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1 Questions

D R A e o= prege !

Problem 2.30 Determine and sketch the autocorrelation functions of the (ollowing exponen-
tial pulses:

(a) g(t)=exp(—athlr)
V' (0 gly=exp(—dlt])
V' (e} a(t)=exp( —athdr) —explarhd —1)

.
- '(’( "

f

~ Problem 2.32 Determine the autocorrelation function of the sinc pulse A sdeWt), and ’

sketch it.

~ Problem 2.33 The Fourier transform of a sxgna] is defined by |sinc( f ). Show that the auto- “~
correlation function of this sngnal is triangular in form.

(#ink 2 Find (602 S /m/ AT/ ) |
— Problem 2.35 Consider a signal g(r) deﬁned by
g(t)=Aq+ A, cosaf,t+0)+ A, cos(2nfyt +6)
(a) Determine the au‘tocorrelaﬁon function R,(7) of this signal.

(b) What is the value of R,(0)?
(¢) Has any information about g(z) been lost in obtaining the autocorrelation function?
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2 Problem 2.30

Problem

Determine and sketch the autocorrelation function of the following
(b) g (t) = e~
(c) g (t) = e u(t) — e™u (1)

2.1 part(b)

e t>0
g(t) = 1 t=20
e t<0

Assume a > 0 for the integral to be defined. From definition, autocorrelation of a function
g(t) is



R = [ gt)g (t—7)dt

Since g (t) in this case is real, then ¢* (t — 7) = g (¢t — 7), hence
R(r)= [ gt)gt—r)dt

Consider the 3 cases, 7 < 0 and 7 > 0 and when 7 =0

case 7 > 0

9(t)

g(t—17)

QL — —

Figure 1: Case 1 Part b
Break the integral over the 3 regions, {—o00,0},{0,7}, {1, o0}
0 T 0
R(71) :/ e“te“(t_T)dt—i-/ 6_“te“(t_7)dt+/ e e =) gt
—o0 0 T

0
2at
0 - — 0 —ar ] & —ar[1-0 —ar
But ffoo eatea(t T)dt — o7 ffoo 20t it — ¢ m—[ 21 —e ar [ 2(1] _ e2a

and [J e~ et dt = 77 [T 1dt = e

and J‘OO e—ate—a(t—r)dt — 0T fOO 6—2atdt — a7 [e_Qat]., — a7 [0—6_2‘”] _ e T
T T —2a —2a 2a
Hence for 7 > 0 we obtain
—art —art
R(7) = o 4+ 7e7 % 4 -
—aT
= +7e "
a
=|e (% + 7')

case 7 < 0




a(t)

Figure 2: Case 2 Part b

Break the integral over the 3 regions, {—oo,7},{7,0},{0, 00}

T 0 oo
R (T) = / e™et =)t + / e~ ettt + / e~ ate—a(t=7) 1t
—c0 - 0

T at ,a(t—T) —at [T 2at —ar [e%t]i —ar [62‘”70] ear
Now [T e dt = e™7 [T e*tldt = ™" == = ™= = 5
and [0 e et dt = e~ [0 1dt = —1e™T

[672at:|°° ar ar
and fj e-ote=ot-mg = om0 o gy = o
Hence
R - —aT +
(7) 2a e 2a

When 7 =0

R (0) gives the the maximum power in the signal g (¢). Now evaluate this

0 00
R (1) :/ e“te“tdt—l—/ e e dt
—0o0 0
_ [ e
- 2a —2a

72at]8°

Hence

Or we could write

R(7)=eMo (L — (= |r])

This is a plot of R (7), first plot is for a = 1 and the second for a = 4



1+a (-Abs[t])
f[t_] := Exp[a (-Abs[t])] | ————
Show[ {Plot[f[t] /.a~>1, {t, -6, 6}, PlotRange » All, PlotStyle -» Red, AxesOrigin- {0, 0}]}, AxesLabel -> {"z", "R(z)"},
PlotLabel - "Autocorrelation function for part(a), when a=1"]
Autocorrelation function for part(a), a=1
R(1)
f

T

Show[ {Plot[f[t] /.a—4, {t, -6, 6}, PlotRange » All, PlotStyle - Red, AxesOrigin- {0, 0}]}, AxesLabel -> {"z", "R(z)"},
PlotLabel -» "Autocorrelation function for part(a), when a=4"]

Autocorrelation function for part(a), when a=4
R(r

2.2 part(c)

Assume a > 0.

Consider the 3 cases, 7 < 0 and 7 > 0 and when 7 =0

case 7 > 0

caseT > 0 g(t)

0
-exp(at) u(-t)

g(t-17)

eIyt — 1)

o T i
-2 u(—(t-1))

Figure 4: Case 1 Part c

Break the integral into 3 parts, {—o00,0},{0,7}, {1, 00}




Ri= [

/
/

g0 g—mdi+ [Tgg—mdi+ [ gt)g(t—r)d
at [ a(t—T) dt /T —at (__ ja(t—T) dt /OO —at (,—a(t—T7) dt
(e ) de D et (et de [ e (o)

0 T [e's}
e—aT/ e2atdt o e—aT/ 1dt 4 6&7/ 6—2atdt
0 T

—00

o0

__ —art [62at]2oo —art + at [e—Zat]:o
=e 2% TE (& “ou

_ ,—2art
=€ - 7-670‘7— + 60‘7—M
2a —2a

—aT —arT

case T < 0

caseT < 0

g(t) \W

0
-exp(at) u(-t)

g(t-1) M e 2Dyt — 1)
E—— t

e
—e2u(-(t-1))

Figure 5: Case 2 Part c

t

Break the integral into 3 parts, {—oo,7},{7,0},{0, o0}

R)= [ gWgt-nd+ [gwgt-mar+ [T g0)g -

T 0 o)
— / _eat (_ea(tff)) dt + / _eatefa(th) dt + / efatefa(tf‘r) dt
oo - 0

T 0 [e's)
— e—ar/ 62atdt _ 6a7’/ 1dt + em‘/ 6_2atdt
—00 T 0

—ar [€2at]ioo at at [672“]80
=€ T + 7€ + e _72(1
— o7 [62&7 — 0] + 7T 4 07 [O _ 1]

2a —2a
B T . T
"2 7Y g

aT 1
=e (+T>
a

At 7 =0, we see that R (0) = £, hence the final answer is



a

R(7) = 1 T =

a

R T<0
(5+7)

e (l—T) >0

Or we could write

R(7)=e (1~ 7))

This is a plot of R (7), first plot is for a = 1 and the second for a = 4

1
f[t_] := Exp[a (-Sign[t] t)] [——Sign[t] t]
a

Show[ {Plot[f[t] /.a~>1, {t, -6, 6}, PlotRange - All, PlotStyle - Red, AxesOrigin- {@, @}]}, AxesLabel -> {"t", "R(t)"},

PlotLabel - "Autocorrelation function for part(a), when a=1"]

Autocorrelation function for part(a), when a=1

Show[ {Plot[f[t] /. a~>4, {t, -6, 6}, PlotRange - All, PlotStyle -» Red, AxesOrigin- {@, @}]}, AxesLabel -> {"t", "R(t)"},
PlotLabel » "Autocorrelation function for part(a), when a=4"]

Autocorrelation function for part(a), when a=4
R(1)

0.25
0.20

0.15|

Figure 6: Part c

3 Problem 2.32

problem: Determine the autocorrelation function of g (t) = Asinc (2Wt) and sketch it
solution:
o

R(r)= [gt)g" (t—r)dt

The above is difficult to do directly, hence we use the second method.

Since the function g (¢) is an energy function, hence R (7) and the energy spectrum density
U, (f) of g (t)make a Fourier transform pairs.

R(7) < ¥, (f)

Therefore, to find R (7), we first find ¥, (f), then find the Inverse Fourier Transform of
U, (f), ie.

But



and we know that A F
Asinc 2Wt) < ﬁrect (21/1/)
Hence

G(f) = mf/lvmct <2ILCV>

The (2) becomes

2

Hence from (1)

Hence

R(r) = (ﬁ)zsinc (2WT)

This is a plot of the above function, for W =4, and A =1

A=1;
W=2;
A2
flt ] := [—] Sinc[Pi2Wt]
2W
Show[{Plot[f[t], {t, -6, 6}, PlotRange » All, PlotStyle - Red, AxesOrigin- {@, ©}]}, AxesLabel -> {"t", "R(t)"},

PlotLabel » "Autocorrelation function when A=1,W=4"]

Autocorrelation function when A=1,W=4
R(r

)

Figure 7: Plot for W =4, and A =1

4 Problem 2.33

The Fourier transform of a signal is defined by |sinc (f)|. Show that R (7) of the signal is
triangular in form.

Answer:



Since

R(7) & |G ()

Then

R(r) < |sinc(f)|2
& sinc? (f)

Hence to find R (7) we need to find the inverse Fourier transform of sinc? (f)

But

F! (sin(:2 (f)) = F " (sinc (f) x sinc(f))
= F ' {sinc (f)} @ F~ {sinc (f)}

But £ ! {sinc (f)} = rect (t), hence
Ft (sin(:2 (f)) = rect (t) ® rect (t)
= /rect (t)rect (t —7)dr
This integral has the value of ¢ri (t) (we also did this in class) Hence
tri (1) < sinc® (f)

Hence
R (1) =tri(7)

Where tri (1) is the triangle function, defined as

1—|t tl <O
tm’(t):{ i i

0 otherwise

5 Problem 2.35

Consider the signal g () defined by

g (t) = Ap + Ay cos (2mfit + 0) + Ag cos (27 fot + 0)

(a) determine R (1)

(b) what is R (0)

(c) has any information been lose in obtaining R (7)?
Answer:

(a)

Take the Fourier transform of ¢ (¢) we obtain

G (f) :Aoé(f)+él [ jaé(f—f1)+e*j95(f+f1)}+A

SO = f) + e (f + fo)]

Hence |G (f)]> = G (f) G*(f), so we need to find G* (f)
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G (1) = Ad ()45 [ (F = 1)+ 6 (F + R +722 [ (f = o) + 6 (F + )]

2
So
A2 A2
GG (N =48 N+ =)+ + P+ L0 =L+ + )
So
> At A3
Sg(f):AO(S(]C)+Z[6(f_f1>+5(f+f1)]+Z[5(f_f2)+5(f+f2)]
So
R(r)=F " (S ()
A2 A2
= (AT )+ T = F) ST~ f) 0 (f 4 fo)]
Hence
R(T) :A(2)+A7%00827rf17+%500827rf27' (1)
Part (b)
), AT A
R(0)= A5+ 3+
1
= 5(2A§+A§+A§)
part(c)

In obtaining R (1) we have lost the phase information in the original signal as can be seen
from (1) above

6 extra Problem

(a) find £ () ® £ (t) where £ (t) is unit step function
(b)Find t£ (t) ® e™¢ (t) where a > 0
(c)find u (t) ® h (t) where h (t) = e 3% (t) and u (¢) is as shown

u()

4T

Figure 8: Extra problem

To DO



7 Key solution

/ EE 4¢3 ey £ Hiwp T \ce 4 P
20 &) See favdsnl pige (24) o | 272 ]
ST ) g= enCalll)= *ule) v e ut-t) wF e
- Somee FlH) Io atal hee Zp(T)
al be texl as Ere. => ; o
£ _/_/,{"14/ -0 s K — gz{-‘ (’Z/: peﬂ LT
ywﬂﬂ/ 7 4(T)
t
’ g(t-1) ,dlz‘ JZ‘-}) -
a({-T) e
st R i — . .t
o] T o
Therefore, for >0, => /59_67’) = /%/%/ﬁ# ‘-’(ij/}[—
. .

R (1) = J exp(at)expla(t-1)ldt
g e

T
+ f exp(-at)explalt-t)ldt
0

+ [ exp(-at)expl-alt-t)]dt
T

= %3 exp(-at)+t exp(-at) + %; exp(-at)

= (;—-» 1) exp(-at)
Since Rg(--:} = RS(T), we may express ,Rg(':) for 211 1 as follows:
1
Rg(r) = (—5 + 17]) expl-alt})
which is 1l1lustrated below:

R (1)
g

0
[ /4
(c) g(t) = exp(-at)ul(t)-explat)ul-t) Y, e o v s (5/// e 444{ i

For t>0, we .have
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e

g(t) -’C’CZL

Therefore, for >0,

0
ng(r) = [ explat)expla(t-7)idt

om0

T
~ [ exp(-at)expla(t-r)ldt
0

+ [ exp(-at) exp{—a(t—r)JAt
T

1"

%E~exp(—ar)—r exp(-at) + %E-GXP(—aT)

= (—;;—- 1) 2xpl-at)
nsince Rg(-T) = Rg(r), we may express Rg(T) for all T as follows:
R (D) = (2 - 1) expl-altD

which is illustrated below:

R (1)
g

I ¢

T =

I
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A sinc(@it) = S rect(m) = (,;/7,;/

—_— Since .

R0 = 160\,

it f'ollows that for the given =inc pulse
2

: . A (f‘

R {1) rect‘ZJ)

g0 5T g

Thercfore;

s >
; e
Rg(I) = 5y sinc(2Wt)

which is shown illustrated below:

R (1)
z//’—_\\\\ ) ///////// 1
3 1 1
2w W 2w

Problem 2.33 — = /gé“g’/ﬁ\ﬁ%e (_4)

G(f) = Isinc(f)]

Therefore,
~T7
16012 = sl e Kg (T

The function sincz(f) represents the Fourier transform of a triangular pulse of
amplitude and width 2 seconds, centered at the origin. Therefore,

-, 1t 1<1
R (1) =
g 0, Ptl>1
which is illustrated pelow:
R (1)
g
1.0 N
T
0 1

unit
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52443 } i fp 2 ‘ ;f-//ﬂ#,.f

|Ppe 47

ﬁgﬁ 2 fo); /’g'mc(yﬁ)]

(Sccid Aeithicd) - K 5
Ky (T) e [ 6te)] " = Simc (f)

= g//ﬁC/f/ ‘g//ﬁC(
wZa

Gulf) Gz lE)

/T/:W/{éaé Rg(@'): ﬁ/ (T) @ g@)ﬁ/)
wvere g;[fév) = gé(”t’) = ;]ﬁ}”c(f)]: seect

%Cf): Ij(f)%/(?f—Z)QJ%

£)

1)
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402 dul %
|
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- A % *
42(7—5)
I N I
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EZ 775 g FT
A 38

(a) glt) = ho + A, cos(2n!‘]t+6)+A2 cos(2wf2t+8)

Therefore ;

A
G() = Ay 6(r) + — (6(f=T)exp( §8)+8(fef Dexpl-j9)]

A
4 52 1801 ,)exp( J8)+6 (41 ,)exp(~16)]

and
A2 A2

G2 = A2 600) & g (8 (E=E 4B (0T D) + 2 [ (E-1p)48 (£,)]

Since R_(1) = [6(n°

it follows that

2 2
2 M A2
Rg(r_) = Ay + 5= cos(2nf 1) + 5= cos(2rf 1)
: 2 MM
(b) R_(0) =A% 454 5= B

Sige S

(¢) We see that Rg('() depends only on the de¢ component "‘0’ the amplitudes A1 and Aé of

the two sinusoidal components and their frequencies f1 and f2.

The phase information

contained in the phase angles of the two sinusoidal components is completely lost when

evaluating Rs(f). .
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1 Problem 2.30 —

Problem

Determine and sketch the autocorrelation function of the following
(b) g(t) = el
(c) g(t) = e u(t) — e*u(-t)

1.1 part(b)

e  t>0
g(t) = 1 t=0
e t<0

Assume a > 0 for the integral to be defined. From definition, autocorrelation of a function g (t) is
R = [ 909 @-na
—00
Since ¢ (t) in this case is real, then ¢g* (¢t — 7) = g (t — 7), hence
RO)= [ o®att-n)a
—00

Consider the 3 cases, 7 < 0 and 7 > 0 and when 7 =0

a(h)

g(r—r1)

N = —
-

Break the integral over the 3 regions, {—00,0},{0,7},{r, 00}

0 T oo
R(7) =/ e‘“e“(t_T)dt-i-/ e—atea(t——T)dt_i_/ e—ate—alt=") g
—0 .

0

—aT

2at]0
0 - —ar [0 S ~ar [1-0
But f—oo eatea(t ‘r)dt = e 9" f_oo eatdt — e a'r[ 21 - R— o = 820

1
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and [ e™e®t"dt = e~ [ 1dt = Te ™"

© —at ,—a(t—T) ar [ —2at aT [e_ht]eo ar [0—e7%7 e~%7
and [ e %e dt = e [Fetdt = et =L 1 ==

Hence for 7 > 0 we obtain

a(t)

Break the integral over the 3 regions, {—o0, 7}, {7, 0}, {0, 00}
T 0 00
R(7)= / et + / e~ %et-" gt + / e e t-T)gt
—00 T 0

2aT —O] ear
2a ~ 2a

Now fjoo eatea(t—‘r)dt = e~ 9T j‘:'oo e2etdt — =T [eza;l_oo = o7 [e

and [° e ete*t-dt = e=o7 [*1dt = —Te™*

—2at]>®
and faoo e—ate—a(t-T) gt = ea’r%@_ = % (0 - 1) = %
Hence
ea‘r aT
R(r)=2— —re™ + —




23

When 7 =0

R (0) gives the the maximum power in the signal g (). Now evaluate this

Hence

Or we could write

(] 00
R(7) =/ e‘"e‘”dt+/ e e~dt
—00 0
at]0 —2at]®
_ [62 t]—co N [e 2 t]O
2a —2a

1
a

e“"({ll+'r) 7>0
R(T)={ T=0

e‘”({-l—’r) 7<0

[R(r) =\~ (1) |

This is a plot of R (7), first plot is for a = 1 and the second for a = 4
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£[t_} := Expla (-Abs[£]) ] (l_w
Show [{Plot[f[t] /. a> 1, {t, -6, 6}, PlotRange & 411, PlotStyle - Red,
LxesOrigin -+ (0, 0}]}, AxesLabel -> {*z*, "K(z})"},
PlotLabel » "tur. corr=lation function for part(a), e a=1v])
Auto correlation function for part(a), a=1
R
1

Out[18]=

N N N 1 -

-6 -4 -2 2 4 &

in[21}:= Show [{Plot[ft] /. a3 d, {t, -5, €}, PlotRange 3 All, PlotStyle » Red,
AxesOrigin - {0, 0}}}, AxesLabel -> {"z", "K{z)}"}.,
PlotLabel - "futacorr«laticn fuanction £or part (a) . vhen a=4"]

Autocorrelation function for p at(a), when a=4
R

025

(4]

o F

out(21]=
0a0 |
05
" " / i r
-6 -4 -2 2 4 L3




1.2 part(c)
g(t) = e %u(t) — e®u(—t)

Assume a > 0.

Consider the 3 cases, 7 <0 and 7 > 0 and when 7 =0

case T > 0 g(t)

0
-exp(at) u(-t)

exp(-at) u(t)

glr—1)

T
—edt=y(—(t - 1))

Break the integral into 3 parts, {—o00,0},{0,7}, {7, oo}

e I Tn(t—1)

0 T fo'e)
R<T)=/ g(t)g(t—r)dt+/g(t)g(t—r)dt+/ o(t)g(t - )t

—oo 0 .
_ /0 et (_ea(t—r)) dt + /T et (—ea(t_T)) dt + /oo e~ (e—a(t—-r)) dt
—o0 0 -
=e /0 e*dt — e " /T 1dt + " /00 e 2 dt
—00 0 T
_ e [e?‘;‘]‘iw oy ur eI
a —2a
B R
"2 —2a
—ar ey e—aT

(L)
e~ (7)
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case T < 0
g (t) exp(-at) u(t)

‘N 0
-exp(at) u(-t)

glt—1)
NT :
—ed Dy (—(t - 1)) ;

Break the integral into 3 parts, {—oo, 7}, {7,0}, {0, o0}

e~ M Ty(t—r1)

R(T)=/T g(t)g(t—-T)dt+/ g(t)g(t—r)dt+/ooog(t)g(t—T)(it

—00
T 0 00
— / —e® (_ea(t—T)) dt + / _eate—a(t—‘r)dt + / e—ate—a(t—’r)dt
—00 T 0
T 0 o0
=e / e*dt — e*” / 1dt + € / e dt
—00 T 0
[6201]7__ [e—Qat]oo
—aT o) aT aT 0
“oa + 7€ +e "
2aT
—ar [e ] ar ar [0 - 1]
) + 7€ +e on

At 7 =0, we see that R (0) = 1, hence the final answer is

e (-7 >0
R(T)={ =) T =

e‘"(f+'r) T7<0

a

Or we could write

|
|R(r) = eMe(L — |r])

6
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This is a plot of R (7), first plot is for a = 1 and the second for a = 4

ins1= £1t_) 1= Expla (-Signft) ¢t)) (;L -sign{t] t)

Show [(Plot{f[t] /. a> 1, {t, -6, €}, PlotRange - All, PlotStyle - Red, AxesOrigin » (0, C}]},
AxesLabel -> ("z*, "K(z)"}, PlotLabel » *sutcoorrzlarion function for park(a), when a=l9]

Autocorrelation function for p art(a), when a=1
R(M

Oul[52]=

53k~ Show [(Plotfft} /. a> 4, (t, -5, 6}, PlotRange » , PloyStyle » Red, AxesOrigin > {2, 0}]},
AxesLabel -> {"z", "K(z) "'}, PlotLabel » *.utccorrelatifm frmction £or partqa), vhen =i}
Autocorre gtion fanction for p art(a), when a=d
RN

02s |
020
015

Out{S3]=
010,
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2 Problem 2.32

problem: Determine the autocorrelation function of g (t) = Asinc (2Wt) and sketch it

solution:

(>}

R(r)=/g(t)g*(t—f)dt

—00

The above is difficult to do directly, hence we use the second method.

Since the function g (¢) is an energy function, hence R (7) and the energy spectrum density ¥, (f)
of g (t)make a Fourier transform pairs.

R(r) & ¥y (f)

Therefore, to find R (7), we first find ¥, (f), then find the Inverse Fourier Transform of ¥, (f), i.e.

R(m)=F (¥, (f)) 1)
But
¥, (f) =G () (2)
and we know that 4
Asinc 2Wt) & Wrect (%)

Hence

The (2) becomes

But |rect (55;) |2 = rect (54;), since it has height of lfb
{

¥, (f) = (Y rect (55

Hence from (1)
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Hence

T

R(r)= (f%,—)'sinc (2W'T)

This is a plot of the above function, for W =4, and A =1

when A=1,W=4"]

In[9]:=
A=1.
W=2
A2
£[t ] := (—) Sinc[Pi2 W ¢]
- 2W
Show[{Plot[f([t], {t, -6, 6}, PlotRange -» All, PlotStyle -» Red, AxesOrigin » {0, 0}]},
AxesLabel -> {"t", "R(t)"}, PlotLabel » "Autocorrelation function
outj9= 1.
out[10]= 2
Autocorrelation function when A=1,W=4
R(1)
0.06m'
0.04|
out[12)= |
0.0 4

-6 4 VY U VVY 4 6
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3 Problem 2.33

The Fourier transform of a signal is defined by |sinc (f)|. Show that R (7) of the signal is triangular
in form.

Answer:

Since

R(r) & |G (/)

Then

R(7) & [sinc (f)[?
< sinc? (f)

Hence to find R (7) we need to find the inverse Fourier transform of sinc? (f)
But

F~! (sinc® (f)) = F~" (sinc (f) x sinc (f))
= F ! {sinc(f)} ® F* {sinc (f)}

But F~! {sinc (f)} = rect (t), hence

F1 (sinc® (f)) = rect (t) ® rect (t)

o0

= /rect () rect (t — 7)dr

This integral has the value of ¢ri (t) (we also did this in class) Hence

tri (1) < sinc? (f)

Hence
R(1)=tri(7)

Where tri (7) is the triangle function, defined as

m.(t)z{ 1t [t| <O

otherwise

10
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4 Problem 2.35

Consider the signal g (t) defined by

g (t) = Ap + A; cos (2w fit + 0) + Az cos (2m fot + 6)

(a) determine R (7)

(b) what is R(0)

(c) has any information been lose in obtaining R (7)?
Answer:

(a)

Take the Fourier transform of g (t) we obtain

A

G(f) = Aod (f) + 22 %

[£76 (f = i) + e 0 (f + f)] + T2 [0 (f = fo) + €76 (f + fo)]

Hence |G (f)|* = G (f) G* (f), so we need to find G* (f)

G () = Aod (1) + 5 [0 (F = ) + &6 (f + F)] + 22 776 = fo) + 6 (F + 1)

e n=sn A (- R+ 0+ W20~ ) 430+ fo)
So
5o () = 36 1)+ 22 (5(F = 1)+ 67+ I+ 22 [5(F ~ o) + 6(7 + 1o)]
So
R(r) = F (S, (1)
< (AR (D) + AL 5 (= )4 (4 P+ A8~ £+ 0+ o)
Hence

!
R(r)= A2+ ﬁ} cos27l\f17/+ %% cos 2 foT (1)

11
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Part (b)

part(c)

In obtaining R (7) we have lost the phase informaW/the original signal as can be seen from (1)
above

12
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5 extra Problem

(a) find £ () ® £ (t) where £ (t) is unit step function

(b)Find t£ (t) ® e*£ (t) where a > 0

(c)find u (t) @ h(t) where h (t) = e=*u (t) and u (t) is as shown

U

Answer

13

47
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