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PROBLEM:

In old TV movies, all of us have seen the phenomenon where a spoked wagon wheel appears
to move backwards. This is due to the 30 frames/sec sampling rate used in transmitting TV
images. In the figure to the right, an eight-spoked wheel is shown. Assume that the wheel
is rotating clockwise at a constant speed of 4 rev/sec.

(a) Write a rotating phasor formula for the observed movement of an individual spoke. This should be a
continuous-time signal formula that depends on t (in sec).

(b) Given the sampling done by TV scanning, write a formula for the movement of an individual spoke
as a function of the frame index n.

(c) Determine what a TV viewer will see, i.e., the observed rotation rate as a function of time t. Give
your answer as the number of rotations per second and the direction of rotation.

McClellan, Schafer and Yoder, Signal Processing First, ISBN 0-13-065562-7.
Prentice Hall, Upper Saddle River, NJ 07458. (©) 2003 Pearson Education, Inc. [SO L UT I O N




LQ\) -PL":)"—T- FO&I‘I"IU\‘\ DF SFOLG_ Mq_wl- 1S aﬁhor—izf:-l-a,
clockwise = heaa.’n've Crecb.

 orr (41 Ciaert
Pa')"" T'e,n*lz (4)T _ PQJSH
(b) Sawmplirg at Fs= 20 framesfkec => t=r Y
pini= ple) Lc = re}" (5o = re“;lg"(zr'i-)“
.=h/3o -

LC) A\iasmj occurs ak mu“-if?les % am/p
becavse Heorg are 8 ‘SPokes.

“The dff)';)fﬂf‘ F‘*?‘b e W= —am (%
Now we most addfobtract M\)H‘fF'es 5 27
to 96{’ He Jowest Fossib]e, ‘Ffe‘b
_Rﬂ(%) 4+ Q-n(-’é)f \
= 27( e+ %)
Rerible fogs ana: - #(%), (i), ()
sﬁqusr FERER.

-,ﬂ\q_ ]cr@b & :’-2]1'(_-"15)

converts back o 3""3}05 as Fx= F%e"i_
G= 30x2mx (Vi) _ ~ /4 rev/eec
am

A ¢ Jo make 1 clockwise revﬁuﬁb’z&
PFuiLev&*—j 4 secowds. ,Z_:TLLZ,, Dm

McClellan, Schafer, and Y oder, Sgnal Processing First, ISBN 0-13-065562-7.
Prentice Hall, Upper Saddle River, NJ 07458. © 2003 Pearson Education, Inc.



