EEG373 (Communication systems Il), By : Dr. Mohab Mangoud

Assignment (1)

Due Monday 15 March

Question (1)

Classify the following signals as energy signals or power signals. Find the normalized
energy or normalized power of each.

(a) x(r)=A cos 2nfyt for-m<t<m
(b) x(t) = {A cos 2 fyt for -T2 =t = Ty/2, where T, = 1/f;,
0 elsewhere

Aexp(—at) fort >0,a >0
[ —
(c) x(1) {0 elsewhere

(d) x(f)=cost+5cos 2t for—-e<t<m®

Question (2)

Determine which, if any, of the following functions have the properties of autocorre-
lation functions. Justify your determination. [Note: #|{R(7)} must be a nonnegative

function. Why?]
1 for-1<=r<1
W )= {U otherwise
(b) x(1)=38(t) +sin 2mfyr
(€) x(r) = exp ([1])
(d) x(1)=1-J7 for-1<7<1,0elsewhere

Question (3)

Using time averaging, find the average normalized power in the waveform x(f) =
10 cos 10t + 20 cos 201,
Repeat Problem 1.4 using the summation of spectral coefficients.



Question (4)

Determine which, if any, of the following functions have the properties of power
spectral density functions. Justify your determination.

(a) X()=8(f) +cos’ 2nf

(b) X()=10+35(f- 10)

(¢) X(f)=exp (2w |f-10)
(d) X(f)=exp[-2n(f*~10)]

Question (5)

Use the sampling property of the unit impulse function to evaluate the following
integrals.

(a) fm cos 61d(t — 3) dr

(b) Jm 105(6)(1 + 1)L dt

(c) Jm Bt + 4)(t* + 6t + 1) dt
(d) fﬂ exp (—t2)3(r — 2) dt

Question (6)

Find X(f) = X,(f) for the spectra shown in Figure P1.1.

Xq(f)
AT
—ffo o f
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Question (7)

- The two-sided power spectral density, G,(f) =107 f?, of a waveform x(¢) is shown in
Figure P1.2.

Gelf)

Figure P1.2

(a) Find the normalized average power in x(¢) over the frequency band from 0 to
10 kHz.

(b) Find the normalized average power contained in the frequency band from 5 to
6 kHz.

Question (8)

sin [w(f — 10°)107*] }2

— 104
aif) =10 { w(f — 105107

find the value of the signal bandwidth using the following bandwidth definitions:
(a) Half-power bandwidth.

(b) Noise equivalent bandwidth.

(¢) Null-to-null bandwidth.

(d) 99% of power bandwidth. (Hint: Use numerical methods.)

(e) Bandwidth beyond which the attenuation 1s 35 dB.

(f) Absolute bandwidth.



Question (9)

(1) A Slgllﬂl 5 (f) ha\.‘]ng power spect]‘al densﬂy (DS [‘f) = SH 10 0 1 15 l)EISFied [hrough a channel in which
I'\ ] J

additive white Gaussian noise 11 (I ) and interference i(‘.’ ] are present, resulting in a received signal of

?‘(l‘ ) = S(f ] + il\f ] You may assume that the signal, noise and interference are all independent and that the

noise has power spectral density @, [f ) = (.1, and the interference has power spectral density

[ £=2000) £+2000)

@.() =100/ 1004 .
A J L 100 J

The received signal is then filtered twice, first to bandlimit the signal and then to excise the interference,
according to the following block diagram:

() e £330 L,
rlt)=s(t)+nlt)+ilr) (o ) &y ):H‘.\ssim;]m\fzs)oo J “_]
Al ):H;\MJ g £+3550)

L2900

(a) Find the Signal to Interference and Noise Ratio (SINR) of 7(7)
(b) Find the SINR of y(r).

(¢) Find the SINR of z(r).



