Digital Signal Processing

Prof. Nizamettin AYDIN

naydin@yildiz.edu.tr

http://www.yildiz.edu.tr/~naydin

Q1
Use the following trigonometric identity to deriae
expression focos &in terms of

cos %, cos 76, andcost.

cog(x+ y) =cosxcosyFsinxsiny

Al

Cos 96 = €0s(30 +6) = cos 80 wsb —sin 20sinb

cos 7O = cos(36-6) = Cos3BcosH t <in30 sinb
e
s 9B+ cosTO = 2¢o56 co3BB

= 80 = cos?6tcesT®
2 cos &

Q2
Plot the graph of the following funtion:
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Q3
Considering the funtion given in question 2,
derive an equation fog(t) = s(t-2) and plot the
graph of the funtion.




A3 2t-2) 2<t<2} Q4
x()=s(t-2)=1;68-2) 2;st<4 Considering the funtion given in question 2,
0 elsewhere derive an equation fog(t) = s(t+1) and plot
the graph of the funtion.
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%) =st+)={1@2-2) -istsl Derive an equation for the following graph of
0 elsewhere the funtion.
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A5 In the following waveform, it is possible to meastoth a

(t+1) -1<t<O0
X(t)=4@-3t) 0<t<2
0 elsewhere

positive and a negative valuetpfind then calculate the

corresponding phase shifts.

Which phase shift is within the range< ¢ <t ? Verify that

the two phase shifts differ by

20

10 e :
-10
-20

-0.02 0 0.02 0.04
Time ¢ (sec)




A6
Fesitive £, 1 = 0.005 sec
P= —w, by = —21(40)(0-005) = ~2m(0.2)

N@ﬁal'i\le t‘ Is t, = — .02 sec
(YD: ~euty = - 21 (40)(-0.02) = 2 (0-8)

Differtmce = am(03) —(-2r02) = 2

Q7
For the following signalx(t)=20cos(2(40)t - 0.4m), find
G andt; so that the signalt)=Gx(t - t,) is equal to
5cos(2140)t); i.e., obtain an expression for
y(t)= 5cos(2140})) in terms ofx(t).
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g L G-t
5 cos(2m(40)t) La (20) c°5(2"(40)(+-t‘)—0'4r)
-

Q8
Demonstrate that expanding the real pag>qif(
j(a+ ) = exp(ja)xexp( jB) will lead to the following
identity.
coga + ff) =cosa cosf —sinasin 3

= 5=204 Zn(40)t - Bort,—a4T Also show that the following identity is obtainedrin
the imaginary part.
=7 3ot 04w =0 sin(a + B) =sina cosf +cosasin 8
Soof= 04T o e = -0.005
-30m 200
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A8 Q9
) ) , Show that the following representation can be detifor the
el B e eif real sine signal:

= (coso{ +Jsino()(cos@ +Jsin§3
= coso\cos@ -si.\o(sin@ +J((Dso(s§n€+sindcos§)

> EQUALS cos(a+f) + jsin(x+p)
EQUATE REAL PARTS:

cos(at+ g\: coseA Cosf3 —sine SM(B
EQUATE IMRGINARY PARTS:

Sin(x+B) = cosx sin(& + Sinu c.oS{S

Asin(a)ot +¢) :% X 172giat +% X gl2giat

where X= Ad?. In this case, the interpretation is that the sine
signal is also composed of two complex exponentiéls the
same positive and negative frequencies, but thepleom
coefficients multiplying the terms are differentrfn those of

the cosine signal. Specifically, the sine signglirees

additional phase shifts ofi#2 applied to the complex
amplitudeX andX’, respectively.
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(st +@-T72) -j(wot +¢-2)
= LA(ITH e

5 _B
vse —é‘CJ +§e“ = cosB

= A Cos(wbt +‘-F‘W/L>

Reca. TRIG IDENTITY : Cos(w-) = sine

A sin(w.t+ @)

Q10
UseAcos(@t+ @)=A,cosg cosit) - Asing, sin(apt)
to show that the sum
1.7cos(26t - 70rv180)+ 1.9cos(2@t + 200r/180)
reduces tddcos(20tt+ ¢), where

A=1.532and
@=2.475 rads
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Recall +he trig identiby: cos @ I 3 ¢ ==

e ey
cos(cr B) = conu cos p = sinat 5in b

New He idenkly becomes:

bo bwo ferms:

17 cos( 2(io)t + 70T/ig0)  expand

[or e ( congp cos(an(at) - sing zin(an(ort))
omd we use the first idinhby o gt

5 17 c0s 10T cas{ariort) — 1.7 sin 755 sin(2m(int)
Tio
MA@t s 2wy expanic to: o con (2v0t +)

S\, 19 cos 208 cos(an(e)t) ~ 19 5in 228E sin(ar(e)t) R
o el e Now we ean write ovt ¢ { IPret:

= “1 Teos T st’,‘;—",{]

ot
+ (17512 1520 | Z)

A= [Fras = (Fad™

(152 1750w ) sinortt

—— ) B
call this P il

Now we need amothes idewkiby for

Peos(art) — Qsin(zrtiort)

Herel one way to do it

ey ( P confarot) - 2 (o
i e )

Tf we notice that P & g are sides 5§

trisngle with hypoteavse [P 5% | Hen we
Com defie @ s Hat

ad for L

g T o

T eos 0L 5 2000
1705 225 + 1.7 cos 2

= ( - oo
= m_? 11T ¢ AT i

Q11
Consider the two sinusoids,
X(t) = 5 cos(2(100)t + 173)
Xo(t) = 4 cos(2(100)t - Tv4)

Obtain the phasor representations of these twakigadd the
phasors, plot the two phasors and their sum indhgptex
plane, and show that the sum of the two signals is

X5(t) = 5.536 CoS(A(100)t + 0.2747)

In degrees the phase should be 15:74. Examinddteeip Fig. 2-
16 to see whether you can identify the cosine waves

e x1t/,x24, andx3.t/ D x1.t/ Cx24/.
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s
X ()= {w,(arr(/oo;tn@ = Z=5e

Vs Vi »45717%
o (b= 4 cos(anleat ~T4) => E2=

All

Anpitude

s

Z=5€e T=25+)433
2= 46" 2.808-j2.828
PR

2,= 5.328+jl-502

The sum was easier to do in Carfesian
form, but now we convert to polar form

2. = 5536 9% 2 £z
BT T 5 Nz

Ap phase

—
X3(4)= 5536 cos(ar(oo)t+ 0.275)

keep the same \Cvfauw?“ 23]

Q12
Demonstrate that a complex exponential signal can
also be a solution to the tuning-fork differential
equation:

d2x/de = -(Km)x(t)

By substitutingz(t) andZ (t) into both sides of the
differential equation, show that the equation isssed
for all t by both of the signals

Z(t)= X g=xtandZ (t)= X goxt

Determine the value af, for which the differential
equation is satised.
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j‘l'?)( t) = —JLU,,K el
2ND DERIVATIVE ¢

di_f:. ZK 'wot 4% o L k~ht

= x)=we) Le =X (B)= () X'€

T -wZ-= —% y then the differential e%,wx\—im
is satified Lo, = K

’e
m
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