PHYSICS 404
1 HOMEWORK - SOLUTIONS
Dr. V. Lempesis

Hand in: Tuesday 17 of October 2017

1. Show that for Dirac delta function we have 6(1 + x) = i(—l)n 2n2+ ! P (x)

n=0

2. Show that for the Legendre polynomials we have:
P (x)=(n+1)P,(x)4xP,(x).

Hint: use the recurence relations:==P (x)+P_(x)=2xP (x)+P (x) and

(n + l)Pn+1 (x)= (2n + l)xPn (x)=nP {(x).
We have

(n+1)Pn+1(x) = (2n+1)xPn(x)—nPn_l(x) =
(n+1)Pn'+l(x) = (2n+1)Pn(x)+(2n+1)xPI;(x)—nP};_l(x) (1)

Also

P};H (x)+ Pn'_I (x)= 2xPn' (X)+P (x)=
—nPn'+1 (x)- nPn'_1 (x)= —2nxPn' (x)-nP (x) (2)

Add now (1)+(2) and you get

(n + 1) Pﬂ;1 (x)- nPn'H(x) - nPn'_l(x) = (2n + l)f:l (x)+ (Zn + l)xPn' (x)- nf:;_l (x)- 2nxPn'(x) -nP (x)

(n + I)P’;+1 (x)- nPn'+1 (x)- nPn'_1 (x)+ nPn'_1 (x)= (2n + l)Pn (x)+ (Zn + l)xPn'(x) - 2nxPn' (x)—nP (x)



I’};H(x) + Pn'_l(x) = 2xPn'(x) + P (x)

3. Find the associated Legendre functions P,(x) and P,(x) starting from
the Legendre polynomials P, (x) and P, (x).

le(x)=(1—x2)l/2diP2(x) . Pl(x)=(1—x2)l/2i[%(3x2—1)}=>

X Py(x)= (3x 1)

P ()= (1 ; )126x=>1)21(x)=3x(1—x2)1/2

Similarly we have:

}g‘(x)=(1-x2)”2dip3(x) — P](x)=(1—x2)1/2%[%(5x3—3x)]=>

X Py(x)= 1(5»: -3x)
P\(x)= (1 x)1 (152 ~3)= Pl(x) = (1 x)”(sz—l)

4. Using your answers from question 3, show that the functions P, (x)

1
and P;(x) are orthogonal.e. f P} (x)P, (x)dx =

-1

172 3

f Pl(x)P (x)dx = f 3x(1-x?) ( )'/2(5x2_1)dx=

—fx(l x )( )dx—%j(—5x5+6x3—x)dx=

-1

9- 1 . 1 . 1 9 x6+1 x4+1 x2+1

5 —5__fx dx+6:fx dx—:];xdx =§ —5?_ +67_1_7_1 =

of " 2" 2] 9[=5(k ;a6\ 6(u ;a8\ 1(a [ 2
R Rl o i AR S D G



