Chapter 10

Rotation
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10-1 Rotational Variables

« Translational motion: object moves a long a straight or
curved line.

. Rotational motion: object turns about an axis

« In rotational motion, we will need new quantities to express
them

ob [argue

» Rotational inertia
« Arigid body rotates as a unit, locked together
« We look at rotation about a fixed axis

« These requirements exclude from consideration:
» The Sun, where layers of gas rotate separately

. Arolling bowling ball, where rotation and translation occur
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o The fixed axis I1s called the axis of rotation

« The Angular Position 6 of this line (and of the object) is
taken relative to a fixed direction, the zero angular position

=
v’

Rotation * - Body

axis

-~ Reference line

)1

el

/‘()
This reference line is part of the body
and perpendicular to the rotation axis.

We use it to measure the rotation of the
body relative to a fixed direction.

STUDENTS-HUB.com

The body has rotated
counterclockwise
by angle 8. This i1s the
positive direction.

Rotation

This dot means that
the rotation axis is
out toward you.
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o 6Is Measured In radians (rad): dimensionless

where s is the arc length of a circular path of radius r and
angle 6.

27T
I rev = 360° = = 2 rad
r

« Do not reset 6 to zero after a full rotation (6 = 2w rad)

« We know all there Is to know about the kinematics of
rotation if we have 6(t) for an object

« Define Angular Displacement as ( a body rotates about a
rotation axis, changing its angular position from 6, to 6,):

A@: 92_ 91
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« 'Clocks are negative”:
AN

"' An angular displacement in the counterclockwise direction is positive, and one in
the clockwise direction is negative.

IZ Checkpoint 1

A disk can rotate about its central axis like a merry-go-round. Which of the following
pairs of values for its initial and final angular positions, respectively, give a negative
angular displacement: (a) —3 rad, +5 rad, (b) —3 rad, —7 rad, (c) 7 rad, —3 rad?

Al = 92 — 91
Answer: Choices (b) and (c)
(aQ)A® =0, — 0, = (+5rad) — (—3rad) = +8 rad
(b)a) A6 =6, —0; = (—7rad) — (—3rad) = —4 rad
(c)a) A =0, —0; =(—3rad) — (7rad) = —10 rad
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« Average Angular Velocity: angular displacement during a
time interval

Instantaneous Angular Velocity: Iimit as At — 0

i A6O do
= 11 .
@ At—0 At dt

y

Reference line

. If the body is rigid, these equations hold
for all points on the body

tiy
. Magnitude of Angular Velocity = Angular :1

Speed

Rotation axis
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« Average angular acceleration: angular velocity change

during a time interval
w, — w; Aw

aavg o

t, — t At
« Instantaneous angular acceleration: limit as At — O

i
a_At—>0 At B dt

If the body is rigid, these equations hold for all points on the body

_ Translational motion Rotational motion

position r (m) 0 (rad OR degree)
velocity v (m/s) w (rad/s OR rpm )
acceleration a (m/s?) a (rad/s?)

0(t) » w(t) » a(t) Differentiation

0(t) « w(t) « a(t) Inte%ration
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. Angular Velocity and Angular Acceleration (w, wy,,, @ anda,,,) are
vectors with directions given by a right-hand rule.

« They are positive for counterclockwise rotation and negative for
clockwise rotation.

. If the body rotates around an axis, then the vector points along the
axis of rotation

Axis Axtis Axis

This right-hand rule
establishes the
direction of the (a) (B) (c)
angular velocity

vector,
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« Angular displacements can not be treated as vectors, because the
order of rotation matters for rotations around different axes

Rule of vector addition: If you add
two vectors, the order in which you
add them does not matter.

z The order of the
rotations makes

: o '
Angular displacements fall this test! _ abig difference
iﬁ in the result.
S
/ :
ki
P
AN .
7
z z
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Sample Problem 10.01 Angular velocity derived from angular position

The disk 1n Fig. 10-5a 1s rotating about its central axis like a
merry-go-round. The angular position é(¢) of a reference [Rotation axis
line on the disk 1s given by

Relerence
0= —1.00 — 0.600r + 0.250¢2, line
with ¢ in seconds, # in radians, and the zero angular position —-Zero
ST . : angular
as indicated in the figure. position

(a) Graph the angular position of the disk versus time
fromt = —3.0s to¢ = 5.4s. Sketch the disk and 1ts angular
position reference line at t = —2.0s, Os, and 4.0s, and
when the curve crosses the ¢ axis.

Forz=—-20s, ¢= —1.00 — (0.600)(—2.0) + (0.250)(—2.0)2

360°
= 12rad = 1.2 rad = 69°
24rrad
This means that at t = —2.0 s the reference line on the disk

1s rotated counterclockwise from the zero position by angle
1.2 rad = 69° (counterclockwise because #is positive).

t=0,0 =—1rad = —57 (clockwise by 57 )
t=4s.0=+0.6rad =34 (counterclockwise by 34
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This is a plot of the angle

8 (rad) of the disk versus time.
2
( £(s)
=2
-2 0 2 4 6
D & @ S &
i i i i ;
(1) (2) (3) (4) (5)
At t = -2 s, the disk Now, the disk is Now, it is at a It has reversed Now, it is
Is at a positive at a zero angle. negative (clockwise) its rotation and  back at a
(counterclockwise) angle. So, a negative  is again at a positive
angle. So, a positive 0 value is plotted. zero angle. angle.

@ value is plotted.

9=0 o> 6=—-1—-06t+025t>=0

_ +0.6 +/(=0.6)2— 4(0.25)(-1)

t =
STUDENTS-HUB.com 2(0'25)

= 3.53sor —1.13s
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(b) At what time ¢, does 6(t) reach the minimum
value ?What is that minimum value?

To find the extreme value (here the minimum) of a function,

we take the first derivative of the function and set the result
to zero.

do

e —0.600 + 0.500¢ =0 in = 1.20s. 9= —136rad = —77.9°

(c) Graph the angular velocity w of the disk versus time

w= —0.600 + 0.500z ® (rad/s)

The angular velocity is
initially negative and slowing,
then momentarily zero during

0

reversal, and then positive and - /
-2 0
""'-.__T__.-"

t(s)

Increasing. - 4 6

O 9

[
negative @ ZET0 () positive
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Sample Problem 10.02 Angular velocity derived from angular acceleration
A child’s top 1s spun with angular acceleration
a = 5 — 4¢,

with 7 1n seconds and « 1n radians per second-squared. At
t = 0, the top has angular velocity 5 rad/s, and a reference
line on it is at angular position ¢ = 2 rad.

(a) Obtain an expression for the angular velocity «(¢) of the top.

m:J‘(St3—4r)dt:§r4—%r2+C

att =0s,w =5rad/s >—> 5rad/s=0—0+C ->C =5rad/s

W =Zt4 — 2t + 5rad/s

(b) Obtain an expression for the angular position 6(¢) of the
top.
att =0s,0 =2rad »>—> 2rad =C

szmdz:f(%t4—2z2+5)d£ —— (= 2rad

L5 _2p 4 514 C 0 =t5—2t3+5¢+2

4
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10-2 Rotation with Constant Angular Acceleration

. The same equations hold as for constant linear acceleration,
with changing linear quantities to angular ones

Linear
Equation

Vv=vy,+ at
X — xo = vpt + zat?

v2 = v} + 2a(x — x;)
x — xg = 5(v + V)t
X — xo = vt — zat?

STUDENTS-HUB.com

Missing
Variable

X — Xp

0 — 6

Angular
Equation

W=y + at
0 — 6, = wyt +%ﬂff2

o = «f + 2a(0 — 6,)
6= 6 = 3(w + W)t
0— 6, = wt — zat?
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IZ Checkpoint 2

In four situations, a rotating body has angular position é(¢) given by (a) 6 = 3t — 4,
(b) 8= —5¢> + 41> + 6,(c) 0 = 2/t>* — 4/t,and (d) @ = 5¢* — 3.To which situations do
the angular equations of Table 10-1 apply?

Constant Angular Acceleration: a = constant

dw d?6

T (T

(Q)w=3rad/s, a=0

(b)w = —15t* + 8t,a = —30t+ 8

(©)0=2t72 -4t L w=—4t+4t%, a=—4—8t3
(d) w = 10t,a = 10 rad/s?

Answer: Situations (a) and (d); the others do not have constant angular
acceleration.
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Sample Problem 10.03 Constant angular acceleration, grindstone

A grindstone (Fig. 10-8) rotates at constant angular acceler- TN
ation a = 0.35 rad/s’>. At time ¢ = 0, it has an angular velocity —
of wy = —4.6rad/s and a reference line on it is horizontal, at | ) el
the angular position 6, = 0. T 4 | position
(a) At what time after ¢t = 0 is the reference line at the \

" B Reference
angular position 8 = 5.0 rev? s line

1 . .

0 — 90 = wyl + 5{1’32 #=50rev=107rad Clockwise = negative

107rad = (—4.6 rad/s)t + 5(0.35 rad/s?)> ¢ =325 Counterclockwise = positive

Description: The wheel is initially rotating in the negative (c) At what time ¢ does the
(clockwise) direction with angular velocity wy = —4.6rad/s, ~ grindstone momentarily stop?
but its angular acceleration a is positive. This initial opposi-

tion of the signs of angular velocity and angular accelera- W — Wy

tion means that the wheel slows in its rotation in the nega- o

tive direction, stops, and then reverses to rotate mn the _ 0 —(—46radfs) _ 135
positive direction. After the reference line comes back B 0.35 rad/s?

through 1ts 1nitial orientation of 6 = 0, the wheel turns an
additional 5.0 rev by time t = 32 s.
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Sample Problem 10.04 Constant angular acceleration, riding a Rotor

While you are operating a Rotor (a large, vertical, rotating
cylinder found in amusement parks), you spot a passenger in

acute distress and decrease the angular velocity of the cylin- ©
der from 3.40 rad/s to 2.00 rad/s in 20.0 rev, at constant angu-

lar acceleration. (The passenger 1s obviously more of a “trans- }

lation person” than a “rotation person.”) -

(a) What is the constant angular acceleration during this (>
decrease 1n angular speed?

L = _ 2
= = 9_9(1=%(w %)Jr%a(m w“)
o o -
@’ — w3 (2.00rad/s)? — (3.40 rad/s)?
a — — N
2(0 — 6y) 2(125.7 rad) 20rev = 125.7 rad

—(0.0301 rad/s*

_ w—awy  200rad/s — 3.40 rad/s
e —0.0301 rad/s?

= 46.5s.
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10-3 Relating the Linear and Angular Variables

« Linear and angular variables are related by r, perpendicular
distance from the rotational axis

. Position (note 8 must be in radians):  § = 0

« Speed (note w must be in radian measure): =

Note: All points within the rigid body have the same angular
speed w, points with greater radius r have greater linear
speedv.

« We can express the Period (uniform circular motion) in

radian measure:
B 2

T

w

STUDENTS-HUB.com Uploaded By: Ahmad K Hamdan



. (radians):
a = ar
. In terms of
angular velocity (radians):
y? ,
a, = — = wr
v

STUDENTS-HUB.com

The velocity vector is
always tangent to this
¥ circle around the
Circle rotation axis.
traveled by P

/k/

Fotation -~

—
W

The acceleration always
has a radial (centripetal)
¥ component and may have
a tangential component.

Eotation /
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IZ Checkpoint 3

A cockroach rides the rim of a rotating merry-go-round. If the angular speed of this
system (merry-go-round + cockroach) is constant, does the cockroach have (a) radial
acceleration and (b) tangential acceleration? If wis decreasing, does the cockroach
have (c) radial acceleration and (d) tangential acceleration?

Answer:
(a) yes, since a, = w*r

(b) No, since a; = ar and the angular
acceleration ais zero (No changing
In the angular speed)

(c) yes
(d) yes

i
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10-4 Kinetic Energy of Rotation

« Arotating rigid body (collection of particles with different
speed):. . | |
K = smvi + smyvs + smsvs + -

K=72 %miviz

. different linear velocities (same angular velocity for all
particles but possibly different radii )

K = 3 iman) = 3 (3 mr?)o?
We call the quantity in parentheses on the right side the

Rotational Inertia, or Moment of Inertia, [

—This is a constant for a rigid object and given rotational axis

—Caution: the axis for I must always be specified
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» Rotational Inertia (system of discrete rotating particles):

I = 2 ml,fi”_{2 (rotational inertia)

SI unit for I is kg - m?

« The kinetic energy of a rigid body rotating about a fixes axis
IS given by:

K = %1 w®  (radian measure)
« Rotational inertia corresponds to how difficult it is to change

the state of rotation (speed up, slow down or change the
axis of rotation)
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Rod Is easy to rotate
this way.

A long rod is much easier to
rotate about (a) its central (longitudinal)
axis than about (b) an axis through its

center and perpendicular to its length. The
reason for the difference is that the mass
1s distributed closer to the rotation axis in

Harder this way. | (@) than in (b).

Rotation /C
axis

(0)

M Checkpoint 4

_ 1m

The figure shows three small spheres that rotate ‘ 36 kg
about a vertical axis. The perpendicular distance izzam“ 2 g9kg
between the axis and the center of each sphere 1s b S

given. Rank the three spheres according to their 4 Lg

rotational inertia about that axis, greatest first.

. I . . .
Answer: They are all equal! i 2 mfrlz (rotational inertia) ‘
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10-5 Calculating the Rotational Inertia

» System of discrete rotating particles:

I = 2 m,;r? (rotational inertia)

« A body with continuously distributed mass:

[ = f}‘z dm  (rotational inertia, continuous body)

« Note: r and r; represent the perpendicular distance from the
axis of rotation to each mass element in the body.

« But there is a set of common shapes for which values have
already been calculated (Table 10-2) for common axes
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Some Rotational Inertias (Table
Axls
Hoop about
central axis X '
I= MR? (a) I=3IM(R}
Axis

Solid cylinder
(or disk) about

) central diameter

| L

|

R \/
I= tMR? + s ML? (d) I= ML®
AXIS ‘ Axis
Thin
spherical shell
about any
2R diameter
(g)

_ 2 _ 1 9
EFEMENTS-HUB.com I= MR

T
R

10-2):
Axis

Annular cylinder
(or ring) about
central axis

+ R3) (b)

Thin rod about
axis through center
perpendicular to
length
|1

]

(e)

Hoop about any
diameter

(h)

Axis
Solid cylinder
(or disk) about
) central axis
~ I
R \/
I= MR ()
Axis
- Solid sphere
about any
diameter
2R
I= 2MR? 0
Axis
Slab about
perpendicular
axis through
| center
b -
— a—_ | /

(1)
f\i%aded") B)y Ahmad K Hamdan



Moment of inertia of a uniform thin disk about a rotational axis through
the com: (The Disk made up of a series of thin rings)

XA

Ie=""r-2 e’ usep=%

I:pj?”zdv /'ﬂ,

<!

[=p[r?dV =p [r*Rurhdr)

R
= f r¢(2nrhdr) = (Znh)f
VDisk 0 mR?h
Z )
= R2 4 = 2 dm
r

<V

1 2
IDisk,com = EMR
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Moment of inertia of a sphere about a rotational axis through the com:
(The sphere made up of infinitesimally thin disks about the z axis)

1 2
IDlSk - MR Z

2
1 1 1
dl = sy*dm =S y*pdV =5 y*p(my*dz)

R R
1 1
L= S PT fy‘*dzzzpn f(R2 —z%)%dz
R 5

8
= ,onj(R4 BOR G 7Nl = 1—5an5

M M Find y in terms of .Y . n )
Use DS= — the variable of }.disk H e V=R =727
2 p3 . : 2. .. - :
VUsphere 37TR integration z "R
8 M 2 2
Thi— TR> = = MR? — 2 MR?
15 TR3 5 Isphere,com sl MR
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« Parallel-axis Theorem:
If we know the moment of inertia for the center of
mass axis, we can find the moment of inertia for a
parallel axis

[ = [cum T Mhz

Notes:

. The axes must be parallel, and the first must go through
the center of mass

. his the perpendicular distance between the two axes

« This does not relate the moment of inertia for two arbitrary
axes
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Proof of the Parallel-Axis Theorem

[ = frzdmZJ[(x —a)>+ (y — b)’ldm

The moment of inertia about
an axis through P

I=f(x2+y2)dm—2afxdm—2bfydm+ (a*> + b?) dm

\_'_I

The coordinates of the center of mass

~

multiplied by a constant): x.,., = V.om = 0 dm

I=f(x2+y2)dm+f(a2+b2)dm

I=f(x2+y2)dm+f(a2+b2)dm

Rotation axis
through P

com
0]

Rotation axis
through
center of mass
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IZ Checkpoint 5

The figure shows a book-like object (one side is
longer than the other) and four choices of rotation
axes, all perpendicular to the face of the object.
Rank the choices according to the rotational inertia
of the object about the axis, greatest first.

(1)
Answer: (1), (2), (4), (3)

By Parallel-axis Theorem: [ = Loom T Mh?

1
o= MCasiebs ) =21

12
a2
A e e M (a? +b2)+MZ
(a?+b?) +b2)

I, =1, +Mh?==—M(a®+b2)+M
STUDENTS-HUB.com e

(2) (3) (4)

Axis

2 M (a? + b?)
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Sample Problem 10.06 Rotational inertia of a two-particle system

A rigid body consisting of two particles of mass m connected by
a rod of length L and negligible mass.

1. The rotational inertia I.,,, about an axis through the center of
mass, perpendicular to the rod:

_——Rotation axis
through

1 1 center of mass

I=3 mp2 = (m)GL) + (m)GL)? iy

com
I[=1ml? 9 @
‘-I_:lj_‘ h--l_‘ij_‘_h-
9 9

2. The rotational inertia I of the body bout an axis through the
left end of the rod and parallel to the first axis :

J = m(U)z + ml2 = ml> ,—ERI?éaSF;luzxis through
: m com =
By Parallel-axis Theorem: Q x Q
2 _ 1,712 172 ) = ;i
[ = Icnm + Mh* = EmL + (Zm)(EL)

[ = ;]2
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10-6 Torque

« The force necessary to rotate an object depends on the
angle of the force and where it iIs applied.

« We can resolve the force into components to see how it
affects rotation.

F
| -
i \ f/’
.-"'fff {I) i _
II . : .r J.
| / Rotation . Lineof _,
e | ' axis action of F
I axi S 'I-II } 1 I: .".
_.". '.I _-_----- .-'I_,-
4 O " 0 T
KM L / x“‘xh / M{Lme}(t_atm_ _________.---"
H"--.____ ______—-"-. '-\-_____ e — DfF
The torque due to this force But actually only the tangential You calculate the same torque by
causes rotation around this axis | component of the force causes| |using this moment arm distance

the rotation. and the full force magnitude.
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o Torgue takes these factors into account:
‘fr = (r)(Fsin ¢) \

. Aline extended through the applied force is called the line
of action of the force.

« The perpendicular distance from the line of action to the
rotational axis is called the moment arm.

« The unit of torque Is the newton-meter, N.m

« Note that 1 J =1 N.m, but torques are never expressed In
joules, torque Is not energy

o Torgue Is a vector quantity.
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« Again, torgue is positive if it would cause a counterclockwise

rotation, otherwise negative i “c|ocks are n éé-a-t-lve-’-’-

I

« For several torgues, the net torque or resultant torque Iis the

sum of individual torques (7,.¢).

M Checkpoint 6

The figure shows an overhead view of a meter stick that can pivot about the dot at the position
marked 20 (for 20 cm). All five forces on the stick are horizontal and have the same magnitude.
Rank the forces according to the magnitude of the torque they produce, greatest first.

N Fl, F3 0 F4 5 FZ, F5 4{];*110t point o

20
T; = 73 = (0.2 ’m)(F sin 900) =2 [ J; \]\_‘[‘ ’—%‘
75 = (0.8m)(Fsin0) =0 F,
7, = (0m)(F sin®) =0

sTUDENTS-HUE 6o (0-2 M) (F sin 6,) — (?’) (F Sin (’b)




10-7 Newton's Second Law for Rotation

. Rewrite F = md with rotational variables:

o It Is torque that causes angular acceleration.

F, The torque due to the tangential
component of the force causes

an angular acceleration around

the rotation axis.

Rotation axis
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Checkpoint 7

The figure shows an overhead view of a meter stick that can pivot about the point indicated, which 1s
to the left of the stick’s midpoint. Two horizontal forces, F; and E, are applied to the stick. Only F, is

shown. Force F is perpendicular to the stick and is applied at the right end. If the stick is not to turn,

(a) what should be the direction of E, and (b) should F, be greater than, less than, or equal to F,?

= | Iy 2
Pivot point 2 1
2 \ Pivot point

The stick is not to turn, the angular acceleration is zero so the net torque is zero.

T{=T1y (Fl sin 900) = 1, F , attempts counterclockwise rotation
7, must be equal to 7; in magnitude but attempts rotation in the opposite direction.
Ty =15 (F2 sin 900) = 1, F5 , clockwise rotation, 1 F; =1,F,
(a) F, should point downward. (clockwise rotation)

(b) should have a smaller magnitude than F;
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Sample Problem 10.10 Newton’s second law, rotation, torque, disk

Figure 10-19a shows a uniform disk, with mass M = 2.5 kg
and radius R = 20 cm, mounted on a fixed horizontal axle.
A block with mass m = 1.2 kg hangs from a massless cord that
1s wrapped around the rim of the disk. Find the acceleration of
the falling block, the angular acceleration of the disk, and the
tension in the cord. The cord does not slip, and there 1s no fric-

tion at the axle. The falling block causes the disk to rotate. y
Newton’s second law (Block): F = ma

m =
Forces on block: T — mg = m(—a) ‘ Tf
m
Newton’s second law (Disk): | Torque on disk: 7, = la| Clockwise Rotation
£
—RT = L MR*(—a)

l Because the cord does not slip, the magnitude a of the block’s linear acceleration and
1 the magnitude a; of the (tangential) linear acceleration of the rim of the disk are equal.

a
oo O e O B Tk e e | T = L M SR

1)

[m————

2m (2)(1.2 kg)
— = (9.8 m/s? = 48 m/s?
8 1 om - O e (.2 k) e
——
I = %Mﬂ = %(2-5 kg)(4.8m/s*) = 60N. a= Z DRIl 24 rad/s?
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10-8 Work and Rotational Kinetic Energy

« The rotational work-kinetic energy theorem states:

« Which, for a constant torque, reduces to: |W = T(ﬁf — 6)

« We can relate work to power with the equation:

dW
P=7=m)
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Table 10-3 Some Corresponding Relations for Translational and Rotational Motion

Pure Translation (Fixed Direction) Pure Rotation (Fixed Axis)
Position X Angular position 7
Velocity v =dx/dt | Angular velocity w = doldt
Acceleration a = dvldt | Angular acceleration a = daoldt
Mass m Rotational inertia I
Newton’s second law F,.. = ma | Newton’s second law Toet = la
Work W = [ Fdx| Work W= [7rd6
Kinetic energy K = 3mv? | Kinetic energy K =11’
Power (constant force) P = Fv Power (constant torque) P=10
Work —kinetic energy theorem W = AK Work —kinetic energy theorem W = AK
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Sample Problem 10.11 Work, rotational kinetic energy, tnrque disk

Let the disk in Fig. 10-19 start from rest at time ¢ = 0 and
also let the tension in the massless cord be 6.0 N and the an-
gular acceleration of the disk be —24 rad/s*. What is its rota-
tional kinetic energy K at¢ = 2.5 s?
wy = 0; startfromrest (K; =0), T =6.0N
a = —24 rad/s*; Clockwise rotation

1. Rotational Kinetic Energy: K = %IWZ
Disk rotational inertia (com rotational axis):

1 1
= EMRZ = 5(2.5 kg)(0.2 m)? = 0.05 kg. m?

To find the angular velocity at t = 2.5 s, we can apply constant angular acceleration equations:
w=w,+at =0+ (—24 rad/s*)(2.5s) = —60rad/s

1 1
e = EIWZ = (0.05 kg.m?)(—60rad/s)?> =90]

2. W e can use also work-kinetic energy theorem:
T Iei—rlCr= W =M =W

W = (8, — 6;); constant torque
To find the angular displacement 6 — 6;, we can apply constant angular acceleration equation:
6 — 0; = wyt + %at -— 0 —0; = —a:t2 = (—24 rad/s?)(2.5s)?> = =75 rad
ga— IR = ()i m)(6.0 N)=-12N.m
STUDENTS-HUB.com Kr =W =1(0; — 6;) = (—1.2 N.m ) (-7 upedd:aB90hmad K Hamdan

Disk: M = 2.5 kg
R= 20 cm




*»4 The angular position of a point on a rotating wheel is given
by 0 = 2.0 + 4.0¢> + 2.0¢, where @1is in radians and ¢ is in seconds. At
t = 0, what are (a) the point’s angular position and (b) its angular ve-
locity? (c) What is its angular velocity at ¢ = 4.0 s? (d) Calculate its an-
gular acceleration at t = 2.0 s. (e) Is its angular acceleration constant?

0 =2+ 4t% + 2¢t°3
a)d(t=0)=2rad

_ 46 _ 2
b)w = dt—8t+6t

wit=0)=0
c)w(t=4s)=128 rad/s

dw

d)a=E=8+12t

alit ="2 S)i= 32uud s

e) a IS not constant (depends on time)
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*9 A drum rotates around its central axis at an angular velocity
of 12.60 rad/s. If the drum then slows at a constant rate of 4.20
rad/s?, (a) how much time does it take and (b) through what angle
does it rotate in coming to rest?

a =—4.2 rad/s*,wy, = 12.6 rad/s
The drum is coming to rest: wy = 0

a) By using constant angular acceleration equations:

—W —12.6 rad/s
Wr=Wwy+at >o>t= —= —13:0.5
a —4.2 rad/s?

1
b) Qf =T Hi = WOLL +Eat2

1
O 10— 026 Rad)/ S0 s) -+ E(_4'2 Rad s s .0 s =48 Y ad

AB = 18.9 rad = 3.0 revolutions
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*28 In Fig. 10-31, wheel A of radius
r4 = 10cm is coupled by belt B to
wheel C of radius r- = 25 cm. The an-
gular speed of wheel A is increased
from rest at a constant rate of
1.6 rad/s®. Find the time needed for
wheel C to reach an angular speed of
100 rev/min, assuming the belt does
not slip. (Hint: If the belt does not slip, the linear speeds at the two
rims must be equal.)

The belt does not slip, a point on the rim of wheel C has the same
tangential acceleration as a point on the rim of wheel A: a4y = a 1¢

a, = 1.6rad/s?

Figure 10-31 Pmblem 28.

AaTy _ (1.6rad/s?)(10 cm)
rc (25 cm)

Wheel C: ac= 0.64rad/s?,wy = 0 (starts from rest)
wr = 100 rev/min = 10.47 rad/s

By using constant angular acceleration equations:

e — = 0.64rad/s*

10.47 rad
W =wo+at oo t = L= 1047195 _ g4 4

STUDENTS-HUB.com g 0.64 rad/ %ploaded By: Ahmad K Hamdan




*38 Figure 10-35 shows three
0.0100 kg particles that have been ‘
glued to a rod of length L = 6.00 cm Axis o oO—O0—O
and negligible mass. The assembly "

can rotate around a perpendicular Fd | d | d*|
axis through point O at the left end. Figure 10-35 Problems
If we remove one particle (that is, 38 and 62.

33% of the mass), by what percent-
age does the rotational inertia of the assembly around the rotation
axis decrease when that removed particle is (a) the innermost one
and (b) the outermost one?

‘ I = E mirf (rotational inertia)

I = md? + m(2d)? + m(3d)? = 14 md?

a) The innermost particle is removed: I; = m(2d)? + m(3d)? = 13 md?*

[1,-1] _ |13 md?-14 md?|

=007 = 7%

Percentage of decreasing =
b) The outermost particle is removed: I, = md? + m(2d)? = 5 md*

[I,—1| |5 md?-14 md?|

Percentage of decreasing = = 0.64 = 64%
STUDENTS-HUB.com I 14 md?yploaded By: Ahmad K Hamdan



*45 ssMm 1ILW The body in
Fig. 10-39 is pivoted at O, and
two forces act on it as shown. If
ri=130m, rn,=215m, F,=
4.20 N, Fg = 4,90 N, 91 = 75.0G,
and & = 60.0°, what is the net
torque about the pivot?

7,tends to cause counterclockwise rotation , t, is positive.
7,tends to cause clockwise rotation , 7, IS negative.
T, = +1;(F;sin75") = +1.3m (4.2 Nsin75") = +5.27 N.m
T, = —15(F,sin60°) = —2.15m (4.9 Nsin60°) = —9.12 N.m

Tpet = +11(F; sin75°) —1,(F,sin60°) = +5.27 N.m —9.12 N.m
Tpet = —3.85 N.m

a 1S nel%ative so the body will rotate clockwise
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10-51) In the below figure, block 1 has mass m;=460 g, block 2 has mass m,=500 g,
and the pulley, which is mounted on a horizontal axle with negligible friction, has
radius R =5.00 cm. When released from rest, block 2 falls 75.0 cm in 5.00 s without
the cord slipping on the pulley. (a) What is the magnitude of the acceleration of the
blocks? What are (b) tension T, and (c) tension T,? (d) What is the magnitude of the
pulley’s angular acceleration? (e) Whatis its rotational inertia?

3

1 =460g = 0.46 kg
m, = 500g = 0.5 kg

1

; | i

2 1 1

! I

Ty IT: ' R=5cm=0.05m |

id=75cm =0.75m !

I i Vg = :

T, T, . g AT U
¢
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a) The magnitude of the acceleration of the blocks

For block 2:
1 2
Y — Yo = Vgt +§at

1
—0.75=0+ Ea(52)
a, = —0.06 m/s?

Note: the negative sign indicates that the acceleration of block2 is downward, thus
d, = —(0.06 m/s?)j

Blockl has the same acceleration butin the opposite direction of block 2. This is because
the two blocks moved the same distance d without the cord slipping on the pulley. This

means that
d; = +(0.06m/s?)j

The magnitude of acceleration of the two block is similar, it is 0.06 m/s?

b) Tension T,
Applying Newton’s second low on bock?2
T, —myg = my(—ay)
I; = myg —mpa;
T, = (0.5)(9.8) — (0.5)(0.06) = 4.87 N

c) Tension T;

Applying Newton’s second low on bock1
Il g =ty
T1 — Y A mqaq

T, = (0.46)(9.8) + (0.46)(0.06) = 4.54 N
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d) Whatis the magnitude of the pulley’s angular acceleration?
The angular acceleration «a of the pulley is

| |
' a 0.06 '
| g =— = = 1.2 rad/s? !
| |
| 1

R w0.05

e) Whatis the pulley’s rotational inertia?
Now applying Rotational Newton’s second law on the pulley

net = i ulley
7?1 Sl fz == IC_E ................... (1)

Note: 17| = |4 x Ty| = T, sin90° = RT; = (0.05)(4.54) = 0.227 N.m
12, = | X Ty| = r,T, sin90° = RT, = (0.05)(4.87) = 0.2435 N.m

Using the right hand rule: The direction of 7; out of the page (counterclockwise (+))
The direction of 7, into the page (clockwise (-))

Note: the direction of the angular acceleration « is the same as the direction of 7,,.;, thus ,
it is into the page also as |7,| > |74 |

Substituting in eq.(1) above you get
+0.227 — 0.2435 = I(—1.2)

02302435
- - %
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*61 A 32.0 kg wheel, essentially a thin hoop with radius 1.20 m, is

rotating at 280 rev/min. It must be brought to a stop in 15.0s. M = 32.0 kg
(a) How much work must be done to stop it? (b) What is the R=12m
required average power?

a) By using work-kinetic energy theorem:
AK=K; —K, =W
wo = 280rev/min = 29.31rad/s,wr = 0;K, = 0
Hoop(wheel) rotational inertia (com rotational axis):
I = MR* = (32 kg)(1.2 m)* = 46.08 kg.m?
W = AK = K; — K; = —K;

i 1
W = —EIWOZ = —5(46.08 kg.m?)(29.31rad/s)* = —19.79 kJ

b) The average power:

W 19.79 x 103

P = 7T 1t . = 1.32 kW
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