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Measuring Rotation Rate

Angular Speed (Frequency) RPM
2Tl' _ l o / o
W = T = 21 f rpm = revolutions minute
1 rpom = 21 rad | 1 min
\ i i = 271 rad | 60 sec
/ = 2 yadlsec
30

md [ 1 sec rad [ 1 sec

+w, (radlsec) —w, (radlsec) @m . Negative Angles
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Angular Frequency and Sinusoid

Time Domain Frequency Domain
x(t) T
? R R R
TO
w. = 2n For 1 second For 1 second
0 T
0

\
x(t) = Acos (w,t) !
t ! t /

. A -

] Wyt J Wyt
—e’" + e
2 2

+w, (rad/sec) —w, (radlsec)
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Angular Speed Examples

+w, (radlsec) +2w, (radlsec) +3w, (radlsec) | +4w, (radlsec) +5w, (radlsec)

A o AR
4 -4

Negative Angles

—w, (radl/sec) —2w, (radlsec) —3w, (radlsec) || —4w, (radlsec) —5w, (radlsec)

oy, P (L to)

Co-terminal Angles
- | | | | } T | | | } >
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Angular Speed and Frequency

21T |
= — = 2W
w f

T (sec) 0.01 sec 0.1 sec 1 sec 10 sec 100 sec
f(Hz) 100 Hz 10 Hz 1 Hz 0.1 Hz 0.01 Hz

W 200 1T 20Tt 2T 0.2T 0.02Tr
(rad [ sec) (rad/sec) (radlsec)  (radlsec) (radlsec) (rad [ sec)
=628 =62.8 =6.28 =0.628 =0.0628
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Sampling

continuous-time signals Sampling Time

x(t) = Acos (w,t) T. (=1)

4\ /\ / > Sequence Time Length

T, T = N-T,

Sampling Frequency

T. (=1 f, = TL (samples / sec)

S

discrete-time sequence o
Signal’s Frequency

x[é)] o[4] «[8]
x[1] 2] x[3] T x[5] x[6]  x[7] 1 fo = = (cycles/sec)
[ o ® ® ° —p 0
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Sampling Frequency

continuous-time signals

x(t) = Acos (w,t)

v

T. (=1

S

For 1 second

1
— les /
7 (samples / sec)

N

For 1 sample
1 (samples) | T (sec)

For 1 second

TLO (cycles / sec)

For 1 cycle
1 (cyclesy | T, (sec)
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Sampling Time

T, (=1

Sequence Time Length

T = N-T,

Sampling Frequency

f, = TL (samples / sec)

S

Signal's Frequency

fo = ; (cycles / sec)

0
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Angular Frequencies in Sampling

x(t) = A4 cos (w,t)

SRS

70 (= 1) L
. continuous-time signals sampling sequence
For 1 second For 1 revolution For 1 second For 1 revolution
w, = 21 f, (radlsec) 27 (rad) | T, (sec) o, = 21 f, (radlsec) 2n (rad) | T, (sec)

P Y \
U

Young Won Lim

1B Sampling Basics 9 311011



Dimensionless Sequence

B The same sequence

x[l] x[3] x[S] x[7]
W >
Sampling
Infinite number of T he same discrete-
continuous time signals lime sequence
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Sampling of Sinusoid Functions

x(t) = Acos (wt+ ¢)

O =T, =2
1 t - nT, g /T,
x\n] = x(nT) . 7
= Acos(w-nT,+ ¢) (D:?S ZZKTS
= Acos(w-T,n+ ¢) "‘ "‘
= A cos (® ¢) Normalized to f,
Normalized Radian Frequency
x (1)
= ® ° ° >
T @ {
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Normalized Radian Frequency (1)

continuous-time signals Sampling discrete-time sequence

x(2) x|n| =

t > nT,

x(nT,)

Angular Frequency Sampling Normalized Radian Frequency
0 (radlsec) O = - T, (radlsample)
X T, A

Angular Speed X Sampling Time

Normalized Radian Frequency

can be viewed as

“the angular displacement of a signal
during the period of its sample time T .~

— folding

— periodic
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» Co-terminal Angles
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Normalized Radian Frequency (2)

A\ e N /$ W, = 27 f, G =

sampling sequence | contintious-time signals b= oT
For 1 sample ForTsecond

27 (rad) | T, (sec) ® = w, T, (radlsample) N W

Signal’s relative
angle position after
each of T, second

Young Won Lim
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Normalized Radian Frequency (3)

x(t) = A4 cos (w,t)

4 1
$t W, = 27 fo fo = T_o
T,
S S S S S
T, (=1) ;
N ] f, f.
ormalized Frequency e — +7
fO (cycle [ sec) fo
1. (sample | sec) 2 (cycle | sample)

Normalized Radian Frequency

w
(rad) .fo (cycle) il (rad | sample) o €

2T (cycle) fs (sample) fs

I~

m
N N N

|

=
_I_

o | —

J

—7, +7 }
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Normalized Radian Frequency (4)

A\ /\ /> (00:27[f0 fozL

— Ts
TS (_ T)
[ ()
- | | | | | > ® = 47 (rad /sample)
f f
— 0 —== 0 +— + + o0
2 2 S
0 (rad | sample)
- | | | | | > ® = —T (rad Isample)
—Tt 0 +x
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Example (1)

®, = 271 [ (rad/sec)

A cos (w1 + ¢)

A cos (w,t + )

, ®
27 (rad) | T, (sec) ®, = > , = vy
G)l = w, T, (rad/sample) ®, = 7 (rad) ®, = %("ad)
(JAL)2 = w, T, (radlsample)
O} 3w,
(Dl == _7 (02 = — 2
- A A 3
Negative Angles O, = (rad ) 5 = —T(Fad)
H H Young Won Lim
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Example (2)

= 271 f (rad| sec)

27 (rad) | T, (sec)

W, = 0, T, (radlsample)

W, = w, T, (rad/sample)

N

Co-terminal Angles
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A cos (w,t + )

(DS

0, = —
2

®, = 7 (rad)
(DS

W, = 74‘(1)5

17

A cos (0,1 + ¢)

Q)
0)2=T
®, = %(md)
w0, = %—I—ws

W, = %+2n(md)
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Co-terminal Angles (1)

For 1 sample Forlsecond

27 (rad) |/ TS (sec) O = o: TS (rad | sample)
i ) f fo+f for2f
n=w: T, (radlsample) 0 0 s 0 s
=(1)/fs (rad|sample) (1)0=2T[f0 (1)1:27[(f0+fs) (1)2227[(f0+2fs)
(I)O (rad | sample) 6)0+ 27 (radlsample) 6)0 +4 71 (radlsample)
\ J
W (rad/sec)
Wy < W, < ,
< | | | | >
—o =3, —2w, —, ‘ +w, +2w, +3 w, +o00
&, _ &, _ &, W (rad/sample)
- | | L» - e | -
—67 —4n —2n ‘ +2n +4m +67
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Co-terminal Angles (2)

For 1 sample

27 (rad) / T (sec) O = o: T, (radlsample)
: ) + +2
O=w:- Ts (rad | sample) fO fo fs fo fs
=(1)/fs (rad|sample) (1)0=2T[f0 (1)1:27[(f0+fs) (02227[(f0+2fs)
(I)O (rad | sample) 6)0+2H (rad | sample) 6)0+4K (rad | sample)
\ J

Co-terminal Angles

The same angular positions
after each sample time.
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Positive & Negative Angles (1)

4 )
4 . Positive Normalized Rad Freq
&, — &, = 2n W, =21 + O,
_|_ —
’ Negative Normalized Rad Freq
(I)P ] 6\‘)11 (I)n = (/bp - 2T[
\ J
/s : :
- < f, < f, Normalized Radian Frequency
Positive Angle 4 )

® (rad | sample)
+1t < ®, < 2mn

/ Negative Angle < - - >
-7 0 +nt +2n

-t < ®—21 < 0
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Positive & Negative Angles (2)

4 )
n _ Positive Normalized Rad Freq
, », b, — @, = 27 O, =21 + O,
_|_ —
Negative Normalized Rad Freq
w, = ®, — 2x
. J
it : :
—fo < fa< 5 Normalized Radian Frequency
. Negative Angle 4 \
W, ® (rad | sample)

r\ T2m < 0 < W o, b2
Positive Angle < = e | >
\J 0 < 27[_'_032 < } -7 0 +nt +2x )

2 -| Young Won Lim
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Periodic and Folding

Co-terminal Angles — Periodic

0 (rad | sample)

} |
—6T7 —47 —27 +2m +4n +6T7
? 0 (rad | sample)
- | . s . 1 % =
—5m —3n —7 ‘ +7 +37 +5m +7m

Negative Angles — Folding

0 (rad | sample)
- | | | {-? < | | >
—67 —4n —2n +271 +4 7 +6m

0 (rad | sample)
- | | — AP | | | >
—67 —4n 27 +27 +4n +67
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Example

Sampling Time T
Sequence Time Length T = NT

N

Sampling Frequency f. =

(samples per second)

1
TS
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Sampling

w, = 2 f, (radlsec)

w, = 2mf,
i \ w = 5 (rad/sec)
1) = % (rad I sec)
2w (rad) | T, (sec) n (rad) | T, (sec)

v

w, = 2T f,
W
w, = —7s (rad | sec)

f, = —% (rad | sec)

—1t (rad) | T, (sec)

g
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Sampling

w, = 27 f, (radlsec)

For the period of T

A ] ™ (rad
27 (rad) | T, (sec) T ngular displacement 5 (rad)

(rad) | T, (sec)

\®)

A

w = w7, (rad)

2w f+T, (rad)

= ZW%-TS (rad)

— % (rad)
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Angular Frequencies in Sampling

Signal Frequency
1
fo = T_o
, For 1 For 1
Signal Angular Frequency sgcend f, (radlsec) Bvblutioh T, (sec)

w, = 271 f, (radlsec)

A

sampling sequence
Sampling Frequency
1 For 1 For 1
Fo == secondh /. (radisec)  Rovbletion T, (sce)
Sampling Angular Frequency \
w, = 21 [, (radlsec)
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