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NTNU

Norwegian University of Science and Technology
Department of Physics

Professor Mikael Lindgren, Phone: 73593414; Mobile: 41466510

TFY4280 Signalanalyse (Signal Processing)
Examination May 19th, 2009, Time: 09.00 — 13.00

Allowed aid

NTNU allowed standard mathematics/physics tables (Rottman/Barnett and Cronin)
Electronics: NTNU allowed calculator.

Contents:
Examination problems (4 pages with this page)
Part A: only answers should be handed in (1 page).

Part B: solutions and answers should be handed in (2 pages).
Attachment (6 pages).

Grades to be announced before June 6th, 2009.

Evaluation/grades

Total number of points of the written examination is 100. The following table recommended
by NTNU will be used for converting to A, B, C, ...-scale.

A: 100-90 points

B: 89-80 points

C: 79-60 points

D: 59-50 points

E: 49-40 points

F: 39-0 points

Eksamen TI'Y4280 Signal Processing; May 19th, 2009.
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Section A: 4 problems to which only answers shall be given

(each max S points)

Al: Sketch the self-convolution AND self-correlation of noise:

Typical noise signal:
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A2: Sketch self-convolution of the following digitized ‘rectangular’ function:
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Place the result centred on ‘0’.

A3: Draw the two-sided amplitude line spectrum and phase spectrum of the following signal:

3cos[2'rr-30t +§]+2cos [21:-80: +%]

A4; The Laplace transform of a signal is given by: F(s)=

Determine the signal waveform.

2(s+3)

s(s+1)(s+6)
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Section B: 4 problems to which complete solutions must be
handed in (each max 20 points)

B1: A simple digital signal processing system is defined by:  x{n]— |A[n]| — y[n]

The system impulse response is given by: #{n]= {0:5 ,1.5,1 } (the arrow indicates ‘zero®)
a) What is the response y[n] to the unit step function: u[n]= {%,1,1, 1,1, }

b) What is the response to the input signal: x[n]= {2,1,1.5,0.5}

B2: A second order Butterworth filter has a magnitude frequency response given by:

2
<

IH(w)l=\ﬁ+{%c]4 =\fw“+w"c

You are about to design a Butterworth filter using one inductance (L) and one capacitance (C)
that passes very low (also zero) frequencies over the load resistance R, and has a cut-off
frequency of 100 rad/s, see the scheme below:

1 w

eq. 1

o—— Butterworth 0
it
Vin filter R Vout
oO—— —0

a) Draw the appropriate circuit (inside the filter).

b) Derive the transfer function (eq.1) and show that for the Butterworth filter in question:

L=wi and L =2R*C
LC

c) Using a load resistance of 1000 Q and the cut-off frequency 100 rad/s, calculate L and C.

d) Calculate the frequency response of the signal for © = 0, 100 and 377 rad/s.

Eksamen TFY4280 Signal Processing; May 19th, 2009.
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B3: a) Show that the time-transformation property of the Laplace transform (single sided) is:

e_’% s
L{f(at~bJu(a—b)|=—F|=|, a>0;52>0
a a
u(t) is the unit step function.
b) Find the function f72) having the Laplace transform: L[ f (t)] == ::_ 5
s

¢) Show that the corresponding time-transformed function f° [41 — -E] U [4: —-%] can be

written: sin[12|¢ —— -u[;_l
24 24

B4: As illustrated below, a periodic square wave is the input signal to an ideal low-pass filter

ideal LP
with the depicted frequency response. x(t) — |H (w)‘ iy ( t)
|H (“-’)| filtter
7 s respons
%
~-180n 180n
\ |x (¢ )I Input signal
A
' t

l ] L] N
T | ! .
il T2 T 2T

a) Find the Fourier transform of the input function.

b) What is the output signal if the input signal has the period T = 40 ms?

Hint - The FT of a periodic function can be written:
o0 Do 2
E g(t—ni’;,)]= E wnG(nwn)B(w-—nwo); w, =}E

n=-3% n==00 0

F
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TABLE 5.1 Fourier Transform Properties

Operation Time Function Fourier Transform
Linearity af (1) + bfo(n) aF;(w) + bF,;(w)
Time shift ft — to) F(w)e i@t
Time scaling f(ar) 1 Fl2

lal ~ \ a
Time transformation f(at — 1p) l—ll— F (-a—))e‘f"""’“
a a
Duality F(1) 2mf(—w)
Frequency shift F(r)eie F(w—wp)
Convolution F1(O)*f2(D) F{w)Fy(w)
1
FDf A1) o T 1(@)* Fa(w)
d"[f (¢
Differentiation Eiif' ) (jw)"F(w)
d"[F(w)]
— it f(t — T TS
( { )f @) do"
Integration / f(r)dr ]—,10—,F(w) + 7F(0)8(w)
-0




TABLE 5.2 Fourier Transform Pairs

Time Domain Signal Fourler Translorm
i) j: . Fl)e™dt
1 f% - .
Z_Tr_[ch(w)e’ dew Flw)
8(1) 1
At — 1) Ae /el
(i) 8(w) + '}Lm
1 2urd(w)
K 2mK8(w)
2
spndr) J—w
o 276(w — wp)
cos wyt 7[8(w — wo) + 8w + wy))
sin we! %tscw - wg) = 8w + an)]
rect{t/T) Tsinc (wT/2) )
cos (wphe(r) z['5(m = wp) + 8(w + wy)] + gm
2 wf = w?

. m wy
sin(wgr)u(t) 2_}.[3(“’ — @) — &w + wp)] + Wl — o
rect{tT)cos (wy) % l:sinc ((i’_"_";)f) + sinc (Mﬂ

2 2 2
B .
, sin¢ (B1) rect(w/23)
tri('T) T sincX(T wf2)

sinc(Tu12) 2?" (/T
e ®u(t),Re{a} > 0 " :jw

at 1 \2
te ¥ u(r). Refa} > 0 (a " jw)

1 —ar {(n — 1N
t"le™®u(r), Re{a} > 0 @+ )

- 2a
e Re{a} > 0 2t

I & 2

S, gt = nTo) S, wG(nwn)d(w — na). wp = =
o o " v (w)lj_V [Vo{w)l

—] = fk = = Z 2 3 z —_
ngwg(: nTy) kg_mc,;er ot Hiw) | H ()| £ p(w) V@2V, Ivl(m)lzv, A’
7(1) k_}_‘,mwaﬁ(w = ke)




TABLE 7.2 Laplace Translorms

i, t &0 F(s) ROC
1. 8(1) 1 All s
1
2. u(t) . Re(s) > 0
31 ~:—2 Re(s) >0
n!
4. 1" ;m Re(s) > 0
5.¢ - l ; Re(s) > —a
1
6. te™™ ¢+ ay Re(s) > —a
7. 0% e L Re(s) > —n
' (5 +a n+1
8. sin bt 2 :J- T Re(s) > 0
9. cos b : i = Re(s) > 0
—at b
10. ™ sin br Crap i i Re(s) > —a
_ s+a
11. ¢ cos bt T Re(s) > —a
2bs
12, t sin br & + B Re(s) > 0
2 _ 2
13, 1 cos bt Sl Re(s) > 0




TABLE 7.3 Laplace Translorm Properties

Namp

Property

1, Linearity,
2. Deerivalive,

3. nth-order derivative,

4. Integral,

5. Real shifting,
6. Complex shifting,

7. Initial value,

R. Final value,

9. Multiplication by 1,
I, Time transformation. {a>0hbiz

11, Convolution

12. Time periodicity

U=/t rT)ez0

Eaf1(1) + aaf2()] = ayFi(s) + aFqfs)

E_%] = §F {5} — fF(0")

nee ,ﬁf’] = F(s) = ()

R —'Sf(""n((]') - f{n-]j(uo)

 [row] 2

LLf(r = 1p)uir ~ )] = e ()
SEeTFW)) = F(s + a)

:],i]{},f N = ,l,ij‘,}qﬁ'f"(")

Jim () = lim s Fs

dF(s)

_L‘-.

L) =

a

Fftar — bulor ~ bY] = e-;b"n F (E)

IF(F )] = j Fild — o) dr
0

- L Fi)alt = e

Y] = = =7 F(s), where

""Jl

R(s) = l e dr




zZ-Transforms

- flnlynz=0 F(z) ROC
1. 8[n] 1 All z
2. 8[n — nyl T z#0
Z
3. uin] =1 {z] > 1
4.n G — 7 lz| > 1
+
5.1 2::-_ 11)2 |2l > 1
6. o' P :n |zl > fal
_— az
na" - a)2 lz] > lal
2 az(z + a)
8. n*a® (T_—aj;‘ Izl > lal
0.sin bn zsinb
72— 2zcosb + 1 2 > 1
z(z = co0s b}
10. cos bn e
z2 = 2zcosb + 1 I} > 1
.. qzsin b
11. 2" sin bn =
2 — 2azcosh + o* 2l > lal
z(z — acosh
12. a" cosbn ) |z} > |a}

2 —2uzcosh + d*




Properlies of the z-Transiarm

10.

. Time scaling, (11.33)

Convolution, (11.38)
Summation

Initial value, (11.27)
Final value, (11.30)

Name Property
1. Linearity, (11.8) Hlafiln] + arfylnl]) = aFi() + 225)
2. Real shifting, (11.13) Zlf[n — noJu(n — ngl) = T™F(z), np& 0
* 3. Real shifting, (11.25) %[f(n + nglulnl] = z™{F(z) ~ mz-:lf [n]z™"
4. Complex shifting, (11.23)  %[¢" f{n]] = F(z/a) "~
5. Mulliplication by » Zlnf(n]] = —z %ﬂ

E[f[nik]] = F(z"), k a positive integer
Flx[n]*yln]] = X(2)¥(2)
%S k) = 2= F(2)

£=0 z
f10] = lim F(z)

fleo] = lim (z — 1)F(z), if f[oo] exists






