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PHYS 600 — HW7 SOLUTIONS

PROBLEM1 if our setof functions { f; (x) } having the domain [a, b]
is complete in the sense of uniform convergence then any function g can be expanded as

gx) = a; fi (x) or, usingthe notation g, (x) = Z aifix) , lim sup |[gxX)-gr(x)|=0
i=1 1 n-eo  xela,b]
b 2 b
f (@(X)—gn(¥))?dx | < ( Sup | g (X) = gn (X) ) (b—a) hence lim f (9(X)—gn(x)?dx|=0
a xe[a,b] n-oo a

therefore the set { f; (x) } is complete in the sense of convergence in the mean

PROBLEM 2 apply the Gram — Schmidt orthogonalization procedure

_ T 1 — 1
Po(xX)=aand 1 = f (Po (x))2 dx =2 a? therefore « = 7_5 and Py (X) = ——
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1 1 1
P1(x)=pB1Po(X)+ B2x, O=f1ﬁo(x)ﬁ1(x)dx=f1ﬁo(x)(,81ﬁo(x)+,82x)clx=/31+,82f1?0(x)de=/31

1 1
and 1= f (P1(x)° dx = ﬁzzf X% dx = %,822 therefore 81=0, o= | % and P (x) = % X
1 1

— _ _ 1 . 1 B - 5
P2 (x) =1 Po () +72P1 () +73x%, 0 = f1Po(X)P2(X)dX=f1Po(X)(71Po(X)+72P1(X)+73X2)ch=71+%§,

1 1
0= f1ﬁ1 X)Pa(x)dx = f1ﬁ1 () (y1 Po () +y2 P1 (X) + y3 x* ) d x =y, and

1 1 5 5
1= f (P> (x)° dx = f (y1 Po (X) +y3 X2 dx = y12 + = v32 + 3 therefore
1 1
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%andﬁz(x)z /g 3X2 1

/ 3 _ _ / 4 _ 2
continuing the G — S procedure P3(x) = ; —5 X 5 3x and P, (x) = % 35X gox +3

N| o

Y3== Eg,)’1=¢
2 2

PROBLEM 3 using the generating function 1 = Z t' P (x)
\/1 - 2tx+1t2 1=0

1

d ————
1 V1-2tx+t2 —t+x
Po(X)=( ) =1, P1(x) = =[ ) = X
Vi-2tx+82 )iy dt o L1+ -2tx)% ),

1 (d? —=— 1( -1+22—4tx+3x2 3x2 — 1
Pz (X) - 1-2t x+t _ L _
2! d 2 o 2 A+2-2tx%% ), 2

3 1
1 NI 1( -3(2t3+3x-6x-5x3+t(-3+9x9)) 5x3-3x
P0=73 de "5 2 72 =
! . (1+£2-2tx) o0
1 4 1
V1-2tx+t2
Py(x) = — =
Y dts

t=0
1 3(3+8t4—32t3x—30x2+35x4+24t2(—1+3x2)+t(48x—80x3))) _ 35x*-30x%+3
24 (1 +t2—2tx)9/2 t=0 8




1 an
2nn! dxn

3x2 —1 5x3-3x 35x*-30x2+3
, Ps(X)= ———, P4 (x) =

PROBLEM4 using the Rodrigues formula P, (x) = (x? —1 )n obviously

Pox)=1, Pi1(xX)= x, Pa(x) =
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