Test 2 Resit: Signals and Transforms MOD-03-AM

INSTRUCTOR: Nathanael Skrepek
DATE/TIME: May 29th 2026, 13:45 — 15:15

e Closed book, no-calculator test, switched-off mobile phones.

Obtained score
e Grade: e ,SCOIG x9+1 (rounded off to one decimal place)
Total points

e all answers require rigorous argumentation based on the knowledge from the course.

Question 1 (3 points). Let f: R — C be an L? function such that g: R — C defined by g(t) :=
tf(2(t — 3)) is also L2. Express the Fourier transform of g in terms of the Fourier transform of f.

Question 2 (3 points). Show the product rule for the distributional derivative: Let ¢» € C*°(R) and
A € D'(R). Then

(WAY = WA+ pA.

Question 3 (3 points). Let f,g: R — C be such that their convolution f*g exists, and supp f C [a, b]
and supp g C [¢,d]. Show that then

supp(f *g) C [a+ ¢,b+d].

Question 4 (3 points). Calculate the Fourier transform of f given by f(t) = Lppy(t) -t for a,b € R
such that a < b.

Question 5 (6 points). Regard the following differential equation
y'(t) — 6y (1) — Ty(t) = u'(t) +u(t) t>0,

with initial conditions y(07) = 0, ¢'(07) = 1 and input u(t) = e=2'. Find y(t) for ¢t > 0.



Tables for the Fourier transform

£t f(w) f(t) flw) condition
Time shift ft=1) | e fw) V2T recty(t) asinc(%?) a>0
Time scaling f(at) i% i =) V2m trian, (t) a siucg(%) a>0
Derivative (time) S f(t) iw f (w) e—altl %% Re(a) > 0
Froquency shift | 4f(t) | flw—wo)  1a, (0% | St | Rela) >0
Derivative (frequency) | —itf(t) % fw) " 1 1
| | : d 1r_(t)%re Tom (a F i) Re(a) <0
Almost involution f(t) fl—w) X i T
0t ﬁe a th eR
Tables for the Laplace transform
f(t) L(f)(s) f(t) L(f)(s)
Time shift flt—7)lg (t—7) | € TL{f}(8) (v>0) %eat (s — i)nﬂ
Time scaling al el 8 . -
g [ (at) a] () cos(bt) o
Destostiva (6 4 5(t) SL(f)(s) — F(07) sin(bt) %
Shift in s el f(t) L(f)(s = s0) e cos(bt) | ———r—
' (s —a)?+b?
Derivative (s) —tf(¢) LL(f)(s) —st
6,(, & 2
Convolution (f *g)(t) L(f)(s)-L(g)(s)




