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2.
a) Consider the QAM constellation of figure. Using the Pythagorean theorem we can find the radius of the inner circle as:

           




[bookmark: _GoBack]Since  is the third side of a triangle with  and  the two other sides and angle between then equal to , we obtain:

      
b) If we denote by r the radius of the circle, then using the cosine theorem we obtain:

     







3.

[image: ]a) . Hence:
   




The signal space representation is given in the following figure, with 
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b) 



        

Since the sequence {} consists of independent symbols:

     
Hence:

              

      

       


4.
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5. 



a) , with the sequence {} being uncorrelated random variables(i.e )
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b) 
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6.

a) 

   

b) 

   

c) 


              



, , 






       

       

d) …(1)

  

           …(2)


  由(1)(2)可得  is WSS

  

  

          


    is lowpass r.p.

7.
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On this basis, we may represent the signals  and  by the following respective pair of vectors：
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The equality holds when  and  are co-linear, that is,  where k is any real-valued constant.
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where s, = and s, = are complex vectors. Recognizing that

a a
12 22

H
S8

cosh = ———— <1
sl - 2]

we may go on to write
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The 16-QAM signal is represented as s(t) = I, cos 2w ft 4+ Qy sin 27 ft, where I,, = {£1, +3}, Q,, =

st) =G

{£1,+3}. A superposition of two 4-QAM (4-PSK) signals is :

[A,, cos 2 ft + By, sin 27 ft] 4+ C,, cos 2w ft + C), sin 27 ft

where Ay, B, Cy,, D,, = {4

=1} . Clearly : I, = GA,, + Cy, Qn, = GB,, + D,,. From these equations

it is easy to see that G = 2 gives the requires equivalence.
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2. Suu(f) = = |G(f)* Si(f) where :

Siu(f) = Z::ﬂ)o Rii(m)exp(—j2nfmT) =2 — exp(j4n fT) — exp(—jdn fT)
= 2[l —cosdn fT] = 4sin 227 fT

and

GO = (aryt (BT

Therefore : 2
Sul(f) = 4427 (FTITN 2o
. fT sin “27
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3. If {a,} takes the values (0,1) with equal probability then E(a,) = 1/2 and E(ap+man) =
1/4, m#0

1/2, m=0 = [1+6(m)] /4. Then :

Rii(NL) = LK [I"+T"I"] = 2Raa(0) Raa(2) Raa( 2)
— i [26(m) — d(m —2) — d(m + 2)]

and
Sii(f) = Xmem oo Ria(m) exp(=j2m fmT) = sin*27 T

; 2
Suulf) = 42T (5fT) sin®2r T

Thus, we obtain the same result as in (b) , but the magnitude of the various quantities is reduced
by a factor of 4 .
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a. To show that the waveforms fu(t), n =1,....3 are orthogonal we have to prove that:
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Thus, the signals fu(t) are orthogonal. It is also straightforward to prove that the signals have unit
energy ©

/m |fit)Pdt =1, i=1,2,3

Hence, they are orthonormal.

b. We first determine the weighting cocfficients

Tp = /m (t) fu(t)dt, n=123

1t 10 1 1t
'[:z(t)fl(t)dtzfzf dz+5/; 4:75/2 dz+§/; dt=0

4
'/: 2(t) folt)dt = % A 2(t)dt =0

f dt L ‘d L zdt L sd L ‘dt
Dfa(t)ydt = —= [ dt— o dt+ - =0
[[zona=— [a—g [aes [Caeg [

As it is observed, x(t) is orthogonal to the signal wavaforms f,(t), n = 1,2,3 and thus it can not
represented as a linear combination of these functions.
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Consider the pair of complex-valued signals s;(r) and s,(), which are defined by
s(2) = ap0,(2) + a0,(1) 1
55(8) = ay0,(t) +ay0,(1) 2)

The basis functions ¢,(¢) and ¢,(1) are real-valued and the coefficients a;y, a;,, a5; and ay, are
complex-valued. We may denote the complex-valued coefficients as follows:

aj =0y +jBy
ap=ap+iB
ay; =09 + By
ay =0y + B
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