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Approximation of a Function

Interpolation is needed when we want to infer some local information
from a set of incomplete or discrete data.

* Lagrange Interpolation
* Spline Approximation

Overall approximation or fitting is needed when we want to know the general
or global behavior of the data.

* Least Square Approximation
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Approximation of a Function

* Least Square Approximation

T
In many situations in physics we need to know the global /
behavior of a set of data in order to understand the trend in To fo
a specific measurement or observation. T S

f2
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Approximation of a Function

* Least Square Approximation

P = P(x)
T /

T0 Jo
X1 J1
L2 J2
il
T In
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(P(zi) — fi) = 0

Physics Group, University of Qom

Lecture-21



Approximation of a Function

* Least Square Approximation

P = P(x)
/ (P(zo) — fo) = 0

xr n
(P(x1) — f1) =0 r2— Plr.) — £:)2

o Jo (P(x2) — f2) = 0 ;( (2:) = fi)

L1 J1

) J2 )

: : (P(xz;) — fi) = 0 Choose the best function

S 5 P — P(z)
(P(zs) — fi) = 0

Ln, fn
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Approximation of a Function

* Least Square Approximation Iy
P = P(x)
T / n
L2=) (P(x;) — fi)?
T > ()= f)
L1 f1
L2 /2

Choose the best function

x.i fz P = P(x) P(z) =co+ a1z

co and c¢; are unknown constants.
T Jn
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Approximation of a Function

* Least Square Approximation

P = P(x)
x f n
£2 — P i) — |4 2
- > (P~ 1)
X1 J1
L2 J2
Choose the best function >
x
Lg fi
. . P = P(x) P(x) = co + 1z + cax?
T, fn co, ¢1 and ¢y are unknown constants.
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Approximation of a Function -

* Least Square Approximation o
P = P(x) m
N / 2 . 2 P(z) = ,;) cr sin kx
L* = P(xi) — [ -
— > (P~ 1) -
L1 J1 P(CIZ) = chjk(fb)
L2 f2 k=0

Choose the best function

P=Pl) P(x) = Z cruk(x)
Tn | fn =0

{c;}’s are unknown constants.
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Approximation of a Function

* Least Square Approximation

~ m
P = P(x) P(x) = Z cruk(x)
T f 2 i 2 < k=0
L7= ) (P(zs)— fi) i

T0 fo — L7 = P(x;) — f)°
|k ; £ = P - 1)
L2 /2

. : Choose the best function o 2
T fi Lr=>" (Z crug (i) — fi)

. . P = P(z) i=0 \k=0
Tn | Jn Finding unknown constants.
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Approximation of a Function

* Least Square Approximation

2 n
( ) L2
Y Yckuk () — =2
0c; —
1=0 \k=0 1=0
Finding unknown constants.
dL? 5
5.L2 T
_:Oa j2071727°"7m “ '
5Cj

552 zznj chkuk ()

k=0

) (Z 0 ()

)
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Approximation of a Function

* Least Square Approximation

S‘ (Y crur () ) J S: (Y cw ik (1) ) i) = Zfzu](%)

1 =0

Finding unknown constants.

g —0, §=0,1,2,---.,m J: ch <Zuk(xz)%($z)> = Zfzuy(%)

0C; k=0 i=0

n

g S: (Y cruk () > wi(z;) =0

1=0
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Approximation of a Function

* Least Square Approximation

T f j: EE:@C<:E:ukim,u35m ) j§:;ﬂuja%

k=0 1=0
T
a:? ;cl) Linear polynomial interpolation:  ug(xz) =1, wui(x) ==
X9 fa i ) )
| 10 R0 ) B oY
Li fi =0 i=0 i=0
j=1: ¢ (ZCCi)—FCl (Zﬁ)Zﬁ%
Ln fn P — p

M. Reza Mozaffari Physics Group, University of Qom Lecture-21



Approximation of a Function

* Least Square Approximation

T f ] ch (Zuk ) ug Ly ) Zfzuj wz

k=0 1=0
i? jz? Linear polynomial interpolation:  ug(xz) =1, wui(x) ==
L2 [ 4 n . -
) . Co (Zl>—|—61 (ZI7’>Z]CZ
i fi { =0 i=0 i=0

x: f Co (Z 33z> + <Z m?) = Zfzﬂfz
" " . \i=0 i=0 i=0
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Approximation of a Function

* Least Square Approximation ;- Z cr (Z g (), (xi)> = Z fiuj(x;)

k=0 i=0 1=0
x / Quadratic polynomial interpolation: ug(z) =1, wui(z) =z, uz(x) = z°
370 fO n n n n
L1 1 j=0: ¢ Zl + 1 sz T C2 Zx? :Zfz
) J2 i=0 i=0 i=0 i=0

. . 1=0 1=0 1=0 1=0

T In i=1: ¢ (f:ﬁ) + ¢ (ixf’) + Co (f:ﬁ) — fixzz
i=0 i=0 —

1=0
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Approximation of a Function

* Least Square Approximation ;- Z cr (Z g (), (xi)> = Z fiuj(x;)

k=0 1=0 1=0
T f Quadratic polynomial interpolation: ug(z) =1, wi(z) =z, us(z) = 2
T Jo y ) i ) )
L1 S1 Co Zl + C1 ZZEZ -+ Co Z;UZQ — fi
L2 [ 0 — — P
Lj fz < Co <Z CIZZ> —+ Cq (Z LU%) + C9 ( x?) — szEz
: . i=0 i=0 i=0 i=0

Ln fn n 5 n 5 n AN n o

“o Z N I Z Ty | + €2 T; | = Jix;

. 1=0 i=0 i=0 i=0
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Approximation of a Function

* Least Square Approximation

X o n 2 m
/ £2:Z<P($i)_fi>
L0 fo g0 o 04 k=0
L1 J1 01 5
L2 fo g2 9 & & Uk(ﬂ%) i
. . L — _d Jck -
: 3 : i=0 \k=0 1 i
€L Ji oF)
: : : uk(zc ) ) fi .
X - = uk(ajz)a = = 7
0, 0,
Ln fn On
mn m 2
£ =3 (Lo - )
i=0 \k=0
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Approximation of a Function

* Least Square Approximation

X f o
Lo fo g0
X1 f1 01
5, f2 g2
L fi g;
Ln fn On
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Linear polynomial interpolation:  dg(z) =1, a(z) ==

Quadratic polynomial

interpolation: up(z) =1, w(zr) =2, u(z)=u2x
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