University of Kentucky
Department of Electrical and Computer Engineering

EE421G: Signals and Systems | — Fall 2007

Problem Set 8
Issued: October 23, 2007 Due: October 26, 2007 (In class)
There are five pencil and paper problems in this assignménThey are based on
various properties of Fourier Transform and commonly-used tranform pairs,
which are listed at the end of this assignment for your refrence. Please read them
over before starting the assignment.

1) (1 point) Given a LTI system L[], a signal v(t) leeteigen-signal of the system if, using
v(t) as input, the zero-state output is a scaled vexsiohe input, i.e.
L[v(t)] = A [v(t)
wherej, the eigen-value of v(t), is a complex constaat ttepends on v(t). Show that if h(t)
is the impulse response of L[], then for any coemplaluen, v(t) = e'“is an eigen-signal
of L[] and the corresponding eigen-value isolf(the Fourier Transform of h(t) evaluated

ato. Hint: Start with the convolution formulay(t) = f h(r)v(t —r)dr.

2) (3 points) Graph the inverse CTSTs of the followiogr pairs of magnitude and phase
responses:
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3) (2 points) Using the multiplication-convolution dityof the Fourier Transform, find an
expression for y(t) that does not use the convariudiperator *:
a. y(t) =rect(t) * cosft)
b. F[y(t)] = sinc(/2)



4) (3 point) Given the following circuit
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a. Write down the differential equation that governs it w(t) and y(t).

b. By applying Fourier Transform directly onto the differah&gquation, compute the
Fourier transform of the impulse response of the tik(n) = Y(o)/W(w).

c. Using part b), compute the zero-state output y(t) ij w@>'q(t).

5) (1 point) One major problem in real instrumentatiostemns is electromagnetic
interference caused by the 60Hz power lines. A systemaniimpulse response of the
form h(t) = Alq(t) —q(t —t,)] can reject 60 Hz and all its harmonics. Find the nurakric

value of ¢ that makes this happen.

TABLE 5.1 Fourier Transform Properties

Operation Time Function Fourier Transform
Lincarity af1(®) + bfalr) aFy(w) + bFy(w)
Time shift £t — tg) F(w)e =
Time scaling f(ar) ﬁf‘(%)

Time transformation Flat — tp) IT:!I F(E)e"*‘“’“"
Duality F() 2mf(—w)
Frequency shift f(t)el’ F(w—wy)
Convolution F10)*F2(0) Fi@)F)
OO ~Fy(0)*Fa(w)
Differentiation % (jw)"F(w)
5071 a2l
Integration [ ; F(r)dr j%F(w) + TF(0)8(e)




TABLE 5.2 Fourier Transform Pairs

Time Domain Signal Fourier Transform
o) f _fear
1 [” o
z—w/:wf"(w)e’ dw F(w)
8(t) 1
;‘16(: - l.n) Ae"‘""“‘
u(r) wé(w) + jlm
1 2wd(w)
K 2w K5(w)

2
sgn{7) o
el 27rd(w — wp)
Cos wyt m[8(w — wy) + 8w + wy)]
sin axgt %[ﬂ(w - @) — 8w + w)]
rect(¢T) Tsinc (wl'f2) ;
08 (wotu(t) %[5(&' — wy) + 8w + w)] + :ﬂf—aﬁ
sin(wyt)u(?) %.[6{:» ~ wp) — 8w + wg)] + wﬁt" ~
— )T + w)T
gsm (Br) rect(w/2p) Note that:
tri(¢'T) T sinc®(T wi2)
- 1. rect(t) = 1 for |t|<1/2

sincX(Tt/2) e Ch ) and 0 otherwise
e%u(t), Re{a} > 0 - fﬁﬂ 2. sinc(t) = sin(t)/t

te "u(r), Re{a} > 0

" e %u(t), Re{a} > 0
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3. tri(t) = 1-|t| for |t|<1 an
0 otherwise.
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