S-72.244 MODULATION AND CODING METHODS

Exam 28.8 .2003, 9-12, §4

This is a closed-book exam
~ hence no handouts or tutorial material can be present.

1. Bandpass signal can be presented in time domain as

v,,(1) =Re{4(exp[jo.t+¢(1)]} . /
Show that it can be presented in frequency domain as . | s
VD=V ([=1)+Vy(-f = 1) / |

2) Let the modulating signal be a square wave that switches periodically between
x(t)=%1. Sketch x,(¢) when the modulation is AM with u=0.5, AMwith =1 and

DSB. Indicate the envelope with dashed line.

2 b) Suppose a voice signal has lx(t)l =1 and S, =1/5. Calculate the values of S,

5 Vi gn
and 42, needed to get P, =10W for DSB and for AM w1th p=l. %z Aoy = 27/
Lr s, .. &‘{’/,
Yo ey g
3. Suppose an audio signal is modeled | as a sum of tones w1th low frequency amphtudes
4, <1 for f, <1kHz and high-frequency amphtudes 4, <1kHz/f, for f, >1kHz.Use

the equations B=2M(B )/, M(B)21and M(B)= ﬁ+2 to estimate the FM
transmission bandwidth required for a single tone ats f —15kHz whose amplitude has
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1, B,
IRGE P+J L ]= ;ﬂ<<
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with B,, = 2kHz . Assume f, =75kHz and compare your result with B, = 210kHz.
.%T =L /J‘Eﬂx * ’%\\%\

. Bandpass gaussian noise with &, =2 is applied to an envelope detector whose
demodulation process is described by y(¢) = 4,(t) — 4, . Find and sketch the probability
density function (PDF) of the output y(2), and calculate o,.

been preemphasized at the transmitting end by

//. A voice signal having W =3 kHz and S, =1/4 is to be transmitted via M-ary PCM
(uniform quatization). Determine values for M,v and £, such that (S /N) p 240dB if
B, =16 kHz.




COLLECTION OF FORMULAS

sin(ct)sin(B) = % [cos(a — B) —cos(a + B)]
sin(e)sin( ) =%[cos(a —pB) —cos(a+ ,B)]
FINOI=Y(f) = | y@exp2n fodt

FIYU= 90 = [ Y(Nexp@n df
:BPM =¢AA:::XﬁF;w=W;1mf;s / f;n

N T1es”
cos(Bsin(w, ) =J,(B)+ Z:evenZJn( B)cos(nw, t)
sin(B sin(w, ) = Y, 2J,( B)sin(nw,?)

P= Q(1/2ycosz e), BPSK

A -4

max min

5 =1+ 5 'n=1~ 3
Amax+Amin A‘"ax u Am‘ u

X, (1) = Acsing () = A[§(1) - (1/31)¢° () +...]

x(1)= A, cos(t) = A[1- (1729 () +...]

fi=0-a)f,0<a<l

a<1/(2m+1)

cos(o + fB) = cos(a)cos(B) —sin(ax)sin( )

X (O)=x@Ws;WO)=x()Y . 8(t=kT,)=>" x(kT,)6¢~kT,)
1 4P

N,=0}+0}=—+—=
poTe e 3¢ 3

S 3¢
= =—i_g,,
N ), 1+49°P

(ﬁ) =3M™S,
N ), -

b=B, IW
B, =vW

g=M

P = Q[ (S/N), :l,unipolar signaling
T{6(t~td)} =exp(—jwt,)

Xo(/) =-;—Ac5(f - 1)+ L4 2(f - £, 150

’u:




0, X(/).PM
O(=F =
(N)=FIo0] {—ij opvily
Pa(4) =22 exp(— 42 /2N, Ju(4,)

NR

Zn = \/;r-]_vR—/i ,A_f, =2N,
P,=P2,n)=nn-Da*/2, a<<l
vy, (1) = A(cos(wt +¢(1))

V()= AQexp[p(H]/2

xc(t) = 4 cos[wt+¢ (1)
xc(t)=v,(dcos(w.t) - v,(3sin(@c1)
v,(t)=A@cos(@(1)), v, () = A sin(¢(z))
Xs(N=1D, X -nf)

nz—co

77=rb/W=———————log2M
1+p

! _[exp(-—/'L2 /2)dA
P

o(k) = \/5_72?






