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Step 1 lof2

In a previous part of this exercise, we derived ws = 7.3 x 107° rad /s.
The distance between the center of Earth and a point at the eqguator is the radius of Earth K.

Then the linear speed of a point at the equatoris

vy = waR="7.3 % 107° x 6371 x 10° = 465.083 m/s

vy = 465.083 m/s
Result 20f2
v = 465.083 m/s
Rate this solution
< Exercise 25c Exercise 26 *
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Step1

Givens:

Mass of each particle, m = 0.85 kg.
Length of each rod, d = 5.6 cm= 0.056 m.
Mass of eachrod, M = 1.2 kg.

The combination rotates around the rotation axis with the angular speed w = 0.3 rad/s.

Step 2

The rotational inertia of the combination about () is given by the following

Itntz 1'1'|'I\|:il'l'jri'ﬂ-l_rli2
Lot = Incus + Md?, + md® + Laow + MdZ, + m(2d)°
Lot = %Mdz +M{_—:_d}“ +md® + ﬁMd‘ +l|»=1'{g-f-!ll2 +m(2d)*

Where

. {,I,.l} is the rotational inertia of the first rod measured around 0.

= (I;1) is the rotational inertia of the first particle measured around 0.

s (I.2)is the rotational inertia of the second rod measured around 0.

. {.Ipﬂ] is the rotational inertia of the second particle measured around 0.

o (I..cn) is the rotational inertia of the first rod measured around its center of mass.
= (M) is the mass of the rod.

» (d.;) is the distance between point O and the center of the first rod.

* () is the mass of each particle.

= {d) is the length of the rod (the distance between the first particle and point 0.

L] {Lzmﬂ is the rotational inertia of the second rod measured around its center of mass.
» (d.s) is the distance between point O and the center of the second rod.

= (2d)is the distance between the second particle and point 0.

Step 3

Substitute in Eq. 1 to calculate the rotational inertia of the combination about O

1 1
Ly = 75 X 1.2 X (0.056)% + 1.2 x (5 X 0.056)* + 0.85 x (0.056)

+ 11_2 x 1.2 x (0.056)? + 1.2 x {g x 0.056)% -+ 0.85 x (2 x 0.056)2
— 0.0233632 kg - m?

Lo = 0.0233632 kg - m?

R=sy't

Lot = 0.0233632 kg - m?

Rate this solution
< Exercise 40b
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Step 1 lof4

Given Quantities

* my = 460 g = 0.460 kg: mass of the left block

» maz = 500 g = 0.500 kg: mass of the right block

R = 5.00 cm: radius of the pulley

after t; = 5.00 s, block 2 falls by y; = 75.0 cm without slipping

Useful Quantities
» g = 9.80 m/s* acceleration due to gravity
Required QGuantities

* acceleration @ of the blocks

Step 2 2af 4

We use the kinematic equations to calculate acceleration. The tensions can be calculated using Newton's second
law of motion_ The angular acceleration and tangential acceleration of the pulley have a direct relationship. Finally,
the rotational inertia of the pulley must be related to the net torgue on the pulley and the angular acceleration.

Step 3 30f4

The acceleration of the two blocks must be equal since the length of the rope is constant Using the kinematic
equations, we calculate the acceleration to be

o=
&2

1

_ 2.(75.0)
~ (.00

=1 0.0600 m/s”

a = 0.0600 m /s

Rate this solution
¢ Exercise 50 Exercise 51b >
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Step 1 lofs

Given Quantities

my = 460 g = 0.460 kg: mass of the left block

» my = 500 g = 0.500 kg: mass of the right block
R = 5.00 cm: radius of the pulley
after t; = 5.00 s, block 2 falls by y; = 75.0 cm without slipping

Usaful Guantities
» g = 9.80 m/s* acceleration due to gravity
Reguired Guantities

= the tension T5 supporting block 2

Step 2 2ofé

We use the kinematic equations to calculate acceleration. The tensions can be calculated using Newton's second
law of motion_ The angular acceleration and tangential acceleration of the pulley have a direct relationship. Finally,
the rotational inertia of the pulley must be related to the net torgue on the pulley and the angular acceleration.

Step 3 Jofb

The force diagram is shown below.

On the free body diagram, red color marks forces which act on block 1. Orange color marks forces which act on
block 2 and forces that act on the pulley are marked with a violet color.

Step 4 Lofé

Let upwards be the positive direction on the vertical forces, and clockwise be the positive direction for the torque.
Using Newton's second law on the block 2 which would move downward, we have

ZFy:mﬂaﬂ

maaz = T3 — mag
= Th =mz(az+g) (1)

Step 5 Jofé

substituting ma = 0.500 kg, a; = —0.0600 m/s*, and g = 9.80 m/s” into equation (1), we calculate the
tension T5 to be

T = mﬂ(ﬂﬂ o g F}
= (0.500)(—0.0600 + 9.80)

7, - [1577]

Result 6ofé

T, = 487N

Rate this solution
¢ Exercise 5la Exercise 5lc »
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Step 1 1ofd

Given Quantities

* my = 460 g = 0.460 kg: mass of the left block

» maz = 500 g = 0.500 kg: mass of the right block
* R = 5.00 cin: radius of the puliey
» after t; = 5.00 s, block 2 falls by y; = 75.0 cm without slipping

Useful Quantities
» g = 9.80 m/s* acceleration due to gravity
Required QGuantities

= the tension T} supporting block 1

Step 2 20f3

We use the kinematic equations to calculate acceleration. The tensions can be calculated using Newton's second
law of motion_ The angular acceleration and tangential acceleration of the pulley have a direct relationship. Finally,
the rotational inertia of the pulley must be related to the net torgue on the pulley and the angular acceleration.

Step 3 Jofd
Using Newton's 2nd law on the block 1, which would move upward, we have

Z F, =mm

mya] =11 — mig I:]']
= T =my(a; + g)

Step 4 Lof3

Substituting mz = 0.460 kg a; = +0.0600 m/s? and g = 9.80 m/s? into equation (1), we calculate the
tension T7 to be

Ty = my(a, + g)

= (0.460)(0.0600 + 9.80)
= 4.53560 N
T =|4.54 N
Result Jof3
T3=454N
Rate this solution
< Exercise 5lb Exercise 51d »
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Step 1 lof4

Given Quantities

* my = 460 g = 0.460 kg: mass of the left block

» maz = 500 g = 0.500 kg: mass of the right block
* R = 5.00 cin: radius of the puliey
» after t; = 5.00 s, block 2 falls by y; = 75.0 cm without slipping

Useful Quantities
» g = 9.80 m/s* acceleration due to gravity
Required QGuantities

*= the angular acceleration & of the pulley

Step 2 2af 4

We use the kinematic equations to calculate acceleration. The tensions can be calculated using Newton's second
law of motion_ The angular acceleration and tangential acceleration of the pulley have a direct relationship. Finally,
the rotational inertia of the pulley must be related to the net torgue on the pulley and the angular acceleration.

Step 3 30f4

In a previous part of this exercise, we derived a = 0.0600 m/s*
The angular acceleration is related to the tangential acceleration and radius of the pulley

0N —

R
_ 0.0600

5.00
o =|1.20 rad/s”

Result 4 of &4

o = 1.20 rad/s®

Rate this solution
< Exercise 5lc Exercise Sle »
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Step1 lof7

In this problem, we are given a cylinder loaded as shown below that rotates about its own axis. The mass of the
cylinder is 3 kg. Our goal is to solve for the following quantities: a) magnitude and b) direction of angular
acceleration.

Step 2 20of7

We can solve this problem by vsing the relationship of net torgue T,,.; to the angular acceleration & and moment

of inertia I of the cylinder, given in Equation (1).

Toet = Io¥
TﬂE
ﬂ:T‘ ...{1}
Step 3 30f7

Let's now compute for the net torque on the cylinder. Recall that only forces perpendicular to the lever arm
generate torgue. In this case, force Fy generates zero torque. We will set counterclockwise as the positive

direction.
Toat =Fi-R=F-R=F;-r
=6-012—-4.-0.12-2-0.05
= 4+0.14N-m
S Lof7

Solving for the moment of inertia of the cylinder about its own axis:

;MR _3-012°
2 2
— 0.0216 kg - m®
Step 5 Sof7
a) Solving for the angular acceleration a:
Thet  0.14
e
o 0.0216
ad
—|6.48-
B
Step 6 Gofl

b) The angular acceleration has the same directicn as the net torque on the cylinder. Since the net torque has a
positive value, the angular acceleration is counterclockwise, as per our convention.

Result Tof7

ala= 5.48%-&

b) counterclockwise

Rate this solution
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Step 1 1of3

Given

* Rotational inertia of the pulley, I = 1 x 10~ kg-m?
= The pulley is rotating around its axle
» Radius of the pulleyisT = 10 cm = 0.1 m

* The force magnitude varies in time as F' = 0.5¢ + 0.3¢°

rad
* Initial angular speed of the pulley, w; = 0 —
8

Step 2 20f3
a)

Because the force is a function of time (not constant), the angular acceleration is not constant Then the equations
of angular motion for a constant acceleration can not be applied in this case. The magnitude of the torque on the
pulley by the force is given by the following:

T = Fr = 0.1(0.5¢ + 0.3¢%)

where F' is the magnitude of the applied force on the pulley, and r is the radius of the pulley. In rotational
kinematics, torque takes the place of force in linear kinematics. There is a direct eguivalent to Newion's second law

of motion {F‘ = md)

= T
0.1(0.5¢t + 0.3t*) = a x 107*
_ 0.1(0.5¢ + 0.3£%)

102
= 100(0.5¢ + 0.3¢%) , rad/s’

where:

= T is the torque on the pulley by the force F,

= [ is the rotational inertia of the pulley,

* ¢ is the angular acceleration of the pulley. The torque on the pulley in rotational kinematics is equivalent to the
force applied on it in linear kinematics. The angular acceleration of the pulley in refational kinematics is
equivalent to linear acceleration in linear Kinematics. The rotational inertia of the pulley in rotational kinematics
is equivalent to its mass in linear kinematics.

After 3 seconds the angular acceleration of the pulley becomes

a = 100(0.5-3+0.3-3%)

— |a20 4
B

Result 3of3

(a) & = 420 rad/s”

Rate this solution
¢ Exercise 56b Exercise 57b »
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