Lecture 16 — Appendix B: Some sample problems from Boas

Here are some solutions to the sample problems assigned for Chapter 7.12.

8§7.12: 4

Solution: We want to find the Fourier transform of
the non-periodic, even function defined by

f(x):{l,%<|x|<7r.

0, otherwise

Proceeding to find the transform we have

_ \/Zsm (ax)=sin(an/2)

Thus, transforming back to the function of x, we have
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§7.12: 6 Lt
_ _ o 05|
Solution: Now consider the odd function in the ;
figure defined by =3 1 :
X, X[ <1 5t

f(x)= b . ;

0, |x| >1 ~1F

Proceeding to find the transform we have
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Thus, transforming back to the function of x, we have

f(X):i]gdag(a)eiax:deaaCOS(a)—Sin(a)eiaxl

§7.12:11

Solution: Now consider the even function

f(x):<

27 -7 Vg
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Proceeding to find the transform we have

/2

—lax __ —iax

g(a)zﬁjdxf(x)e _% dxcos xe
—o0 -/2

z/2
j dX e—iax+ix+e—iax—ix
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( i i 7|2 : . z/2
_ l < e—lax+|x N ﬂ
22 . (@-1L,, -ila+l)],,
) i <re—i(0!—l)7r/2 _ ei(a—l)ﬁ/Z . e—i(a+1)7z/2 B ei(aﬂ),[/z
Ner | a-1 a+1

ie—iom/Z + ieia;z/Z _ie—iom/Z . ieia;z/Z }

:2x/iﬂ{ a-1 " a+1
=icos(agj( -1 1 j:_ gcos(om/z).

27 a-1 a+1 r  a’-1

Thus, transforming back to the function of x, we have

1 T iaX 1 i Cos(a 7 2 1724
f(X):—jdag(a)e :;J'da 1(—a2/ )e .

§7.12: 16

Solution: Here we consider the even function of the previous exercise and use the
Fourier cosine transform. We find

Physics 228 Lecture 16 Appendix B 3 Winter 2008



0, () - \/%Idx f (x)cos(ax) = \EM

z/2

1
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J‘ dx (eiax+ix +eiax—ix +e—iax+ix +e—iax—ix)
0
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_ 1 < eIaX-HX + eI(ZX—IX + e—I(ZX-HX + e—I(ZX—IX
22r |i(a+1)| i(a-1)| —i(a-1)| —i(a+l))
i (e—i(a—l)ﬂ/Z . ei(a—l)ﬂ/Z N e—i(a+l)7r/2 . ei(a+l)7r/2
= <
ZJZ;\ a—1 a+1
~ | Jie—iom/Z + ieia;r/Z . _ie—iaﬁ/Z . ieiaﬂ/Z
ZJZ;\ a—1 a+l
1 ( ﬂj( -1 1 j 2 cos(ar/2)
= —CO0S| o — + =—,|— > :
N2 2 ) \a-1 a+l T a -1
Thus, transforming back to the function of x, we have
2% 2% . cos(an/2)
f(x)=,—1d cos(ax)=—|d COS(axX).
(0= 2 das. (a)cos(ax) - o 27 D os(arg

§7.12:18

_[ dx cos x cos(ax)
0

Solution: Next consider the Fourier sine transform applied to the odd function of
exercise 7.12:6. We have
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= \/%Idx f (x)sin(ax) :\/%jdx xsin(ax)
: ﬂxmm Wos< o
:_\/?cos(a

\/7cosaa \/;sm \/73|n —acos( )

Thus, transforming back to the function of x, we have

\F.[dag )sin(ax)
r: |n

:;_([ as O[O;COS( )sm(ax).

§7.12: 22

Solution: Using the result of the previous exercise we can evaluate the following
integral of the spherical Bessel function of the first kind. We have

fdajl )sin jdasm( @)= ?Cos(a)sin(ax)
a
—, X| <1
:%f7.12:6(x): 2 H :
0,|x>1
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