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Fig.1 Final Signals and Systems Blocks
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1) [20 pts.] Express the signals shown with basic signals and | )
perform the convolution of v(t) = (x ® h1)(t) using the [ ®
graphical computation and plot v(t). 0‘ T >
1 -1 0

1) isaretleri temel isaretlerle ifade et

Birim basamak: u(t)

x(t)
x(t) = {6 0 fﬁéj = [x(®) =t [u(®) —u(t — D]
hi (1)
-1<t<1

= [h(0) = 2[u(t + D — u(t — D]

2;
hi(8) = {O, diger

2) Konvoliisyon: v(t) = (x * hy)(t)

v(t) = J_oox(r) h(t—1)drt

hi(t — 1) = 20lmas! i¢in:

-1<t-7t<1 =>t-1<t<t+1

Ayrica x(t) # Osadece 0 < 7 < laralifinda.

Dolayisiyla integral, értiisen arahkta alimnur:

min (1,t+1)
v(t) =2 T dt (Ortlisme varsa)
max (0,t—1)



zfnh=2¥§=12=hmg=pmnu¢+1n2—mmxm¢—1nﬂ

(6rtiisme yoksa v(t) = 0).

3) Parcali (sinavda yazilacak net sonuc)
Ortiisme sadece —1 < t < 2araliginda vardr.
i-1<t<o0

Bu aralikta max (0,t —1) = 0, min (1,t + 1) =t + 1:

v(t) = (t + 1)?

()o<t<1

Bu aralikta max (0,t —1) = 0, min (1,t + 1) = 1:

(i)1<t<2

Bu aralikta max (0,t —1) =t —1, min(1,t + 1) = 1:

lv(t) =1-(t—1)?

(iv) Disarida
lv(@)=0,t<—1vet>2
Hepsini tek parcada:
0: t S _1
(t+1)% -1<t<0
v(t) = 1, 0<t<1
1—(t—-1?% 1<t<?2
0, t>2

4) Basamak fonksiyonuyla kompakt yazim (istersen)

|v(t) =@+ D ut+ D) —u@®]+1u@® —ut-D]+A-C—-D> [ult—1) —u(t - 2)]|

5) v(t)grafigi nasil ¢cikar?

t = —1’de 0’dan baglar.

—1ile Oarasinda yukar1 dogru parabol ile 1’¢ gikar: (t+1)?2
Oile larasinda sabit 1

lile 2arasinda asag1 dogru parabol ile 0’a iner: 1 — (¢ — 1)2



2) [20 pts.] Let the input of a system be x(t) (with x(t) = 0 Vt < 0) and the output w(t)

t
wt)=[ e-2t-ox(r—1)dr
t—4
Show whether this system is
a) Linear
b) Time-invariant
c¢) Causal
d) BIBO stable

e) Find h3(t) the impulse response.

a) Lineer mi?
iki giris igin x1 (t) = wy(t), x5 (t) = wy(t)olsun.
t
T{ax, + bx,} = f e=2(=D [ax;(t — 1) + bxy(t — 1] dt

t—4
t

t
= aj e 20 x, (r — Ddr + bf e 2= x, (1 — 1)dt = aw, (t) + bw,(t)
t—4 t-4
[Sistem lineerdir. |

b) Zamanla degismez mi (Time-invariant)?
Giris kaydinlsin: x; (t) = x(t — tp).

Sistemin ¢iktisi:
t t

wy(t) = f e 2t x, (r—1)dr = f e 2t x((t—1) — ty) dr
t—4

t—4

Ote yandan orijinal ¢ikisi kaydirirsak:
t—to
w(t = ty) = f e2(E~t)~D) x(1 — 1) dA
(t—to)—4

A =1 — tydegisken donlslimi yapalim (dA = dt):
o Altsinrd=(t—-t)—4 © t=t—4
e Ustsinni=t—-t, © 7=t
igerik:
e ()=t = =260 (7 — t) — 1) = x((r — 1) — £;)

Dolayisiyla:
t
w(t —ty) = f e 2D x((t = 1) — ty) dr = w4 (t)
t—4
|Sistem zamanla degismez (time—invariant).|

c) Nedensel mi (Causal)?
w(t)ifadesinde giris 6rnekleri x(z — 1)seklinde ve integral araligi T € [t — 4, t].
Buaralktat—1€ [t—5,t —-1].
Yani w(t), yalnizca
x(s) degerlerine, s <t—-1<t

bagimhdir (gelecege s > tbagh degil).

[Sistem nedenseldir. |

d) BIBO kararli mi?



BIBO igin genelde impuls cevabinin mutlak integrali sonlu mu diye bakilir (LTI oldugu icin).
Asagida (e)'de h;(t)bulunacak; dnceden séyleyelim:
hs(t) = e 2D [u(t — 1) —u(t — 5)]
5

f |hs() | dt =f e 2D dr = —5e72ED| =-(1-e7%) < oo
o 1 1 2

[Sistem BIBO kararlidir. |

e) impuls cevabi h3(t)
Giris x(t) = 6(t)segelim:
t
hs(t) = w(t) = f e 2t §(z - 1) dr

t—4

Delta 6zelligiyle integral, T = 1noktasi integral araliginin icindeyse deger alir:
Kosul:
t—4<1<t=t=>1vet<5

Bu durumda:
hy(t) = e 2t-D(1 <t <5)

aksi halde 0.
Basamak fonksiyonuyla:

lhs(t) = e 2D [u(t — 1) — u(t - 5)]|




3) [20 pts] Transfer function of an LTI system
2s—10

Hy(s) = m ROC: —5<Re{s}<1

a) Find the poles and zeros
b) Determine if it is causal, anti-causal or non-causal system?

c) Findits inverse Laplace transformation

a) Sifirlar ve kutuplar

Sifirlar (zeros):
2s—10=0=>s=5
Kutuplar (poles):
(s—D(s+5=0=>s=1s =-5
|Kutup/ar:s =1,s = —5|

b) Nedensel mi / anti-nedensel mi / nedensel degil mi?
ROC verilmis:
—-5<R{s}<1

Bu ROC, iki kutup arasindaki serit oldugu icin iki tarafli (two-sided) zaman bélgesi isaretine karsilik gelir.
e Nedensel olsaydi ROC: R{s} > max {kutuplar} = 1lolmaliyd.
e Anti-nedensel olsaydi ROC: R{s} < min {kutuplar} = —5olmaliydi.
e Burada ROC iki kutup arasinda = iki tarafli = nedensel dedil (non-causal).
| Sistem non-causal (iki tarafli)dir. |

c) Ters Laplace h,(t) = L71{H,(s)}
Once kismi kesirlere ayiralim:
2s —10 A B
(s—l)(s+5)_s—1+s+5
2s—10=A(s+5)+B(s—1)
25s—10=(A+B)s+ (54—-B)

Katsayi esitle:

A+B=2
54—B=-10
Toplayallm: 6A = —8 > A = _g
4 10
B=2-( -3)=7
Dolayisiyla:
4 1 10 1
Hy(s) = —5—=

Simdi ROC: =5 < R{s} < lolduguna gére:
. ﬁterimi ROC’yi sada tasididi icin sag-tarafl olmal:
1
s+5

o e~Stu(t)(R{s} > —5)

. ﬁterimi ROCyi sola tasidigi icin sol-tarafli olmali:



1
s—1

Uygulayalim:

4 1
3s—1

4
=—etu(—t)
10 1
3s+5

Sonug:

4 10
ha(t) = §etu(_t) + ?e fu(t)

—etu(—t)(R{s} < 1)
4,
-3 (—e'u(=t))

10
— e Stu(t)



4) [20 pts] A periodic signal x(t) has the fundamental frequency  rad/sec and the period

x1(t) =ut+1)—r@®)+rt—-1)
a) Show the expression of x(t) by eigen functions (Fourier series).
b) Using the Fourier series coefficients, find the Fourier transformation?

c) Plot the magnitude spectrum.

1) Once x(t)’yi pargali yazalim (1 periyot)
u2t+1) =u(t+1/2)

0 1<t< !
’ B 2

x(t) = 1 vex(t+ 2) = x(t
®) 1 —Z5t<0 ( ) =x(t)

1-—1t¢, 0<t<1

a) Eigen function (Fourier serisi) ile x(t)
Trigonometrik FS (T = 2, Wy = T):
a
x(t) = 70 + Z (ay,cos (nmt) + bysin (nrt))
n=1

1 1 1

w=| () dt,a = | x(0)cos (nmt) dt by = [ x(@sin )

(Clinkti 2/T = 1.)
DC:

0 1 1 1
a0=f 1dt+f (1—t)dt=§+§=1$—=
-1/2 0

0 1
a, = f cos (nmt) dt +f (1 = t)cos (nmt) dt
-1/2 0

Hesap sonucu:

0 1
b, = f sin (nmt) dt +f (1 — t)sin (nmt) dt
0

-1/2

Hesap sonucu:

..... nrw

cos Li(—5-
i)

nm
Dolayisiyla:
. nm nm
1 sin (%) 11— (-1)" cos () \
x(t) = 3 + < e+ )2 cos (nmt) + sin (nmt)
n=1

b) Fourier serisi katsayilarindan Fourier déniisimii X (w)
Kompleks FS:



oo

x(t) = z Cp KO0 o) =

k=—0o0

ve periyodik isaretin Fourier donlisim:

[ee)

X(w) = 21 Z ¢ 8(w — k)

k=—0o0

Katsayi iliskileri:

1 1
Cx = E (ak_jbk)' k=1 Cok = E (ak+jbk)

Buradan k > 1ligin agik form:

.k k
_1fsinG) 1o (D cos ()
2| kn 2 T knm

Ck

ve ayni sekilde c_, = cy(isaret gergek oldugu igin).

c) Genlik spektrumu | X(w) |(¢cizim mantigi)
Spektrum gizgisel (impuls) olur:

e Cizgiler w = kmnoktalarinda,

e Her gizginin “yuksekligi” 2m | ¢, .
Yani:

o

| X(w) 1= 27 Z e | 8w — ki)

k=—0o0

Ozellikle:
e w = Ogizgisi:
1
2w | ¢y |I= 271-5:
e w = *m, *+2m, +3m, ...noktalarinda gizgiler; genlikleri 21 | ¢, |.

(istersen sinavda cizim icin: wekseninde 0, +7, +27, ...noktalarina “stem” ¢iz; w = 0’da yiikseklik 7z; digerleri icin yikseklik
21 | ¢ lolacak sekilde azalir.)



5)

[20 pts.] Find the equivalent system of Fig. 1 from external input x(t) to output of y(t)

if all subsystems are LTI and given by

hi®)=6(t+1)+6(t—-1)
hy(t) = e~ 05tu(t — 1)
hs(t) =6(t—2)
ha(t) = e=Stu(t + 1)

x(t)
—>

h(t) =7 |

y(t)
—>




