Signals & Transforms (202001343) — TEST 2

Date:
Place:
Time:
Course coordinator:

10-06-2022

TL. 2275

08:45-10:15 (till 11:40 for students with special rights)
G. Meinsma

Allowed aids during test: None

The solutions of the exercises should be clearly formulated. Moreover, in all cases
you should motivate your answer! You are not allowed to use a calculator.

1. The Hann window is defined as

foann(£) := (3 + 3 cos(n1)) rectz ().

(a) Determine the Fourier transform of the Hann window.

(b) Determine [°_| frann(@)]? dw.

2. Determine the convolution of sinc(f + 1) and sinc(21).

3. Given is the differential equation

y@ @) + 3y (@0 +2y(0) = u? (1) - uP (9. 1)

(a) Determine the frequency response of this differential equation.

(b) Determine a solution y(t) for the case that u(t) = e*! 1(—1).

(c) Suppose that u(t) = 1(¢). Use Laplace transformation to determine the so-
lution () for ¢ > 0 of (1) for the case that y(07) =1 and yV (07) = -2.

4. Let f:[0,00) — R. What does it mean for this function to be exponentially

bounded?

5. In the theory of Laplace there is a theorem about limg|( sF(s), but this theorem
does not apply to periodic functions. What can you say about limg|o sF(s) for
the case that f(#) is periodic? [Hint: recall the result from chapter 3 that peri-
odic functions f(t) have a Fourier series f(f) =Y __ freikeot

k=—0c0

problem: | 1 |2

points: | 4+4 | 4

1+4+4

Test grade is 1 +9p/ pmax




Property Time domain Freq. domain Condition
Linearity afilt)+afo(t) | afilw)+ azfz(ﬂﬂ
Duality f 2nf(~w)
Conjugation (@ )
Time-scaling flar) %f(e) acR,a#0
a
Time-shift flt-1) flw)e T
Frequency-shift f(pelwot f (w — wo)
Modulation Thm. | f(£)cos(wp?) A ) Zf ek o)
Differentiation (time) | f® (1) (iw) f (w) lim f()=0
Integration (time) | [’ f(r)dr ! i(;“} flo=0
Differentiation (freq.) | —izf(r) fw)
f( flw) Condition f(o flw)
rect, (1) asinclaw/2) | a>0 a(1) 1
triang (1) asinc®(aw/2) | aeR, a>0 1 2168 (w)
e~altl o . Re(a) >0 6(t—b) e iwb
a? + w?
noo_ 1 i
e~ (1) PETT Re(a) >0; neN glo? 278 (w — wy)
n ].
—-Le®(-t) | —m— Re(a) <0; neN cos(wot) | (6 (w—wg) + 8w+ wp))
n: (a+ 1w)n+1
e—(mlz I_\{lﬁlef(wltzm)z aceR, a#0 sgn[t] %
asinc(at/2) 2nrecty(w) aeR, a>0 (r) ﬂ;+n6{w)
Property f F(s) f(@), (¢>07) F(s)
. 1
Linearity a i) +az fo(t) | a1 Fi(s) + azFa(s) a® =
. ' 1. % . £ 1]
Time-scaling flar) EF(E) (if a>0) P (nen) s,
: 3 - - r t" 1
Time-shift fl-n)Wt—1ty) | F(s)e ™% (if f>0) ;!e’” (neN) Gl
Shift in s-domain | f(r)e%’ F(s—sg) cos(bt) - -
s2+ b2
Differentiation (1) | f%(¢) sF(s)— f(07) sin(ht) b
52 + b?
f(ZJ[t] SZF(S}—Sf(O_]Qfm(U_) e cos(b1) s—da
Fis} (s—a)®>+b?
Integration (1) Jo- f(x)dt — et sin(b1) b
s (s—a)? + b?
" . . !
Differentiation (s) | —tf(t) F'(s) 5(0) 1




