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2.3
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2.5

2(2t — 4) = 4](2t — (2t — 2) — (2 — Hu(2t — 4) — u(2t — 6) — (2t — B)u(2t — 8) — (2t — Nu(2t - 9)
=4[(2t - 2Ju(t - 1) — (2t —4)u(t - 2) —u(t - 3) — (2t - 8)ul(t —4) — (2t — 9)u(t — 4.5)]
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2.6
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r(t) = bu(—2t —2) —u(—-2t —4) 4+ 3u(—-2t — 6) — Tu(—-2t — 8)
=bu(—(t4+1)) —u(—(t+2))+3u(—(t+3)) — Tu(—(t+4))
Or z(t)=Tu(t+4) — 3u(t +3) +ult +2) — dSu(t + 1)
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2.8
a) —4t = — (—4(—t)) so it is odd.

x(t) (blue) and x(—t) (green)
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b) e It = e~ 1=t 50 it is even ([t| = |—t]).

c) Since cos(t) is even, 5 cos(3t) is also even.
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d) sin(3t — &) = — cos(3t) which is even:

sin(3t — 5)

VAT
u_q/ VA

e) u(f) is neither even nor odd; for example u(3) =1 but u(-3) =04 —u(3), #u(3).
u(t)
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; fa]
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[t [, waf] f%md,---f Pt

fwa*
93 f Tiddd= f [ i) 41, 10t = fz 142

and A= lois 57 f Hbdts i o f e (AT

(€) Xo(0)=-Xo(-0)= -X,(0). The only number with a=-a is a=0 so this implies x,(0)=0.
X(0)=x¢(0)+X(0)=x(0).
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2.10

(a) Let z(t) be the sum of two even functions x1(t) and za(t). To show that z(t) is even, we need to
show that z(t) = z(—t) for all t. This is easy to show, since z(t) = x1(t) +29(t) and z(—t) = z1(—1) + xo( 1)
(since to get z(—t) we just plug in —t everywhere for ¢, which amounts to just plugging in —t in ()
and z9(t)). Now since z(t) and xo(t) are even, by definition x1(t) = zy(—t) and x9(t) = 22(—t) so
21(t) +xo(t) = 2y (—t) + xo(—t) so z(t) = z(—t).

(b) Let 21(t) and x9(t) be two odd functions. Then @y(—t) + xo(—t) = —z1(t) + (—2a(t)) = —(21(t) +
x9(t)) which shows that xq(t) + 22(t) is odd.

(c) Let z(t) = z1(t) + 22(t) as in part a, where now z;(—t) = x1(¢) and z9(—t) = —x2(f). We need to
show that z(t) # z(—t), z(t) # —z(—t). Consider that z(—t) = z(—t) + z2(—t) = z1(¢) — z2(f). In order to
have z(t) be even, we would therefore need to have x1(t) + 22(t) = 21(t) — z2(t) for all £, which is equivalent
to having ro(t) = —xo(t) for all ¢, which is not possible for nonzero xo(t). Similarly, in order to have z(t)
be odd, we would need to have z(t) = —z(f] = x1(t) + 22(t) = za(t) — 21(t), which is not possible for
nonzero r1(t). So the sum of an even and odd function must be neither even nor odd.

(d) Let z(t) = z1(t)xo(t) where z1(t) = z1(—t) and z9(t) = xo(—t). Then z(—t) = z1(—t)xa(—t) =
x1(t)xo(t) = z(t) which shows that z(t) is even.

(e) Let z(t) = x1(t)za(t), where z1(t) = —z1(—t) and zs(t) = —wo(—t). Clearly z(f) is even because
zZ(—t) =z1(— t) '2(—1*.} = (—1‘1(1}) (—xa(t)) = 21 (t)22(t) = z(t), which is the definition of evenness.

(f) Let z(t) = z1(t)wa(t), where z1(t) = —ax(—
z(—t) = zy(—t)eo(—t) = (—z1(t)) 22(t) = —21(t)22(t)

) and xo(f) = x9(—t). Clearly z(f) is odd because
= —z(t), which is the definition of oddness.
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a(t)

()

(WA

The plot of z,(t) is determined by z,(—t) = —x,(t), the plot of x.(t) is determined by x.(t) = x(t) — z,(t),
and the plot of z(t) is determined by z(t) = x.(t) + z,(t).

2.12
(a) sin(t) = sin(t + n27) for any integer n, so 73111(.31‘) = Tsin(3t + n2r) = 7'-31n( ) therefore
z(t) 1s periodic with fundamental period Ty = < and fundamental frequency wy = T—"T =
(b) sin(&(t + 25 1) 4 30) = sin(8t + 27 + 30) = sin(8t + 30).
wp=8and Ty == =2

4-

(c) ed‘i = cos(t) + jsin(t) is periodic with fundamental period 2, so 7% is periodic with fundamental
period & 5 =, and fundamental frequency wy = 2.

(d) cos(t) = cos(t+n2r) for any integer n, and sin(2t) = sin(2(t+mr)) for any integer m, so cos(t)+sin(2t)
will be periodic with period T if cos(t) 4 sin(2t) = cos(t + Tg) + sin(2(t + T)). This will hold as long as
Ty = n2r and Ty = mr for some integers n and m, and the fundamental period is the smallest value for
which this holds, which is Ty = 27, with fundamental frequency wy = 1.

(e) €517 = ¢i7ed® o the phase shift of 7 just means a complex constant (constant with 1eﬂpect to

tlme) out front and does not effect periodicity of the signal €7*, which has fundamental period Ty = = and
uwp =

(f) e~a10t ancl e 1% are both periodic with periods Z, — and their sum is periodic with period T =
LOM(3, §’;) L and wp =

gm0+ 4 6315"t+ 2 310’*6‘34“ 1 e/15te357 and since 947 = 1 and €757 = 1 this = e~ 110t 1 115,
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2.13
(a) periodic, Ty = 27, wy =1
(b) periodie, Ty = 7, wy = 2
(c) not periodic since 1 and 7 do not have any common factors (the only factor of 1 is 1, but since 7 is
irrational, it cannot be an integer times 1
(d) periodic, Ty =12, wp = %

2.14

a) periodic, Ty = &, wp =4

b) periodic, Ty = 5, wy = 4

¢) not periodic, since 2r and 6 do not have a common factor

d) periodic; z(t) has period 2, z5(t) has period 1, and z3(t) has period % so the sum has period

Ty=LCM(2.1, %) = 12 and fundamental frequency wy = .

v = w2 =

(
(
(
(

2.15

(a) For a1(t) 4+ z2(t) to be periodic we need some number T such that o1(t +T) + zo(t +T) = 21(t) + 2ot
for all t. This can only be true if 21 (t +7') = 21 (t) and 29(t +T') = 29(t), which can only be true if T' = k1 T}
and T' = koT5 (T 1s an integer multiple of hoth the periods). So we need there to be some integers k; and

ky such that kyTy = koTy = l;; - %

(b) Put % in its most reduced form = by canceling any common terms in the numerator and denominator;
then Ty = nTy = mT.

2.16
Let u = at so performing u substitution gives:

/w d(at —b)sin*(t —4)dt = [~ 8(u— b)sin®(% — 4)L

o0 a
o0

= sin?(2 — 4)1

i)

917 By sifting property, yit) = 1/2 x(2) + 1/2 x{-2)
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2.18
(8 X, 8= 2L utt) -h-Nult-1) +2(£-2)ult-2)
(b 2<0 , X, i)=0"
0<2<l, V) ="
<442, X lt)= 22-4L 14 =4-22 7
2<t |, Z,H)=4Y-224+24-4=0"

o
ey xti) -'-'-ﬁ%&z A £-AT) = E&I,( £-24k)

2.19
(a) x1(t) = Stu(t) — Stu(t — 1) +5u(t — 1) — Su(t — 3)
(b)
t< 0.f(t)=0-04+0-0=0
0<t< 1, f(t)=5t—-04+0=0=5¢
l<t< 3,f(t)=5t—-5t+5-0=5
3< tflt)=56-56t+5-5=10

(c) mo(t) =3 o xi(t —k4)
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2.20.(a) LT at=1 . f?&u-ﬂa’i fS!TJ d?'
J.fﬁ-ﬁjdr =}5{dé) -5-5&) 4}6

5}-&#@ Qd" = -fd.}i"?-; df fﬂ-l'

fgfat)dt AT
fﬁm ,"i, ==mf5zr)d1"

. § at) L s
b f SO Ao = i) = 1) %30 %r) i.
% i L mak'A |

, Z
‘e _j; S(ﬁ'éa)d?' = uld- 1) 5(‘?;1'!3) I

el :S:{wgff'élctt-?/(ta) ¢t 25 T T

(continued)...
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2.20 (c)

Recall the rules about 111terflat111g delta functions: 4(t) is nonzero only at t = 0, so 2(f)d(t) = x(0)4(t), and
|7 8(tydt = 1.s0 [~ _=(t)s(t)dt = [T _2(0)d(t)dt = 2(0) [~_6(t)dt = 2(0). We can tllllB—Shlft the delta
function: #(f —tp) is nonzero 0111}, at t = fo, so z(t)d(t —1tp) = 1[ 0)8(t —to) alldf t)alt —tp)dt = z(fn).

i) [T cos(26)d(t)dt = cos(2-0) [T 4

ii) 8(t — ) is a time-shifted version of 4(1), and is nonzero only at t = F. So:
f _sin['ltjﬁ(t— gfm‘t: [7_sin(2- 2)8(t — F)dt

= sin(§) [ d(t— T)dt =sin(3) = 1

ifi) cos(2(t — F))8(t — F) = cos (2(F — 3)) 8(t — §) =1 8(t — F), so the integral of this is 1.
iv) d(t—2) is nonzero only at £ = 2. Themfmef sin((t—1))d(t—2)dt =sin(2 —1) =sin(l) = 0.8414....

v) 8(2t —4) is nonzero at 2t —4 =0 = t =2. So

f s'm[t—1)5(2:—4Jm:=sm[2—1jf 8(2t — 4)dt

— 0

To figure out the 111terrlal we can change variables—let u = 2t, so df = <= and the —o00, 0o limits stay the
same. This gives: f a(2t — 4)dt = f_c’; du— 4)% = %, 50 we get:

f sin(t — 1) 4(2t — 4)dt = 0.5sin(1) = 0.4207...

o0
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2.21
(a)u(2t +6) =u(t + 3) (b)u(—2t +6) = u(—t + 3)
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2. Ul-£) ? |
A2 1) — Lz = I-utéf) |
(k) 1 ‘_;fgﬂfl wi3-£)= }-H..{‘é‘g) |

3 '-

(c) ‘ .tut-.z) 2ul-€Y=2C1-u)] |
£-3)uls-£) |
@) _;]&_,, (2-3ul-2) "it-Slfi-u{t-Sﬂ}

2.23(a) 4, 1t) = 7;'[}",‘1.',‘1'&:)]] > Yz 8B)= T3LT rami] '
Yy LT rzw]] 4 T, SBLTowI] + GIvw] |
b\ y )= T3 T, [T ot + 4§ I Leset]} + Ty L7, Deae ]
@y =T, [T [ym]+ T, 57, DlryesT) < Ty xand
() YB=L T, a3 ATSEnreesiR 2 BLT o]

R-24 y(£)* Ty Imi) +7, bzl ]
mit)= T, [x(#)- HLys]]
- yt8)= B T Lae)-T,Lyuen + T, Le o

225 mb)=T fxut)-T, Iy WIS - Ty Lyit))
=T [mi)] = E}:T.fr =Ty [y w33 - Ts[y wﬂ]

2.26

(a) (i) has memory; (ii) not invertible; (iii) stable; (iv) time invariant; (v) linear
(b) need y (rt[ﬂ to only dépéPN8 Peprson Fdudatien. inc4 Upper Saddle Bb"ejs NJ._All rights reservedeqy5a] for values of a0 > 1.
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2.27

2.27(a) system is: y(t) = cos (z(t — 1))

i) Not memoryless: y(t) depends on x(t — 1).

i) Not invertible: for a counterexample of two input signals that give the same output signal at all points,
take any x(¢) and z(t) + 2.

iii) Causal; output at time ¢ does not depend on input at times greater than ¢.

iv) Stable: clearly |y(t)| < 1 for any values of the input.

v) Time invariant: y,(t) = cos(z(t — 1 —tp)) and y(t —tp) = cos(z(t —tg — 1)).

vi) Not linear: for example, violates the scaling property because ay(t) # cos(ax(t — 1)) (it we input a
scaled version of the input az(t) we don’t get the output scaled by the same amount ay(t)). This system
also violates additivity, the other necessary property for a system to be linear.

2.27(b)

i) not memoryless ( t time tg output depends on input at time 3tg)

1) invertible {(z(t) = ( 1)

111) not causal (3tp > tg ior tp > 0)

iv) stable

V) not time invariant (x(t —tg) — 322(3t — tg + 3) but y(t — tg) = 3z(3(t — tg) + 3) = 3x(3t — 3tg + 3)

vi) linear

2.27(c) system is: y(t) =In(z(t))

i) Memoryless;

ii) Invertible: x(t) = elw(t)

iii) Causal;

iv) Not stable: for example, y(f) = —oo whenever x(t) = 0

v) Time invariant;

vi) Not linear: for example, violates additivity: In(zq(t) + 22(¢)) # In(z1(t)) + In(x2(t)) in general.
Scaling doesn’t work either.

2.27(d) System is: y(t) = &=t

i) Memoryless;

i) z(t) = M except when ¢ = 0 (we can’t get back the value of 2(0).) This system would therefore
be considered noninvertible but it is mostly invertible.

iii) Causal;

iv) Not stable: for example, if 2(t) = ¢ (some constant ¢ > 0) then y(t) = e’ which goes to o0 as t — x
(we can’t find any number K such that e’ < K for all ¢). not memoryless, invertible, not causal, stable, not
time invariant, linear

v) Not time invariant: if the input is z(t — #g) we get yu(t) = et Lyt —tg) =e

vi) Not linear: doesn't satisfv either necessary property.

((t—to)x(t—ta))

2.27(e) System is: y(t) = Tz(t) + 6

This system is memoryless, invertible, causal, stable, time invariant, but NOT linear: if we input
x1(t) + zo(t) we get out T(xq(t) + x2(t)) + 6, while if we input = (t) and x9(t) separately and add them, we
get y1 (t) +y2(t) = T(z1(¢)) + 6 + T(x2(t)) + 6, so the system violates additivity. Also violates scaling. Note
that to show a system is linear you need to show it satisfies both properties (which you can do by showing
that axy(t) + baa(t) — ayy(t) + bya(t)), but to show that a system is NOT linear, you only need to show
that it violates at least one of these properties.
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2.27(f) System is: y(t) = fix x(57)dr

i), iii) Not memoryless, not causal: output at time ¢ depends on both past values of x(¢) (because
integrating from —oc) and future values of ¢ (because depends on x(5t) and 5t > ¢ for t > 0).

:1:1) invertible: %y(t) =z(bt) = z(t) = %y(t) (the. function y’(t). evaluated at ¢/5). .

iv) Not stable: for instance, z(t) = ¢ (some constant) is a bounded input but the output is y(t) = ct,
which goes to oo as £ goes to oo,

v) Not time-invariant: if the input is x(t — tg) we get ya(t) = f:xll'(-'}}' — tg)dr.but y(t — tg) =

[l a(srydr = 1 a(5(r —to))dr.
vi) linear: if zy(t) — y1(t) = fiw x1(57)dr and xa(t) — yo(t f—x. 7)d7 then:

¢
azy(t) + bro(t) — / azy(57) 4 by (57 )dr = af:xl a1 (57)dr + bf:)o xo(57)dT

= ay1(t) + bya(t)

2.27(g) System is: y(t) = e 9« [ w(r)e <7 dr.
1) iii) Not memory leag not cauaal depends on x(t) values at all ¢ from —oo to oc.
ii) Not invertible

iv) Not stable: say w = 0 and the input is a constant ¢; the output is infinite.
v) NOT time-invariant:

z(t — to) — yalt) = —waf_m T —to)e I Tdr

— > =] i
— _’j'..uff €’ _j...lu+tc.)du_€, Jiw It—l-tolf B )6’ JwT

which comes from u-substitution, letting u = ¢ — tq. But y(f — ty) = e <t~ f'_mm x(7)e 7“Tdr which is
not equal to the above.
vi) Linear; the integral and multiplication by e~7“! are both linear operations.

2.27(h)
i) Not memoryless (y(f) depends on input over last second)
ii) not invertible (for example, z(t) = 0 and z(t) = cos(27t) have the same output signal
iii) causal

v ) stable
v) time invariant (since x(t — tg) — f:_l x(T —tg)dr = :__;D_l x(T)dr = y(t — o))
vi) linear

2.28

(a) xo(t) =2u(t+ 1) —u(t) —u(t —1) = 21(t) + 221 (t + 1)
s0 ya(t) = y1(t) + 2y (t + 1)

(b) 1(t) = 2u(t — 1) —u(t —2) —u(t —3) so xo(t) = x1(t + 2) and yo(t) = y1 (t + 2)
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2.29

1) not memoryless unless t,=0

i) invertible: x(t)=y(t+to)

iii) If £p = 0 it is causal; otherwise not.

iv) stable; the output only takes value of the input so if the input is bounded the output will be too.

v) time invariant: let y,(¢f) be the output when (¢t — #1) is the input. x(t —t1) — ya(t) = =(t —t1 — o)
and y(t —1;) = x(t —t; — to), so ya(t) =yt —£1).

vi) linear: scaling and adding two inputs azq(t) + bxa(t) gives output axq(t — tg) + bra(t — tg)., which is
the same output we would get by putting x1(f) and 2s(f) into the system separately and then scaling and

adding the outputs.

2.30
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(iv) steble |
() e mvaviant |
(i) 12,41, # 1LY el demean |

b)Y ti) . d \
@) y=0 o %D , ot iumdible ._-}4/——' Y

(parts c,d on next page)
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(c)

]

[

The system is i) memoryless, ii) not invertible (output = 10 for all input values > 10, iii) causal, iv)
stable (|y(¢)] < 10 for any input), v) time invariant, vi) not linear (suppose z(t) = 3 then y(t) = 3 but 4x(t)

has output 10 # 3(4) = 12.

(d)

The system is i) memoryless, ii) not invertible (any input greater than 2 goes to the same output (
iii) causal, iv) stable, v) time invariant, vi) not linear (2 (¢) =2 — 1 and 2o(t) =1 — 0 but x((¢) + z2(t

24 1+0.

=

—

2)),
)
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