. ROTATIONAL MOTION DIAGRAMS

To describe linear motion, the following kine-
matic quantities were used: position X, displace-
ment Ax, velocity v =Ax/At,and acceleration
a = Av/At. To describe rotational motion, &
similar set of quantities can be used. Now,
instead of starting with the position of an object
along an axis, we use the angle 6 in the counter
clockwise direction from the positive x axistoa
line drawn from the origin of coordinates to the
position of a point on the rotating object (Fig.
6.4). Three kinematic quantities evolve from
this angular position coordinate: angular dis-
placement A8 angular velocity w= A6/A¢t,and
angular acceleration a = Aw/At. ’

On the pext pages, motion diagrams for
several different types of rotational motion are
provided. In each diagram, we show a view of
a point on the outer edge of the rotating object as
seen along the axis of rotation. This “axis” view
includes dots that indicate the changing posi-
tions of the point at times separated by equal
time intervals. Also shown are the sign and
magnitude of the object’s angular velocity ©
(positive for counterclockwise and negative for
clockwise rotation) and angular acceleration a.

In some cases a series of “perspective”
views appear below the axis view. The perspec-
tive views indicate more visually the vectors that
represent the angular velocity and the angular
acceleration. Notice that the angular velocity
vector points along the axis of rotation and
perpendiculas - the plane in which the object
turns. If the fingers of your right hand curled
around in the direction of rotation, your right
thumb would point in the direction of the angular
velocity [above the plane for counterclockwise
rotation and below for clockwise rotation (see
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Angluar posi-
tion of point on
rotating object

.

Fig. 6.4 The angular position @ of 2 point on a rotating
objeainbenulebemenwposidvexukmdalim
from the axis of rotation to the point. :

Ge

§®

-

b

Fig. 6.5 The direction of the angular velocity vector §
points perpendicular 1o the plane of rotation and in the
direction of your right thumb if your right fingers curl in
the direction of motion of the rotating object.

Fig. 6.5)]. The angular acceleration is a vector
that equals the change in angular velocity dur-
ing a time interval divided by the time interval.
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A Stationary, Extended
Body

The motion diagram at the right is fora station-
ary, extended body. The dot represents the un-
changing position of one point on the body.
Because the body does not tum, its angular
velocity is zero. Because the angular velocity
does not change, its angular acceleration is zero.

Fig. 6.6 Motion diagram for an extended body that i not
rotating.

Rotation at Constant Angular Velocity

The motion diagram below represents an ex-
tended body that rotates in the xy plane in the
counterclockwise direction at constant angular
velocity (it has a positive angular velocity in the
z direction perpendicular to and out of the
paper), The dots represent the changing position
ofonepolntonthemuﬂnshodyntimu sepa-
rated by equal time intervals. Notice that equal
distances separate adjacent dots. Also, the change
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Fig. 6.7 Amﬁm&mfmnm&&dhdy&umnmw“lodty. The angular acceleretion is
mbeuu’tﬂnnz\llﬂvebcltydosnm:hme.

in the angular position A between adjacent dots
is the same {constant angular velocity (& = A6
/At )). At the side of the axis view motion
diagram are three perspective views of the posi-
tion of the dok at the three different times. Notice
tbat the angular velocity vector points up per-
pendicular to the plane of the motion and does
pot change. Because w is constant, the angular
acceleration vector is zero.

V-1 A FIPSE Project
(Rotational Motion and Statics)




_Rotation at Increasing Angular Velocity

The motion diagram shown in Fig. 6.8 repre-
sents an extended body that rotates with increas-
ing angular velocity in the counterclockwise di-
rection. It might represent the motion of a
Merry-Go-Round as its rotational velocity in-
creases at the start of a ride, ot the increasing
rotational velocity of a centrifuge at the start of
a spin. This rotational motion is the analog of
the situation involving lincar motion in whicha
car’s velocity increases—its accelcration points
in the direction of the increasing velocity.

The dots below and to the left represeat the
changing position of one point oo the rotating
body at times separated by equal time intervals.

Notice that the distances between adjacent dots
increase as it moves around the circle. Also, note
that the change in the angular position A8 be-
tween adjacent dots increases—the extended
body rotates at increasing angular velocity. At
the side of the axis view motion diagram are
three perspective views of the position of the dot
at three different times. The angular velocity
vector @ points up perpendicular to the plane of
the motion and increases in length as the object
rotates faster. Because w increases in the upward
direction, the angular accelertion vector apoints
up. Itis as though we arc adding to the angular
velocity vector as time progresses.

Rotation at Decreasing Angular Velocity

The motion diagram shown in Fig. 6.9 rep-
resents an extended body that rotates with de-
creasing angular velocity in the counterclock-
wise direction. It might represeat the motion of
a Merry-Go-Round as its rotational velocity
decreases at the end of a ride, or the decreasing
rotational velocity of a centrifuge at the endofa
spin. This rotational motion is the analog of the
situation involving lincar motion in which a
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car's velocity in the positive direction decreases—
its acceleration points opposite the velocity.
The dots below and to the left represent the
changing position of one point on the rotating
body at times separated by cqual time intervals.
Notice that the distances between adjacent dots
decrease as it moves around the circle, Also,
note that the change in the angular position A6
between adjacent dots decreases—the extended

V-8 A FIPSE Project
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body rotates at decreasing angular velocity.
Buidcv.hemdsvicwmoﬁondiagmmmthree
perspective views of the position of the dot at
three different times shown in the motion dia-
gram. The angular velocity vector points up per-
pendicular to the plane of the motion and de-

creases in length as the object rotates slower.
Becausc the angular velocity © decreases in the
upward direction, the angular acceleration vec-
tor @ points down in the negative direction. Itis
as though we are subtracting from the angular
velocity vector as time progresses.

Fig. 6.9 T‘hemoﬁondiwlmf«memdedbodywhoumuhrvelod!y wis decreasing. The mgularmelzrﬁion

1ty
oy

a points epposite the direction of the d angular

Problems

6.17 (a) Construct a motion diagram for the left
rear wheel of a car tire that starts at rest and spins
on an icy surface at increasing angular velocity
asthemuistoincht‘oxwmd. (b) In which
direction does the angular velocity point? (c) In
which direction does the angular acceleration
point (if it is not zero)?

6.18 (a) Construct a motion diagram for the
wmtable of a hi-fi system as it starts to rotate. )
In which direction does the angular velocity
point? (c) In which direction does the angular
acceleration point (if it is pot zero)?

6.19 (a) Constructa motion diagram for the
tumtable of a hi-fi system as it slows to a stop. (b)
In which direction does the angular velocity
point? (c) In which direction does the angular
acceleration point (if it is not zero)?

620 (a) Coostruct a motion diagram for a point
on the equator of the carth. (b) In which direction
does the angular velocity point? (c) In which di-
rection does the anguiar acceleration point (ifit
is not zero)?

;

_/
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ROTATIONAL INERTIA

Write an expression for the rotational inertia of each group of masses shown below.

About the axis through
the center and perpen-
dicular to the page.

About the axis through
the center and perpen-
dicular to the page.

2 - °
[-Y
a
| 1
! All massas !
. have equal B |
| ‘Axis of massm. /- Axis of
' rotation rotation

Which ring is easiest to start (or stop) rotating?

Explain.
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About which axis is it easiest-to (start dr stop) the
rotation of the above masses? Explain.
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ROTATIONAL KINEMATICS

For each situation below, indicate the direction of the angular velocity ® and of the angular

. — . -
acceleration @. [Note: in = into paper,

out = out-of-papter, and 0 = zero.]

Disc turning at constant
angular velocity in ccw
direction.

Increasing @ in cow direction.

N

3 kN

Decreasing @ in ccw direction.

N

b =

Constant @ inthe cw

direction.

" ALPS Kit, Box 4013, University Pk,

*Las Cruces, NM 88003

)

Increasing @ inthecw

direction.
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Decreasing @ in the cw

direction.

A FIPSE Project

ROTATIONAL FORM OF NEWTON'S SECOND LAW

For each situarion showp below, determine the direction of the angular velocity, the direction
of thq angular acceleration, and the directions of the resultant torque. Place these directions
(in = into the paper, out = out of the paper, or = zero) in the uble.

Inidally rotating cow
I. \\

& & =

Inidally rotating cw

1. \v

-

% & Iz

Inidally rotating cw
1II. \'
T

Inidally rotating ccw

~ ("))

B
P
[y

(b.) Describe in words how the angular velocity changes.

1. II. IIIX. Iv.
(c.) Complete the wble. . (d) Bases on the infornation in the table, is IT
Direction proportional to @ ? Explain.
D d T
I.
II. . -
(e.) Is Z¥propordonal to &?
IIT]
Iv.

v-1i1
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10—=1 Which of these three forces .
_ is most likely to loosen the tight W el
_ bolt? e




Reading Quiz for Lesson 17

Ché6: 3-4

1. The figure shows four different methods for applying a torque to a nut.
Assume | r | and | F | have the same values in each of the pictures.

List the pictures in terms of increasing | T |.

i) a,b,c,d
i) d,c,b,a
iii) a,b,d,c
iv) c,d,b,a
v) all of the above

vi) none of the above

Basic description of the pictures:

The vector r goes from the center of the nut to the
center of the hand. In figure a, the force pulls
straight down. In figures b & d, the force is directed
toward the right. In figure c, the force is directed
perpendicular to the wrench body.

()






