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Broadband  � very small. Ignore!

We get:
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Compare Carson’s rule: Bandwidth is slightly more than 2���	
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θ
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θ
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Time domain:

Frequency domain:

PAM

p(t)
y[n] z(t)

z(t) = y[n] p(t – nT)Σ
n

Z( f ) =  P( f ) Y [ f T ]

1
( )tp

t
T–T

Example:

[ ]ny

t
1–1

t
1–1

( )tz
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PAM

p(t)
Y[n] Z(t)

Z(t) = Y[n] p(t – nT)Σ
n
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Z(t) = Y[n] p(t – nT – �)Σ
n

mZ(t) = mY p(t – nT)Σ
n

=          p(t–nT) p(t+τ–mT) rY[n–m]ΣΣ
n m

� unif. [0,T]

� & Y[n] indep.
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Ψ−−== � nTtpnYtZtm
n

Z EE

[ ]{ } ( ){ }� Ψ−−=
n

nTtpnY EE

( ) ( ) ψψψ dfnTtpm
n

Y Ψ

∞

∞−

� � −−=

( ) =−−= � � ψψ d
T

nTtpm
n

T

Y

1

0
ψφ

ψφ

dd

nTt

−=

−−=

( ) φφ dp
T

m
n

nTt

TnTt

Y � �
−

−−

=
1

( ) φφ dp
T

mY �
∞

∞−

=
1

( ) YmP
T

0
1

= Independent of t.

rZ(t+τ) =

(indep.)
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T

Y
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T k m
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∞

∞−
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k

Y dpkTpkr
T

φφφτ ~1 [ ] ( )( )kTppkr
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Independent of t.
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ACF: ( ) [ ] ( )( )kTppkr
T

r
k

YZ −∗= � ττ ~1

Independent of t.

Thus WSS

( ) YZ mP
T

m 0
1

=Mean:

Recall deterministic PAM:

PSD: ( ) [ ] ( )( )
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�

−∗= � kTppkr
T

fR
k

YZ τ~1
�

( )( ){ } ( ) 2~ fPpp =∗ τ�

Notice: The sum is PAM of rY[k] using pulse ( p * p )(τ ).~
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nT
X(t) Y[n] PAM

p(t)
Y[n] Z(t)
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� −
=

m
XY

T

m
R

T
R

θ
θ

1

XY mm =

[ ] ( )kTrkr XY =

[ ] ( )nTXnY =

( ) [ ] ( )( )kTppkr
T

r
k

YZ −∗= � ττ ~1

( ) YZ mP
T

m 0
1

=

( ) ( ) [ ]fTRfP
T

fR YZ

21
=

( ) [ ] ( )Ψ−−= � kTtpnYtZ
n

� unif. [0,T]

� & Y[n] indep.
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