Problem 19)

a) xJp (0 +x3,,00 = (027) [ {exp[=i(n—1)6 +ixsin O)]+ exp[~i(n+1) 0 +ixsin 6)]}dO
= (X/7) rﬁcosﬁexp[—i(nﬁ— xsin 0)]d6 =(1/7) J'j;(XCOS@—n+ n)exp[~i(n@— xsin #)]d6
=(/x) j_’;(xeose—n)exp[—i(ne— xsin 6)]d6 + (n/;z)j_’; exp[-i(n6—Xsin 0)]d6
= (~i/7)exp[-i(n6— xsin )] |: +2nJ(X) = (~i/7)[exp(~inz) —exp(inz)]+2nJ (X)
=2nJ(X).

b) 3,00 =3,,00 = (122m) [ {exp[-i(n—1)0+ixsin 6)] —exp[i(N+1)0 +ixsin 6)]} dO
= (Ux) J:isin O exp[-i(N6— Xsin 0)]d6 = (1/;z)i j exp[—i(N&—xsin8)]dO = 23 (X).

c) From (a) we have J ,(X)=2(n/x)J (X)—J,_,(X). Substitution into (b) then yields
3,0 =3,,(0) — (/%) J,(%).
Similarly, substituting J _,(X)=2(n/x)J (X)—J.,,(X) into (b) yields
3,0 ==3,,(%) +(/x) J,(%).

d) Part 1: - (/2)[J,,(X) + J,.,(x)] = (/2)" Z% “*2z£.?kfﬁ/iﬁ).
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2k+n - . ]
n (x/2)" z (- 1) (x/2) [(K+n)+ (_1)71 K] < Dur}rllmy variable K'is rer;?medd k;
n! = k!(k+ n)! the two sums are combined.
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n(x/2)™" RS (=) (x/2)*+n! (K + 1) — (~1)'K] Dummy variable K'is renamed k;
n! — k!'(k+n)! the two sums are combined.
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1 ¢~ . .
J(X)=— j exp[—i(n6—xsin §)]dO
2 Sn Change of variable: 6 — ¢+ 7.
| ex The integrand being periodic with a
= —J exp{—i[n(g+ %) — Xsin(¢g+ %)]} d¢ <«<——| period of 27, the integration range
27 Sor (-7, ) may remain the same.

_ (;‘; [* exp[-i(ng—xcos¢)ldg

o
2"

{[ cos(ng) eTXp(iXCOS #)dg—i[ " sin(ng)exp(ixcos g)dg}
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The integrand is an The integral is zero, because the
even function of ¢. integrand is an odd function of 4.

- é J.oﬁ cos(Ng) exp(iXcos ¢)dg.




