EE3101 Tutorial 5 Solutions

(1) (a) symbol rate = 100 MSymbol/s, i.e. BW=100M/2=50MHz
(b) symbol rate = 140/log216 = 35 MSymbol/s, i.e. BW=35M/2=17.5MHz

(2) (a) 6dB bandwidth is the minimum Nyquist bandwidth = 45/2=22 SMHz
(b) 100% power bandwidth = 22.5x(1+0.3)MHz = 29.25MHz.

(3) (a) Replace f with %— f , the mirror image of H(f) is:

Himag(f)zl for %—flgfsé

1 n(%_f_fl) 1 1
Himag(f) = {1 + cos [=———1|} for ~-B<f<-—fi
Himag(f)zo for OSfS%—B

Hirnag(f)
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fAZB_EZE_fl ');_B=f1 OR ;_f1=B
Heo(f) =1 ) for 0<f<Ah

1 - 1 (=~
Heq(f) =E{1+cos [%]}+5{1+cos [%]} for fi<f<B
Heo(f) =1 for B<f<-
In the overlapped region, i.e. f; < f <B

- n(z-r-h n(f~fO+n(z-~f n(f~f)-n(z-f~f

Heq(f) =1+ %{cos [—n(gffl)]} + cos [—(TZfA )]} =1+ {cos 4ng )] cos [ 4ng )]}

Heo(f) = 1 + {cos [n(i;ifl)] cos [ﬂ(f—f1);7;£%—f—f1)]}

Heq(f) = 1+ {cos ”2“] cos [n(f_fl)_"(?‘f‘fl)]} -

4fa 4fa

ie. Hoq(f) =1 for 0<f<



(b) If there is a sampling phase offset €, where 0 < e < T

Hq(f) = exp(—j2nfe) for  0<f<f

He,(f) = %{1 + cos [%]}exp(—ﬂnfe) +§{1 + cos [W} explj2m (% - f) €|}
for fi<f<B

Heg,(f) = explj2m (%—f) €] for B<f S%

|HE, |2 = 1 for 0<f<f; ad B<f<:

In the overlapped region, Hg,(f) = aexp(—j@) + b(j&) where @ = 2nfe, 6 = 271(% —f)e
|HEG(f)I> = a* + b* + ab exp[j(@ + 0)] + ab exp[—j(® + 6)]

|HE, (f)|2 = a2 + b% + 2ab cos(@ + 0) = a2 + b% + 2ab cos (%)
eq 7

i.e. [Heg «<T(NI? < [HEZ (NI

9 Pc?v<€<T < Paevzo

alpha = 0.4, Sampling time offset = 0.25T
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Since there is no overlapped region for raised cosine filter with « = 0, P,;, doesn’t depend on the
sampling time offset €.

(c) No, since there is no overlapping region in Hoq (f), |Heq(f) |? becomes independent of €, i.e.
the average sampling power P,,, will be independent of €.



**(4) Take “1” and “0” to represent +sin(n—t) and —sin(”—t) {both from t = 0 to T} respectively.
T T
Use discrete impulses with amplitudes +1 and -1 to represent “1” and “0”. The PSD of this
discrete impulse sequence is:

1
P(a)) =?

T

H(w) = f sin (nt) exp(—j2nft) dt
0

f WGV (1) dx = u()v() — f W () p(x)dx

H(w)=(_j;tf){sm(;)exp(—janT)| — J7 % cos (% )exp(—]ant)dt}
ST} 11 s

H(‘“):(_,-;nf)z (—g){cos( ‘) exp( ]27rft)| — J7 ~Zsin (% )exp(—ﬂnft)dt}
H(w)=(_j;nf)2( ) (= exp(—jznfT) — 1 + [ Zsin (%) exp(~jznfe) dt)

H(w) = sm( )exp(—]ZHft) dt —( ! )2( ){ exp(—j2nfT) — 1+ fo —sm( )exp(—]ZHft) dt}

j2nf
(47rf2T - —)f sm( )exp(—errft) dt = —exp(—j2nfT) — 1

—T[exp(—j2nfT)+1] 2Texp(—jnfT)cos(nmfT)
H(w) = f sm( )exp(—]ZHft) dt = — T = T D)

_ 2 _ 1|_ 2Texp(=jmfT)cos(nfT) 2 __ A4Tcos%(nfT)
S() = P(w)|H(w)I* = 1| =

m(4f2T%2-1) m2(4f2T72-1)2




6))
(a) On-Off Keying

Unipolar NRZ ® Output
T
cos (2mfct)
2
P, of unipolar NRZ is (Section 1.2.1): AT, Sa (ZﬂfTb byt as(f)

(I3l

where “a” is a constant, i.e.

(f)—l{A by Sarta(s - fm, )+ 2

Sa’[z(f + fIT,1+adl(f = f)l+adl(f + f)1}

(b) BPSK

Bipolar NRZ ® > Output
(NRZ-L) )
cos (2mfct)

P, of Bipolar NRZ is (Section 1.2.2): A T, Sa (—— ﬂfTb)
F (f)— s 8a’[z(f = [T, 1+ Sa’[z(f + f)T,1}
(c) QPSK
The required P,(f) is equivalent to adding 2 BPSK spectrum together. Since the spectrum of the

2 BPSK are identical and the 2 BPSK signals are uncorrelated and orthogonal, the final Py(f) is
equivalent to the summation of the two BPSK spectrum with 7= 2T} {75 is the bit duration}, i.e.

P(f)= AT, {Sa’[2x(f = fOT,1+ Sa’[2x(f + f)T, 1}



