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Homework #12

Problem 4 - 20.2.7:

We know that

δ(t − x) =
1

2π

∫
∞

−∞

eiω(t−x)dω. (1)

To represent the δ with a cosine expansion we need to assume that it is an even function, i.e., that the function
that we are representing is actually

f(x) = δ(t − x) + δ(t + x). (2)

From the representation for the δ given in (1) we know that

δ(t + x) =
1

2π

∫
∞

−∞

eiω(t+x)dω. (3)

Then plugging (1) and (3) into (2) we obtain:

f(x) =
1

2π

∫
∞

−∞

(eiω(t−x) + eiω(t+x))dω =

1

2π

∫
∞

−∞

(cosω(t + x) + isinω(t + x) + cosω(t − x) + isinω(t− x))dω =

2

2π

∫
∞

−∞

(cosωtcosωx + isinωtcosωx)dω. (4)

Now we notice that the first term in (4) is even while the second term is odd and thus its integral will vanish and we
are left with:

δ(t − x) =
2

π

∫
∞

0

cosωtcosωxdω. (5)

For the sine expansion we need to assume that our function is odd so now we are going to expand:

f(x) = δ(t − x) − δ(t + x). (6)

Then plugging (1) and (3) into (5) we obtain:

f(x) =
1

2π

∫
∞

−∞

(eiω(t−x)
− eiω(t+x))dω =

1

2π

∫
∞

−∞

(cosω(t + x) + isinω(t + x) − cosω(t − x) + isinω(t− x))dω =

2

2π

∫
∞

−∞

(sinωtsinωx + icosωtsinωx)dω. (7)

Now we notice that the first term in (7) is even while the second term is odd and thus its integral will vanish and we
are left with:

δ(t − x) =
2

π

∫
∞

0

sinωtsinωxdω. (8)


