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5.1.1
Be Bard widlh of fitt) and Jelt) are 51.—_&?&5{2 and Bz-= 150KH#
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(mpa/afmn , The bandwdh c:f ﬁ ‘2) /s Foice Be bandwdt of Jott) and Hual
0 f féi’i) is Three Eimes e /ﬁﬂnﬂ’{wﬁ% of f (f). Sxmrfaf{j The. édﬂdf:wd/f
of Jit)-feit) s B4 Ba - lhereSore Fhe IV NyGursl rat /E:wf t) /s
460 KH? < farﬁ(r’} 15 Q00KHE and Sor /(’f}fz,{z’) /5 500472 .
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lhe bandwd of rfcf(-——) s S50 HZ  gad Sal of A(-ZEE}L)
/s 60”% //Jc, é’eﬁ?ﬁ?d&’ﬁ% r_‘:f 7}& 3 f..f %g Aﬁ/c"f ﬁ/( 7?3: faJD;

Tl /s 60 He. 7/3— ijamt‘ tale /s 2Xx60 Hz=120H7 and

Nygiist perrod , 2":

(d) Sinc (50Rt) o & . 002 rect (mwz

Sin¢ ( toort) PPy ffd(w/;,mﬁ)

The two signals have bandwidhs 25 Hz and 5OHE respectively-
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?-h_: bavdwidlp of /D,--wda{'tl r.:rf Fep ﬁj/)ﬁ/_{ s He additon ﬂ/ Fuip bondendls.
So B=25+50=75H2- Ferefore e Ny7ﬂfﬁﬂ‘ rate /s /50 HE and g
Nﬂgukif }?Eriad s /5o ScC.

@ f(‘!') :5&?{(2&03??‘) _5_}1 & 0.-005 rect L )

400f2

Be banduidt o [ e J:,igm/ is 100 HE (2007 radfsec) , The Ny gusst
rate /s 200 Mz, So any Jﬂmf‘/f}y S TeQuency  [fess %2 ZoOH #
resull s aliasing  (undey sampling) and any mef/f}y Jreguenty

more Fhan 200 HZ resulls oversampl 7 94
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The impulse response of Mie Creurt s a rectan g lar pulse. When a sampled
Signal is applied al Bie npal? s each sempl Jeperales a f"f’/ﬁ?ﬁﬁﬂéf
/751’!{{ z:'ZZ( %c: fi}lé//.ﬁﬁl/; /Df"{f’/ﬁ’ﬂ//}ﬂﬁag 2 %E (ﬂf/&f/ﬂgﬁ&/kﬁj f&fv/;/t
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@ (ad) 72': fﬂf/ﬁmf’”‘,j ﬁji{f"é’ Shows a Jﬁﬁa_f ;rﬁfmf}rucffd tm‘n;
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Each sample ﬁfﬂff‘ﬂTﬂ @ triangle cf width o1 and centered at Tre
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(b) [he following figures show B jmpals response and e fransfer
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AG) = FLharf =J ] 8 (50)f =T siné (21 )

hit)
/\ f
el

_'[.F- 1deal lowpass

f;H Tr

|
i
{
t

j

'

'

!

|
| ] 1T =
T

. oy . T
Decause MHiaw) .5 /ocwﬁyf /.'::-r all w; At ﬂf_m fffff.rﬁ?fﬁ 7?9;, aﬂ:.rf/f/t:{df
I’ﬂjf?ﬂnjf.

(C) A piinimim of T sccends df’fy /5 f’ffdf}fﬂ/ e Dake /é(' Z) Causal, Such
a delay ould cavse He peconstructed signal 7o be delaged T

Seconds.

(d) When 7 mpal G Dre Jorst jff/?‘fr /5 dlt) , 7% as shown in ﬁrné!’dm
5u-4 ils eutpdd s a rectangular pulre pli) = wit)_ wt-7 ) shown
in solatren to We Previous problem . This pulse plt) is applied fs
the inpal of Ze secnd idegtical fotter. The oulputl o f Mz Second.
flter 1s plO-ple-T ) = U2 {E-T )+ W4 =2T) 5 tbich ;s aff/f‘ccf

1o e fw;fcjf‘dfﬂf . e pg-f/ﬂyf Al ) o/ P ;;};/fymzé:vf 5 77:; drea Under
Pi)-pt-1), Which js
t
/9&‘-;;/[4(3; ~z2d(z-T)+u(z-2T)}de = A('f%f)
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Do Jgﬂ&( Tit) = Sive (200 2l) 15 Jﬂm/.?{'fd by a j“ﬁdg,ﬂgg[ﬂf” f’:;dSc

sequence  p_(t) whose pericd /s 4msec s at The fundamental
frequency (whick is also 7he sampling fregienty ) is 250 Hz . Hence,
Ws =5000: [he [ourier series fer fr(t) /s given by

f(t )= Cot 3= Cn Conuwst
=1

Wheyre = 0.2,@,:0»3?4:C2:5*352J Cg;ﬂ.iﬂz;

den_s':?uerj_ﬂy

C4=0.093 ;...

Jtr= fltsp ) =02 ft)+0.334f(t )5 5007t 4 0. 363 fit)C, tooont

+ 0.202 frt) Cy15cent + ...
and

Flw)= 0.2 Flw) 4 G-IE?[ F(w -500 ) + F( 2+ 5007) |
+ ©.{51 [F(u}-fﬂc:-c}ﬂ) +F(Lﬂ1—«fuoﬂ?‘£)]
+ O L 10| [F(u—_}__ J'S_DGR) +F(m+fioﬂﬂ)}+‘ R

I}’] ﬁt CAse F(&?):D.ﬂﬂj_rfcf( “ )} FEU-J) /5 _5745‘-‘3!'? /” 7/7’?1'_ ﬁ//ﬂﬂff}y

qoorn
FQUYre - _
fﬂ 4 Fl{w)

22

..._'350 . — Fele 2g¢C

S {Hz)
E;Lg /5 1o c:ufr!a}o between Cgﬁ(fﬁ; and Ft(w) Can be F-ﬂf_’uwfrfd Lkﬁing
an jdeqf [nmyaa,f_g Frlter of bandeidlhy (00 HT .
ﬂcmajc /e _5‘/96{7[.*':5{!’?’? }EC%’) ;)a_g a zero value f}?ﬁj& 5dﬂ¢{ fr‘ﬂm {oo
te 150 HZ, We Can use an jdeal lewpass fritey of band eydly BEHY
tohere oo BLISO o« But if BXiSc, e J'r ol frek up De
unwanted f/’ﬁ'{f!’ﬂ/ .Camfﬂ/fﬁj’ff S0 e rnext Cy{é 2 and e
Gc{ff’“f will be df;fflﬂfffdt



Sel-F e Signal Jid), when sampled by an impulse Trajn , resalts in He
sampled signal fti) 2, (t) (ds shewn in Fiq s.1d). If s signal
s Fransmi fled ﬁfﬂﬁjﬁ a ﬁVf ey whose f}??fﬁ’/ff Ires porise /S
ptt)=plt) = rect (025 ) Yhen each /mpalse 10 Fow mpat tork
Jenerate a pulse pit), resulting in e desired sampled signal
shown in figire ps.a—7. [lerecver, e speclrum of e smpulse
frain flt) %, (1) /s L Yo, F(w-nws) | Hepce , The cutpul of
7?5,,: I/f‘/?’—l‘_""f' !5

Flw) = H(w)- [ 13 F(w- ”“JfJ]
T p- -
)
W}lfrﬁ' H(LJ) = F{’LJ') = 0-025 5in (EE) 2 ZX{: Fgu}rﬂjfjf frﬂﬂffﬂrﬂ? 5}6
rect ( Yy, e fc:ffﬂcﬂiﬂj figure shows s spectrum Censisting

of ?‘ﬁ:'iijﬂéahhj spectrum F(w) multiplied by H(u))-:D.UZS'}'Enc("fS-‘-’D)_

Thas 5 each Cycle +s Somewhal distorted.
— __ff{b‘,-) )

o

To recover e J}jﬂﬂ/ f [t) fffm e f/ﬁf /5/9 __s’dﬂ?f/c‘f 5 e reWerge
The SLrocess nf At Ef}j’f; e Lass P fam/?/fd Jffﬂﬂf %)‘Ecyé
a frtter i frans/er S urction Lt () « Thrs s ll y;;ﬁ/éy/ VP
signal sampled by impalse lrain, New we pass s Signal 7/‘5@#;/;
dn jdeal lowpass flter OF bandwidlb B #z 7o obfain f(1).

@ (A) Do bandwsdp /s /5 kHz. De Mygurst rale is 30 kKHzZ.

| (h) 65536’:2!6; so Hu? 16 br‘ﬂarj eligit's are peeded 7 Encodle
each Sample »

(C) 36000 X 16 =4F0800 bjts s

(d) 44io0 x16=F05600 bds /s

() The Nygusl rate is 2x4.5,x!a€= O NHz + lhe aclaal rate
/s 1.2x9=10.8 MHZ.

(b) 1024 =2'°, 50 Hul 70 bits or binary pulses are needed 45 encode
each sample

| 4
(();a.ﬁxmgxlo:mﬁ,xiﬂ or 108 Mbits [s |



Assume a signal Ji6) that js simdltangously timedimrted . Let
Flu) =0 for [w]>2B. There fore Fos)-rect (Wfynp' ) = F(w)
fer B's 8. Efffﬂff Jfrem Zhe Fime— Convolution property
(4.42 )
ftt)= fi)x [ 28 sinc (2rnB1) ]
= 2B f(t) ¥ Sinc (2n B'1 )

Becanse Ftt) js me imited , fit)=0 Jor HI T - Buat fiv
15 eﬁ;ua( 1o Convelution of f(f) w5/ 7h J;'r?t‘(Zﬁ 5?) ;;,._,?}7,‘{-./?
is not time bmited . It s impesssble 2 cbhtarrn a Time-limsted
Signal o soopy - temelomited spgpal -

= A = 4 = 20 msec
Te = g 56

B =(cocc Hence Fs 2 2B= 20000
T = 1/F5_.‘:‘ ,-—L-—" :_5Q/afé’f-

: Zeoee
Ne=T¢<
- -3
— 20 AlC — 4e0
5-0%{{:1'_5

Since Ne must be a power of 2, we choose Ne= 512 .
Alco T = 5o lsec s and 7o = No7 = 5]2x 50 Msec = 25.6 mgsec,
Fowl/To=39-0625Hz . Since Jt) is of 10 msec durafion , we
need pero Fadding over 15.6 mgec. /‘?H.frﬁm‘:';/f{y , we Could

~3
di so have used 7 = _EDKLD_ = 39 ‘0525/_;’{’(
5/2

/hfj ﬂf‘fff ?_D:_'ZD msec P, Fn = 5c /ff) /gﬂd
Foo A - 2560 HZ
=
there €re alio o7ber possrbi L70es OF Feducring 7 ds wel/ as
increasm g e JrEguency e selution




5-!‘2-'-5_

. ~{
fit)= ¢ U Flw) = —
JIREN

(a) We 1ake he folding [fregaency Fs To be The frequency lohere
[Fee)f is 1Y of ils peak value , which happens 75 be 1 (atws=e).
Hence -

JF(wi] % 5 =00l = W= 278 = 0o

7?7_;)- }/jf‘/‘.;{_{ BR=50/17 > and Til'/ZE.’ = Zfioo . Lel us rowndT

to 003125 , resulting i 32 Sampling fer second. The fime Constant
.{)f e /s 1. For 7o 5 4 tea Jjonable choce /s 5 73 6 Frme Cﬂﬂﬂlﬂﬂfﬁ
or more-Value of Toe=5 cr 6 results in Ne= j6C Cr |92,
nf}%f, c}/ {,L-‘/é,.-fé rs da jfecder D/C 2. [R5, wWe {Agg S€ Fo— 3,.-.
rfmf/mj /17 No=32 x8=256, tHhich js a pPower Of 2 .
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PO 'f{:{}(f %,: ﬁ"fﬂ’;’ﬂj /Ff?ﬁfﬁ{; Ef rr._} f_f)f’ 992; f’ﬂf’rjg
ﬁefgméy as explajned rn Example 416 o From Be results
17 fxqﬂyp/g 416 , (W74 a=1) e have

099 1 :_faﬂ-l —% = W= 63-66—31: 63 O6 cﬁid/jﬁf;
pad

7/2—;; yf}f’/ﬁ',r B=W = 16.13 Hz . Ako T < /2R —0.049936 "‘E}S
vesults in e sqzi/o/x}?j rate #—:2@-26 HZ . Also Te=8 as
explained in part (@) lhis yiells No= 20.26x3= 162.08,
thich s not a power of 2. Hence s we Choose e rext

bﬁy/)c"r value 5 fhet /s No=256, Which Yields 7= 0.03125

and To =8, The Same as in /Darf {a)

The widlh of fa) and 9/t are 1 and 2 respectively. Hence b
width of Be Convelution S19ndl /s 14+2-3, T pcans e need
o zervpad f(t) fer Z23e¢conds, anol Gt for 1 Second s malng
To-3 Jfor bﬂﬁﬁjﬂ?[ﬁ. nce T=0.125 Nﬂ::j/({},fz_j) — a9 . N,
must be A Power of 2 - Choose No=32. b5 permits us 15 adjust
Teto 4. /nce 7T=0125 and To=4.
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