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Introduction

* In this lecture, with the help of three examples, we will see the effect
of changing the sampling frequency on the sampling and
reconstruction of sinusoidal signals.
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Sampling and Reconstruction of a Sinusoidal Signal

Example 4.1 (Sampling and Reconstruction of a Sinusoidal Signal)
x.(t) = cos({LOOOnt)

= 5000

To do:
1. Sample the above signal (Obtain x[n])

2. Reconstruct the above signal from its samples obtained in Part 1
(Obtain x,.(t) from x[n] or x,(t))
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Sampling and Reconstruction of a Sinusoidal Signal

Example 4.1 (Sampling and Reconstruction of a Sinusoidal Signal)
x.(t) = cos({LOOOnt)

T =——=

6000
1. Sampling
] = x.(nT) = (40007nT) = 4000mtny 21T
Xin| =x.\n — COS mn — COS 6000 — COS 37’1
Comparing with the general form of a 2sinusoid (cos(wgn))
I3
a)O — ?
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Sampling and Reconstruction of a Sinusoidal Signal

Example 4.1 (Sampling and Reconstruction of a Sinusoidal Signal)
x.(t) = cos({LOOOnt)

T =——

6000
1. Sampling
a. Check for aliasing:
O, = 20,7
T
Q, =—=12000m

A

Q, = TO = 40007
= No Aliasing (Nyquist conditions satisfied)
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Sampling and Reconstruction of a Sinusoidal Signal

Example 4.1 (Sampling and Reconstruction of a Sinusoidal Signal)
x.(t) = cos({LOOOnt)

= 5000

1. Sampling
b. Find FT of x.(t)

X.(GQ) =m6(Q— Q) + 16(Q + Qp)
Recall that ¢ —a, =)

COs fngt (Sl — wy) + 3w + wy)]

a, = otherwise

X.(jQ) =nd(Q —4000m) + 5 (Q + 4000m)
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Sampling and Reconstruction of a Sinusoidal Signal

Example 4.1 (Sampling and Reconstruction of a Sinusoidal Signal)
x.(t) = cos({LOOOnt)

"= 5000

1. Sampling
c. Find FT of x,(t)

We know that | X,(j2) = %Z;f:_ooXc(j(Q — ki)))
For Q. = 120007

X, (i) = %zjz_ooxc(jm _ k12000m))
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Sampling and Reconstruction of a Sinusoidal Signal

Example 4.1 (Sampling and Reconstruction of a Sinusoidal Signal)
x.(t) = cos({LOOOnt)

T = ——
6000
1. Sampling
c. Find FT of x.(t)
I Y. (L)) 11061}
. :“‘:"'Ill “““ ==t .
‘; ’}' i ‘}' r i I}' I}
| _
| ! | L B}
PN =1 2000 SO0 — 60 — S0 () M BN NI 1 2N 16NN ()
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Sampling and Reconstruction of a Sinusoidal Signal

Example 4.1 (Sampling and Reconstruction of a Sinusoidal Signal)
x.(t) = cos({LOOOnt)

"= 5000
1. Sampling X0 = X, o T)
d. Find FT of x[n] ‘ [ ‘ ' I I
X.(j2) —X(ef“’)‘ N i " S S

w=0NT 3 3 3 ! 3 3
Scaling the independent variable of an |mpulse also scales Its area

e, 8(%)=Ts(w)
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Sampling and Reconstruction of a Sinusoidal Signal

Example 4.1 (Sampling and Reconstruction of a Sinusoidal Signal)
x.(t) = cos({LOOOnt)

T = ——

6000
1. Sampllnq n ﬂ ] Ale™) -\,:143-1’] ﬁ _
e. Find x[n] . ‘ _ [ \ | | | J I
x[n] = COS (? 7’1) 3 3 3 1 3 3
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Sampling and Reconstruction of a Sinusoidal Signal

Example 4.1 (Sampling and Reconstruction of a Sinusoidal Signal)
x.(t) = cos({LOOOnt)

6000

1. Reconstruction XG0 10
f. Find x,(t) . ¢
XrUQ) = XSU.Q)HT(]'.Q) "1‘ "1' : "r mr : [7‘ Ir

| | :

| |

0 J
— 160 —]2(1)()()17 —H(l(l(l:‘r—h(]i}():rr—il()(){hr () 40007 60007 SO0T 120007 160007 Q

X, (jQ) = 15(Q — 40007) + n8(Q + 40007)
x,-(t) = cos(4000mt)
= Xy (t) — xc(t)
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Sampling and Reconstruction of a Sinusoidal Signal

Example 4.2 (Aliasing in the Reconstruction of an Undersampled
Sinusoidal Signal)

x.(t) = COS(116000T[t)

= 5000

To do:
1. Sample the above signal (Obtain x[n])

2. Reconstruct the above signal from its samples obtained in Part 1
(Obtain x,.(t) from x[n] or x.(t))
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Sampling and Reconstruction of a Sinusoidal Signal

Example 4.2 (Aliasing in the Reconstruction of an Undersampled Sinusoidal Signal)
x.(t) = cos(116000nt)

T =——

6000
1. Sampling
] = x.(nT) = (160007nT) = 16000mny 8w\ 21
xXpmn| =x.n = COS mm = COS 6000 = COS 371 = COS 371
Comparing with the general form of a sinusoid (cos(wgn))
T
Wo = ?
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Sampling and Reconstruction of a Sinusoidal Signal

Example 4.2 (Aliasing in the Reconstruction of an Undersampled Sinusoidal
Signal)

x.(t) = Cos(1160007rt)
T=——

6000
1. Sampling
a. Check for aliasing:
O, > 20,?
0 in 12000
S —_— — T[
o
Oy = - = 160007

= Aliasing (Nyquist conditions not satisfied)
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Sampling and Reconstruction of a Sinusoidal Signal

Example 4.2 (Aliasing in the Reconstruction of an Undersampled
Sinusoidal Signal)

x.(t) = Cos(116000nt)

"= 5000

1. Sampling

b. Find FT of x.(t)
X.(Q) =mw6(Q— Qp) + 15(Q + Q)

Recall that  cosee B — wu) 4500 g P

a, = otherwise

X.(jQ) =nd(QQ —16000m) + 6 (Q + 160007)
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Sampling and Reconstruction of a Sinusoidal Signal

Example 4.2 (Aliasing in the Reconstruction of an Undersampled Sinusoidal
Signal)

x.(t) = Cos(1160007tt)
T =——
6000
1. Sampling

c. Find FT of x,(t)
We know that | X, (j2) = %Z,‘f:_ch(j(Q — kil))
For 0, = 120007

Cco

X.(jQ) = %Zkz_ooxc(jm — k12000m))
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Sampling and Reconstruction of a Sinusoidal Signal

Example 4.2 (Aliasing in the Reconstruction of an Undersampled
Sinusoidal Signal)

x.(t) = Cos(1160007rt)

"= 5000

1. Sampling
d. Find FT of x[n]

Xs(i2) = X(e7)
w=0NT
Scaling the independent variable of an impulse also scales its area

e, 8(%)=T6w)
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Sampling and Reconstruction of a Sinusoidal Signal

Example 4.2 (Aliasing in the Reconstruction of an Undersampled
Sinusoidal Signal)

x.(t) = COS(1160007Tt)

! =5000
1. Sampling
e. Find x[n]
21T
x|n] = cos (? n)
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Sampling and Reconstruction of a Sinusoidal Signal

* We have obtained the same sequence of samples x[n] = cos ( ; ) by
sampling two different CT signals with the same sampling frequency.

* In one case, the sampling frequency satisfied the Nyquist criterion.

* In the other, the sampling frequency did not satisfy the Nyquist
criterion.

*In Example 4.2, the reconstructed signal would have frequency
Qy = 4000, which is not the frequency of the original signal x.(t) In
Example 4.2

* x,-(t) = cos(4000mt)
= x,(t) # x.(t)
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Sampling and Reconstruction of a Sinusoidal Signal

Example 4.3 (A Second Example of Aliasing)
x.(t) = cos({LOOOnt)

I'=1500

To do:
1. Sample the above signal (Obtain x[n])

2. Reconstruct the above signal from its samples obtained in Part 1
(Obtain x,.(t) from x[n] or x,(t))
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Sampling and Reconstruction of a Sinusoidal Signal

Example 4.3 (A Second Example of Aliasing)
x.(t) = cos({LOOOnt)

"= 1500
1. Sampling
] = x.(nT) = (40007nT) = 4000mtny 81
Xin| =x.\n — COS mn — COS 1500 — COS 371
Comparing with the general form of a ginusoid (cos(wgn))
I3
a)O — ?
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Sampling and Reconstruction of a Sinusoidal Signal

Example 4.3 (A Second Example of Aliasing)
x.(t) = cos({LOOOnt)

' =1500
1. Sampling
a. Check for aliasing:
O, = 2047
0, = 2 = 3000
S — ——= T
Ay
Oy = - = 40007

= Aliasing (Nyquist conditions not satisfied)
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Sampling and Reconstruction of a Sinusoidal Signal

Example 4.3 (A Second Example of Aliasing)
x.(t) = cos({LOOOnt)

I'=1500

1. Sampling
b. Find FT of x.(t)

X.(GQ) =m6(Q— Q) + 16(Q + Qp)
Recall that ¢ —a, =)

COs fngt (Sl — wy) + 3w + wy)]

a, = otherwise

X.(jQ) =nd(Q —4000m) + 5 (Q + 40007)
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Sampling and Reconstruction of a Sinusoidal Signal

Example 4.3 (A Second Example of Aliasing)
x.(t) = cos({LOOOnt)
"= 1500
1. Sampling

c. Find FT of x,(t)
We know that | X,(j2) = %Z;f:_ooXc(j(Q — ki)))
For 0, = 30007

X, (j0) = %E:HOXCU(Q _ k3000m))
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Sampling and Reconstruction of a Sinusoidal Signal

Example 4.3 (A Second Example of Aliasing)
x.(t) = cos({LOOOnt)

T = ——
1500
1. Sampling
c. Find FT of x.(t)
X, (j0) H.(0)
________ LA
f f | f | f ‘1} f
20007 30007 —2000m -15:]'}11'—1{}{‘.1]'17 0 10007 15007 20007 amlmﬂ 40007 0
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Sampling and Reconstruction of a Sinusoidal Signal

Example 4.3 (A Second Example of Aliasing)
x.(t) = cos({LOOOnt)

I'=1500

1. Sampllnq X(e!®) = X (Jw/T)

d. Find FT of x[n] ‘” | ‘” | [ r | l [_

XS(]-Q) =X(e]w)‘ 8w 2w am -m 2w 0 2 w 4w 2w 87
w=0T 3

3 T3 3 3 3

Scaling the independent variable of an_impu‘lse also scales its area
e, 8(%)=Ts(w)
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Sampling and Reconstruction of a Sinusoidal Signal

Example 4.3 (A Second Example of Aliasing)
x.(t) = cos({LOOOnt)

I'=1500

1. Sampling
e. Find x[n]

x|n] = cos (Z?H n)
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Sampling and Reconstruction of a Sinusoidal Signal

Example 4.3 (A Second Example of Aliasing)
x.(t) = cos({LOOOnt)

I'=1500

* The same DT signal may result from sampling the same CT signal at
two different sampling rates.

* The reconstructed CT signal would have frequency Q, = 1000w and
not 4000m.

* x,-(t) = cos(1000mt)
= x,(t) # x.(t)
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Take Home!

* |t Is possible to get the same DT sequence in the following two cases:
« When two different CT signals are sampled using the same sampling rate.
* When the same CT signal is sampled using two different sampling rates.

« Aliasing occurs when Nyquist condition is not satisfied during
sampling.
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Take Home!

* |t Is possible to get the same DT sequence in the following two cases:
« When two different CT signals are sampled using the same sampling rate.
* When the same CT signal is sampled using two different sampling rates.

« Aliasing occurs when Nyquist condition is not satisfied during
sampling.
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Reading

* Section 4.0 — 4.2 (Oppenheim)




Practice Problems

* Problems 4.1 - 4.4, 4.8 -4.11 (Oppenheim)
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