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1. (20 points) Multiple Choice — Choose the answer that best completes the sentence.

(a) [5 points] Differential PSK modulation

e et
@:a:)_l;e—:sed with binary or M-ary modulation _ )

(b) is based on modulating the phase difference between the transmit signal and
some fixed reference signal

(c) requires a coherent reference

(d) All of the above

(e) None of the above

(b) [5 points] Random Variables

(a) are used to represent samples of signals in communication systems
(b) can be used to represent samples of random processes
(c) 3 : whlch are unknown in advance

(c) [5 points] Inter-symbol interference

(a) is caused by AWGN
_ (b)is caused by bandwidth limitations in the chan@
— (c) is represented by an open eye-diagram
(d) All of the above
(e) None of the above

(d) [5 points] Increasing the number of symbols in a modulation scheme

(a) always increases bandwidth efficiency
(b) always decreases bandwidth efficiency
(c) always degrades energy efficiency

(d) both (a) and-(
¢) None of the above
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2. (30 points) Bandpass Modulation

Consider the following constellation diagram (or signal space representation)

where f,(t)= \/% cos(27f,t) , E, is the average symbol energy and T is the symbol

duration.

(a) [5 points] What type of modulation is this?

- BASK

(b) [ 5 points] Assuming that this modulation scheme is used to transfer a bit stream
which has a data rate of 200kbps, what is the 2" null-to-null bandwidth?

Bnu!.—*o»m@\ = 2 QS
E)muﬂcb-n&: Af 95 ‘

bma-n:S m@&MQCCQL@V\—Q; Qf@k

B= 4R =4 200Keps
00 K, '

()

(i




Midterm Exam I - Fall 2007

(¢) [ 10 points] Add two additional symbols to this modulation scheme without
changing the type of modulation (i.e., amplitude, phase, frequency) and draw the
constellation diagram below. Make sure that the average energy per symbol is E,.

@ & R

oo > QLJV
0 A Q.A 3‘% - 7z ) \ )

-

R
R e A

Az (BT 3

(d) [10 points] If the basis function were changed to f, ()= \/3;\ p(t)cos(2m £.t) where

Sy

p(1) is a unit energy raised cosine pulse with roll-off factor o = 0.35, what is the absolute
bandwidth if the 4-ary constellation from part (c) is used to deliver a data stream with a
bit rate of 200kbps?
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3. (25 points) Bandpass representations

Consider the following bandpass signal:

Z drect[ ]cos[wat—HrZ brect[t TiT]]

I=—-00

where T is the symbol duration, b; and d; depend on the information being sent with
b €{0,1} and d, € {+1,+2}

(a) (5 points) Which of our three bandi)ass forms is this equation in?

Magm% / Phask
Y= RS s (Znfrt+ DY)

(b) (10 points) Find the complex baseband for this signal. Simplify as much as possible.
(Note: I am looking for the complex baseband part of the complex baseband/envelope
representatlon )
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(c) (10 points) Draw a constellation diagram (signal space) in terms of E; (the average

energy per symbol) assuming that the basis functions are f; (t) = \/_%: cos (27r fct) and
L= \/%:sin (2n £ 1)
{:0“—“ s t@’ﬂ‘i)@ Lf) T
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4. (25 points) M-ary Modulation

Consider two transmission schemes. The first uses 16-QAM with square pulses and the
second uses BPSK with raised cosine pulses with o = 0.25. One of the two modulation
schemes is going to be used to transmit the bits created by sampling and quantizing a
voice signal which has a bandwidth of 4kHz. Assuming that 7 bits of quantization are
used, determine which of the two schemes 25 the lower bandwidth requirements and

state what that minimum bandwidth is. Assume Nyquist sampling and for QAM with

square pulses use the 25dB bandwidth (approximated to be 10R;) as the absolute
bandwidth.

&) R= IOR, Re=Ru/4
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Rectangular Pulse rect(—;—) T [sinc(fT)]
Triangular Pulse tﬁ(%) T [sinc(/T)]"
Unit S u(r) 1 1
tep 2§(f)+j2”f

exponential at, 1

P e “u(t) a+tjonf
Constant 1 (/)
Impulse at t, 8(t-1,) el
S inc sinc(2Wr) —2—1V-V— rect (—2{;]
Phasor e e?5(f-f,)
SiHUSOid COS(27L’ft+(D) %€j¢5(f—fo)+%e—j¢5(f+fo)
Gaussian e e




