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Z@[]\�^�_:^a`:bdcfehgjikb�^�`:l0mdnkl0iDo:^qpknki+o�^5rZ@g+[ts?guo�b�nkivmdl9ikl0_:^aw9b�`:l0mdi?ghcal
x(t) x `y^�sk^{z|bd`
o�_:^<w~}kl x(t) ∗ δ(t− t0) = x(t− t0) �Z,�I[�`y^$sk^{z|bd`
o�_:^#w~}kl�`:l

x0(t)
F
←→ X0(f)

ghcac{bd_:g�^ac3`yl9mdi?gjc{l�pMl9_:^ab�s�^{w9b
x(t) =

∑+∞
k=−∞ x0(t − kT0)

}?g�p<l0_o�_:gh`y�Cbd_yz�guo~g
X(f) = f0

∑

+∞
n=−∞ X0(nf0)δ(f − nf0) x skb@edl f0 = 1/T0 ��� \�n�mdmdl9_y^{z|l9i+o�b�r�`y^#ghpkpkca^{w~}k^�^ac�_:^a`:nkcfo~gjo:bskl9c�p�nki+o�b|pk_:l0w9l9s�l9i+o�l�lQcal�pk_:bhpk_:^al0o~��skl0c{c{g�w9bdi+edbhc{nk�0^{bdikl,[

Z,w@[�`y^�o�_:b@e7^�c�g&o:_�gh`
�Cbd_:z�gjo�g�sk^q�?bdnk_:^al9_�s�l9c�`:l0mdi?ghcal
x(t) = sinc

(

t

T

) �
�h[�\�^Mw9bhik`:^askl9_y^1^{cI`yl9mdi?gjc{l

y(t) = x(t) · p(t)
bhoyo�l9iDn�o:b�z�b7sknkc{ghikskbQ^{i�ghz|pk^{l0�9�,g � z|bdcao:^{pkca^{w9ghikskbD[#c�g�p<bd_
o~ghi+o:l

p(t) = cos (2πfct) x skb@edl fc = 100

T
x w0bdi�^ac�`yl9mdikghc{l�z�b7sknkc{ghi+o�l

x(t) =
∑+∞

k=−∞ sinc
(

t−3kT

T

) ��� c�`yl9mdikghc{l y(t)e7^{l9i�l��)gjo:o:b�p?gh`y`�gh_yl�gjo:o:_�g,edl0_:`:b�nki��kcao�_yb�p?gh`y`�gu���?ghikskg�^{skl9ghc{l�sk^G�?gjiks?g � z|bdikbhc�gjo:l9_�gd[ BBP = 1

2T

l&�C_yl9�Dnkl0ik�,gw9l0iDo:_�ghcal
fc x bjo:o�l0ikl9i�skb�w0bd`���^{c#`:l9mhi?ghc{l z(t) ��� l�o�l9_yz�^ai?gh_yl�cK��l9`ypk_:l0`:`:^abdikl|ghi?gjc{^ao:^{w9g|l�^$mh_�gj�?w0^Gskl0^�`:l0mdi?ghca^ x(t) x

y(t) x z(t)
l�skl9^�_yl9c{gjo�^fe�^#`:pMl0oyo�_y^ � o�_:gh`y�Cbh_:z�gjo�l�s�^��Ibhnk_:^al9_~[ X(f) x Y (f) xZ(f) ��� md_:gj�?w0^$ikl9c�s�bdz�^aik^{b t

pMbd`:`ybdikbl9`y`:l9_yl�o:_�ghw0w9^�guo�^1pMl9_ md_:ghiksk^1c{^{i�l9l x z�l0iDo:_:l��Dnkl9cac{^�i�l9c�skbdz|^{i�^{b f
skl�edbdi�b�l0`:`:l0_:l&ghw9w0nk_�gjo:^ �

�h[$\�^ksk^a`:w0n�o~ghi�b�c{l�pk_ybdpk_y^{l0o���sk^kw0nk^kpknk¡�mdb7skl0_:l]nki�`:^a`yo:l9z�g�p<l0_$c�g�o:_�gh`
�Cbd_:z�gh�9^abdikl�skl9^k`yl9mdikghc{^ � \�^�`:pMl9w9^f�?w~}k^ xikl9cMw,gj`:b&s�^M`y^{`
o�l9z�g�ca^{ikl9gh_:l]l¢`yo�gh�9^abdi?gh_y^{b � o:l9z|p<bj��^{i+ejgh_:^{ghi+o�l,[ x w0bdz�l �Dnkl0`yo�l�pk_:bdp�_:^{l�o~��`:^Ml9`ypk_:^az�bdi�b&gjoyo�_:g@ehl9_y`:bc�g�_:^a`:pMbd`yo�g�^{z|pknkca`:^aejg ��� \�^�w0bdik`y^{mdca^�g&nki1�£l0`:pMbd`:^a�9^{bhikl�`:^{i+o:l0o�^aw,g+[
¤d[ � c�`:^{`
o�l0z�g�sk^�_:l0md^{`
o�_:gh�9^abdikl�l�_:^apk_:b7sknk�0^{bdikl�`yw~}kl9z�gjo:^{�9�9gjo�bv^{iW�G^am � Z|¥|p�_:b@eDe�^a`yo:bOsk^�nkiWw,gjz�pk^abdi?gjo:bd_:l^{skl9ghc{l � w~}klWw,ghz|pk^abdi?g�w9^ab�¦�gjo:o:_�g,edl0_:`:bPnki§o�_yl9ikb>sk^�^az�pkn�c{`:^
sk^ � ^a_�ghw¨sk^�gh_:l9g>nki�^ao~gj_:^�g

c(t)
[�w~}klWc�g,ehbd_�g©g�C_:l0�7n�l9ik�9g

B
lQs�^�nki��?cao:_:b�sk^�_y^{w9bh`yo�_ynk�9^abdikl�ghskgjo:o:b|g�_y^{w0bd`yo:_:nk^a_:l�^�`:l0mdi?ghca^�w9bh`��$w,gjz�pk^abdi?gjo:^ �¤dg+[�`:^�`yp<l0w9^f�?w~}k^#cK��l9`:p�_:l9`y`:^abdikl�ghi?ghca^ao�^aw,g&l�`y^qo:_�ghw0w9^aikb�^�mh_�gj�?w0^�skl9cq`yl9mdi?gjc{l

c(t)
l�skl9cac{l�_:^a`:pMbd`yo:l x ^{i�o:l9z|p<b|l�^{i�C_:l0�7n�l9ik�9g x skl9c��?cfo�_yb Hric(f) �

� iT^{ikmh_:l9`y`:bOghc�`:^{`
o�l0z�g�`:^�pk_:l0`:l0iDo�gO^{c�`yl9mdikghc{l x(t) = Asinc2
(

3

4
Bt

) x w~}kl�e7^al9ikl|w,ghz|pk^abdi?gjo:bvl�^{iW`:l0mdnk^ao:b_:^aw9bd`
o�_:n�^ao�b x bhoyo�l9i�l9ikskb|w9bh`���^{c<`:l9mhi?ghc{l y(t)
r¤h�I[�`yp<l0w9^f�?w,gh_yl�`:l�^ac�`yl9mdi?gjc{l�_y^{`:pMl0oyo~g�c{gOw9bdi�sk^{�0^{bdikl�sk^�ª «7�7n�^{`yo x p<l0_�^{c�`:^{`
o�l0z�gOs�^�w,ghz|pk^abdi?ghz|l9i+o�b�s?gjo:b x l�Dn?ghc{^1^{z|pkc{^aw,gh�0^{bdik^I`y^�}?ghikikb|pMl9_]^{c1`:l9mhi?ghc{l�_y^{w9bh`yo�_ynk^ao:b �¤hw@[�`:^I_y^{w,g,e7^{i�b�cal¢l0`:pk_yl9`y`:^{bhik^1gji?ghc{^fo�^aw~}kl]l
^Imd_:gj�?w0^?skl9mdca^I`:pMl0o:o:_:^

X(f)
l

Y (f) � \�^?ejghcan�o�^?c5�£l0`:pk_yl9`:`y^{bdi�l�ghikghc{^fo�^{w9gsk^
y(t) �¤hsI[ � �)gjw9bdcfo~gjo:^aedb+[�ejghc{n�o~gh_yl�cK��l9ikl0_:md^{g�skl9cG¬@­K®h¯M°h±{­�­�²�²�³u²�­ e(t) = y(t)− x(t) �
´ [�µ
i>pk_:b7w9l0`:`:bW`yo:b�w9gh`yo:^{w0b

X(t)
¥�¶Qgjnk`:`y^�ghikb¨l�`
o~gh�0^{bdi?gj_:^{b¨^ai©`:l9i�`:bWc�gjo:b x w9bdi©ejghc{bd_yl�z|l9sk^abW`
o~gjo:^{`
o�^{w0b

ηX = 0
l��Cnkik�9^abdikl�s�^�ghn�o:b�w0bd_:_yl9c{gh�9^abdikl

RX(τ) = 1

2
e−|τ | ��� c<pk_:b7w9l0`:`:b�o:_�ghik`y^ao�g�p<l0_�^{cM`:^a`yo�l0z�g�`yw~}kl9z�gjo:^{�9�9gjo�b�^ai�G^{m � � x pk_yb�skn�w9l9i�skb�n�i�pk_yb�w0l9`y`:b|sk^�nk`:w0^ao�g Y (t) �´ g+[�\7o~gh��^{c{^a_:l x z|bho:^aejghikskb�c�gQ_:^{`yp<bh`yo~g x `:l�^{cMpk_:b7w9l0`:`:b�sk^<nk`:w0^ao�g Y (t)

¥�`
o~gh�0^{bdi?gj_:^{b�^{i�`yl9ik`yb�`yo�_yl0oyo�b x `yo~gj�9^{bhi?gh_:^ab^{i�`:l0ik`:b�c�gjo:b�bdpkpkn�_:l�ikbdiv`yo�gh�9^abdi?gh_y^{b �´ �I[t·�ghcan�o~gh_yl�^{c<ehgjc{bd_yl�z�l0sk^{b�`
o~gjo:^{`
o�^{w0b�skl9cacK��bd`:`yl9_yejgh�0^{bdi�l
Y (t1)

s�l9c�pk_yb�w0l9`:`yb�s�^�nk`:w0^ao~g x p<l0_ t1 = 2 �´ w@[�·�ghc{n�o~gh_yl�c�g��Cnkik�0^{bdikl
sk^<ghn�o�b7w9bh_:_:l0c�gh�0^{bdi�l
RY (t1, t2)

l�`yo~gj�k^{ca^{_:l �Dn?ghc<¥�c{g�w9bh_:_:l0c�gh�0^{bdi�l
skl0c{cal
ejgh_:^{gh�k^ac{^?ghcal,gu�o�bd_y^{l
Y (t1)

l
Y (t2) x pMl9_ t1 = 2, t2 = 4 �´ sI[]`:w0_:^aehl9_yl�cK��l9`ypk_:l0`:`:^abdikl�skl9cac�g�skl9ik`y^ao���sk^#pk_:bh�?gh�k^ac{^ao���w9bdi�md^{nki+o�g

fY (y1, y2; t1, t2) x p<l0_�mdca^�^{`
o~ghi+o�^qsk^#bd`y`:l9_
ejgu��9^abdikl
t1
l

t2
s?gjo:^ �

H   (f)
ric

y(t)x(t)

c(t)
dt
d

�G^{m � Z �G^am � �


