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α+e−2tu(t − 1)

β+u(t2 − 9)

γ+∏( t−2
5 ),-#.(∏(t) =

{

1 | t |≤ 1
2

0$//.01 ()�%!1 12.)$��$3.(#$/2.0
δ+∏( t+1

2 ) +
∏

(t − 1
2)4567

α+e−2tu(t − 1)8 ()�%!1 1$(!*$#.!�/�39�)-2�).2�$�&:�!�&*" ()�%!1 1"&$�2�$"2�!$!.#� 2;)1";&�. 1"!1"<12$!�&*" ()�%!1 1"=>%.?$)@"1!�2*!1" ()�%!1 1:$�3)$�21��)9�$
t < 1=A�!1<.*:��$!1"BCDECF#$3%).(2�!1)9%$?�&*#$%� !$ 1=
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5 )8H1!.02�)1 ()�%!1 1�3)$�2�$2�!$!-#� 12�$"�#;&!$ 1"!.(2.)$��$3.(#$/2.0=�(I9&�&%�2;)$.#$/2-"2�!$!.#3H�!$�&$!��0.2.)���"��J��&$� !1 ();���$!.�0%."!.($(J�)�!$�$#-1 �5/-9'!.(#$%�9.)!$1/5=�()�#@"- .!.t&�)�3!$� !.[−0.5, 0.5].#$%�9.)!$"t−2

5

:$&�)�3!$� !.[−0.5, 4.5]=89%$?�&*#$%� !$ 1!1" ()�%!1 1�3)�!$� !.�#-2�). �*2$=
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��OP$:.%3 !�#.��"$#-!�"#$%$&�!' ()$%!* ��"�3)$�#�%�.��&;"&$�$)�3)$�,(#./.93 !�!1)#�%3.�.!.("
α+ejπt−1

β+sin(t) + cos(
√

2t)

γ+2cos(120πt + π/3) + 6cos(377t)

δ+cos2(2t − π

3
)4567Q

α+ejπt−1R�$)$��3J.(2�-!�23$ ()�%!1 1x(t)�3)$�#�%�.��&*2�#�%3.�.T,$%&�3)$��3J.(2�-!�x(t + T ) = x(t)=�!1) (9&�&%�2;)1 ()�%!1 1�%1 �2.#.�.02�!.9�9.)-"-!�e2jπ = 1.#-!�#$%$!1%.02�-!�
ejπt−1 = e2jπejπt−1 = ejπ(t+2)−1.S#.2;)'"1 ()�%!1 1�3)$�#�%�.��&*2�#�%3.�.T = 2=

β+sin(t) + cos(
√

2t)T��#�2;%.(" ()$%!* ��"sin(t)&$�cos(√2t)�3)$�#�%�.��&�"2�#�%3.�.2π&$�2π√
2

$)!3I !.��$=R�$)$�3)$�-2'"!.$:%.� 2�!.("#�%�.��&* ()�%!1 1,:$#%;#��./-9."!')�0.#�%�-�'))$�3)$�/-9."�0.$&�%$3'),#%�92$$�0)$!.$?.0!.√2�3)$��%%1!."$%�:2-"=UK%$1 ()�%!1 1��)�3)$�#�%�.��&*=
γ+sin(120πt + π/3) + 6cos(377t)S%9$H-2$ !�-#'"&$�#%�)&$�#$%$!1%.02�-!�./-9."Tsin/Tcos

��)2#.%�3)$9%$?�3 $)/-9."$&�%$3')$?.0 !.Tcos
�2?$)3H�!$�!.π#.(�3)$��%%1!."$%�:2-",�)@ !.Tsin-��LTsin = 1/60, Tcos = 2π/377+=

δ+cos2(2t − π

3
)K#-9)' !*!%�9.)'2�!%�&*!$(!-!1!$;�.(2�-!�

cos2(2t − π

3
) =

1 + cos(4t − 2π
3 )

2S#.2;)'",1 ()�%!1 1�3)$�#�%�.��&*2�#�%3.�.T = 2π
4 = π

2
=

��VW#./.93 !�!1)<$ �&*#�%3.�.!')#$%$&�!'#�%�.��&@) 12�!')
α+x(t) = cos(5πt) + sin(12πt)

β+x(t) = cos(4πt)sin(3πt)4567Q X



α+x(t) = cos(5πt) + sin(12πt)R�$)$�3)$�1#$%$#�)' ()�%!1 1#�%�.��&*,:$#%;#��)$� �0��1 ():*&1
x(t + T ) = cos(5πt + 5πT ) + sin(12πt + 12πT ) = x(t)1.#.3$�3)$�� .�0)$212�!.)$(#�%�.()$&;%$�.�κ, µ

;! �@ !�
5πT = 2πκ, 12πT = 2πµY1/$�*,#%;#��)$<%.02��0.$&�%$3.("κ, µ,9�$!.(".#.3.(")$� �0��
T =

2

5
κ =

1

6
µ ⇒ µ

κ
=

12

5S#�/;9.)!$"µ = 12, κ = 5,$?.0�3)$�#%@!.�2�!$J0!.("L��);�.()&.�)-��$�%;!1+,#$3%).(2�!1<$ �&*#�%3.�.!.( *2$!.",1.#.3$$#.!�"#$%$#�)' �; ��"#%.&0#!��-!��3)$�1T = 2

β+x(t) = cos(4πt)sin(3πt)T2.3'"&$� �$(!*!1)#�%3#!' 1,9�$)$(#./.93 .(2!1)<$ �&*#�%3.�.!.( *2$!.",:$#%;#��)$<%.02��0.$&�%$3.("λ, ρ9�$!.(".#.3.(":$� �0��
3πT = 2πλ, 4πT = 2πρK#-!1)#$%$#�)' �; 1#$3%).(2�!1)$)$/.93$
T =

2

3
λ =

1

2
ρ ⇒ ρ

λ
=

4

3S?- .)$%�:21!*"&$�#$%.).2$ !*"�3)$�#%@!.�2�!$J0!.(",1<$ �&*#�%3.�.:$�3)�!$�9�$
ρ = 4, λ = 3,.#-!�T = 2=��ZW#./.93 !�!$#$%$&�!'./.&/1%@2$!$

α+∫ ∞

−∞

(t − 2)2δ(t − 2)dt

β+∫ 5

0
cos(2πt)δ(t − 1/2)dt

γ+∫ ∞

−∞

t2δ̇(t − 2)dt

δ+∫ ∞

−∞

(e−5t + sin(10πt))δ̇(t)4567Q[$./.&/1%@2$!$(#./.93H.)!$�2�<� 1!�"���-!1!�"!1"&%.( !�&*" ()�%!1 1"
α+∫ ∞

−∞

(t − 2)2δ(t − 2)dt = (t − 2)2
∣

∣

∣

∣

t=2

= 0

β+∫ 5

0
cos(2πt)δ(t − 1

2
)dt = cos(2πt)

∣

∣

∣

∣

t= 1

2

= −1

\



γ+∫ ∞

−∞

t2δ̇(t − 2)dt = (−1)1
d(t2)

dt

∣

∣

∣

∣

t=2

= −2t

∣

∣

∣

∣

t=2

= −4

δ+∫ ∞

−∞

(e−5t + sin(10πt))δ̇(t) = −d(e−5t + sin(10πt))

dt

∣

∣

∣

∣

t=0

= 5e−5t − 10πcos(10πt)

∣

∣

∣

∣

t=0

=

5 − 10π��]A�/�!* !�!$#$%$&�!' ( !*2$!$'"#%."!�"�J*"���-!1!�"̂ !$!�&-!1!$,�%.)�&*$2�!$</1!-I!1!$,9%$22�&-!1!$,$�!�$!-!1!$&$��( !�:��$
α+y(t) =

x(t)

1 + x(t − 1)

β+y(t) = etx(−t)

γ+y(t) = ẋ(t)

δ+y(t) =

∫ ∞

−∞

x(τ)e−(t−τ)u(t − τ)dτ4567Q
α+y(t) =

x(t)

1 + x(t − 1)_̀àbcd̀7̀aQ[. 0 !12$�3)$��()$2�&-L��$:;!��2)*21+$?.01;J.�."!1�%.)�&* !�92*t�J$%!�!$�$#-!1)!�2*!1"�� -�.(!1�%.)�&* !�92*t − 1=efghij̀akl7̀d̀7̀aQK) !1)�3 .�.;�.(2�!. *2$x(t − t0),!-!� !1);J.�.:$;�.(2�
y1(t) =

x(t − t0)

1 + x(t − t0 − 1)
= y(t − t0)�()�#@",!. 0 !12$�3)$��%.)�&�$2�!�</1!.=mfaiibcd̀7̀aQS !'-!� !1)�3 .�.;�.(2�!.)9%$22�&- ()�($ 2-αx1(t) + βx2(t)
2�

y1(t) =
x1(t)

1 + x1(t − 1)
,&$�y2(t) =

x2(t)

1 + x2(t − 1)
.[-!� !1);J.�.!.( ( !*2$!.":$;�.(2�

y(t) =
αx1(t)

1 + αx1(t − 1)
+

βx2(t)

1 + βx2(t − 1)
6= αx1(t)

1 + x1(t − 1)
+

βx2(t)

1 + x2(t − 1)
= αy1(t) + βy2(t)n%$!. 0 !12$�3)$�21I9%$22�&-=hb̀bàd̀7̀aQ[. 0 !12$�3)$�$�!�$!-,$?.01!�2*!1"�J-�.(!1�%.)�&* !�92*t�J$%!�!$�$#-!1)!�2*!1"�� -�.( !1)#$%.0 $&$� �#$%�/:.)!�&;"�%.)�&;" !�92;"=opoqrs6̀tujbaQ[. 0 !12$��)�3)$��( !$:;"$?.09�$!1)?%$92;)1�3 .�.x(t) = −1,1;J.�."��)�3)$�?%$92;)1&$�$#��%3H�!$�= v



β+y(t) = etx(−t)_̀àbcd̀7̀aQ[. 0 !12$�3)$��()$2�&-&$���$:;!��2)*2$$?.01;J.�."!1)�%.)�&* !�92*t,�J$%!�!$�$#.!�2;"!1"�� -�.(!1"�%.)�&*" !�92*"−t=efghij̀akl7̀d̀7̀aQ[. 0 !12$��)�3)$��%.)�&�$2�!�</1!.��-!�$)&$:( !�%* .(2�!1)�3 .�.&$!�t0,!-!�1;J.�.":$�3)$�;�.(2�
y1(t) = etx(−t − t0) 6= et−t0x(−t − t0) = y(t − t0)mfaiibcd̀7̀aQS !'-!� !1)�3 .�.;�.(2�!.)9%$22�&- ()�($ 2-αx1(−t) + βx2(−t)2�

y1(t) = etx1(−t),&$�y2(t) = etx2(−t).[-!� !1);J.�.!.( ( !*2$!.":$;�.(2�
y(t) = et[αx1(−t) + βx2(−t)]

= αetx1(−t) + βetx2(t)

= αy1(t) + βy2(t)n%$!. 0 !12$�3)$�9%$22�&-=hb̀bàd̀7̀aQ[. 0 !12$��)�3)$�$�!�$!-$?.09�$t = −2,1;J.�."�J$%!�!$�$#.2�//-)!�&;"!�2;"!1"�� -�.(,$?.0y(−2) = e−2x(2)opoqrs6̀tujbaQ[. 0 !12$��)�3)$��( !$:;"$?.09�$ !$:�%*?%$92;)1�3 .�.x(t) = B&$�9�$.#.�.�*I#.!�K,(#�%���#�)!$T,;! �@ !�)$� �0��|y(T )| = |eT B| > K=
γ+y(t) = ẋ(t)R�$)$$#$)!* .(2� !$�%'!*2$!$�%1 �2.#.�.02�!.)$&-/.(:.!0#.!1"#$%$9@9.(

y(t) =
d

dt
x(t) := lim

∆t→0

x(t) − x(t − ∆t)

∆t_̀àbcd̀7̀aQ[. 0 !12$��)�3)$� !$!�&-$//���$:;!��2)*21$?.01;J.�."!1�%.)�&* !�92*t�J$%!�I!$�$#-!�2;"!1"�� -�.(!1�%.)�&* !�92*t−efghij̀akl7̀d̀7̀aQ[. 0 !12$�3)$��%.)�&�$2�!�</1!.$?.0$) !1)�3 .�.;�.(2�!. *2$x(t − t0),!-!� !1);J.�.:$;�.(2�
y1(t) =

d

dt
x(t − t0) := lim

∆t→0

x(t − t0) − x(t − t0 − ∆t)

∆t
= y(t − t0)mfaiibcd̀7̀aQS !'-!� !1)�3 .�.;�.(2�!.)9%$22�&- ()�($ 2-αx1(t) + βx2(t)
2�

y1(t) = ẋ1(t),
&$�y2(t) = ẋ2(t).w



[-!� !1);J.�.!.( ( !*2$!.":$;�.(2�
y(t) =

d(αx1(t))

dt
+

d(βx2(t))

dt

= lim
∆t→0

αx1(t) − αx1(t − ∆t)

∆t
+ lim

∆t→0

βx2(t) − βx2(t − ∆t)

∆t

= α lim
∆t→0

x1(t) − x1(t − ∆t)

∆t
+ β lim

∆t→0

x1(t) − x1(t − ∆t)

∆t

= αy1(t) + βy2(t)n%$!. 0 !12$�3)$�9%$22�&-=hb̀bàd̀7̀aQ[. 0 !12$�3)$�$�!�$!-$?.01;J.�."!1�%.)�&* !�92*t,�J$%!�!$�$#-!�2;"!1"�� -�.(!�" !�92;"t&$�t−opoqrs6̀tujbaQ[. 0 !12$��)�3)$��( !$:;"$?.0$) !1)�3 .�.;�.(2�!1)<12$!�&* ()�%!1 1u(t),!-!�!1�%.)�&* !�92*t = 0,1;J.�."!.(��$?.%� !*$#��%3H�!$�=
δ+y(t) =

∫ ∞

−∞

x(τ)e−(t−τ)u(t − τ)dτ[. 0 !12$(#$&.0�� !.)!0#.!1" ();/�J1"&$�#%.?$)@"�&?%�H��;)$RxK 0 !12$2�&%.( !�&*$#-&%� 1
h(t) = e−tu(t)S3)$� 0 !12$�()$2�&-$?.01;J.�."!.(!1�%.)�&* !�92*t,�J$%!�!$�$#-!�"!�2;"!1"�� -�.( !.��� !12$./.&/*%' 1"=S#3 1"�3)$�$�!�$!- 0 !12$$?.01&%.( !�&*!.($#-&%� 1�3)$�21��)�&*9�$t < 0&$��( !$:;"$?.01&%.( !�&* ()�%!1 1�3)$�$#-/(!$./.&/1%@ �21,�1/$�*

∫ ∞

−∞

|h(t)|dt =

∫ ∞

0
|e−t|dt = 1 < ∞

��yK#.��3J!�-!�!$ ( !*2$!$#.(#�%�9%�?.)!$�$#-!�"#$%$&�!' �; ��"�� -�.(I�J-�.(�3)$�RxK&$� !1 ();���$<%�3!�!1)&%.( !�&*"!.($#-&%� 1=
α+y(t) =

1

τ1 + τ2

∫ t+τ2

t−τ1

x(τ)dτ

β+y(t) =

∫ ∞

−∞

p(t − τ)x(τ)dτ +
N

∑

i=1

αix(t − ti)

z0 1̂
α+y(t) =

1

τ1 + τ2

∫ t+τ2

t−τ1

x(τ)dτR�$)$��3J.(2�-!�;)$ 0 !12$�3)$�9%$22�&-,$#.���&)0.(2�-!�(#$&.0�� !1)$%�*!1"(#;%:� 1"=K) !. (9&�&%�2;). 0 !12$�?$%2- .(2� !1)�3 .�.;)$ *2$
x̃(t) = α1x1(t) + α2x2(t){



!-!� !1);J.�.;�.(2�
ỹ(t) =

1

τ1 + τ2

∫ t+τ2

t−τ1

[α1x1(τ) + α2x2(τ)]dτ

= α1
1

τ1 + τ2

∫ t+τ2

t−τ1

x1(τ)dτ + α2
1

τ1 + τ2

∫ t+τ2

t−τ1

x2(τ)dτ

= α1y1(t) + α2y2(t)S#.2;)'"!. 0 !12$�3)$�9%$22�&-=K)!@%$�?$%2- .(2� !1)�3 .�.;)$2�!$!.#� 2;). *2$
x̃(t) = x(t − t0)!-!� !1);J.�.;�.(2�

ỹ(t) =
1

τ1 + τ2

∫ t+τ2

t−τ1

x̃(τ)dτ

=
1

τ1 + τ2

∫ t+τ2

t−τ1

x(τ − t0)dτ

=
1

τ1 + τ2

∫ t−t0+τ2

t−t0−τ1

x(τ)dτ

= y(t − t0).#-!�!. 0 !12$�3)$��%.)�&�$2�!�</1!.=>%.?$)@",$) !1)�3 .�.;�.(2�!1)&%.( !�&* ()�%!1 1,!-!� !1);J.�.:$#�%.(2�!1)&%.( !�&*$#-&%� 1,1.#.3$:$�3)$�
h(t) =

1

τ1 + τ2

∫ t+τ2

t−τ1

δ(τ)dτ =

{ 1
τ1+τ2

−τ2 < t < τ1

0 $//.0
β+y(t) =

∫ ∞

−∞

p(t − τ)x(τ)dτ +
N

∑

i=1

αix(t − ti)[1)#$%$#�)' �; 12#.%.02�)$!19%�|.(2�'"�J*"
y(t) = x(t) ∗ p(t) +

N
∑

i=1

αix(t) ∗ δ(t − ti)

= x(t) ∗ [p(t) +

N
∑

i=1

αiδ(t − ti)]

= x(t) ∗ h(t)}#'"#$%$!1%.02�,1#$%$#�)' �; 1�&?%�H��!1 ();/�J1!.( *2$!."x(t)2�;)$ 0I !12$=�()�#@",#%-&��!$�9�$RxK 0 !12$!.(.#.3.(1&%.( !�&*$#-&%� 1�3)�!$�$#-!.)!0#.
h(t) = p(t) +

N
∑

i=1

αiδ(t − ti)

��~x%1 �2.#.�@)!$"!.)!0#.!1" ();/�J1",(#./.93 !�!1);J.�.!.( ( !*2$!."y(t) = x(t) ∗ h(t)9�$!$#$%$&�!'H�091�� -�')I&%.( !�&@)$#.&%3 �')�



α+x(t) = u(t − 1), h(t) = u(t) + dδ(t−1)
dt

β+x(t) = eatu(t), h(t) = eβtu(t)=SJ�!� !�!�"#�%�#!@ ��"α 6= β&$�α = β=
γ+x(t) = e2tu(t), h(t) = e−3tu(t)=�!1)#�%3#!' 1$(!*��3J!�-!�!. 0 !12$�3)$�$�!�$!-&$������( !$:;"=4567Q
α+x(t) = u(t − 1), h(t) = u(t) + dδ(t−1)

dtK#-!.)!0#.!1" ();/�J1";�.(2�
y(t) = x(t) ∗ h(t) = u(t − 1) ∗ u(t) + u(t − 1) ∗ dδ(t − 1)

dtSJ�!�H.)!$"&�:�-%.�'%� !�;�.(2�
u(t − 1) ∗ u(t) =

∫ ∞

−∞

u(τ − 1)u(t − τ)dτ

=

∫ t

1
u(t − τ)dτ

= (t − 1)u(t − 1)&$�9�$!1)��0!�%1 ();/�J1
u(t − 1) ∗ dδ(t − 1)

dt
=

∫ ∞

−∞

u(t − τ − 1)δ̇(τ − 1)dτ //
:;!.(2�τ − 1 = r

=

∫ ∞

−∞

u(t − r − 2)δ̇(r)dr

= −du(t − r − 2)

dr

∣

∣

∣

∣

r=0

= (−1)(−1)δ(t − r − 2)
∣

∣

r=0

= δ(t − 2)n%$,1;J.�."!.( ( !*2$!.":$�3)�!$�$#-!1) �; 1
y(t) = x(t) ∗ h(t) = (t − 1)u(t − 1) + δ(t − 2)

β+x(t) = eatu(t), h(t) = eβtu(t)>$3%).(2�!.)!0#.!1" ();/�J1"&$�;�.(2�
y(t) = x(t) ∗ h(t)

=

∫ ∞

−∞

x(τ)h(t − τ)dτ

=

∫ ∞

−∞

eατu(τ)eβ(t−τ)u(t − τ)dτ

=

∫ t

0
eατeβ(t−τ)dτ�



�!1)#�%3#!' 1#.(α 6= β,!-!�!../.&/*%'2$�3)$�3 .2�
y(t) =

∫ t

0
eβte(α−β)τdτ

= eβt e
(α−β)t − 1

α − β
u(t)

=
eαt − eβt

α − β
u(t)K)α = β!-!�:$;�.(2�

y(t) = x(t) ∗ h(t)

=

∫ t

0
eατeβ(t−τ)dτ

=

∫ t

0
eαtdτ

= teαtu(t)

γ+x(t) = e2tu(t), h(t) = e−3tu(t)x%1 �2.#.�@)!$"!.)!0#.#.((#./.93 $2�#%�)2#.%.02�)$#�%.(2�&$!�(:�3$)!1)!�I/�&*2.%?*!1"�J-�.(,.#-!�
y(t) =

1

5
(e2t − e−3t)u(t)[. 0 !12$�3)$�$�!�$!-$?.01&%.( !�&*!.($#-&%� 1�3)$�21��)�&*9�$t < 0=S#3 1"�3)$��( !$:;",$?.01 ()�%!1 1h(t)�3)$�$#-/(!$./.&/1%@ �21,�1/$�*∫ ∞

−∞
|h(t)|dt =

∫ ∞

0 e−3tdt = −1
3 [e−3t]∞0 = 1

3 < ∞���W#./.93 !�&$� ����� !�!1);J.�.y(t)!.(RxK ( !*2$!."2�&%.( !�&*$#-&%� 1h(t)9�$!1)�3 .�.x(t),-#'"$(!;"?$3).)!$� !$#$%$&�!' �*2$!$=
h(t)=2e−2tu(t) x(t)=u(t)−u(t−4)

tt

2

1

4

α+

G�



h(t)=u(t+2)−u(t−2)

t

x(t)=u(t)−u(t−4)

t

1

−2 2 4

1

β+
4567Q
α�� !'-!�$)!� !%;?.(2� !.�%-).!1)&%.( !�&*$#-&%� 1&$�#$3%).(2�!�" ()$%!* ��" ()$%!* ��!.(τ=�!1) ();���$2�!$&�).02� !.�%-).!1)$)!� !%$22;)1 ()�%!1 1&$�1;J.�."

τ

h(t−τ)=2e−2(t−τ)u(t−τ)

t

τ

x(τ)

4

1

!1" ();/�J1"9�$&�:� 12�3.t,:$�3)$�!../.&/*%'2$!.(9�)-2�).0!.("=[$-%�$./.&/*%' 1"&$:.%3H.)!$�$#-!1)#�%�.�*�#�&�/(|1"=>%.?$)@"9�$t < 0,��)(#�%����#�&�/(|1!')9%$?�&@)#$%$ !� �').#-!�1;J.�.":$�3)$�y(t) = 0=}!$)0 < t < 4,!-!�!.&.�)-!.("&.22�!��&!�3)�!$�$#-0�'"τ,-#'"?$3)�!$�&$� !.�#-2�). �*2$&$�!..#.3.:$.%3H��!$�&%$./.&/*%' 1"=S?- .)123$#$%� !$ 12�!$!.#3H�!$� !.�%-).,$)$2;).(2�.!0#."!1" ();/�J1")$2$"�@ ��23$ ()�%!1 1!.(t=R�$)$(#./.93 .(2�/.3#-)!1);J.�.!.( ( !*2$!."

t
τ

1

4

2

 !.��� !12$0 < τ < 4,�%1 �2.#.�.02�!.)!0#.!1" ();/�J1"&$�(#./.93H.(2�!../.&/*%'2$GG



 !$ (9&�&%�2;)$M2�!$</1!�M-%�$,�1/$�*
y(t) =

∫ t

0
h(t − τ)x(τ)dτ = 2

∫ t

0
e−2(t−τ)dτ = e−2(t−τ)

∣

∣

t

0
= (1 − e−2t)}!$)!. 12�3.t?!� ��!. 12�3.τ = 4!-!�1&.�)*#�%�.�*:$2�!$<�//�!$�$//�#%.?$)@"!$-%�$./.&/*%' 1":$�3)$� !$:�%�&$� (9&�&%�2;)$:$�3)$�!.��� !12$[0, 4],$?.09�$

τ > 4, x(τ) = 0=US! �/.�#-),-!$)t > 4
;�.(2�

y(t) =

∫ 4

0
h(t − τ)x(τ)dτ = 2

∫ 4

0
e−2(t−τ)dτ = e−2(t−τ)

∣

∣

4

0

= (e−2(t−4) − e−2t)

= (e8 − 1)e−2tUK%$1;J.�."!.( ( !*2$!."�3)�!$�$#-!1)#$%$&�!' ()�%!1 1&$�#$%� !�)�!$�9%$?�&�-#'"?$3)�!$� !.�#-2�). �*2$
y(t) =







0 t < 0
1 − e−2t 0 ≤ t ≤ 4

(e8 − 1)e−2t 4 < t

4

1

y(t)

t

β�K)!� !%;?.(2�!1)&%.( !�&*$#-&%� 1&$�#$3%).(2�!�" ()$%!* ��"h(t− τ)&$�x(τ)
-#'"?$3)�!$� !.�#-2�). �*2$=8$)!� !%$22;)1&%.( !�&*$#-&%� 12�!$!.#3H�!$� !.�%-).@ !�

τ

1

t+2t−2
τ

1

4

h(t−τ) x(τ)

)$#$%$�:�31;J.�."!.( ( !*2$!."=} .!.t < −2,�1/$�*t + 2 < 0,��)(#�%����#�&�/(|1,GN



.#-!�1;J.�."�3)$�21�;)=} .!.−2 < t < 2,�1/$�*!.t + 2&�)�3!$�2; $ !.[0, 4],1�#�&$/(#!-2�)1#�%�.�*$(J�)�!$�9%$22�&�=�)$ !�92�-!(#.?$3)�!$� !.�#-2�). �*2$-#.(!.9%$22. &�$ 2;).�2<$�-�3)$�1 !�92�$3$;J.�."!1" ();/�J1",$?.0.�#$/2.3�3)$�!�!%$9')�&.3&�;).()!.3��.&$�2.)$��$3.#/�!."=L��#�%3#!' 1#.(��);�.(2�!;!.�$"2.%?*"#$/2.0",��)� .0!$�!.�2<$�-!1"&.�)*"#�%�.�*"2�!1)!�2*!1" ();/�J1"+=8�#�&$/0#!-2�)1

τ

1

4t+2t−2

x(τ)h(t−τ)

#�%�.�*.%3H��&$�!$-%�$./.&/*%' 1" !.)(#./.9� 2-!1" ();/�J1",.#-!�9�$!. (9&�&%�2;).��� !12$−2 < t < 2,1#�%�.�*$(!*�&!�3)�!$�$#-!.τ = 0'"!.τ = t + 2.#-!�1;J.�.":$�3)�!$�$#-!1 �; 1
y(t) =

∫ t+2

0
h(t − τ)x(τ)dτ =

∫ t+2

0
dτ = t + 2

>%.?$)@",!.$#.!;/� 2$!1" ();/�J1"L�2<$�-+,:$#�%�� !�92�$3$!12;9� !1!�2*!.(,-!$)!.�&%.t+2
;%:�� !1):; 1τ = 4,-#.(:$;�.(2�&$�!1)#/*%1�#�&�/(|1/-9'!.(&.�).0�0%.("!')#$/2@)=�!1 ();���$,-#'"?$3)�!$�&$� !.�#-2�). �*2$,!.2�!$&�).02�).M#/$3 �.M:$$%�3 ��)$�J;%��!$�&$�!.�2<$�-)$2��@)�!$�,2;�%�)$21��)� !�3-!$)!.�&%.t− 2

;%:�� !1:; 1τ = 4,�1/$�*t = 6=�! �/.�#-)&$!�!1);J.�.!.(#/$� 3.(!.��� !12$./.&/*%' 1"

τ
4

1
x(τ) h(t−τ)

�3)$�!.[t − 2, 4],.#-!� !1)#�%3#!' 1$(!*,!.$#.!;/ 2$!1" ();/�J1"9�$2 < t < 6
:$�3)$�

y(t) =

∫ 4

t−2
h(t − τ)x(τ)dτ =

∫ 4

t−2
dτ = 6 − t

GX



}#'"$)$?;%$2�,9�$t > 6,��)(#�%����#�&�/(|1&$�!.$#.!;/� 2$!1" ();/�J1"�3)$�y(t) =
0=�().|3H.)!$",1 ();/�J1�3)�!$�$#-!1 �; 1

y(t) =















0 t < −2
t + 2 −2 ≤ t ≤ 2
6 − t 2 < t < 6

0 6 < t&$�19%$?�&*!1"#$%� !$ 1�3)$�1�J*"

t
6−2 2

4

y(t)

���W#./.93 !�!1)&%.( !�&*$#-&%� 1!.( ()./�&.0 ( !*2$!."#.(?$3)�!$� !.#$%$&�!' �*2$&$��J�!� !�$)!. ()./�&- 0 !12$�3)$�$�!�$!-&$������( !$:;"=

x(t)

h
1
(t)=u(t+2)

h
2
(t)=u(t−2)

⊕ h
3
(t)=δ(t−2)

υ(t)

y
1
(t)

y
2
(t) υ(t)=y

1
(t)−y

2
(t)

y(t)

[. *2$υ(t)�3)$�1��$?.%�!')�J-�')!')�0.#$%�//1/')?3/!%'),.#-!�#$3%)')!$"!1 ();/�J1;�.(2�-!�
υ(t) = h1(t) ∗ x(t) − h2(t) ∗ x(t)

= (h1(t) + h2(t)) ∗ x(t)

= (u(t + 2) − u(t − 2)) ∗ x(t)8;J.�."y(t)�3)$�1 ();/�J1!.( *2$!."υ(t)2�!.!%3!.?3/!%..#-!�
(t) = δ(t) ∗ υ(t)

= δ(t − 2) ∗ (u(t + 2) − u(t − 2)) ∗ x(t)

= (u(t) − u(t − 4)) ∗ x(t)

= h(t) ∗ x(t) G\



S#.2;)'"1&%.( !�&*$#-&%� 1-/�(!.( ( !*2$!."�3)$�h(t) = u(t)−u(t−4)&$�#$%� !�)�!$�9%$?�&�'"�J*"

τ

4

1

0

S?- .)1&%.( !�&*$#-&%� 1!.( ( !*2$!."�3)$�21��)�&*9�$t < 0,!-!�!. 0 !12$�3)$�$�!�$!-=S#3 1"!. ()./�&- 0 !12$�3)$��( !$:;"$?.01&%.( !�&*!.($#-&%� 1�3)$�$#-/(!$./.&/1%@ �21
∫ ∞

−∞

|h(t)|dt =

∫ 4

0
1dt = 4 < ∞�����!.#$%$&�!' �*2$!.#%@!.RxK;���&%.( !�&*$#-&%� 1h1(t) = u(t+3)�)@!.��0!�%.L ()I����2;). � ��%�+RxK 0 !12$#�%�9%�?�!$�$#-!1 �; 1�� -�.(I�J-�.(y(t) = ẇ(t)−πw(t)=W#./.93 !�!1)&%.( !�&*$#-&%� 1!.( ()./�&.0 ( !*2$!."=Y@ !�2�$;&?%$ 1!1"�J-�.(

y(t)'" ()�%!1 1!1"�� -�.(x(t),�%1 �2.#.�@)!$"&$:( !�%1!;",��$?.%� !;"&$�./.&/1%'!;"=LW#-���J1̂>%. #$:* !�)$�&?%� �!�!1);J.�. !1)2.%?*y(t) = Ax(t − t1) + B dx(t−t2)
dt

+

C
∫ t−t3
−∞

x(τ)dτ+

x(t) h
1
(t) h

2
(t)

w(t) y(t)

h(t)

K) !1)�3 .�.�?$%2- .(2�!1)&%.( !�&* ()�%!1 1δ(t),!-!�1;J.�."!.(#%@!.( ( !*2$!.":$�3)$�1&%.( !�&*!.($#-&%� 1,�1/$�*
w(t) = u(t + 3).#-!� !1);J.�.!.(��0!�%.( ( !*2$!.":$;�.(2�

y(t) =
d

dt
u(t + 3) − πu(t + 3)

= δ(t + 3) − πu(t + 3)Gv



#.(�3)$�&$�1&%.( !�&*$#-&%� 1!.( ( !*2$!."=�()�#@",$);�';)$ *2$x(t) !1)�3 .�.,2#.%@)$9%�|'9�$!1);J.�.
y(t) =

∫ ∞

−∞

h(τ)x(t − τ)dτ

=

∫ ∞

−∞

δ(τ + 3)x(t − τ)dτ − π

∫ ∞

−∞

u(τ + 3)x(t − τ)dτ

= x(t + 3) − π

∫ ∞

−3
x(t = τ)dτ�;!.)!$"t − τ = k,!-!�!../.&/*%'2$9%�?�!$�

∫ −∞

t+3
x(k)d(−k) =

∫ t+3

−∞

x(k)dk.#-!�
y(t) = x(t + 3) + π

∫ t+3

−∞

x(k)d(k)T( �$ !�&�1 ();/�J12�;)$?3/!%.!.(.#.3.(1&%.( !�&*$#-&%� 1�3)$�1u(t)
*2�$2�!$!.I#� 2;)1;&�. 1$(!*",� .�()$2�32�!1)�?$%2.9*�)-"./.&/1%'!*=�!1) ();���$</;#.(2�-!�!. *2$#�%)���$#-!.��0!�%.?3/!%.!..#.3.$#.!�/�3!$�$#.2�$#$%�//1/1 0)�� 1�)-"��$I?.%� !*&��)-"�)� �(!*&$!�−π=�!1)#$%$#�)';&?%$ 1#.(#%.;&(|�,��)(#�%���-%."2�!1)#$%�9'9.!1"�� -�.(,$?.0�?$%2-H.(2� !1) ��%�;)$)./.&/1%'!*&$�;)$)��$?.%� !*&$�!. *2$��)�#1%��H�!$�=

Gw


