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Exponential Functions

McClellan Style Roberts’ Style
x[n] = x(nT) g[n] = 4" = Az e
= Acos(wnT, + ®) = Acos(2nF,n + 0)
= Acos(On + @) = Acos(Q,n + 0)
O =ol, =olf, Q, = 2nF,

g[n] = Acos(2nnqg /N, + 0)

G = 2nf Q, = 2nF,
/= flf, Fy = qIN,
x[n] = Acos(2nnflf, + @) gln] = Acos(2nnF, + )
= Acos(®On + @) = Acos(Qyn + 6)
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DT Signal Fundamental Period

Fundamental Period No Periodic Condition

B . B for some discrete time n
gln] = A" = Az e’ = z

and some integer m
= Acos(2nF,n + 0)

= Acos(Q,n + 0) 2nFn = 2nm = Fyn = m
F, = mln arational number
F, = f,f, periodic
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DT Signal Fundamental Period

Fundamental Period N 0

1/N, = F, = Q,J/2n when ¢g=1 g[n] = Acos(2nn/N, + 0)
{ qgIN, = F, = Q,//2n  when ¢#1 g[n] = Acos(2nngl/N, + 0)

\

reduced form

reduced form Nin = m - fundamental period 7 = N, X
0 q

17

reduced form —n = m ‘ fundamental period »#
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DT Signal Frequency

discrete time n
a time index not time itself g(t) = sin(27c-f-t) gln] = sin(2n-f-TS-n)

units of samples

Normalized Cyclic Frequency

. So cycles/second
= — cycles/sample =

F
° f s samples/second

gln] = sin(2n-F,n)

Normalized Radian Frequency

QO = Wy . radians/second
0o — radians/sample =
f s samples/second

g[n] = sin(w,n)

reduced form FOINi - }J{Nin = 27mtm ‘ fundamental period n = N,
0 0
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DT Signal Period : Samples & Cycles

f =1 cycles| sec

1 Hz

T =0.05 sec 1
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-0.5

2 cycles 1

g(t) = sin(2n f1)
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gln] =

sin(2m /T n)
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T, =0.1 sec
f,= 10 samples/ sec
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1 cycle

T.=0.3 sec
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N, =10 samples

3cycles

T,=0.5 sec
f .= 2 samples| sec

N, =2 samples

1 cycle
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DT Signal Normalized Cyclic Frequency

f =1 cycles/sec g(t) = Sin(ZT['f't)
1 Hz
20 samples R N
T,=0.05 sec TramT TaR T R
f, =20 samples/sec 0.5 I FlE G .
0¢ ﬁ 1 a ﬁ 72
N, =20 samples E b E 5 g i
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gln] =

sin(2n- £+ T -n)
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DT Signal Fundamental Period

S =1H: g(t) = sin(2m-f¢)

=1 cyclesl sec

T, =0.05 sec
f,= 20 samples/sec

N, =20 samples

Fo= o -cle - A S S
° 20 sample O f. 20 N, 20
T,=0.2 sec

f, =5 samples|sec

N, =5 samples

1 cycle f o1 q 1

=2 F,=2-== 4 _ -
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°" 5 sample
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= Dt
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N, 10 | FeT T
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g _ 3 oo L ]
N, 10 " f, 10/3
gln] = Sin(Zn 1 )

2
q _1 _f 1
N, 2 Fo="=3

T,=0.1 sec
f, =10 samples| sec

N, =10 samples

_ 1 cycle
Fo= 10 sample
T.=0.3 sec

f, = 3.33 samples/ sec

N, =10 samples

3 cycle
F,=—
10 sample
T,=0.5 sec

f, =2 samples| sec
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1 cycle
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DT Signal Spectrum Replication

2n(F+1)n = 2nFn+2nn 2n(F +(k)n = 2nFn+2nkn
(Q+2n)n = Qn+2nn (Q+2nk)n = Qn + 2nkn
cos(2n(F + 1)n) = cos(2nFn) cos(2n(F +®&)n) = cos(2nFn)
cos((Q+2m)n) = cos(Qn) cos((Q + 2nk)n) = cos(Qn)
sin(2n(F + 1)n) = sin(2nFn) sin (27 (F +(®)n) = sin(2nFn)
sin((Q + 2n)n) = sin(Qn) sin((Q + 2nk)n) = sin(Qn)
fo cyclelsec 1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 16 17 18 19 20
f. samplelsec 10 10 10 10 10 10 10 10 10 10
oo Jo _cycle 1 2 3 4 S 6 7 8 9 10
o f, sample 10 10 10 10 10 10 10 10 10 10
: : Young Won Li
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DT Signal Fundamental Period

T,=0.1 . — o
fs=10 SSaeI;pleS/sec g(t) = SlIl(ZT[-f-t) gln] = SlH(ZT[-f-TS'n)
fo cyclelsec 1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 16 17 18 19 20
f, samplelsec 10 10 10 10 10 10 10 10 10 10
o _ S crcle ] (2] [3] [a] [s] [e] [2] [5] [2] 10
O f, sample 10 10 10 10 10 10 10 10 10 10
N, =10 samples 1 3 A 9
10 10 10 10
_ 1 2 3 4
N, =5 samples 5 5 5 5
N, = 2 samples 1
2
N, =1 samples 1

DT.1B Sinusoid 11 R vl



2 cyclelsec
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DT Signal Fundamental Period

T,=0.1 sec
f, =10 samples/ sec

g(t) = sin(2m f1)

fo =15 cyclel sec

fo =6 cyclel sec

N, =2 samples
_ 1 cycle
2 sample

0

> N, =5 samples

3 cycle

5 sample

0

fo="7 cyclel sec

fo =8 cyclel sec

N, =10 samples
_ 1 cycle
Fo= 10 sample

N, =5 samples
4 cycle
Fo=—
* 5 sample

fo=09 cyclel sec

fo =10 cyclel sec

N, =10 samples

_ 9 cycle
Fo= 10 sample
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DT Signal Aliasing

2n(l — F)n = 2an—2nFn 2n(k — F)n = 2nkn—2nFn
2r—Q)n = 2nn— Qn 2nk—Q)n = 2nkn—Qn
cos(2n(1 — F)n) = cos(2nFn) cos(2nt(k — F)n) = cos(2nFn)
cos((2m — Q)n) = cos(Qn) cos((2mk — Q)n) = cos(Qn)
sin(2nt(1 — F)n) = —sin(2nF n) sin(2nt(k — F)n) = —sin(2nF n)
sin((2m— Q)n) = —sin(Qn) sin((2mk — Q)n) = —sin(Qn)
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DT Signal Aliasing - COS
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DT Signal Aliasing - SIN

g[n] = sin(2m f-T -n)
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