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                          Rotational  motion
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rad)=180o            ,     s=r -(    rad)=s/r  
[image: image5.png]1rad = 57.3° = 0.159 rev (10-3)





[image: image6.png]If the reference line completes two revolutions from the zero
then the angular position 6 of the line is 6 = 47 rad.




Angular Displacement

[image: image7.png]A6=6, -6, (10-4)
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£ The quantity A0 (= 6, — 6,) is





Angular Velocity
[image: image11.png]We define the average angular velocity
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  [image: image15.png]If we know 6(1). we can find the angular velocity o by differentiation.
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Fig. 149. The direction of the angular velocity
vector @ points perpendicular to the planc of rotation
and in the direction of your right thumb when your
right-hand fingers curl in the sense of motion of the
rotating object.
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[image: image20.png]10c (instantaneous) angular acceleration o
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[image: image22.png]THE ANGULAR ACCELERATION VECTOR o
is zero if the angular velocity o is constant;
points in the same direction as the angular velocity vector
© if the magnitude of the angular velocity is increasing;
points in the opposite direction from the angular velocity
vector © if the magnitude of the angular velocity is
decreasing.




Rotation with increasing acceleration.
[image: image23.png]Fig. 14.12. The motion diagram for an exiended body whose angular velocity o is increasing (speeding
up). The angular acceleration vector o points in the same direction as the increasing angular velocity.



  
Rotation with decreasing acceleration   
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Equation of motion for constant Angular Acceleration
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Ex.10.1 rotating wheel
A wheel rotates with a constant angular  acceleration of 3.50 rad/s 2

A) If the angular speed of the wheel is 2.00 rad/s at ti=0, through what angular displacement does the wheel rotate in 2.00 s?

fiitt2=(2.00 rad/s)(2.00 s)+1/2(3.50rad/ s 2) (2.00 s) 2

11.0 rad=(11.0 rad)(57.3 o)=630 o

B) Through how many revolutions has the wheel turned during this time interval?
630 orevorev
C)What is the angular speed of the wheel at t=2.00 s?

fit=2.00 rad/s+(3.50rad/ s 2) (2.00 s)=9.00 rad/s
Problem10-2

A grindstone(Fig. 10-8) rotates at constant angular acceleration 0.35rad/s.^2. At time t=0, it has angular velocity of  -4.6rad./s. and a reference line on it  is horizontal, at the angular position zero.

a) At what time  after t=0 is the reference line at the  angular position 5.0rev.? [image: image26.png]“Reference
tine

Fig. 10-8 A grindstone. Atz = 0 the reference line (which

we imagine to be marked on the stone) is horizontal.
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[image: image28.png]5.0 rev = 107 rad
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[image: image30.png]107 rad = (~46 radis) + H0.35 rad/s?)e2,



[image: image31.png](We converted 5.0 rev to 107 1ad to keep the units consistent.)
Solving this quadratic equation for £, we find

325 (Answer)

(b) Describe the grindstone’s rotation between r = 0 and

32,





[image: image32.png](c) At what time r does the grindstone momentarily stop?
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[image: image34.png]Sample Problem 10-3

‘While you are operating a Rotor (the rotating cylindrical ride
discussed in Sample Problem 6-8). you spot a passenger in
acute distress and decrease the angular speed of the cylinder
from 3.40) rad/s 10 2.00 radss in 200 rev, at constant angular
acceleration. (The passenger is obviously more of a “transla-
tion person” than a “rotation person.”)

(a) What s the constant angular acceleration during this de-
crease in angular speed?
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[image: image36.png]To climinate the unknown £, we use Eq. 10-12 to write.
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[image: image38.png]N (3.40 radss)?
20~ 0,) 2(125.7 rad)
= ~0.0301 rad/s”., (Ansy
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[image: image39.png](b) How much time did the speed decrease take?



[image: image40.png]2,00 rad/s — 340 rads
a ~0.0301 radis”




[image: image41.png]10-5 Relating the Linear and Angular Variables
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[image: image43.png]S=0r (radian measure). (10-17)
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----.>v=r
if const 
T=2r/v=2r/r=2/
 if not const 
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[image: image46.png]a,=ar  (radian measure),




[image: image47.png]where a = dw/dr.




[image: image48.png]a radial component of linear acceleration, a,
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a=at +ar --(a=(a t2 +a r 2 ) 1/2=((r 2 +r 2 4 ) 1/2=r( 2 + 4 ) ½
Ex. 10.2CD Player
On CD when information goes through Laser-lens system the tangential speed of the disk surface at the location of the lens must be constant. The constant speed of the surface at the point of the laser-lens system is 1.3 m/s.

A) Find the angular speed of the disk in revolutions per minute when information is being read from the innermost fist track (r=23 mm) and the outmost final track ( r=58 mm)

The inner track:  i v /r i m/s x10 -2 m)=57 rad/s=

=(57 rad/s)(1 rev/2 rad)(60 s/1 min)=5.4 x10 2 rev/min
The outer track:  f v /r i m/s x10 -2 m)=22 rad/s=

=2.1 x10 2 rev/min
B) The max playing time of a standard disk is 74 min and 33 s. How many revolutions does the disk make during that time?
<0, at t=0  i =57 rad/s   , f =22rad/s at t=(74x60 s)+33 s=4473 s

fiitt2=(I ft=1/2(57 rad/s +22 rad/s)(4473 s)=

=1.8 x10 5 rad=(1.8 x10 5 /2rev)=2.8 x10 4 rev

C) what is the angular acceleration of the disk ?

f it=(22 rad/s-57 rad/s)/4.473 s= -7.8 x10 -3 rad/s 2

[image: image50.png]Sample Problem 10-4

We are to design the track for an induction roller coaster
(which can be accelerated by magnetic forces even on a hor-
izontal track). To create an initial thrill, we want cach passen-
ger o leave the loading point with acceleration ¢ along the
horizontal track. To increase the thrill. we also want that first
section of track 10 form a circular are (Fig. 10-10). so that the
passenger also experiences a centripetal acceleration, As the
passenger accelerates along the arc. the magnitude of this cen
tripetal acceleration increases alarmingly. When the magni-
tude a of the net acceleration reaches 4g at some point P and
angle 0, along the arc, we want the passenger then to move
in a straight line, along a tangent to the arc.

(a) What angle 6 should the arc subtend so that a is 4g at
point P?
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Fig. 10-10 An overhead view of a horizontal track for +
roller coaster. The track begins as a circular arc at the load:

ing point and then, at point 2, continues along a tangent .
the arc.
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[image: image53.png]The value of a, is set at g = 9.8 m/s
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[image: image57.png]Because both 4, and r are constant. a is constant, too



[image: image58.png]@ = of + 2a(6 ~ ).
Substituting w, = 0, 6,

0.and & = a,/r gives us
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