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Band-pass Signal Sampling
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Sampling Frequency f_ (1)

Assume there are m multiples of f . Given an integer m

2f.—B = m-f — Max f_. condition

S

/s can be decreased according to the following
condition without introducing aliasing problems

2f +B = (m+1) f, = Min f, condition
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Sampling Frequency f, (2)
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Example m=6 (1)
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Example m=6 (2)
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Example m=6 (3)
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Minimum f_ Plot (1)
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Minimum f_ Plot (2)
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Minimum f_ Plot (3)
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Minimum f_ Plot (4)
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Minimum f_ Plot (5)
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Min, Max Condition on f_ (1)

B

2B Undersampling
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Min, Max Condition on f_ (2)

min f max f
k = m+1

m represents how many f_are in 2f — B inmax f
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Example k=1 (m=0)
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Example k=2 (m=1)
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Example k=3 (m=2)

k=13 fu= f.+Bl2=23B R=f,/B =23 RE€[3, 4]
(m=2) s
H—b‘}‘—>|<—>‘ fs min 2fH
B kB
B B B
}4 >I< <> fs,max _ 2(fH_B) _ 2
B (k-1)B
_fH —fc +fc fH
k=3 fu= f.+BI2=35B R = fulB =35 (3. 4)
2 fH fs
(m=2) . 5 %)
S T B fomn _ 20w _ 7 ¥ = (49
B kB 3
lope =%
=) fome _ 200u=8) _ | e
o o B (k—1)B (ﬁ,i)
—Su 1. oS =B(3B2)
k = fu= f.+BI2 = 4B R=fy,lB =4
(m=2) s
B~ kB 3
H— 1 S f B (k—1)B
_fH —fC S fH
H Young Won Lim
2B Undersampling 20

4/4/12



Min, Max Condition on f_ (2)

B
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Min Max f, Plot (1)
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Min Max f, Plot (2)
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Range of f, when R=4.5, B=5 (1)

For a given 2f.+8B 2f.— B Nyquist 2B < f
m m + 1 = f, = m Criterion -
f.=20MHz
B = 5SMH:z
min f max f Optimum Sampling Frequency
2:20 + 5 2:20 — 5 _
m=1 m =25 < f, < — =35 m [, = 225MHz (10 < f|)
220 +5 220 -5 _
m=2 =15 = f, = —=175 m [, = 175MHz (10 < f))
2:20 + 5 2:20 — 5 _
m=3 m o=l s f) < T = 1167 m [, = 1125MHz (10 < f)
2:20 + 5 2:20 — 5
m=4 m =9 > =875 o X
2:20 + 5 2:20 — 5
m=5 m =75 > =70 = X

2B Undersampling 24 Young Won Lim

4/4/12



Range of f, when R=4.5, B=5 (2)

For a given 2f.+8B < 5 = 2f.— B Nyquist 2B < f.
m m + 1 - Js T m Criterion

= 20 MH: = f,+B/2=22.5MH
fc z 2fH < fs < 2fL fH fc z
B = 5MHz k m f,=f.—BI2=17.5MHz

min f max f,
k=2 m=1 - fu = fo= 2f, ‘ 22‘5stS35
k=3 m=2 m 2fw = fos 1 - 150 < f, < 17.5
k=4 m=3 m Le <1 < %fL ) 112 < f. < 11.67
k=5 m=4 m Sfeo= Sos %fL - 9.0 X 875
1 2
k=6 m=5 m) 3/0 = fo= S/ =) 75 X 7.0
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Range of f, when R=4.5, B=5 (3)

2f.+8B < f < 2f.—B
m—+ 1 g m
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7
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Range of f, when R=4.5, B=5 (4)
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Range of f, when R=4.5, B=5 (5)
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Range of f, when R=4.5, B=5 (6)
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Range of f, when R=4.5, B=5 (7)
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/
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Spectral Inversion
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