Signals & Transforms (202001343) — TEST 2

28-03-2023

Date:
Place:
Time:

Course coordinator:

NH-115

13:45-15:15 (till 15:40 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 Gibbs phenomenon of the Fourier transform.

(a) Let V> 0. Determine the function gy(#) such that

(f * gn) () <= f(w) rectoy ().

(b) Interpretation: argue that (f * gy) (1) is an approximation of f(¢) obtained
by removing all “large” frequencies from f(¢).

(c) Let T > 0. Show that for f(¢) =1(t) - 1(t — T) we have

,
(f = gn)(1) :[ TgN(T) dr;
r_

(d) In the limit T — oo the above f(t) becomes the unit step, f(t) = 1(t), and
(f*gn)(t) = f_roo gn(1)dr. It can be shown that ffm gn (1) dr looks like
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Let N > 0. Show that max,cp f_roo gn(7)d7 does not depend on N.

2. Proof the conjugation property of Fourier transformation: f*(t) A, f*(~w).
[Of course you may NOT use the tables in this case.]

3. Determine the convolution of sin() 1(¢) and g(¢) = (1+e~") 1(¢) using the Laplace
transform.

4. Given is the differential equation

YA +3yY @ +2y(0 = u? ) - V(). (1)

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

(b) Determine a solution y(f) for the case that u(f) = e*" 1(~1).

(c) Suppose that u(7) = 1(r). Use Laplace transformation to determine the so-
lution y(t) for ¢ > 0 of (1) for the case that y(07) =1 and yV(07) = -2.

problem:
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Test grade is 1 +9p/ pmax



Property Time domain Freq. domain Condition
Linearity aLfi(h) + az fo(1) | a1 fi(w) + az fo ()
Duality f 2nf(~w)
Conjugation f*@ f*—w)
Time-scaling flar) l—;If(%) acRa#0
Time-shift fit-7 flwye ot
Frequency-shift f(r)el®ot flw-wy)
Modulation Thm. f(t)cos(wyt) Jw = wo) Z J@+ )
Differentiation (time) | fV (1) (iw) f (w) Jim f(n=0
Integration (time) f_‘mf(r) dr f—l((ii) fo=0
Differentiation (freq.) | —irf(z) fl(w)
£ f (w) Condition f(n f (w)
rect,(t) asinc(aw/2) a>0 o(r) 1
trian,(f) asinc?(aw/2) | aeR, a>0 1 216 (w)
2a )
—alt| o —iwb
e al ] Re(a) >0 d(t—b) el
e D) —lnﬁ Re(a) >0; neN giwo! 276 (w — wy)
(a+iw)
n 1
—%e_‘"'ﬂ(—t) —_— Re(a)<0; neN cos(wot) | (6 (w—wg) +6(w + wg))
* (a+iw)n+l
E—(m)z %e—(w.’{‘?a’))2 acR, a#0 sgn(l‘) %
asinc(at/2) 2nrect,(w) acR, a>0 e) T{I;J- + md(w)
Property g 1) F(s) fl, (¢t>07) F(s)
1
Linearity arfilt)+az fo(t) | a1Fi(s)+ asFo(s) e ~
. . 1 .. . Al 1
Time-scaling flan EF(E) (if a>0) -1 (neN) e
n
; 1
Time-shift fle—1p) Wt - ty) F(s)e %% (if 15> 0) %eaz (neN) m‘f
Shift in s-domain | f(r)e%’ F(s—sq) cos(br) .
_ s2+ b2
Differentiation (¢) | fV(¢) sF(s)— f(07) sin(bt) -b—
§% + b?
F4n $*F(s)=sf(07) - fP(0) e cos(br) | —— 2%
F(s (s—a)* + b?
. t s b
Integration (1) Jo- f()dr r &%t sin(bi)
(s—a)3?+b?
o . . !
Differentiation (s) | —z¢f(r) F'(s) 5(0) 1




