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The solutions of the exercises should be clearly formulated. You are not allowed to
use a calculator.

1. Consider the periodic function f(¢) with period T = 4 which for ¢ € [-1,3) equals

f(t)={

2
-1

tel-1,1)
te(1,3)

(a) Determine the Fourier coefficients f; of f(¢) and show that they are real

numbers.

(b) For which ¢ € R is the Fourier series of f(t) equal to f(£)?

(c) Determine the real Fourier series of f(t).

2. Let f(t) be a T-periodic function, and let g(¢) = f(3t). Express the Fourier co-
efficients g of g(¢) in terms of the Fourier coefficients fi of f(1).

3. Determine the generalized derivative of e?’ 1(~t) + 1(t2 —9) and make your final
answer as simple as possible.

4. Determine the convolution of f(t) =recta(t—1) and g(f) = el 1(-1).

5. Determine A= 0 and a ¢ € R such that cos(¢) —sin(t) = Acos(f+ ¢).

6. Let X be an inner product space and suppose (ex)xen an orthonormal sequence

in X, Let ag €R.

(a) If X is complete (i.e. a Hilbert space), show that } ;en akex is in X if-and-

only-if ¥ jenlakl? < co.

(b) Give an example of an inner product space X for which Y e |ak|2 < ooyet

¥ ken @i is not in X.
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Property

Condition

Sifting Joo.6(t=-b)f(de = f(b)

f@)o(t—b)= f(b)o(t—b)

Convolution | (f *8)(£) = f(£)

Scaling d(at—b) = L5(t—§)

lal

[ 6 dr =100

f(t) continuous at t =b

f(t) continuous at t=b

t£0

Property Time domain: f(¢)

Frequency domain: fj

Linearity af(t)+pg()

Time-shift fi-1), teR)
Time-reversal f(=1)
Conjugation fr)

Frequency-shift | el f(1), (ne2)

afi+ B8k
e-ikoot f
f-k
)
fe-n




