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1 Questions

L FE 443 chopf # 2 A9 pege ]

,t_#ﬁ//

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

(a) g{t)=exp(—athdr)
V' () g{t)=exp(—dlt])
V' () alty=exp{—at)u(t) —explarhd —t)

4
Ceey < .

f

- Problcm 2.32 Determine the autocorrelation function of the sinc pulse A smc(ZW!)a and ’
sketch it.

~ Problem 2.33 The Fourier transform of a sxgnal is defined by Jsinc{ f ). Show that the auto-
correlation function of this sngnal is triangular in form.

(tint- s Find V)% P S Ry CT) ) s

~ Problem 2.35 Consider a signal g(r) deﬁncd by
g(r)=Ag+ A, cos2nf,t+8)+ A, cos(2nf;t +6)

(a) Determine the au;ocorr:lation function R,(7) of this signal.
(b) What is the value of R,(0)?

(c) 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) gft) = el

(c) g(t) = e™"u(t) — e u(-1)

2.1 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 = [ g)g - )
Since g(t) in this case is real, then ¢g*(t — 7) = g(¢t — 7), hence
R = [ g®g(t- )t

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



g(t—17)

Figure 1: Case 1 Part b

Break the integral over the 3 regions, {—o0,0},{0,7}, {7, 00}

0 T 0o
R(1) = / e®e®t=T)dt + / e~ e t=T)dt + / e et gt
0 T

—0o0

0 at ,a(t—T) —ar [0 2at —ar [82“}800 —ar [1-0] e 7
Butf_ooe e dt =e f_ooe dt =e 2 € e — 24

and [] e~e**""dt = e~ [T 1dt = T

and j‘TOO e~ otg—alt—7) Jt — ot fTOO e—20t J¢ — eaT@ — a7 [0—_6;2‘"] _ e;:"'
Hence for 7 > 0 we obtain
R(7) = 62: + 7Y + %
= e + 7™
a
[+




g(t)

g(t-7)1
|

T 0 t

Figure 2: Case 2 Part b

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

T 0 o
R(T) =/ eatea(t—T)dt+/ e—atea(t—r)dt+/ e_ate_a(t_T)dt
T 0

—00

T at,a(t—1)Jt — p—at [T 2at J4 — ,—aT [e%t]zoo _ —ar[€T=0] _ e’
Now [’ e%e dt=e"7 [T _e*dt=e o= =e - ==
and fTO e~tett-T)dt = e—a7 fTO 1dt = —7e™ %"

and [ e atealt-T)dt = ear T o — e (1) = &7

2a —2a 2a
Hence
ear ea‘r
R - _ —at -
(T) 2a T + 2a
1
=G -7)

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

0 oo
R(T) :/ e“te“tdt—i-/ e e "dt
0

2a 0 —2at1°°
— [6 t]—oo + [6 2 t]O
2a —2a
1
T a



Hence

Or we could write

R(r) = e (L = (-Irl)

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])] (7]
a

Show[{Plot[f[t] /.a~>1, {t, -6, 6}, PlotRange » All, PlotStyle - Red, AxesOrigin- {@, ©}]}, AxesLabel -> {"c", "R(t)"},
PlotLabel » "Autocorrelation function for part(a), when a=1"]

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

T
-4 -2 2 4

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

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

Figure 3: final part

2.2 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



caseT > 0 g(t)

: exp(-at) u(t)
t

0
-exp(at) u(-t)

g(t—-1)
e 2Dyt — 1)
o T !
-2 Du(—(t - 1))

Figure 4: Case 1 Part c

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

R = [ gwg-ras [ sste=rrae+ [~ owge-a

0 T 0o
— / _eat(_ea(t—T)) dt + / e—at(_ea(t—‘r)) dt + / e—at (e—a(t—‘r)) dt
—o00 0 T
0 T 0o
— e—ar/ e2atdt _ e—ar/ 1dt+ ear/ e—2atdt
—oo 0 T
e2at 0 —2at]®
— e—ar[ 23;00 — 1T + ear [6_2617-
1-0 0—e 2
— e—m—[ o ] — 1T + em—[ _eza ]
e—aT o N —at
= —TE€E
2a 2a



case T < 0

9(®) m
0
‘EW\

t

g(t—17) ety (t — 7)

e
—e2u(-(t-1))

Figure 5: Case 2 Part c

0

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

R = [ gwoe-mas [ gwga-ras [ sttty

_7?0 0 e}
— / _eat (_6a(t—'r)) dt + / _eate—a(t—r)dt + / e—ate—a(t—'r)dt
—00 T 0
T 0 0o
— e—ar/ €2atdt _ ear/ 1dt + ear / 6—2atdt
—00 T 0
[e2at]7__ [e—2at]°°
__ _—at 00 at at 0
e “oq + 7€ +e€ g
— e 9T [e2a'r - 0] + 7€% + o7 [0 - 1]
- 2a —2a
at at
2% T T

m(l )
=e ' | —+T
a

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

6_0’7(%—7') 7>0
R(7) = 1 T=0
e‘”(l+7') T7<0

a

8



Or we could write

R(r) = TP r)

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] r]
a

Show[{Plot[f[t] /.a~>1, {t, -6, 6}, PlotRange » All, PlotStyle - Red, AxesOrigin- {@, ©}]}, AxesLabel -> {"c", "R(t)"},
PlotLabel - "Autocorrelation function for part(a), when a=1"]

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

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

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

Figure 6: Part c

3 Problem 2.32

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

solution:

R = [ot)°(t-)ds

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

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



R(1) & Uy(f)

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

i.e.

R(1) = F 71 (%,(f)) (1)
But
Uy(f) = G (2)
and we know that A
Asinc 2Wt) & Wrect (%)

Hence

The (2) becomes

Hence from (1)

Hence

10



R(7) = (ﬁ)Q sinc (2W)

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

A=1;
W=2;

A2
flt ] := [E] Sinc[Pi2Wt]

Show[{Plot[f[t], {t, -6, 6}, PlotRange » All, PlotStyle » Red, AxesOrigin- {0, ©}]}, AxesLabel -> {"t", "R(t)"},
PlotLabel » "Autocorrelation function when A=1,W=4"]

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

AAAAS VAVA\) U/\V/\VA\Q : .

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(1) & |G(f)*

Then

R(7) < |sinc (f)|2
& sinc? (f)

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

But

F! (sinc2 (f)) = F ~!(sinc (f) x sinc (f))
= Ysinc (f)} ® F ~H{sinc (f)}

11



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

F ' (sinc® (f)) = rect(t) ® rect(t)

= ?rect(T) rect(t — ) dr

—0o0

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

tri(T) < sinc?® (f)

Hence
R(7) = tri(r)

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

. 1— |t lt| <0
tri(t) =
ri(?) { 0 otherwise

5 Problem 2.35

Consider the signal g(t) defined by

g(t) = Ap + A cos (2 fit + 0) + Az cos (27 fot + 6)

(a) determine R(T)
(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

G(f) = Ad(f) + BH[P0(f — )+ €6(F + )] + 32 [76(F — )+ (f + )

12



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

G () = AoB(f) + SH[e8(F — 1) + 8(F + )] + 2 [e6(f — 1)+ €6(F + )]

So
GG (1) = A36(0) + SL[5(F = £+ 6(F + ) + 221(F — o) + 607 + 1)
SO A2 A2
So(f) = A3(f) + Tl[é(f —f)+6(f+ )+ f[d(f — ) +6(f + f2)]
S0

R(r) = F(S,(f))

=1 (A468(1) + %%F‘l[é(f = f)+6(f + f)l + %%F‘l[é(f = f2) +6(f + £o)]

Hence
R(T) = A2 + A?% cos 27 f1T + Aé 08 27 for (1)
Part (b)
A2 A2
— A2 1 2
R(0) = A5+ 5 t 5
1
= 5(2A3 + A} + A)
part(c)

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

13



6 extra Problem

(a) find £(t) ® £(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) = e3'u(t) and u(t) is as shown

U(t)

4T

Figure 8: Extra problem

To DO

14



7 Key solution

C EE 443 chep 2 N\ A2 \CQJ_J roe |

20 &) See Ladsal pige (78) 2

£ ,
57 }) g- exe(Calll) = édﬂz[é’/ i e d(-Z) wE axo

Srmce Zﬁ/?"/ /o %“[ == X;!(‘T// i
be texl as Ere. => Ry (~T)= £4(T)

adl
e AlF) -0 s
NG Sy
t

g(t)

g(t-1) - *
alf-T) f (+=t)
"3 [— l -t
o] T
. ko .
Therefore, for 150, => /eg,_é([’) = /%[f/;’# v([\j/fzg

0

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

‘ T
+ f exp(-at)explalt-t)ldt
0

+ ] exp(-at)exp[-alt-t)ldt
T

exp(-at)+1 exp(-at) + %; exp(-at)

_
cZa

= (%-» 1) exp(-at)
Since Rg(—-:_) = Rg(-r), we may express ,Rg('r) for 211 1 as follois:
1
‘Rg('r) = (G + Ith) expl-alt])
which is 11lustrated below:

R (1)
g

0
[ 2
(c) g(t) = exp(-at)u(t)-explat)ul-t) Y, 7 By Vi f/// sy aeal

For t>0, we _have

15



N A e e

g(t) -’C’L?A

. . | o o
Therefore, for >0, }33~647,; - -4/ﬁ [?5}2§2§L —2./>¢7;£~

0
'Rg(T) =/ exp(at)expla(t-7)ldt

-

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

+ f exp(—at)exp[—a(t—r)]ﬁt
T

1 1
ES‘GXP('ET)—T exp(~at) + Eg-exp(-ar)

= (%-_ 1) expl(-at)
”Since Rg(-w) = Rg(r), we may express Rg(r) for all 1 as follows:
1 Te
Rg(r) = (; - It} exp(-altl])

which is illustrated below: Rg(T)

et T

16



N A 1 -
A sinc(2¥t) = B rect(ﬁ) = 6(%7
Since .
R (1) —= }G(f)xz
g = !

it follows that for the given sinc pulse

2

e e

fy .~ A (f‘
RE:T) = sz rect(zw
Thercxores
R (¢) = 5i inc(2W
g t) = 55 sinc )

which is shown illustrated below:

R (1)
s
3 1 1
T oow W 2W

?roblem 2.33 = Koo \ i%?%a (76)

G(f) = 151nc(f)]
Z Z ’,-'._';/-(:

Therefore,

=7
96(012 = sinc?(f)  e—A @%LT/

The function sine (f) represents the Fourier transform of a trtangular pulse of anlt

amplitude and width 2 secords; centered at the origin. Therefore,
-, 11 1<1
R (1) = -
& o, fi>1
which is illustrated below:
R (1)
g
1.0
0 1

17



- 44 2 ' | A fp 2 ‘ S 7

|Pre 4.

283 6(f) - Bauctt)|

(becond wwiticd)

fyte) -l o) = Fme tf)
= g//'nc/f/ -_-g/!nc(
o

—

Glf) G2(f)

/’/fwfée @) = 9) 6 Gor)

e 5; (©) = G) = F [ @ = 2ot (2)

R

7/

182 1l 2
| 2 R
J9(T-2)
J: 2z
zTAL/] (f* /)
%/Z/}/@Z Zé’““/’///’ / “He @M/d/ﬁ/ 22 AC«““ bt }ﬂvl/tq&
o 7 < -1 %(T :
f/—.lr{j — < T<o0 ' : 0
(Pg (T) = i |- o< « =>




Fe S s gFEL ege §
2e 345

(a) g(t) = Ao + A1 cos(2nf]t+6)+A2 cos(2~ut‘2t+e)
Therefore ;
A‘l
G(f) = AO 6(f) + —5 [6(f—f1)exp(jd)+5(f+r1)exp(—jd)]
ds
+ 5 '[6(f—f2)exp( JB,)+6(f+vf2)exp(—J8)]
and

2,2 27 + :
GO T = AO §(f) + T [é(f‘—f1)+6(l‘+f1)] + Y [6(f—f2)+6(f+f2)]

Since R (1) = 16(n1°

it follows that

2 2
2 M Ao
Rg(r) = Ao + 5 cos(2ufir) »+»—2— cos(2nf‘2-()
- , A8

(c) We see that Rg('t) depends only on the dc¢ component “0’ the amplitudes A1 and Aé of
the two sinusoidal components and their frequencies f.l and f2. The phase information
contained in the phase angles of the two sinusoidal components is completely lost when

evaluating RS(T). B
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1 Problem 2.30 —

Problem

Determine and sketch the autocorrelation function of the following

(b) g(t) = e~
(©) g (t) = e™u(t) — e*u (1)

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)= [ g -na

Since g (t) in this case is real, then g* (t — 7) = g (¢ — 7), hence
R = [ g®ott-ra

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

a(t)

g(t—r1)

~N = —
-

Break the integral over the 3 regions, {—o0,0},{0,7}, {7, o0}

0 - o
R(’T) =/ eatea(t—r)dt+/ e—atea(t—r)dt+/ e_ate_a(t_,.)dt

—0o0 0

—ar

2at 0
0 at ,a(t—7) _ ,—ar [0 2at __ p,—at [e ]—oo _ _—ar[1-0] __ e
But [~ ee dt=e [ _eMdt=e "5 ==¢ o = Em

125



and j;)T e—atea(t—-r)dt = e~ o fOT 1dt = Te—T

—2at]®® —2at
o0 —alt— oo _ e 0—e —ar
and fT e ote a(t-T)dt = e‘”fT e~ 2atdt = e‘"——-L[ _2a] = eV i —m— = 5

Hence for 7 > 0 we obtain

-aT —ar e—a’r
R(1) = 5 + Te7% 4+ %
—at
T
an
=ML+ )
g(t)
I
0 t
i
]
|
— i
s=nAN
|
T 0 t

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

T 0 00
R(1) = / eet gt + / e~ %ed gt 4 /0 e~ %e =Tt

-—00 T

2at]” T
Now [T e®edt-T) gt — ¢=a7 [T o20tgt — =0T [e ]—oo = o7 %70 €T
—00 —00 2a 2a 2a

and fTO e~otet=-T)gt — e—o7 fTO 1dt = —7e™%"

—2at]*>®
and [ e=ote=t-Tt = o7 [Tl = 7 (1) = &
Hence
aT ea‘T
R(r)=— -7+ —

2a / 2a

(177

46



When 7 =0

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

0 oo
R(T) =/ e“te“tdt+/ e~ et q¢
0

—00

0 94100

B G O
2a —2a

Hence

Or we could write

R(r)=e\efi — (= |r])

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

g7



Out[18]=

£lt_]) := Expla (-~bs[t])] (

1+a(-Abs[t])
=Y

Show [{FPlot[f[t] /. a» 1, {t, -6, 6}, PlotRange =3 411, PlotsStyle - Red,

LxesOrigin - {0, 0}}}), AxesLabel -> ("z", "K(x})}"},

PlotLabel - "sut. caorr=lation funcrticn for part(a),
Autocorrelation function for p art(a), a=1
R
. N N 1 .

-6

Y -2 2 -

wlhes1

a=1"]

inf211:= Show [{(Plot[Lf[t]) /. a2 4, {t, -5, €}, PlotRange - All, PlotStyle - Red,

out(21]=

AxesOrigin - {0, 0}})}, AxesLabel -> ("z", "K{z)"},

PlotLabel -» *futacorrelaticn fanction £or parck (a) .
Autocorrelation function for p at(a), when a=4
R{n)
02s
0
s} =
040 |
0s
N . s N P
-8 -4 -2 2 4 (-3

wlen

a=4"]

28




1.2 part(c)

g (t) = e u(t) — e®u(—t)
Assume a > 0.

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

[case 7 > 0]

case T > 0 g(t)

0
-exp(at) u(-)

exp(-at) u(t)

g(r—1)

T
_ea(t—r)u(_(t - ())

Break the integral into 3 parts, {—o0,0},{0,7}, {7, 00}

e ITny(t—1)

0 T %)
R()= [ g(t)g(t—r)dt+/0g(t)g(t—r)dt+/ 9(t)g(t—T)dt

0 T 00
— / _eat (_ea(t—r)) dt +/ e—at (_ea(t—'r)) dt + / e—at (e—a(t—'r)) dt
—00 0 T
0 T 00
=e / e*dt — e / ldt + €*" / e~ dt
—00 0 T
e2at 0 —2at]®
— e—a‘r[ 2l—w — 7€ 4 o7 [6_261
__ _—at [1 — O] —aTt aT [0 - e—2a‘r]
=e % Te +e€ %

—at —at
e

—art €
-7 " + %a
_ 1 1
- (2_— %)
_ 1

- (57)

5’29



case T < 0
g (t) exp(-at) u(t)

0 t
-exp(at) u(-t)

glt—1) e Tyt —1)
‘N‘t 0 t
__ea(t—r)”(_(t_ l’)) ’

Break the integral into 3 parts, {—o0, 7}, {7,0}, {0, 00}

T 0 00
R(T)=/ g(t)g(t—T)dt—i—/ g(t)g(t—7‘)dt+/0 gt)g(t—T7)dt

-00
T 0 00
— / _ea,t (_ea(t—r)) dt + / _eate—a(t—r)dt + / e—ate—a(twr)dt
—o0 T 0

T 0 00

= e""/ e**dt — e‘"/ 1dt+e'”/ e %dt
—00 T 0
T -

=97 —[em]_“’ + 7€ + %" g o

2a —2a
=e % [e2ar — 0] + 7€ 4 €97 0- 1]

2a —2a

P— _li + TeaT _i.,/i

2a 2a
= 97 l
a

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

e“‘"(-l-—T) T>0
R(r)= g =0
e‘"(%+’r) T7<0

Or we could write

L/
R(r) = eefg — Irl)

é’;O




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

injs1k= £ft_} = Expla (-Sign[t] t)) (:- -Signjt) t)

Show [(Plot{f[t] /. a> 1, {t, -6, 6}, PlotRange > All, PlotStyle - Red, AxesOrigin - (0, 0}]},
AxesLabel -> ("z*, "K(z)"}, PlotLabel » *tutcoorrslarion functicon for parbfa), when asle]

Antocorrelation finction for p at(a), when a=1
R

Out[52]=

In(s3p= Show [{Plot[£ft} /. a~»> 4, (t, -5, 6}, PlotRange - , PloyStyle - Red, AxesOrigin > {0, 2}]},
AxesLabel -> ("z", "K(z)'}, PlotLabel » *tutccorralatifn fanction £or parta) . when a=d']

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

R

02}

o0}

01s

Ou53]=
010
[}
N . " .
- - -2 2 . 6

,?1



2 Problem 2.32

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

solution:

o]

R(r)=/g<t>g*(t—r)dt

—00

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

Since the function g (t) 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(r)=F"" (¥ (f))

But \
P, (f)=1G(f)
and we know that 4 f
Asinc (2Wt) & Wrect (W)

Hence

The (2) becomes

But |rect (55) |2 = rect (5L;), since it has height of 1/{0
{

¥, (f) = () rect ()

Hence from (1)

32
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RUO=F"1((§%):mi(%%))
(@) elh)

Hence

z

R(1) = (fﬁ)'sinc (2WT)

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

In[9]:=
A=1.
W=2

2
flt]:= (%) Sinc[Pi 2 W t]

Show[{Plot[f[t], {t, -6, 6}, PlotRange » All, PlotStyle » Red, AxesOrigin -» {0, 0}]},
AxesLabel -> {"t", "R(t)"}, PlotLabel -» "Autocorrelation function when A=1,W=4"]

out[9]= 1.
out{10]= 2
Autocorrelation function when A=1,W=4
R(1)
o.osi
0.04){
L
Out[12]= |
0.0 H

AR ANN A A n A AN A APAAA TG T
oY vvyvvh UUV%VV ARGE
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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

F1 (sinc2 (f)) = F ! (sinc (f) x sinc (f))
= F~! {sinc (f)} ® F ! {sinc (f)}

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

F~ (sinc® (f)) = rect (t) ® rect ()

= frect (r)rect (t — 7)dr

This integral has the value of ¢7i (¢) (we also did this in class) Hence

tri (1) < sinc? (f)

Hence
R(1) =tri(r)

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

N [t| <O
tri(t) = { otherwise

1



4 Problem 2.35

Consider the signal g (t) defined by

g (t) = Ag + A cos (27 f1t + 6) + Aj cos (27 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

Ay

G (f) = Ao (f) + [6J05(f f)+e 6 (f+ f)] + [6105 (f = fo) + e (f + f)]

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

G* () = A0 () + 52 (%6 (7 = )+ 5 (4 F)] + 52 [ (f = £2) + €5 (7 + f)]

So 2

GG (1) = A (N +EL16( = f)+3(F+ Fl + 2215 (F — o) + 67 + )]

So )
So(£) = A3 (1) + L [5(F = F)+6(F + Fl + 2215 (F = ) +6(F + fo)

So
R(1)=F (S (f))
= P (A38(0)) + AL (7 — F) + 8+ R+ B2 B (= ) (S + o)

Hence

.
R(r)= A%+ %icos 27#\[17/+ %% cos 27 foT (1)

35



Part (b)

part(c)

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

130



5 extra Problem

(a) find £ (t) ® £ (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 () and u (¢) is as shown

u()

Answer

137
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