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I 7 : _ Partial Fract;

Find the inverse Z-transform of

222 + 2z
G —
(2) 22+ 22— 3
G(2) 2z + 2

z :(z—|—3)(z—1)



I 7 : _ Partial Fract;

Find the inverse Z-transform of

2z2—|—2z
G —
(z) 224+ 22—3
G(z) 2z + 2
z  (z+3)(z—-1)
A B

z4+3 z-—-1



I 7 : _ Partial Fract;

Find the inverse Z-transform of

2z2—|—2z
G =
(z) 224+ 22—3
G(z) 2z + 2
z  (z+3)(z—-1)
A | B
243 z2-1

Multiply throughout by 2z + 3 and let z = —3 to get



I 7 : _ Partial Fract;

Find the inverse Z-transform of

2z2—|—2z
G =
(z) 224+ 22—3
G(z) 2z + 2
z  (z+3)(z—-1)
A | B
243 z2-1

Multiply throughout by 2z + 3 and let z = —3 to get

2z + 2

z—1 z=——3



I 7 ; _ Partial Fract;

Find the inverse Z-transform of

2z2—|—2z
G —
(z) 224+ 22—3
G(z) 2z + 2
z  (z+3)(z—-1)
A | B
243 z2-1
Multiply throughout by 2z + 3 and let z = —3 to get
2 2 —4
A= dan — =1

z—1 Z:_g——_él_
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z+ 3




G(z) A A B
z _z—|—3 z—1

Multiply throughout by 2z — 1 and let z = 1




G(z) A A B
z _z—|—3 z—1

Multiply throughout by z — 1 and let z = 1 to get

4
B=-=1
4




G(z) A A B
z oz +3 z-—-1
Multiply throughout by z — 1 and let z = 1 to get

4
B=-=1
4
G(z) 1 1
= +— 2| >3
z z4+3 z-—-1




G(z) A A B
z _z—|—3 z—1

Multiply throughout by z — 1 and let z = 1 to get

4
B=-=1
4
G(z) 1 A 1 2> 3
— — |z
z z4+3 z-—-1
z z
G(z) =——+ |z| > 3

z+3 z-1



G(z) A A B
z _z—|—3 z—1

Multiply throughout by z — 1 and let z = 1 to get

4
:—:]_
4
G(z) 1 A 1 2> 3
— — |z
z z4+3 z-—-1
G(z) = —— + = |2| >3
z+3 z-1

< (=3)"1(n) + 1(n)
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Partial Fraction - R od Pol

N (z)
(z — @)PDy(2)
a not a root of N (z) and D;(2)

G(z) =



Partial Fraction - R od Pol

N (z)
(z — @)PDy(2)
a not a root of N (z) and D;(2)

A A 4

z—a (z— a)? (z —a)P

G(z) =

G(Z) = —+ Gl(Z)



Partial Fraction - R od Pol

N (z)
(z — @)PDy(2)
a not a root of N (z) and D;(2)

A A 4

z—a (z—a)? (z — a)P

G(z) =

G(Z) = —+ Gl(Z)

G1(z) has poles corresponding to those of D1(2).



Partial Fraction - R od Pol

N (z)
(z — @)PDy(2)
a not a root of N (z) and D;(2)

A A A
e T 4 Gy(2)

z—a (z—a)? (z — a)P

G(z) =

G(z) =

G1(z) has poles corresponding to those of D1(2).
Multiply by (z — )P



Partial Fraction - R od Pol

N (z)
(z — @)PDy(2)
a not a root of N (z) and D;(2)

A A A
e T 4 Gy(2)

z—a (z—a)? (z —a)P

G(z) =

G(z) =

G1(z) has poles corresponding to those of D1(2).

Multiply by (z — a)P

(2 —)’G(2) = Ai(z — )" " + Ap(z — )P " + - -
+ Ap1(z — a) + Ap + G1(2)(z — @)”
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. Partial Fraction - Repeated Poles

(z —)’G(2) = Ai(z — )" + As(z — )P " + - -
+ Ap—l(z — a) + Ap + Gl(Z)(Z — Oé)p



. Partial Fraction - Repeated Poles

(z —)’G(2) = Ai(z — )" + As(z — )P " + - -
+ Ap—l(z — a) + Ap + Gl(Z)(Z — Oé)p

Substituting z = «a,



. Partial Fraction - Repeated Poles

(z —)’G(2) = Ai(z — )" + As(z — )P " + - -
+ Ap1(z —a) + A, + Gi1(2)(2 — a)?
Substituting z = «a,
A, = (z — )PG(2)|2=a



. Partial Fraction - Repeated Poles

(z —)’G(2) = Ai(z — )" + As(z — )P " + - -
+ A, 1(z—a)+ A, + Gi(2)(z — a)?
Substituting z = «a,
A, = (z — )PG(2)|2=a

Differentiate and let z = «:



. Partial Fraction - Repeated Poles

(z —)’G(2) = Ai(z — )" + As(z — )P " + - -
+ A, 1(z—a)+ A, + Gi(2)(z — a)?
Substituting z = «a,
A, = (z — )PG(2)|2=a

Differentiate and let z = «:

d
AP—l — @(z _ a)pG(z)lz:a



. Partial Fraction - Repeated Poles

(z —)’G(2) = Ai(z — )" + As(z — )P " + - -
+ Ap1(z —a) + A, + Gi1(2)(2 — a)?
Substituting z = «a,
A, = (z — )PG(2)|2=a

Differentiate and let z = «:
d
Ap 1 = (2 — Q)PG(2)]sa
dz

Continuing,



Partial Fraction - R ed Pol

(z —)’G(2) = Ai(z — )" + As(z — )P " + - -
+ Ap—l(z — a) + Ap + Gl(Z)(Z — Oé)p

Substituting z = «,
A, = (z — )PG(2)|2=a

Differentiate and let z = «:

d
Apy = ——(2 = ' G(2) |-

1 dr—1
Continuing, A; = o — 1)!dzp—1(z — a)PG(2)|22a
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—1)2
—2)(=
G(z) = 2



G(z) =

(z — 2)(z — 1)?




—1)2
—2)(=
G(z) = 2

2),
(2 —
X




1122 — 152 + 6 A A B
G(z) = z = L S
(z—2)(z—1)?2? =z—-1 (z—1)2? =z-—2

X (z —2), let z = 2, to get B = 20.




1122 — 152 + 6 A A B
G(z) = — S e T
(z—2)(z—1)?2? =z—-1 (z—1)2? =z-—2

X (z—2),let z=2,toget B=20. X (2 — 1)




1122 — 152 + 6 A A B
G(z) = — S e T
(z—2)(z—1)?2? =z—-1 (z—1)2? =z-—2

X (z—2),let z=2,toget B=20. X (2 — 1)

1122 — 15z + 6 z—1)2

z — 2 z — 2



1122 — 152 + 6 A A B
G(z) = — S e T
(z—2)(z—1)?2? =z—-1 (z—1)2? =z-—2

X (z—2),let z=2,toget B=20. X (2 — 1)

1122 — 15z + 6 z—1)2

z— 2 z— 2
With z =1, get Ay = —2.



1122 — 152 + 6 A A B
G(z) = — S e T
(z—2)(z—1)?2? =z—-1 (z—1)2? =z-—2

X (z—2),let z=2,toget B=20. X (2 — 1)

1122 — 15z + 6 z—1)2
z — 2 z — 2
With z =1, get Ay = —2.

Differentiating with respect to z and with z = 1,




1122 — 152 + 6 A A B
G(z) = — S e T
(z—2)(z—1)?2? =z—-1 (z—1)2? =z-—2

X (z—2),let z=2,toget B=20. X (2 — 1)

1122 — 15z + 6 z—1)2

z — 2 z — 2
With z =1, get Ay = —2.
Differentiating with respect to z and with z = 1,

Alz



1122 — 152 + 6 A A B
G(z) = — S e T
(z—2)(z—1)?2? =z—-1 (z—1)2? =z-—2

X (z—2),let z=2,toget B=20. X (2 — 1)

1122 — 15z + 6 z—1)2

z — 2 z — 2
With z =1, get Ay = —2.
Differentiating with respect to z and with z = 1,
(z —2)(22z — 15) — (112% — 15z + 6)
(z —2)°

Alz

z=1



1122 — 152 + 6 A A B
G(z) = — S e T
(z—2)(z—1)?2? =z—-1 (z—1)2? =z-—2

X (z—2),let z=2,toget B=20. X (2 — 1)

1122 — 15z + 6 z—1)2

z — 2 z — 2
With z =1, get Ay = —2.
Differentiating with respect to z and with z = 1,
(z —2)(22z — 15) — (112% — 15z + 6)
(z —2)°

|
|
©

Alz

z=1



1122 — 152 + 6 A A B
G(z) = — S e T
(z—2)(z—1)?2? =z—-1 (z—1)2? =z-—2

X (z—2),let z=2,toget B=20. X (2 — 1)

1122 — 15z + 6 z—1)2

z— 2 z— 2
With z =1, get Ay = —2.
Differentiating with respect to z and with z = 1,
(2 —2)(22z — 15) — (112* — 152 + 6)

(2 —2)*

G(z) 9 2 n 20
T T (z—1)2 =z -2
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Problem 4.9 in Text: Consider

1(n)a™ < = Za z™" Jaz7'| <1

Differentiating with respect to a,

z

(z — a)?




I ant Result f Diff "

Problem 4.9 in Text: Consider

1(n)a”<—>z_a—2az", az™'| <1

Differentiating with respect to a,

(z—a)z_zna )




I ant Result f Diff "

Problem 4.9 in Text: Consider

1(n)a™ < = Za z™" Jaz7'| <1

Differentiating with respect to a,

z

(z a,)2 = Z na"" z™", na"""1(n) < = a)




I ant Result f Diff "

Problem 4.9 in Text: Consider

1(n)a™ < = Za z™" Jaz7'| <1
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Differentiating with respect to a,

(z a,)2 = Z na"" z™", na"""1(n) < = a)

Substituting @ = 1, can obtain the Z-transform of n:




I ant Result f Diff "

Problem 4.9 in Text: Consider

1(n)a™ < = Za z™" Jaz7'| <1

Differentiating with respect to a,

(z a,)2 = Z na"" z™", na"""1(n) < = a)

Substituting @ = 1, can obtain the Z-transform of n:

=

(z — 1)

nl(n) <



I ant Result f Diff "

Problem 4.9 in Text: Consider

1(n)a™ < = Za z™" Jaz7'| <1

Differentiating with respect to a,

z

(z a,)2 = Z na"" z™", na"""1(n) < = a)

Substituting @ = 1, can obtain the Z-transform of n:

=

(z — 1)

Through further differentiation,

nl(n) <



I ant Result f Diff "

Problem 4.9 in Text: Consider

Differentiating with respect to a,

z

(z a,)2 = Zna” ", na"" "1(n) — = a)

Substituting @ = 1, can obtain the Z-transform of n:

(z — 1)

Through further differentiation, can derive Z-transforms of 12,

n3_etc.
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2 20
(z—1)2 2z-—2
2z 20z
(z—1)2 2z —2



_ Repeated Poles - an Example

G(z) — 9 2 | 20

2= T (z—1)2  z—2
G()_ 0~ 2z I 20z
< Z) = - — 1 (Z_1)2|z_2

— (=9 — 2n + 20 x 2™)1(n)



__Repeated Poles - an Example

G(2) 9 2 20
2)=—— — |
z—1 (z2—1)2 2z-2
G(2) 9z 2z 20z
zG(z) = — — |
z—1 (z—1)2 2z-—-2

— (=9 — 2n + 20 x 2™)1(n)

Use shifting theorem:
G(z)



__Repeated Poles - an Example

G(z) = 9 2 20
T T (z—1)2 z—2
G(2) 9z 2z 20z

zG(z) = — — |
z—1 (z—1)2 2z-—-2

— (=9 —2n + 20 x 2")1(n)
Use shifting theorem:
G(z) = (=9 —2(n—1)+20 x 2" Y)1(n —1)
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uq(t) = A cos (2t + 0)
uq(t) = Acos (2wFt+ 0),



uq(t) = A cos (2t + 0)
Ug(t) = Acos (2nFt+0), —oo <t < oo



uq(t) = A cos (2t + 0)
Ug(t) = Acos (2nFt+0), —oo <t < oo

A: amplitude



uq(t) = A cos (2t + 0)
Ug(t) = Acos (2nFt+0), —oo <t < oo

A: amplitude
Q): frequency in rad/s



uq(t) = A cos (2t + 0)
Ug(t) = Acos (2nFt+0), —oo <t < oo
A: amplitude

Q): frequency in rad/s
0: phase in rad



uq(t) = A cos (2t + 0)

Ug(t) = Acos (2nFt+0), —oo <t < oo
A: amplitude

Q): frequency in rad/s

0: phase in rad
F': frequency in cycles/s or Hertz

) =27 F



uq(t) = A cos (2t + 0)
Ug(t) = Acos (2nFt+0), —oo <t < oo

A: amplitude

Q): frequency in rad/s

0: phase in rad

F': frequency in cycles/s or Hertz

() = 2w F
T—l
P F
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uq(t) = A cos (2t + 0)



uq(t) = A cos (2t + 0)
uq(t) = Acos (2wFt+ 0),



uq(t) = A cos (2t + 0)
Ug(t) = Acos (2nFt+0), —oo <t < oo



uq(t) = A cos (2t + 0)
Ug(t) = Acos (2nFt+0), —oo <t < oo

With F' fixed, periodic with period T},



uq(t) = A cos (2t + 0)
Ug(t) = Acos (2nFt+0), —oo <t < oo

With F' fixed, periodic with period T},

uqt + Tp]



uq(t) = A cos (2t + 0)
Ug(t) = Acos (2nFt+0), —oo <t < oo

With F' fixed, periodic with period T},

1
Uq|t + Tp| = Acos (2wF' (Lt + F) + 0)



uq(t) = A cos (2t + 0)
Ug(t) = Acos (2nFt+0), —oo <t < oo

With F' fixed, periodic with period T},
1
Uq|t + Tp| = Acos (2wF' (Lt + F) + 0)
= Acos (2w + 2wF't 4+ 0)



uq(t) = A cos (2t + 0)
Ug(t) = Acos (2nFt+0), —oo <t < oo

With F' fixed, periodic with period T},

1
Uq|t + Tp| = Acos (2wF' (Lt + F) + 0)

= Acos (2w + 2wF't 4+ 0)
= Acos (2wF't + 0)



uq(t) = A cos (2t + 0)
Ug(t) = Acos (2nFt+0), —oo <t < oo

With F' fixed, periodic with period T},

1
Uq|t + Tp| = Acos (2wF' (Lt + F) + 0)

= Acos (2w + 2wF't 4+ 0)
= Acos (2w Ft + 0) = uglt]
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P o5 of C Time S :dal Sienal

Cont. signals with different frequencies are different



P o5 of C Time S :dal Sienal

Cont. signals with different frequencies are different

t
U1 = cos | 2m—
1 ( 8) ’



P o5 of C Time S :dal Sienal

Cont. signals with different frequencies are different

t 7t
u] = cos | 2w— |, up = cos | 2m—
8 8



P o5 of C Time S :dal Sienal

Cont. signals with different frequencies are different

t 7t
u] = cos | 2w— |, up = cos | 2m—
8 8




P o5 of C Time S :dal Sienal

Cont. signals with different frequencies are different

t 7t
u] = cos | 2w— |, up = cos | 2m—
8 8

Different wave forms for different frequencies.



P o5 of C Time S :dal Sienal

Cont. signals with different frequencies are different

t 7t
u] = cos | 2w— |, up = cos | 2m—
8 8

Different wave forms for different frequencies.

Can increase f all the way to oo or decrease to 0.
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u(n) = Acos (wn + 0), —oco < n < oo



u(n) = Acos (wn + 0), —oco < n < oo
w = 27nf



u(n) = Acos (wn + 0), —oco < n < oo
w = 27nf

. integer variable, sample number



u(n) = Acos (wn + 0), —oco < n < oo
w = 27nf

. integer variable, sample number
A amplitude of the sinusoid



u(n) = Acos (wn + 0), —oco < n < oo
w = 27nf
. integer variable, sample number

A amplitude of the sinusoid
w frequency in radians per sample



u(n) = Acos (wn + 0), —oco < n < oo
w = 27nf

. integer variable, sample number
A amplitude of the sinusoid

w frequency in radians per sample
0@ phase in radians.



u(n) = Acos (wn + 0), —oco < n < oo
w = 27nf

. integer variable, sample number

A amplitude of the sinusoid

w frequency in radians per sample

0@ phase in radians.

f normalized frequency, cycles/sample
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Discrete Time Si ds - Identical Sienal

Discrete time sinusoids whose frequencies are sepa-
rated by integer multiple of 27t are identical, i.e.,

cos ((wg + 2m)n + 0) = cos (wgn + 0), Vn
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Discrete Time Si ds - Identical Sienal

Discrete time sinusoids whose frequencies are sepa-
rated by integer multiple of 27t are identical, i.e.,

cos ((wg + 2m)n + 0) = cos (wgn + 0), Vn

e All sinusoidal sequences of the form,

up(n) = A cos (wgn + 0),
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Discrete time sinusoids whose frequencies are sepa-
rated by integer multiple of 27t are identical, i.e.,
cos ((wg + 2m)n + 0) = cos (wgn + 0), Vn
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Discrete Time Si ds - Identical Sienal

Discrete time sinusoids whose frequencies are sepa-
rated by integer multiple of 27t are identical, i.e.,
cos ((wg + 2m)n + 0) = cos (wgn + 0), Vn
e All sinusoidal sequences of the form,
up(n) = A cos (wgn + 0),
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Discrete Time Si ds - Identical Sienal

Discrete time sinusoids whose frequencies are sepa-
rated by integer multiple of 27t are identical, i.e.,

cos ((wg + 2m)n + 0) = cos (wgn + 0), Vn
e All sinusoidal sequences of the form,

up(n) = A cos (wgn + 0),

wp = wo + 2kw, —m < wg < T,

are indistinguishable or identical.



Discrete Time Si ds - Identical Sienal

Discrete time sinusoids whose frequencies are sepa-
rated by integer multiple of 27t are identical, i.e.,
cos ((wg + 2m)n + 0) = cos (wgn + 0), Vn
e All sinusoidal sequences of the form,
up(n) = A cos (wgn + 0),
wp = wo + 2kw, —m < wg < T,
are indistinguishable or identical.

e Only sinusoids in —7r < wg < 7 are different



Discrete Time Si ds - Identical Sienal

Discrete time sinusoids whose frequencies are sepa-
rated by integer multiple of 27t are identical, i.e.,

cos ((wg + 2m)n + 0) = cos (wgn + 0), Vn

e All sinusoidal sequences of the form,
up(n) = A cos (wgn + 0),
wp = wo + 2kw, —m < wg < T,
are indistinguishable or identical.

e Only sinusoids in —7r < wg < 7 are different

1 1

— T <wp< mor ——< < —
0 > Jo >
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Let analog signal ug[t] have a frequency of F' Hz
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Samoli Cont. Time Sienal - Preliminar;

Let analog signal ug[t] have a frequency of F' Hz
uglt] = Acos(2nFt + 0)

Uniform sampling rate (Ts s) or frequency (Fs Hz)

n
t:nTSZ_

S
u(n) = ugnTs] —oo < n < oo

= Acos (2nFTsn + 0)
F
= A cos (271' 1 9)

S




Samoli Cont. Time Sienal - Preliminar;

Let analog signal ug[t] have a frequency of F' Hz
uglt] = Acos(2nFt + 0)

Uniform sampling rate (Ts s) or frequency (Fs Hz)

n
t:nTSZ_

S
u(n) = ugnTs] —oo < n < oo

= Acos (2nFTsn + 0)
F
= A cos (271' n 9)

S

= A cos(2mfn + 0)
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Samoli Cont. Time Sienal - Preliminar;

In our standard notation,
u(n) = Acos (2wfn + 0)

It follows that

+ F 0 T
= — w = — =

Reason to call f normalized frequency, cycles/sample.

Apply the uniqueness condition for sampled signals

1 1
——<f<§ —nm<w<<T

2
F T
FmaX:—S QmaXZZﬂ'FmaX:ﬂ'FS:—
2 T
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P ‘o5 of Discrete Time Si s - Al

e As wq T, freq. of oscillation T, reaches maximum
at wg =

e What if wg > =7

w1 = wo
w9 = 27T — wy
u1(n) = Acoswin = A coswgn
uz(n) = Acoswon = A cos(2m — wg)n
= A coswgn = ui(n)

w9 is an alias of wy
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P ‘o5 of Discrete Time Si s - Al

t 7t
u1[t] = cos (271'5), us[t] = cos (271'5), T, =1

7
uz(n) = cos (277?”) = cos 27 (1 — g)n

) = ui(n)

27 27n
= cos (2w — —)n = cos (
8 8

coswt
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Fourier Transf f Aperiodic Sienal

X(F) = /OO x(t)e 127t gy

O

—ox |
o(t) = / X (F)ei2 Figp
— OO
If we let radian frequency 2 = 2@ F
1 [° :
r(t) = — / X [Q]eldQ,
2T | _ 0o

w .
X [Q] :/ z(t)e It
— 00

x(t), X [Q)] are Fourier Transform Pair
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Frequency Response

Apply u(n) = e’“™ to g(n) and obtain output y:

© @)

y(n) =g(n) xu(n) = >  g(k)u(n — k)
— Z g(k)ejw(n—k:) — ejwn Z g(k)e—jwkz

Define Discrete Time Fourier Transform

© @] © @)

G(e™) = Y glk)e ™ = 3 g(k)z"

k=—oc0 k=—oc

G(Z)|z:ejw

z:ej'w



Frequency Response

Apply u(n) = e’“™ to g(n) and obtain output y:

© @)

y(n) =g(n) xu(n) = >  g(k)u(n — k)
— Z g(k)ejw(n—k:) — ejwn Z g(k)e—jwkz

Define Discrete Time Fourier Transform

oy D > i > _
GEe™) = > gk)e 7 = > g(k)z7*
k=—occ k=—oc i W
— G(Z)|z:ejw

Provided the sequence converges absolutely
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Frequency Response

y(n) =& 3 " g(k)e 7 = "G (e")
k=—oc0
Write in polar coordinates: G(e’®) = |G(e’¥)|e!¥ - ¢ is

phase angle:
y(n) = e7*"|G(e/)|el? = |G(ejwn)|ej(wn+¢)

1. Input is sinusoid => output also is a sinusoid with following
properties:

e Output amplitude gets multiplied by the magnitude of
G(e’™)
e Qutput sinusoid shifts by ¢ with respect to input
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and at w where it is small, the sinusoid gets attenuated.

e The system with large gains at low frequencies and small
gains at high frequencies are called low pass filters

e Similarly high pass filters
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Discrete Fourier Transform

Define Discrete Time Fourier Transform

G(") S > glke ™ = 3" g(k)=*
k=—o0 k=—o0 Y — W
— G(z)|z:ejw
Provided, absolute convergence
Y lgk)e*| < oo = Y g(k)| < oo
k=—oc k=—oc

For causal systems, BIBO stability. Required for DTFT.
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nition

o0

U (e) = Z u(n)e e

n=—oo
T

1 : :
u(m) = — U(e’”)e’* " dw



nition
)W A - —Jwn
U(e’™) = Z u(n)e™
T o
u(m) = — U(e’”)e’* " dw
2T ) _~
1/2 .
= | U(f)erimag
—~1/2
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FT of a Moving A Filter - E ]

y(n) = [u(n +1) +u(n) + u(n — 1)

y(n) = > g(k)u(n —k)

k=—oc

— g(—1)u(n + 1) + g(0)u(n) + g(1)u(n — 1)

9(~1) =g(0) = 9(1) =,

G(e) = ) g(n)z""|,_u

n=—oo

T . 1
— g (er +1 —|—€_Jw) — g(1 —|—2COS’UJ)
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FT of a Moving A Filter - E ]

: 1 : 1
G (') = 5(1 + 2cosw), |G (e’?) | = |§(1 + 2 cosw)|
0 0<w<Z

Arg(G) =
2777 <w<m
// Updated (18 —7 —07)

// 5.3

w= 0:0.01:%pi;

subplot (2,1,1);

plot2d1 (" gll" ,w,abs(1+2xcos(w))/3,style = 2);
label ("' ,4,"_", Magnitude’ ,4);

subplot (2,1,2);

plot2d1 (" gln” ,w,phasemag(l+2«cos(w)),style = 2,rect =]|0.
label ("' ,4,'w’, Phase’  4)
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FT of 2 Movine A Filter - E ]

: 1
G (%) | = |§(1 + 2 cos w)|,

0 O<w< T
Arg(G):{ﬂ- 2—”<w<3ﬂ'
3 P



FT of 2 Movine A Filter - E I

: 1
|G (e”"”) | = |§(1 + 2 cos w)|,

0 0<w<ZT
Arg(G’):{ﬂ- 2—7’<w<37r
3 P

Magnitude

Phase




FT of a Moving A Filter - E ]

1
|§(1 + 2 cos w)|,
0 0<w<Z

73 2%Sw<ﬂ'

10°

Magnitude

._.
o\
b

H
o\
B
W

10"

10° 10'

n
(=3
o

150

Phase

50

100~

10"

10° 10'
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oo

Y g(n)e "

n=—oo
o0

— Z g(n) coswn — j Z g(n) sinwn

n——oo n=——oo
o0

G (e ") = Z g(n)e’™"

n=—oo
o0
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\ dditional P es of Fourier Transf

Symmetry of real and imaginary parts for real valued sequences

G () = Y glme

= Y gm)coswn—j Y g(n)sinwn
Gl = Y gme

_ i ) s i - ¢ i () e o

Re [G (¢/¥)] = Re [G (e77")]



\ dditional P es of Fourier Transf

Symmetry of real and imaginary parts for real valued sequences

G = 3 gme

= Y gn)coswn—j 3 g(n)sinwn
G ) = 3 glm)er

_ i ) s i - ¢ i () e o

Re [G (e’")] = Re [G (e77")]
Im |G (P«“")} — —Im [(;’ (P_'Tw)}
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\ dditional P es of Fourier Transf

Recall
G (ej'w) =G (e‘jw)
Symmetry of magnitude for real valued sequences
G ()| =[G () 6" ()]
= [G" (") G (e7)]
= |G(e™?)

1/2

This shows that the magnitude is an even function. Similarly,
Arg [G (e77%)] = —Arg [G (¢7*)]

= Bode plots have to be drawn for w in [0, 7r] only.
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u(n) = ug(nTs),

Fast sampling:
Uqa(t) Ua(F)
[} [}
1
/\ FO 5 FS 5
-1 i |2 i -F
—B |KyB Fy+F,
ue(nT) = u(n) U <§s>
[} FS
-1 i e F
3 F Fy 3
‘ _’ITSI’_ _§Fs 2 2 §FS
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F,

- =g -
U(z)
u(n) 8

& JTL& = o
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Uo(F + F;)

Ua(F)




Ua(F)

1 ‘?

=U(%)

m_
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e Suppose highest frequency contained in an analog

o |t is sampled at a rate F's > 2F 02 = 2B.

® ug(t) can be recovered from its sample values:

walt) = i ua(nTS)sin 7{Tgpls(t — nTs)}

n—=—oo T




Sampling Theorem

e Suppose highest frequency contained in an analog

o |t is sampled at a rate F's > 2F 02 = 2B.

® ug(t) can be recovered from its sample values:
0 sin {Tls(t — nTS)}
Z ua(nTs) %(t — nTy)

n=——oo

o lf F's = 2Fax, Fs is denoted by F'ny, the
Nyquist rate.

Uq(t)




Sampling Theorem

e Suppose highest frequency contained in an analog

o |t is sampled at a rate F's > 2F 02 = 2B.

® ug(t) can be recovered from its sample values:

|
]38
~
e
-
V)
vm
21
—N
=E
~
I
=
e
Nl

Uq(t)

o lf F's = 2Fax, Fs is denoted by F'ny, the
Nyquist rate.

e Not causal: check m > 0
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Rules for Samopline Rate Select]

e Minimum sampling rate = twice band width

e Shannon’s reconstruction cannot be implemented,

have to use ZOH

e Solution: sample faster

— Number of samples in rise time = 4 to 10
— Sample 10 to 30 times bandwidth

— Use 10 times Shannon’s sampling rate

—weld's = 0.15 to 0.5, where,
we = crossover frequency
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