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Problem 1 (10 point)

Perhaps the major disadvantage is the processing and data overhead. There is processing
overhead because as many as seven modules (OST model) are invoked to move data from the
application through the communications software. There is data overhead because of the
appending of multiple headers to the data. Another possible disadvantage is that there must be
at least one protocol standard per layer. With so many layers, it takes a long fime to develop
and promulgate the standards.

Problem 2 (20 point)

a) The function s(t) can be written as s(t) = A|cos(2rt/T)| for any t € R. However for the
purpose of carrying out the FSE one needs to select an appropriate period. A good choice would
be to select the period t € (=L 2I). For this period, the function s(t) is defined as follows

Y2

© Acos(2mt/T) _TTszsg
s(t) =
—Acos(2mt/T) gstsg

The above specification contains the two branches that can be used in the integrals required o
find the Fourier Series Expansion for s(t).
b) Power for s(t) is given by
1 T
_ 2
p= Tfo Is(0)[2dt

This is the same as finding the power of a regular cosine --> The power is equal fo A"2/2.

Problem 3 (30 point)
a) Mathematical expression for s(t)

0  —<t<0
sW=1_24

2
—t+4 0<t<
T + st=

b) s(t) is analog; s(t) assumes all (continuous) values from A to O when t+ changes from O to T/2.
Tt has a period equal to T=2 seconds. The fundamental frequency is given by f, = 1/T = 0.5 Hz.

¢) The DC component is equal to average area under s(t) for one period. The area is equal to % x
A x T/2 = AT/4 squared units. The average area is equal to the area divided by T = average
area = AT/4 / T = A/4 = 0.5 units (or volts).

d) Since s(t) has a DC component, then fmin = 0.
Since s(t) has points of infinite slope, then fmax = infinity
Therefore, theoretical bandwidth = fmax - fmin = infinity

e) Energy of s(t), Es is given by
E, :f Is(0)2dt = oo

Power for s(t), Ps is given by
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1 (T2 ,.. 124 2 1 (T2 (442 | 44 5
P== t)|*dt = = —t+A| dt= —t°———t+A%)dt
s Tf_mls()l Tfo Tt Tfo (TZ Tt )

T

T

T
_1[aae awe AT AT AT) A
6 2 2] 6

Then Ps is equal to A%/6 = 4/6 = 0.667 Watts.

Problem 4 (100 point)

a) The function s(t) can be defined as:
(A -T/2<t<0
S(t)_{ A 0<t<T/2

Other definitions are also possible.

b) s(t) is a discrete function since it assumes only two values -A and A. Period is equal o T=1
sec. Fundamental frequency fO0=1/T=1Hz.

¢) The DC component for s(t) is the average area for one period. Therefore, the DC component
is equal to T/2 x (-A) + T/2 x (A) = 0 Volts. OR

1 [7/2 1[0 1 (T/2
DC = _f s(t)dt = _f (—A) dt + —f (A) dt = 0 volts
T) 7p T)orp T

d) fmin = fO Hz (since it does not has a DC component), fmax = infinity (since it has points of
infinite slope or sharp edges). Theoretical bandwidth for s(t) is equal to infinity.
e) The power of s(t) is given by

1 (7/2 2 T/2
P=af ispa=2 [ 4 ae=a2 = awaus
T 1, T

f) The Fourier Series expansion is given by:
A [oe)
s(t) = 70 + Z A, cos(2unfyt) + By, sin(2renfyt)
n=1

where the coefficients are given by

2 T/2
Ay = —f s(t)dt
° T -T/2

2 T/2
A, = —f s(t) cos(2mnfyt) dt, and

T -T/2
2 T/2
B, = —J s(t) sin(2mnfyt) dt
T -T/2
Therefore,
2 T/2 2 0 2 T/2
A, = —f s(t)dt:—f (—A)dt+—f Adt= 0
T —-T/2 T -T/2 T Jo

0

2 (T/2 —24 24 (T2
A, = _J- s(t) cos(2mnf,t) dt = T.f cos(2mnfyt) dt + ?f cos(2nnfyt) dt
0

T) /2 —-T/2
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—24 (T 24 (772
=— cos(2mnfyt) dt + —f cos(2nnfyt) dt
T Jo T Jo
=0
2 T/2 24 T/2
B, = —J s(t) sin(2enfyt) dt = —f sin(2rnfyt) dt + —J sin(2rnfyt) dt
T 12 T/2 T Jo
T/2 —4A =1 —24 2mn T 2mn
/2 _
=— =—x — —X=] - —X
f sin(2enfyt) dt = > cos(2rmnfyt)|;= — [cos( T 2) cos( T 0)]
0 neven
—2A 2A
= —1l==01- ={4A
p— [cos(mn) — 1] p— [1 — cos(mn)] {_ nodd
mn
Therefore, s(t) is given by
24 < [1- cos(mn
s(t)=0+— Z usin@rmﬁ)t)
s n
n=1,2,3
44 1 @
=— Z —sin mnfyt)
n=1,35
g) The power of s(t) using the FSE is equal to
1642 x~ 1 84 n?
PFSE=_2T[2 E=FX?=A Watts
n=1,3,5

=> Evaluating this quantity, for A = 2, one can show that Pese is equal o 4.0 Watts.

h) It is required to find k such that power for s_e(n=k) is 90% of total power of s(t).

k s_e(n=k) fmin fmax BW Power % (relative
to total
power)

1 se(n=1)= ﬁsin(Zm:/T) fo=1 | fo=1 0 Hz P =% _ 3242 Watts 81.06%

T Hz Hz
2 sen=3)= %sin(Znt/T) + fo=1 3fo = 2fo = p= 126,422 + 21:,422 3603 90.06%
M sin(2mt(3)/T) Hz 3 Hz 2Hz |\ o 2em
3n atts

To obtain 90% of the power, it is required to include up to and including n = 3.

i) The bandwidth for the new truncated series is 2 x fo= 2 Hz.

J) The PSD function is given by

NI»—\

PSD(f) = Z (ﬂn)ZS(f nfo)

Note that PSD function exists only at discrete points in the frequency domain (i.e. integer
multiples of f0).
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Figure: Power spectral density for s(t) - figure not required.
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