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1 Questions

LEE 43 oAy F 2w FD e/

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

(2) gt)=exp(—athdr)

V' (b) glt)=exp(—alt])
V() alt)=exp(—athult) —explariu( —1)

~ Problem 2.32 Determine the autocorrelation function of the sinc pullse. A'sinc(2¥1), and
sketch it.

~ Problem 2,33 The Fourier transform of a signal is defined by |sinc{/)|. Show that the auto-
correlation function of this signal is triangular in form. . . :

(ﬂmLyﬁm/A%Wf/%Lgéw/AéfﬁV ) |

— Problem 2.35 Consider a signal g(z) defined by
glt)=Ag+ A, cosnfit+8)+ A, cos(2nf,t +6)

(a) Determine the autocorrelation function R (z) of this signal.
(b) What is the value of R (0)?

(c) Has any information about g(r) 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(-t)

2.1 part(b)

e >0
g=4 1 t=0
et t<0

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



RO = [ gbg -

Since g (t) in this case is real, then ¢* (t — 7) = g (t — 7), hence

RO = [ gtgt-oar

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

case 7 >0

9(t)

Figure 1: Case 1 Part b

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

0 00
R(7) = f etett-1dt + f Te‘“te“(t‘T)dt+ f etema(t-1) 4y

—00 0 T
0
2at
0 0 [*] [1-0] _ e™"
at ,a(t-1) 4 — ,—AaT 2at 41 — ,—at o _ ,—aT —
Butf_ooe e dt=e f_ooe dt=e o e > o

and LT e~ tett=1)jt = pmat f 1dt = te™™"

[O_e—Zm:] o0t

_ 00
- [e 2at]r
—2a

(o] (oe)

—at ,~a(t-7) 4+ — ,Hat —2at J¢ — AT —
andfTee dtej;e dt =¢ e =y o
Hence for 7 > 0 we obtain

—aT —aT
R(7) = + 1e7 +
a 2a
e—ﬂ’f
= + e "

case t <0




a(t)

Figure 2: Case 2 Part b

Break the integral over the 3 regions, {-, 7}, {7,0}, {0, 00}
T 0 )
R(7) = f ete?t=0dt 4+ f e~ Mot t=T) ¢ + f e~ temat=1) 4t
—00 T 0

2 T
NOW f’[ eatea(t—'[)dt — e—a-[ f’f €2atdt — e—ur% _ e‘“w — eﬂ_T
—00 —00

2a - 2a 2a
0 —at ,a(t-7) 44 — ,—at 0 — _p— AT
andfTe e dt =e ledt— Te
00 ¢ (t-7) [e_zaf];o o7 o7
—Aat ,—a(i—T — AT — —_ e
andL e e dt=e — —_2a(0 1)—2a
Hence
eﬂ’l’ at
R(t)= — -1+ —
() 2a 2a
=| e (1 —T)
a
When t=0

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

0 oo
R(7) = f etettdt + f ettt
—00 0

[eZut]o [e2]”
— —co | 0

2a -2a

Hence

Or we could write

R(@) = et (3 - (= ol




This is a plot

of R (7), first plot is for 2 =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 -> {"tc", "R(t)"},
PlotLabel » "Autocorrelation function for part(a), when a=1"]

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

6 4 -2 2 4 6
Show[ {Plot[f[t] /. a—>4, {t, -6, 6}, PlotRange » All, PlotStyle » Red, AxesOrigin- {0, ©}]}, AxesLabel -> {"c", "R(z)"},
PlotLabel » "Autocorrelation function for part(a), when a=4"]

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

R(1)

Figure 3: final part

2.2 part(c)

Assume a > 0.

g(t) = e ™u(t) —e™u(-t)

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

case T >0

caseT > 0 g(t)

0
-exp(at) u(-t)

g(t-17)

e 2Dyt - 1)

o |T !
—e2Iu((t- 1))

Figure 4: Case 1 Part ¢

Break the integral into 3 parts, {—c0,0},{0, 7}, {7, 0}




0 T 00
R@= [ gOgt-nar+ [ goge-nas [ s@g¢-oa

— fo —eft (_ea(t—T)) dt + fT ot (_ea(t—r)) dt + foo eat (e—a(t—r)) dt

T

0
0 T )
:e‘”f eZ”tdt—e‘”Tf 1dt+e”f e 2at gy
—00 0 T

[eZat]o e—zat]‘”
=T 3 - _ Te—a'[ + 77 5 T
a -2a
—Zm]
_ —e
=e —[1 0] — e " + ™" —[0
2a -2a
e—a’l’ —AaT
= —Te " 4+ —
2a 2a

_e—u"[ l—T'FL
B 2a 2a

=" |--1
a

case <0

case T < 0

g(t) m

0
-exp(at) u(-t)

g(t—1) N e atDy(t — 1)
I — t

s
~e2Iu(~(t - 7))

Figure 5: Case 2 Part ¢

t

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

T 0 00
RO = [ sOg@-na+ [ gOze-vdt+ [ s@gt-na
— fT —eht (_eﬂ(i’—T)) dt + fo —_ette=alt=0) 4} + foo et e=at=1) 4
—00 T 0
T 0 )
=" f e dt — e f 1dt + e** f e~2mtdt
—00 T 0

[BZat]T [e—Zut]m
- — 0
=e =+ 7™ 4 T ———
2a -2a
24T _ ]
—[e 0 + e + 677 —[O —1
2a -2a
ea'[ aT
= — 47"+ —
2a 2a

1
=et (— +T)
a

— e—ﬂl’l’



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

NI
2
=
—

RIFPy Ry -

—T) >0
=0

<0

9]
2
]
—_
+
I
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Or we could write

R (1) = ¢Ile (% - |’C|)

This is a plot of R (7), first plot is for 2 =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- {0, ©}]}, AxesLabel -> {"c", "R(z)"},
PlotLabel » "Autocorrelation function for part(a), when a=1"]

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

1.0

Show[{Plot[f[t] /. a4, {t, -6, 6}, PlotRange » All, PlotStyle » Red, AxesOrigin- {0, 0}]}, AxesLabel -> {"t", "R(t)"},
PlotLabel - "Autocorrelation function for part(a), when a=4"]

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

Figure 6: Part c

3 Problem 2.32

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

solution:

R = [gg -

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

W, ( f ) of ¢ (t)make a Fourier transform pairs.

R(1) & W, (f)

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

R =5 (7, (1) g



But

and we know that

Asinc QW) & A et (L
S1nc 2W7’€C W

Hence

- fom )

The (2) becomes

2

W (f) = |§V76Ct (%\/)
2
~(z) ()
2

A\ A T .
But |rect (Wv)| = rect( ), since it has height of 1, so

2

2W

Hence from (1)

Hence

R(7) = (%)2 sinc 2W1)

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

A=1;
W=2;

A 2
flt_]:= [—] Sinc[Pi2Wt]
2W
Show[{Plot[f[t], {t, -6, 6}, PlotRange » All, PlotStyle -» Red, AxesOrigin- {0, ©}]}, AxesLabel -> {"c", "R(t)"},
PlotLabel -» "Autocorrelation function when A=1,W=4"]

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

0.06

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

(2)



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@ = |6 (A)

Then

R (1) & [sinc ( f)|2

& sinc? ( f)
Hence to find R (1) we need to find the inverse Fourier transform of sinc? ( f)
But
F (sinc2 (f)) =f! (sinc (f) X sinc (f))
=f! [sinc (f)} ®F! {sinc (f)]

But ! [sinc (f)} = rect (t), hence

F! (sinc2 ( f)) = rect (t) ® rect ()

o

= frect (t)rect (t — 1) dt

—00

This integral has the value of tri(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

1-|t t| <0
tri(t):{ g g

0 otherwise

5 Problem 2.35

Consider the signal g (t) defined by
g (t) = Ap+ Aj cos (2nf1t + 6) + A, cos (2nf2t + 9)
(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
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G(f) = Aod () + % [696 (F - f) + 7% (£ + £2)] + % [096 (f - f2) + 7% (f + f)]

Hence |G (f)l2 = G(f) G (f), so we need to find G* (f)

G (f) = 405 () + % (7% (F - f2) + 696 ( + £1)] + % (7% (£ - £2) + 6 (£ + £2)]
So
G(F)G (F) = A0 (7) + Ao (- £1) <0 (F + £1)] + 2 [o.(F - ) # 5 (£ + £2)]

So
2 2
S ()= 430 (1) + F [ (7= £1) +3 (74 £0)]« (7 fa) +0 (7 + o)
So
R(@) =" (S (/))
-1( A2 Al A
= (4o () + e [o(f - fo) +o(f+ A)]+ 2F[o(f - f2) + 0 (F + fo)]
Hence
R(7) :A%+ A?%COSZTCf1T+A7%C0827'(f2T (1)
Part (b)
R(0) = A3 + A; + A?%
= %(2145 + A2 + A3)
part(c)

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

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) = e73'u (t) and u (t) is as shown

u(t)

4T

Figure 8: Extra problem



To DO

7 Key solution

11

EE 443  dey 2 \ Arm Yoy o
3 @) See S st fegie (75) 22 \\__J
50 ) ) g= @xf(;a!f/)i é'ﬂ“’d/j[é’j + e Ul-E) w7 e>o

glt)

662(2['%} nal/jé Zm/d«f/ E Ve => g‘{} (~T/ = K?CT)

—r & WKL)

alf~T) —a(+=T) )
€ ' N
— 4'1 — ..t
Lk X
Therefore, for >0, => K9éf) = /—}/}Z/%ﬂ .?j;/%

. 0 .
R (1) = J explat)explalt-t)ldt
g e

T
+ [ exp(-at)expla(t-t)ldt
0

+ J exp(-at)expl-alt-1)ldt
T

%—a— exp(-at)+t exp(-at) + -;E exp(-at)

= (% + 1) exp(-at)
Since Rg(--:_) = Rg(r), we may express _Rg('r) for all t as follows:
1
‘RE(T) = (g + ITD exp(-alt}])
which is illustrated below:

R (1)
g

o]

For 1>0, we .have

Crarce ﬁé/%/ ) '/Vefgf(/.‘"/*zi)“-‘ K;*(T// /V//’/? i

[ N
(e) g(t) = exp(tat)ul(t)-explat)ul-t) Y. [~ Sy o4 v j//, /o) MQZ i

ot
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= A A S
= 1
g{t) —'C’L%
t
glt-TX
1.94-— — -
— S .
1.0 . ) '
, U = R /v‘/f _r;"}K/‘_‘/_‘_
Therefore, for >0, ) = / %&// ‘-, 7
4
0
ng(r) = J exp(at)explal(t-7)ldt
T

~ f exp(-at)explal(t-7)ldt
0

+ f exp(-at)expl-alt-1 )]at
T

"

%E-exp(—aT)—r exp(-at) + %; exp(-at)

= (%»— 1) 2xpl-at)
‘Since Rg(--r) = Rg(T), we may express Rg(r) for all T as follows:
1 .
Rg(r) = (5 - 1T expl-altl)

which is illustrated below:

R (1)
g

I ¢
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-\ K N
:./'; A sinc(adt) = En rect.(z,,,) — @/7;‘7/ ‘
2 .
ES(T) = GO\, : .

it follows that for the given =zinc pulse

g’ sz

Thercfore;

e e [ —

./'

e

A .
Rg(':) = 5 sinc(2¥t)

which is shown illustrated below:

To2w

Problem 2.33 e Loe \/9%6 (_?4)

G(‘f) = !smc(f)]

/ H
LAV
v

Therefore,
T ’
16012 = sinc?() e A Lrg}

The function sinc (f) represents the Fourier transform of a trtangular pulse of .mlt
amplitude and width 2 seconds; centered at the origin. Therefore,

1-1T1, ft1<t
R (1) = :
g 0, 1t1>1

which is illustrated pelow:
Rg(T)
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e .

i fp 2 ‘ | zf%-# Z

ﬁgg . G(TF); //g‘mo(ﬁ}

(becind wwelRs Z = 7 2 2
Ry(T) &> |619]" = Simc (£)

)
¢

= g//ﬂc/]ﬁ/ -g/rﬁC[
o

\‘—’V‘
alf) G2 lE)

&Q@%@Ev A%ﬁj»:; iﬁﬁ 6§%¢t)

wheiee 9010) = %(’f) _ ;?'[g,'mc (7?)]: Jzecy

- | 4(2) G(e=2)d

£

(/21/

=
10 bl
- ]
(‘ A‘ Z r t - £
- % Y = 7‘//2’
Jo(T-2)
lf~j1—a <
(‘T—L (Z“’LZ/)
s 7
Gen " lopling Ao Comypalebis e Sooe
’ "o 7 < -] %W/\’
-0
e Leee A//T\\
t? (“['): o ° => T
g ipa <<y ~ - \ } r}t
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2e 34

(a) g(t) = Bo + Ay cos(2vrf‘]t+8)*A2 cos(2uf2t+8)

Therefore;

G(f)

A
Ay 8(6) + —5 [6(f=1 )exp( J)+6(fef Dexpl-30)]

A
o 52 T8(F=1,)exp( 38)+6 (f+f,)exp(~18)]

and

A2 A2

G2 = A2 600) ¢ g (E(E=E D08 )) 4 2 (8 (I-1p)48 (£2£,)]

Since R (1) == 6112

it follows that

2 2
2 M Ao
Rg(r) = Ao + 5 cos(2nf‘1r) + 5 cos(2uf21)
' . MM
(b) Rg(O) = AO t 5+ »

(¢) We see that Rg('[) depends only on the dc¢ component “0’ the amplitudes A1 and A;,_ of
the two sinusoidal components and their frequencies f.l and t‘z. The phase information
contained in the phase angles of the two sinusoidal components i{s completely lost when

evaluating RS(T). R
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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(r)=/_°°g(t)g*(t—r)dt

Since ¢ (t) in this case is real, then g* (¢t — 7) = g (¢ — 7), hence

R(T>=/_°°g<t>g(t—r)dt

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

g(t)

gr—r1)

e = —

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

0 . -
R(r) = / e dt + / e~ et dt + / e—ale=a(t=T) gy
—o° 0 T

)
e?at] —ar
-

0 at pa(t—7) _ ,—ar [0 2at _ —H,T[ _ _—ar[1-0] _ e
But [~ e*e dt=e [C_e®dt =e 5= =" = £
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and f()T eAatea(t—'r)dt = e j‘oT 1dt = e

and f°° evateva(tvr)dt = eoT f°° e—2atdt = 97 [e—-zaz]‘: = %7 0—e—2a7 —_ e
T T —2a —2a 2a
Hence for 7 > 0 we obtain
at)
|
0 t
I
|
!
— I
git—1) 7
|
T 0 t

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

T 0 o
R(T) =/ eatea(t—T)dt+/ e—atea(t—T)dt+/ e_ate_a(t__r)dt
—00

T 0

2at]” 2ar
— — T — € _ _ et -0 ar
Now f:’w eatea(t T)dt — o7 j‘—oo e2otdt — e a.‘r[ 2‘]1 0 — p—ar - — 62a

and [° e *te*t=dt = e~ [*1dt = —Te~*"

—2at]®
and [;°e e "")dt = e‘”—"—[e _2a] =< (0-1)=5%"
Hence
ea’r aT
R(r)=— -1+ —
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When 7 =0

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

Hence

Or we could write

0 00
R(7) =/ e“‘e“tdt+/ e *edt
0

—00
0 -
P |

2a —2a

1
a

e“"(ilz+'r) 7>0
R(T)={ =0

e* (;1;—7') 7<0

[R() =e\"off — (- Ir]) |

This is a plot of R(7), first plot is for a = 1 and the second for a = 4
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1 +a(-Abs[t
£[t_] := Expla (-Abs[t])] (a(#’l”

sShow [{Plot[f[t]) /. a> 1, {t, -6, 6}, PlotRange » &l1, PlotStyle - Red,
4xesOrigin - {0, 0}]1}, AxesLabel -> {"z", "R(z)}"},
PlotLabel » "~ut..corr=lation funetion for part(a), shea a=1"]

Auto correlation function for part(a), a=1
R(Y)

Out[18]=

N n N 1 v

-6 - -2 2 - ]

in[21):= Show [{Plot[Lf[t] /. a4, {t, -5, €}, PlotRange 5 All, PlotStyle - Red,
AxesOrigin - {0, 0}]}, AxesLabel -> {"z", "RK{z)}"},
PlotLabel » *Zut. correlaticn fanction £or part (x) . when a=47]

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

02s

Oout[21)=

05




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)

g(t—r1)

T
—ea("’)u(—(t - r))

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

e Tt —1)

0 T 00
R(r>=/ g(t)g(t—f>dt+/g(t)g(t—r)dt+/ o(t)g(t—7)dt

—oo 0 i
_ /0 et (_ea(t—‘r)) dt + /T et (_ea(t—'r)) dt + /oo e~ (e—a(t—r)) dt
—o0 0 .
=e /0 e*dt — e™ " /T ldt + e /oo e 2edt
—o0 0 T
_ e [e?‘;‘l‘iw R
a —2a
el =0 e 0= e
"2 —2a
—ar e e—oT

(o)
e~ (517)
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case T < 0
g (t ) exp(-at) u(t)

0
-exp(at) u(-t)

glt—1)
NT 5
_ea(t—r)“(_(t _ l‘)) '

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

e M Ty(t—1)

R(T)=/T g(t)g(t—T)le-/ g(t)g(t—T)dt—i—/Ooog(t)g(t—T)(it

—-00

T 0 00
— / —e (_ea(t—'r)) dt + / _eate—a(t—‘r)dt + / e—ate—a(t-r)dt
—00 T 0
T 0 )
=e ¥ / e?otdt — e / 1dt + ™ / e dt
—00 T 0
[e2at]7_' [6—20,!]00
__ _—aT 00 atT aT 0
e 92 + 7™ +e€ .
2aT
R [6 - 0] at at 0— 1]
=e —2a +7e" +e 5 50
aT ,aT
= 4+ €% _h/_

T 2¢ 2a
. (1\/3
=€ —
a

At 7 =0, we see that R (0) = 1, hence the final answer is
i (l — T) 7>0
R(r) = f =0
e*” (al + 'r) T<0

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

1
wsti= £1¢_) = Expla (-Signie) ) ( ;- stonit) £

Show [(Plot{f[t] /. a1, {t, -6, 6}, PlotRange - All, PlotStyle - Red, AxesOrigin -» (0, 0}]},
hxesLabel -> {*z*, "K(z)"*}, PlotLabel » *sutconrrzlarion funetion for park(a), when s19]

Autocorrel gtion finction for p art(a), when a=1
R

Ou[52]=

(53t~ Show [(Plotffft}/. a>» 4, (t, -5, 6}, PlotRange » , PlofStyle - Red, AxesOrigin = (2, 2}]},
AxesLabel -> ("z", "K(z)"}, PlotLabel » *rutcorrrelabihn fanction £or partga) . when a=d']

Autocorretation fanction for p at(a), when a=d
oz
020
01s

Out[53)=
010
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2 Problem 2.32

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

solution:

oo

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

R(r) & ¥, (f)

Therefore, to find R (), 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) & ﬁrect (%)

Hence

The (2) becomes

But |rect (35) |2 = rect (54;), since it has height of 1/{0
\

U, () = (7Y rect (s)

Hence from (1)
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Hence

R(r)= (%)’sinc (2Wr)

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

In[9]:=
A=1.
W=2
b3 A\’ 2
t ]:=|—] Sinc[Pi2W ¢t
e () swemzne
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)
0.06
0.04]
Out[12]=
0.0 H

Y W.YV\;U TR A A :
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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 (f))?

Then

R (1) & |sinc (f)|2
& 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

F = (sinc? (f)) = rect (t) ® rect (t)

o0

= /rect (T)rect (t — 1) dr

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

tri (1) < sinc? (f)

Hence
R(7) =tri(r)

Where ¢ri () is the triangle function, defined as

o [ 1t [t] <0
tri(t) = { otherwise

10
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4 Problem 2.35

Consider the signal g (¢) defined by

g (t) = Ao + A; cos (2 fit + 8) + Az 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 ¢ (t) we obtain

Az

G(f) = Ao (F) + B8 ( — 1)+ €5 (f + )] + B2 [96(7 — f2) + €6 (£ + 1]

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

G () = Aod (1) + 5[0 (f = 1)+ &6 (f + F)] + 52 776 (F = fo) + € (£ + 1)

So )

GG ()= AN+ B0~ f)+5( + R+ 2 1( ~ ) +5(S + Fo)
So

P A= )8+ I+ 2B )48+ 1)

Sq(f) = Ajo (f) +
So
R(r)=F""(S,(f))

2
MBS (D) + B~ )+ 8+ A+ B2 S~ )+ (7 + )

Hence

!
R(r)= A} + ﬁ.}cos 27#\7‘17/4- %ﬁ cos 27 fo (1)

11
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Part (b)

part(c)

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

12
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5 extra Problem

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

(b)Find #£ (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(t)

Answer

13

4T
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