 42)(61— 52)
+3.1849*107* (61— 42)(61-52)(61-82)

=4190.0L

kg — C
The absolute relative approximate error

third order polynomial 1s

_14190.0-4191.2
4190.0

=0.028640 %

a

‘XIOO

e(l

obtained between the results from the second and
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Comparison Table

+

Order of 1 2 3
Polynomial
C,(T) 4189.9 | 4191.2 4190.0
J
kg— C
Absolute Relative | ---------- 0.031017% | 0.028640%

Approximate Error




