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TOPICS

O Solution to Differential Equations and Finite Difference Equations
O Fourier Series

d Continuous-Time Fourier Transform:
A Definition

A Inverse of Fourier Transform
J Properties

d Discrete-Time Fourier Transform:
A Definition

A Inverse of Fourier Transform
d Properties
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NOTATION

Q Signals are expressed with lowercase letters. The exception is the family of
harmonics: ¢(t). Some examples are: x(t) is a general signal, u(t) is the unit
step signal, §(t) is the unit impulse signal, u(t) is the input signal, and y(t) is
the output signal. Constants are also represented by lowercase letters. k and t
are usually used to define the independent variables.

[ The mathematical operator of the expectation of (-) is denoted by £(-). Letter
G(+) represents a general system.

1 Sets are written using blackboard bold letters. Some examples are N, Z, R, and
C which are the sets of natural, integer, real, and complex numbers,
respectively.

0 Capital letter E means the total energy of a signal or system, and P is the
medium potency of a signal or system. T is the period of a signal.
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SOLUTION TO DIFFERENTIAL

EQUATIONS

O Let us consider that the model of a dynamical process leads
to a differential equation of the form
an an—t d
n y(t) + ap_ 1 7 =y(t) + - + ay o y(t) + apy(t)
m m-—1

=b u(t) + b,,_4

mdm

d
T u(t) + -+ by d—u(t) + bou(t)

which evolves from initial conditions y(0), --- ;tn_ly( ),

dml

U(O), Ydtm- 1U(0)
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FIRST ORDER ODE

1 Solution to the First Order ODE

O ﬁ u(t) =Ri+y(t); i= c7
1 1
o @ (1) "‘R—CY(t) = o u(t)
t
W

oo |y =y + [ TR u(@aa

0
R
H(f) p— ,u(f) tspan=[0 10];
’ C A\ y0=0; [t,y]=ode45(@ddt,tspan,y0);
plot(t.y)
function dydt = ddt(t,y)
o o o u=1,

RC CIRCUIT MATLAB LINK
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FIRST ORDER ODE

d The response to the unit impulse is Qu(®) = 45()

Resposta ao Impulso

0 T 2--’ 4r 5-7
Tempo t (seconds)
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dThe system evolves from i.c. y(0) = 0,

t
1
y(t) = j e~ (/RO 0 = () da
0

RC
A A
—  ,-(1/rROt ___ ,-t/t
y(t) RCe - e

QAtt =t [s]the signal is about 37% of
y(0)

U7 = RC isthe EXPONENTIAL
TIME CONSTANT



FIRST ORDER ODE

Q The response to the unit step is ~ =4®) =40

QdThe system evolves fromi.c. y(0) =0,

t 1
y(t) = f e _(ﬁ)
0.86A Resposta ao Degrau .

1
(t—a)
RC u(a)da

0.63A |

Vout [V]

y(t) =A— Ae_(R_l(:)t = A[l _ e—t/r]

QAtt = 7 [s], the output is about 63% of its
steady state value.

RC

QAtt = 37 [s], the output reaches the
Tempo t (seconds) 4RC

2RC

5RC

region of 5% of error.

LAt t = 41 [s], the output reaches the
region of 2% of error.
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SECOND ORDER ODE

] Solution to the second order ODE

—MW—1TTN
a k

C-=

9]

y(t)

o

RLC CIRCUIT
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0

u(t) = Ri(t) + Ld;—(tﬂ +y(t); Q= c—d{i(tt)

. R 1 _1
y(t) + Zy(t) + L—Cy(t) = LCu(t)
y(t) = yp(t) + ¥, ()

yp(t) Particular solution

yn(t) Homogeneous solution



SECOND ORDER ODE

] Solution to the second order ODE

J Homogeneous Solution:
° W {YYW 0 o O Characteristic equation:
R 1
u(t) b o = ylt) LA%? + RA + C =0
o o—0 A_—RCi\/RZCZ—A}LC_ R B2 _1
RLC CIRCUIT a 2LC - 2L 412 LC

_<R+ R2_1)t _<R R2_1>t
7L 27IC 3L 27IC
yn(t) = cqe il + cye B
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SECOND ORDER ODE

] Solution to the second order ODE

O Particular Solution:

R

I The solution will depend on the input.
u(t) c - yt

U The response to the unit impulse is such
that

o O 0

RLC CIRCUIT u(t) = A6(t)
Vp =0,Vt >0and y(0) =0ey(0) = A

O ConsideringR =2[Q],C =1[FleL =1[H],
y(t) = Ate " u(t)
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SECOND ORDER ODE

] Solution to the second order ODE

O Particular Solution:

R

I The solution will depend on the input.
u(t) c - yt

O The response to the unit step is such that

o O 0

A
RLC CIRCUIT u(t) = Au(t) = Vp = c3u(t) = E,u(t)
d ConsideringR=2[Q],C =1[FleL =1[H],

y(t) = —Ae t — Ate”t + A
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SOLUTION TO FINITE DIFFERENCE

EQUATIONS

O Let us consider that the model of a dynamical process leads to a finite
difference equation of the form

ayyln +sl+--+ayyln+ 1] + apyln] = byuln + p] + --- + byu[n + 1] + byu[n]

which evolves from initial conditions y[0], -+, y[s — 1], u[0], -, u[p — 1], where a; € R
and a, # 0,

S

DOID = ) ayln+il; NGuln]) =

(=0 [
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SOLUTION TO FINITE DIFFERENCE

EQUATIONS

d The solution to the difference equation is of the form

yInl = ypln] + y,[n]

ypInl = XiZ; d; 4] is the Particular solution
yulnl = Y4 Z?il cl-jﬂ’{‘kf‘l is the Homogeneous solution
with A; the solution to Ap(41) = 0 and A; the solution to Ay(4) = 0.

Special attention must be given to repeated roots.
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SOLUTION TO THE FDE

0 Consider the difference equation
yln+2] —y[n] =3 - 2", ylol =0,  y[1] =1

O Homogeneous Solution: Ap(u) =pu?> -1 = u=+1 = y,=c (D" +c,(—D"
Q Particular Solution: Ay(AD) =u—-2 = u=2 = y,=d2)"

3 Since y, = d(2)" hence, d(2)"** —d(2)"=3-2" = 3d=3 = d=1

d From Initial Conditions: {c ct=—1 e ¢,=0
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FOURIER SERIES

O Fourier, 2 centuries ago, has suggested that any function can be
rewritten as a combination of sines and cosines.

d Indeed, any 2m-periodic, 0(x) = 0(x + 2m), odd function,
O(—x) = —0(x), such that 0(0) = O(m) = 0, can be written in the
form

O(x) = Z b; sin(ix),
i=1

b; = %fORO(x) sin(ix)dx = %J_ZO()C) sin(ix) dx
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FOURIER SERIES

d Find the Fourier sine coefficients b; of the square wave
IO(x)

1

2 (™ 2
bi=—f sin(ix) dx =—[—
T Jo

T [

Cos(ix)] 7ZT{Z 02020 }

0

o( )_4 sinx+sin3x+sin5x+
e 3 5
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FOURIER SERIES

d Analogously, any 2n-periodic, E(x) = E(x + 2m), even function,
E(—x) = E(x), can be written in the form

(00

E(x) = a; cos (ix),
2,
a; = %fo E(x) cos (ix)dx = %f_RE(x) cos (ix)dx,

where q, = %fOnE(x)dx = %Tfan(x)dx is the average value of E(x).
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FOURIER SERIES

d Find the Fourier cosine coefficients a; of the up-down train

E(x)
* T
Tl
ap = %(Lnri(x)dx — Lnfi(x — n)dx) =0;a; = ;jon(c?(x) — 8(x —m)) cos (ix) dx = %{2,0,2,0,..-}

E(x) = %[cos (x) + cos (3x) + cos (5x) + ---]
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CT FOURIER SERIES

O For functions F(x) that are NOT EVEN or ODD, but periodic with
period 2. (full period [—m, ] or [0,27]).

F(x)=ay+ 2 a; cos(ix) + 2 b; sin(ix)
i=1 i=1

1" 1 (™ 1"
a; = Ej F(x) cos (ix)dx,ay = e F(x)dx,b; = ;j F(x) sin(ix) dx
—7TT —TT —7TT

d Considering that F(x) = 0(x) + E(x), with 0(x) = (F(x) + F(—x))/Z
and E(x) = (F(x) — F(—x))/2, 0(x) gives b; and E(x), ay and a;.
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CT FOURIER SERIES

 Hence a large class of periodic functions can be written as a
Fourier series, such that

F(x)=ay+ z a; cos(ix) + 2 b; sin(ix)

. e]lx_l_e —jix b. e]Lx o=l
F(x)—a0+z l )-|-z ( ) EAe]lx

[=—00
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CT FOURIER SERIES

O A Fourier series can represent any signal that satisfies the three
Dirichlet conditions.

 Condition 1 - Function x(t) is absolutely integrable inside any interval of
one period, that is,

flx(t)ldt < ©
T

 Condition 2 - Inside any finite interval, the function x(t) has a finite
quantity of highs and lows.

 Condition 3 - Inside any finite interval of time the function x(t) has a finite
qunatity of discontinuities.
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CT FOURIER SERIES

d Can be represented by a CT Fourier series
IF(x)

1
—TT O| T 21 g

d Can not be represented by a Fourier Series
4 F(x)
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MAIN CT FOURIER SERIES PROPERTIES

Linearity Ax(t) + By(t) Aa; + Bb;
Time Displacement x(t —tg) aze—Ji2m/T)t
Time Reflection x(—t) a_;
Time Change of Scale x(at),a >0,T, =T/a a;
Multiplication x(t)y(t) =
2 aib;—;
l=—0c0
Frequency Displacement R I)E a;j_ym
Conjugation x*(t) a;
Periodic Convolution Jx(r)y(t _Dde Ta;b;
T
Differentiation dx(t)/dt ji(2m/T)a;

Integration Jt x(O)dt, ag = 0 (1/(ji(2n/T))) a;

23



DT FOURIER SERIES

d The representation of a DT signal in a Fourier series has finite quantity of
terms, hence there is no concern about convergence of the series.

O A DT signal in Fourier series is expressed as

x[n] = z a;p;[n] = z q;eliZm/N)n

i=(N) i=(N)
d The quantity of terms is finite since the DT signal repeats at each period N.

A The coefficients a; are determined by

a; =% z x[n]e_ji(zn/N)n
n=(N)
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MAIN DT FOURIER SERIES PROPERTIES

PROPERTY SIGNAL (PERIOD N) COEFFICIENTS

Linearity Ax[n] + By[n] Aa; + Bb;

Time Displacement x[n — ngl a;e—FiZr/N)ng
Time Reflection x[—n] a_;
Time Change of Scale x[n/m] n é multiplo dem ia_

0 n nao e multiplo de m m "

(period mN) (period mN)
Multiplication x[n]y[n] 2
aibi—;
[=(N)

Frequency Displacement e/M(2r/N)n ai_y
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MAIN DT FOURIER SERIES PROPERTIES

PROPERTY SIGNAL (PERIOD N) COEFFICIENTS

Conjugation

Periodic Convolution

First Difference

Accumulated Sum

W AS-767 : SINAIS E SISTEMAS

x*[n] a-;
x[r]yln — 7] Naib;
r=(N)
x[n] — x[n — 1] (1 5 eji(zwn))ai
n _ ji(2m/N) ,
Z Al e =0 (1/(1—¢f ) a



FOURIER SERIES

d Parseval for CT Fourier series

[ o - Y fa

[=—00

A Parseval for DT Fourier Series

LY k= Y

n=(N) i=(N)
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CT FOURIER TRANSFORM

 Many aperiodic signals can be represented through an
equivalent Fourier Transform. Following Fourier's thoughts,
aperiodic signals can be interpreted as periodic signals with
infinite periods.

d Consider » x(t)

f1, It < Ty

x(t) =+ T
\0 T < |t]| < > T, T, .

-
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CT FOURIER TRANSFORM

O An approximate periodic signal is
2 X(t)

| | | | .
1 | 1 1 "
~T -T/2 =T T T/2 T t

O This signal can be represented by a Fourier series in the form of

= 1 )
x(t) = z q;elt@ot . g, = Tff(t)e_”wotdt
. T

[=—o00
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CT FOURIER TRANSFORM

d Increasing the period T, the signal X(t) becomes an aperiodic

signal.
. . o . T T
1 In this case, notice that inside the interval [_E’E]’
T T
a; = lfi x(t)e Jiwolgt = lfi x(t)e Jiwolgt = 1foox(t)e_f‘""ﬂtclt
T T) T T) o

since x(t) = 0 forall |t]| > T.
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CT FOURIER TRANSFORM

[ Hence, for an aperiodic signal,

co

1 r® . 1 .
a; = TJ x(t)e Ji@Wotdt = TX(iin); X(jw) = f x(t)e 1@tdt

On the other hand, for T — o or wy = 0,

< ) 1 < ) 1 (@ .
x(t) = 2 TX(jin)ef“‘)Ot =5 2 X(jiwg)el*Potwy — er X(w)e!®dw - x(t)

l=—00 l=—00
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CT FOURIER TRANSFORM

d In this case, for T —» o the result leads to the Fourier

Transform.
x(t) = gy f Xjw)e/*dw INVERSE FOURIER TRANSFORM
X(jw) = f x(t)e 1tdt FOURIER TRANSFORM (FOURIER INTEGRAL)
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CT FOURIER TRANSFORM

O As for the Fourier Series, the Fourier Transform converges if x(t) satisfies the Dirichlet
conditions:

0 Condition 1 - Function x(t) is absolutely integrable, that is,

foolx(t)ldt < 00

O Condition 2 - Inside any finite interval, the function x(t) has a finite quantity of highs and lows.

0 Condition 3 - Inside any finite interval of time the function x(t) has a finite quantity of
discontinuities.

A Alternatively, x(t) has finite energy,
j lx(t)|?dt < oo
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CT FOURIER TRANSFORM

 Verify the the Fourier Transform for the functions:

1. x(t) = e *pu(t)
_ o . 1 . 00 1
X(]a)) :f p-ato—jot gy — _ e—(a+]w)t‘ — ’
0 a+jw 0o a+tjw
1, [t|<Ty
2. =
x(6) {0, el > T,
no . 1 - - 2
X(jw) = e JOdt = —— (7791 — /¥ ) = —sin(wT;) =
(Jw) j_Tl ja)( e/¥T1) wsm(a) 1)

= 2T;sinc (wTy)

W AS-767 : SINAIS E SISTEMAS
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2T; sin(wTy)

wT;
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CT FOURIER TRANSFORM

v L el <Ww
3. X(jw) _{O, 0| > W
1 v . 11, . . 1 2W sin(Wt)
t) = — ]wtd — Wt _ =W\ — __ j Wt) =
x(6) 21 _We @ 21 jt (e ° ) ntsm( ) 2 Wt
/4
= —sinc (Wt)

T
4 X(w) =2n8(w — wy)

1 ™ . 1 . .
x(t) = —j 216 (w — wo)e/Ptdw = — 2mel @ot = /@t
2T J)_ o, 2T
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PROPERTIES OF CT FOURIER

TRANSFORM
PROPERTY _______[SIGNAL______________|FOURIERTRANSFORM ___

Linearity Ax,(t) + Bxy(t) AX;(jw) + BX,(jw)
Time Displacement x(t — tp) e I X (jw)
Conjugation x*(t) X'(—jw)
x(t) ER X" (jw) = X(—jw)
Change of Scale x (At) iX(j_a))
A" \ A

x(—t) X(—jw)

Differentiation dx(t) JwX(w)
dt
. t 1

Integration j x(D)dt j—wX(ja)) + X (0)5(w)
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CT FOURIER TRANSFORM

 Periodic signals can be represented by Fourier series, hence
from the previous example

00) 00)

x(t) = 2 c;el @t & X(jw) = 2 c;2md(w — wyp)

l=—o00 [=—00

 As a consequence, the Fourier Transform of the impulse train,
x(t) = Yi2_o 0(t —iT), can be determined as

- T 5
X(jw) = 2?”2;’2_005 (a) — %) since ¢; = %f_zz 5(t)e Jtwoldt = %
2

%@ AS-767 : SINAIS E SISTEMAS G W Gabriel 37



PROPERTIES OF CT FOURIER

TRANSFORM
PROPERTY _______[SIGNAL______________|FOURIERTRANSFORM ___

Linearity Ax,(t) + Bxy(t) AX;(jw) + BX,(jw)
Time Displacement x(t — tp) e I X (jw)
Conjugation x*(t) X'(—jw)
x(t) ER X" (jw) = X(—jw)
Change of Scale x (At) iX(j_a))
A" \ A

x(—t) X(—jw)

Differentiation dx(t) JwX(w)
dt
. t 1

Integration j x(D)dt j—wX(ja)) + X (0)5(w)
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PROPERTIES OF CT FOURIER

TRANSFORM

Q Parseval for aperiodic continuous-time signals

]oo 1 ()|2dt = joo X (ow)|2dw

 Convolution property:

y(t) = x.(t) *x,(t) © Y(w) =X(w)X,(w)

1
y(t) = x1(O)x,(t) © Y(ow)= §X1(]'CU) * X, (jow)
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CT FOURIER TRANSFORM FOR LTI

SYSTEMS

 Consider an LTI System described by

N

diy(t) < , (o)
zai dtt _Ei dtt

1=0 =0

by applying the Fourier transform
N

M
@)Y (o) = ) b ()X (o)
] 1=0

1=0



CT FOURIER TRANSFORM FOR LTI

SYSTEMS

O For LTI systems, we have

y(@) =h() xu®) = Y(ow)=H(w)U(jw)
Hence,
Y(jw) M obi(jw)

Aljw) = UGw) YN, a;(w)

0 The output is related to the input through a rational function of (jw). The
denominator is related to the modes of the system, which are the roots of the
homogeneous equation.
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DT FOURIER TRANSFORM

d Many DT aperiodic signals can be represented through
an equivalent Fourier Transform.

 Consider again an aperiodic signal
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DT FOURIER TRANSFORM

O An approximate periodic signal, Withg > max(Ny, N,), is

il _Wl n;ﬁ !

 This signal can be represented by a Fourier series in the form of

X|n] = z a;e ]l( — z _”

ie(N) l€<N>

%@ AS-767 : SINAIS E SISTEMAS G W Gabriel 43



DT FOURIER TRANSFORM

 Increasing the period N, the signal X[n] becomes an
aperiodic signal.

. . o . N N
4 In this case, notice that inside the interval [_E’E]’

_ 1 -ji(3F)
o=y Y Anle W =5 57 atnle

ie(N) n=-—oo

since x|n] = 0 for all |n| > N.
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DT FOURIER TRANSFORM

O Hence, for an aperiodic signal with wy = 2m/N,

(00} (00}

Y Z il :%X(eﬁwo); X(jw) = Z x[n]e~J@n

n=—co n=—co

On the other hand, for N - o or wy — 0,

1 y . 1 g . 1 . :
X[n] = z _X(e]lwo)e]lwon - z X(e]la)o)e]la)on Wy > — X(e]a))e]wndw > x[n]
e N 2T 2T Jor
1E(N) i€(N)
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DT FOURIER TRANSFORM

Q In this case, for T = oo the result leads to the Fourier Transform.

co

X(e/®) = z x[n]ejon FOURIER TRANSFORM
n=—oo
1 : :
x|n] = oy J X(el“’)elw"dw INVERSE FOURIER TRANSFORM
T J)on

0 The DT Fourier Transform is 2 periodic due to the exponential

plw — pjlw+2m)
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DT FOURIER TRANSFORM

1 As before, the existence of the Fourier transform is ensured for
absolutely summable signals

D Ix(®O] <o
Nn=—oo
 Alternatively, x[n] has finite energy,
D xOF <o
n=—oo

Q X(e/®) for the DT Fourier Transform and X (jw) for the CT Fourier
Transform are called SPECTRUM of x(t) (or x[n]).
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DT FOURIER TRANSFORM

A Verify the the Fourier Transform for the functions:

1. x[n] =a™uln], lal <1

co

X(e/v) = 2 au[nleJon = z(ae_j“’)" =T
n=0

n=—oo

1
ae~Jw

2.x|n] = 6|n]

X(ej“’) = Z S[nle /e =1

n=—oo
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DT FOURIER TRANSFORM

N b 1] IR 4
3. X(jw) = {O, ol > w
1 (v 11 . . 1 2W sin(Wn)
S _ Jotdy = —— Jwn _ o=JWn\ — ___cin(Wn) =
*(n] 2T J_We @ 2T jn (e ¢ ) nnsm( n) 2t Wn

W
= —sinc (Wn)
T

For W - m, X|[n] - 6[n]

4. X(e/?) =¥% _,2n8(w — wy — 21f)

1 ("N . 1. ,
X[n] = —f z 216 (w — wo — 21l) e/Ctdw = — 2mel @™ = ¢/ @ont
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DT FOURIER TRANSFORM

 Periodic signals can be represented by Fourier series, hence
from the previous example

0.0)

x[n] = z cl-eji(ZWn)n = X(el?) = z ;216 (a) —%)

iE(N) [=—00

%@ AS-767 : SINAIS E SISTEMAS G W Gabriel 50



PROPERTIES OF DT FOURIER

TRANSFORM
PROPERTY _________SIGNAL | FOURIERTRANSFORM _____

Periodicity

Linearity

Axq[n] + Bx,[n]

X(ej(w+2n)) — X(eja))
AXl(ej“’) + BXz(ej“))

Displacement x[n —no] e /Pt X (e]?)
eJ @y [n] X(ej(w—wo))
Conjugation x*[n] X*(e™/®)
x[n] € R X*(ef“)) = X(e™/®)
Change of Scale x[n/k]l, n/k€Z X(e/ke)
xgln] = .
0, otherwise .
x[—n] X(e )
Differentiation x[n] —x[n —1] (1—e/®)X(e/?)
Accumulation n 1 . R
Z el = X(ed®) + nX(eJO) RZ S(w — 2mk)
m=—oo



PROPERTIES OF DT FOURIER

TRANSFORM

O Parseval for aperiodic continuous-time signals

z Ix[n |x(efw)| do

n=—oo
O Convolution property:

ylnl = x,[n] * x,[n] ©  Y(jw) = X,(e/*)X,(e/®)

y[n] = x;[nlx,[n] < Y(e/?) = %rj X1(e’?) « X,(e/@=9))dp
2T
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DT FOURIER TRANSFORM FOR LTI

SYSTEMS
 Consider an LTI System described by
N M
> ayln—il=) buln-il
1=0 =0
by applying the Fourier transform
N M
2 a;e 1Py (e/®) = 2 b; e T X (el®)
i=0 i=0
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DT FOURIER TRANSFORM FOR LTI

SYSTEMS

O For LTI systems, we have

y(®) =h(®) xu®) = Y(e/*) =H(e/*)U(e/)
Hence,
Y(e/®) Xilobe ™
U(e/®) YN, ae Jio

H(ef‘”) =

Q The output is related to the input through a rational function of (e/*). The
denominator is related to the modes of the system, which are the
homogeneous solution of the system.
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EXERCISES

1. Determine the solution to the ODE
a. J+2y+y=5t+2u®),y0) =0,y(0) =0
b. 7+ 8y + 15y — 5 = 2¢~3¢,(0) = 0,y(0) = 1
c. ¥y+3y+2y=28etsin(t),y(0)=1,y(0) =1

2. Determine the solution to the FDE

a. ylk+ 2] —7y[k + 1] + 10y[k] = 0,y[0] = 1,y[1] = 0
b. ylk + 2] — 6y[k + 1] + 5y[k] = 3%, y[0] = 0,y[1] = 0
c. ylk+2]—-6ylk+ 1]+ 5y[k] = k? y[0] =0,y[1] =0
d. ylk + 2] —6ylk + 1] + 5y[k] = 3% + 5%,y[0] = 1,y[1] = 0
e. ylk + 2] —2ylk + 1] + ylk] = 6[k], y[0] = 0,y[1] = 0
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EXERCISES

3. Define the coefficients of the Fourier series to the functions

1, 0<x<h
* F(x)_{o, h<x<2m

b. F(x)=|x|,-m<x<mn

4. Consider a discrete-time LTI system whose impulsive response is
h[n] = (1/2)!". Determine the Fourier series that represents the
response y[n| to each of the inputs:

a. uln]=X72_4,08n—4k]

b. wuln]is periodic with period 6 and x[n] = {
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EXERCISES

5. Consider a causal CT LTIl system with input x(t) and output y(t), such that
d
Zy(®) +4y(0) = (D)
Determine the Fourier series that describes the output y(t) to each input:
a. u(t) = cos?2mnt
b. u(t) = sin4nt + cos (67Tt -+ %)

6. Determine the Fourier Transform for the following signals and sketch the magnitude
for each of them.

a. x(®)=6t+1)+6(t—-1)
b x(t) == (u(=2— 1) + p(t - 2))
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EXERCISES

7. Determine the Fourier transform for the signal

x(t) =t (Lnt)z

Tt

From this result and the Parseval identity compute

0 sint\*
A =j t* (—) dt
o it
8. The output of a causal stable LTI system is determined from its input through

d*y(t)  dy(t) B
dt + 67 + 8y(t) = Zu(t)

a. Determine its response to the unit impulse.

b. Determine its response to the input u(t) = te(=2Du(t).
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EXERCISES

9. Determine the Fourier transform for the signal

a. x[n] = (1)_n,u[—n — 1]

2

—3<n<s3
otherwise

c. x[n] = sin (g n) + cos(n)
10. Consider a stable causal LTl system described by y[n] — %y[n — 1] —

%y[n — 2] = u[n]. Determine the frequency response H(ej‘“) and the

response to the unit impulse h[n] for this system.
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