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Last time

• finished static equilibrium

• Newton’s second law for rotations

• rotational inertia



Overview

• parallel axis theorem for rotational inertia

• rotational kinetic energy

• angular momentum



Moment of Inertia - Parallel Axis Theorem
Suppose you need the moment of inertia about an axis not through
the center of mass, but all you know is ICM.

We can determine the moment of inertia about any parallel axis
with a simple calculation!

I‖ = ICM +M d2

where d is the distance from from the axis through the center of
mass to the new axis.
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Moment of Inertia - Parallel Axis Theorem

For an axis through the center of mass and any parallel axis
through some other point:

I‖ = ICM +M d2

Use: perhaps you know ICM, but need the moment of inertia about
a different point; or maybe you know the moment of inertia about
one axis, you can find ICM, then you can find I for any parallel
axis.
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Example based on problem 41, pg 269

Two particles, each with mass m = 0.85 kg, are fastened to each
other, and to a rotation axis at O, by two thin rods, each with
length d = 5.6 cm and mass M = 1.2 kg. Measured about O,
what is the combination’s rotational inertia?

••41 In Fig. 10-34, two particles,
each with mass m 0.85 kg, are fas-
tened to each other, and to a rota-
tion axis at O, by two thin rods, each
with length d ! 5.6 cm and mass
M ! 1.2 kg. The combination ro-
tates around the rotation axis with
the angular speed v ! 0.30 rad/s.
Measured about O, what are the
combination’s (a) rotational inertia
and (b) kinetic energy? 

••42 The masses and coordinates of four particles are as follows:
50 g, x ! 2.0 cm, y ! 2.0 cm; 25 g, x ! 0, y ! 4.0 cm; 25 g, x ! "3.0
cm, y ! "3.0 cm; 30 g, x ! "2.0 cm, y ! 4.0 cm.What are the rota-
tional inertias of this collection about the (a) x, (b) y, and (c) z
axes? (d) Suppose the answers to (a)
and (b) are A and B, respectively.
Then what is the answer to (c) in
terms of A and B?

••43 The uniform solid
block in Fig. 10-35 has mass 0.172 kg
and edge lengths a ! 3.5 cm, b ! 8.4
cm, and c ! 1.4 cm. Calculate its ro-
tational inertia about an axis
through one corner and perpendicu-
lar to the large faces.

••44 Four identical particles of mass 0.50 kg each are placed at
the vertices of a 2.0 m # 2.0 m square and held there by four mass-
less rods, which form the sides of the square. What is the rotational
inertia of this rigid body about an axis that (a) passes through the
midpoints of opposite sides and lies in the plane of the square, (b)
passes through the midpoint of one of the sides and is perpendicu-
lar to the plane of the square, and (c) lies in the plane of the square
and passes through two diagonally opposite particles?

WWWSSM

!

269PROB LE M S
PART 1

•34 Figure 10-30 gives angular speed versus time for a thin rod
that rotates around one end. The scale on the v axis is set by

(a) What is the magnitude of the rod’s angular ac-
celeration? (b) At t 4.0 s, the rod has a rotational kinetic energy
of 1.60 J.What is its kinetic energy at t ! 0?

!
$s ! 6.0 rad/s.

around the rotation axis decrease when that removed particle is
(a) the innermost one and (b) the outermost one?

••39 Trucks can be run on energy stored in a rotating flywheel,
with an electric motor getting the flywheel up to its top speed of
200p rad/s. One such flywheel is a solid, uniform cylinder with a
mass of 500 kg and a radius of 1.0 m. (a) What is the kinetic energy
of the flywheel after charging? (b) If the truck uses an average
power of 8.0 kW, for how many minutes can it operate between
chargings?

••40 Figure 10-33 shows an arrangement of 15 identical disks that
have been glued together in a rod-like shape of length L ! 1.0000 m
and (total) mass M ! 100.0 mg. The disk arrangement can rotate
about a perpendicular axis through its central disk at point O. (a)
What is the rotational inertia of the arrangement about that axis?
(b) If we approximated the arrangement as being a uniform rod of
mass M and length L, what percentage error would we make in us-
ing the formula in Table 10-2e to calculate the rotational inertia?
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sec. 10-7 Calculating the Rotational Inertia
•35 Two uniform solid cylinders, each rotating about its cen-
tral (longitudinal) axis at 235 rad/s, have the same mass of 1.25 kg
but differ in radius. What is the rotational kinetic energy of (a) the
smaller cylinder, of radius 0.25 m, and (b) the larger cylinder, of 
radius 0.75 m?

•36 Figure 10-31a shows a disk that can rotate about an axis at a
radial distance h from the center of the disk. Figure 10-31b gives
the rotational inertia I of the disk about the axis as a function of
that distance h, from the center out to the edge of the disk. The
scale on the I axis is set by and 
What is the mass of the disk?

IB ! 0.150 kg %m2.IA ! 0.050 kg %m2

SSM

•37 Calculate the rotational inertia of a meter stick, with
mass 0.56 kg, about an axis perpendicular to the stick and located
at the 20 cm mark. (Treat the stick as a thin rod.)

•38 Figure 10-32 shows three 0.0100 kg particles that have been
glued to a rod of length L ! 6.00 cm and negligible mass. The as-
sembly can rotate around a perpendicular axis through point O at
the left end. If we remove one particle (that is, 33% of the mass),
by what percentage does the rotational inertia of the assembly

SSM

Fig. 10-32 Problems 38 and 62.
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Then what is the answer to (c) in
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block in Fig. 10-35 has mass 0.172 kg
and edge lengths a ! 3.5 cm, b ! 8.4
cm, and c ! 1.4 cm. Calculate its ro-
tational inertia about an axis
through one corner and perpendicu-
lar to the large faces.

••44 Four identical particles of mass 0.50 kg each are placed at
the vertices of a 2.0 m # 2.0 m square and held there by four mass-
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inertia of this rigid body about an axis that (a) passes through the
midpoints of opposite sides and lies in the plane of the square, (b)
passes through the midpoint of one of the sides and is perpendicu-
lar to the plane of the square, and (c) lies in the plane of the square
and passes through two diagonally opposite particles?
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For the two particles I = mr2, so in total:

Iparticles = md2 +m(2d)2

For the rods, treat them as one, ICM = 1
12MtotL

2, if L = 2d is the
rod length and Mtot = 2M.

Using the parallel axis theorem, we can find the rotational inertia
through its end point, a distance d away:

Irod =
1

12
(2M)(2d)2 + (2M)d2
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mass 0.56 kg, about an axis perpendicular to the stick and located
at the 20 cm mark. (Treat the stick as a thin rod.)
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In total:

IO = md2 +m(2d)2 +
1

12
(2M)(2d)2 + (2M)d2

= 5md2 +
8

3
Md2

= 2.3× 10−2 kg m2



Rotational Kinetic Energy

When a massive object rotates there is kinetic energy associated
with the motion of each particle.

Imagine an object made up of a collection of particles, mass mi ,
radius ri . The kinetic energy or each particle is

Ki =
1

2
miv

2
i =

1

2
mi r

2
i ω

2

And the total kinetic energy of all the particles together would be
the sum:

K =
∑
i

Ki

=
1

2

(∑
i

mi r
2
i

)
ω2

Notice that I =
∑

i mi r
2
i .
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Rotational Kinetic Energy

Kinetic energy of a rigid object rotating at an angular speed ω is

K =
1

2
Iω2



Kinetic Energy of Rotation

Quick Quiz 10.61 A section of hollow pipe and a solid cylinder
have the same radius, mass, and length. They both rotate about
their long central axes with the same angular speed. Which object
has the higher rotational kinetic energy?

(A) The hollow pipe does.

(B) The solid cylinder does.

(C) They have the same rotational kinetic energy.

(D) It is impossible to determine.



Kinetic Energy of Rotation

Quick Quiz 10.61 A section of hollow pipe and a solid cylinder
have the same radius, mass, and length. They both rotate about
their long central axes with the same angular speed. Which object
has the higher rotational kinetic energy?

(A) The hollow pipe does. ←
(B) The solid cylinder does.

(C) They have the same rotational kinetic energy.

(D) It is impossible to determine.



Another Example based on problem 41, pg 269
Two particles, each with mass m = 0.85 kg, are fastened to each
other, and to a rotation axis at O, by two thin rods, each with
length d = 5.6 cm and mass M = 1.2 kg. The combination rotates
around the rotation axis with the angular speed ω = 0.30 rad/s.
What is the combination’s kinetic energy?

••41 In Fig. 10-34, two particles,
each with mass m 0.85 kg, are fas-
tened to each other, and to a rota-
tion axis at O, by two thin rods, each
with length d ! 5.6 cm and mass
M ! 1.2 kg. The combination ro-
tates around the rotation axis with
the angular speed v ! 0.30 rad/s.
Measured about O, what are the
combination’s (a) rotational inertia
and (b) kinetic energy? 

••42 The masses and coordinates of four particles are as follows:
50 g, x ! 2.0 cm, y ! 2.0 cm; 25 g, x ! 0, y ! 4.0 cm; 25 g, x ! "3.0
cm, y ! "3.0 cm; 30 g, x ! "2.0 cm, y ! 4.0 cm.What are the rota-
tional inertias of this collection about the (a) x, (b) y, and (c) z
axes? (d) Suppose the answers to (a)
and (b) are A and B, respectively.
Then what is the answer to (c) in
terms of A and B?

••43 The uniform solid
block in Fig. 10-35 has mass 0.172 kg
and edge lengths a ! 3.5 cm, b ! 8.4
cm, and c ! 1.4 cm. Calculate its ro-
tational inertia about an axis
through one corner and perpendicu-
lar to the large faces.

••44 Four identical particles of mass 0.50 kg each are placed at
the vertices of a 2.0 m # 2.0 m square and held there by four mass-
less rods, which form the sides of the square. What is the rotational
inertia of this rigid body about an axis that (a) passes through the
midpoints of opposite sides and lies in the plane of the square, (b)
passes through the midpoint of one of the sides and is perpendicu-
lar to the plane of the square, and (c) lies in the plane of the square
and passes through two diagonally opposite particles?
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•34 Figure 10-30 gives angular speed versus time for a thin rod
that rotates around one end. The scale on the v axis is set by

(a) What is the magnitude of the rod’s angular ac-
celeration? (b) At t 4.0 s, the rod has a rotational kinetic energy
of 1.60 J.What is its kinetic energy at t ! 0?

!
$s ! 6.0 rad/s.

around the rotation axis decrease when that removed particle is
(a) the innermost one and (b) the outermost one?

••39 Trucks can be run on energy stored in a rotating flywheel,
with an electric motor getting the flywheel up to its top speed of
200p rad/s. One such flywheel is a solid, uniform cylinder with a
mass of 500 kg and a radius of 1.0 m. (a) What is the kinetic energy
of the flywheel after charging? (b) If the truck uses an average
power of 8.0 kW, for how many minutes can it operate between
chargings?

••40 Figure 10-33 shows an arrangement of 15 identical disks that
have been glued together in a rod-like shape of length L ! 1.0000 m
and (total) mass M ! 100.0 mg. The disk arrangement can rotate
about a perpendicular axis through its central disk at point O. (a)
What is the rotational inertia of the arrangement about that axis?
(b) If we approximated the arrangement as being a uniform rod of
mass M and length L, what percentage error would we make in us-
ing the formula in Table 10-2e to calculate the rotational inertia?

0
0 1 2 3 4 5 6

t (s)

◊ (rad/s)

sω

Fig. 10-30 Problem 34.

I (
kg

 •  
m

2 )

IB

IA 0 0.1
h (m)

0.2

(b)(a)

Axis

h

Fig. 10-31 Problem 36.

Fig. 10-33 Problem 40.

L

O

Rotation axis

md

md

M

M

O

ω

Fig. 10-34 Problem 41.

sec. 10-7 Calculating the Rotational Inertia
•35 Two uniform solid cylinders, each rotating about its cen-
tral (longitudinal) axis at 235 rad/s, have the same mass of 1.25 kg
but differ in radius. What is the rotational kinetic energy of (a) the
smaller cylinder, of radius 0.25 m, and (b) the larger cylinder, of 
radius 0.75 m?

•36 Figure 10-31a shows a disk that can rotate about an axis at a
radial distance h from the center of the disk. Figure 10-31b gives
the rotational inertia I of the disk about the axis as a function of
that distance h, from the center out to the edge of the disk. The
scale on the I axis is set by and 
What is the mass of the disk?

IB ! 0.150 kg %m2.IA ! 0.050 kg %m2

SSM

•37 Calculate the rotational inertia of a meter stick, with
mass 0.56 kg, about an axis perpendicular to the stick and located
at the 20 cm mark. (Treat the stick as a thin rod.)

•38 Figure 10-32 shows three 0.0100 kg particles that have been
glued to a rod of length L ! 6.00 cm and negligible mass. The as-
sembly can rotate around a perpendicular axis through point O at
the left end. If we remove one particle (that is, 33% of the mass),
by what percentage does the rotational inertia of the assembly

SSM

Fig. 10-32 Problems 38 and 62.

Axis

L

mO

d d d
m m

b

a

c

Rotation
axis

Fig. 10-35 Problem 43.

halliday_c10_241-274hr.qxd  17-09-2009  12:50  Page 269

** View All 
Solutions Here **

** View All 
Solutions Here **

(We already found IO, total = 2.3× 10−2 kg m2.)

K = 1.0× 10−3 J



Another Example based on problem 41, pg 269
Two particles, each with mass m = 0.85 kg, are fastened to each
other, and to a rotation axis at O, by two thin rods, each with
length d = 5.6 cm and mass M = 1.2 kg. The combination rotates
around the rotation axis with the angular speed ω = 0.30 rad/s.
What is the combination’s kinetic energy?

••41 In Fig. 10-34, two particles,
each with mass m 0.85 kg, are fas-
tened to each other, and to a rota-
tion axis at O, by two thin rods, each
with length d ! 5.6 cm and mass
M ! 1.2 kg. The combination ro-
tates around the rotation axis with
the angular speed v ! 0.30 rad/s.
Measured about O, what are the
combination’s (a) rotational inertia
and (b) kinetic energy? 

••42 The masses and coordinates of four particles are as follows:
50 g, x ! 2.0 cm, y ! 2.0 cm; 25 g, x ! 0, y ! 4.0 cm; 25 g, x ! "3.0
cm, y ! "3.0 cm; 30 g, x ! "2.0 cm, y ! 4.0 cm.What are the rota-
tional inertias of this collection about the (a) x, (b) y, and (c) z
axes? (d) Suppose the answers to (a)
and (b) are A and B, respectively.
Then what is the answer to (c) in
terms of A and B?

••43 The uniform solid
block in Fig. 10-35 has mass 0.172 kg
and edge lengths a ! 3.5 cm, b ! 8.4
cm, and c ! 1.4 cm. Calculate its ro-
tational inertia about an axis
through one corner and perpendicu-
lar to the large faces.

••44 Four identical particles of mass 0.50 kg each are placed at
the vertices of a 2.0 m # 2.0 m square and held there by four mass-
less rods, which form the sides of the square. What is the rotational
inertia of this rigid body about an axis that (a) passes through the
midpoints of opposite sides and lies in the plane of the square, (b)
passes through the midpoint of one of the sides and is perpendicu-
lar to the plane of the square, and (c) lies in the plane of the square
and passes through two diagonally opposite particles?
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•34 Figure 10-30 gives angular speed versus time for a thin rod
that rotates around one end. The scale on the v axis is set by

(a) What is the magnitude of the rod’s angular ac-
celeration? (b) At t 4.0 s, the rod has a rotational kinetic energy
of 1.60 J.What is its kinetic energy at t ! 0?

!
$s ! 6.0 rad/s.

around the rotation axis decrease when that removed particle is
(a) the innermost one and (b) the outermost one?

••39 Trucks can be run on energy stored in a rotating flywheel,
with an electric motor getting the flywheel up to its top speed of
200p rad/s. One such flywheel is a solid, uniform cylinder with a
mass of 500 kg and a radius of 1.0 m. (a) What is the kinetic energy
of the flywheel after charging? (b) If the truck uses an average
power of 8.0 kW, for how many minutes can it operate between
chargings?

••40 Figure 10-33 shows an arrangement of 15 identical disks that
have been glued together in a rod-like shape of length L ! 1.0000 m
and (total) mass M ! 100.0 mg. The disk arrangement can rotate
about a perpendicular axis through its central disk at point O. (a)
What is the rotational inertia of the arrangement about that axis?
(b) If we approximated the arrangement as being a uniform rod of
mass M and length L, what percentage error would we make in us-
ing the formula in Table 10-2e to calculate the rotational inertia?

0
0 1 2 3 4 5 6

t (s)

◊ (rad/s)

sω

Fig. 10-30 Problem 34.

I (
kg

 •  
m

2 )

IB

IA 0 0.1
h (m)

0.2

(b)(a)

Axis

h

Fig. 10-31 Problem 36.

Fig. 10-33 Problem 40.

L

O

Rotation axis

md

md

M

M

O

ω

Fig. 10-34 Problem 41.
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•35 Two uniform solid cylinders, each rotating about its cen-
tral (longitudinal) axis at 235 rad/s, have the same mass of 1.25 kg
but differ in radius. What is the rotational kinetic energy of (a) the
smaller cylinder, of radius 0.25 m, and (b) the larger cylinder, of 
radius 0.75 m?

•36 Figure 10-31a shows a disk that can rotate about an axis at a
radial distance h from the center of the disk. Figure 10-31b gives
the rotational inertia I of the disk about the axis as a function of
that distance h, from the center out to the edge of the disk. The
scale on the I axis is set by and 
What is the mass of the disk?

IB ! 0.150 kg %m2.IA ! 0.050 kg %m2
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•37 Calculate the rotational inertia of a meter stick, with
mass 0.56 kg, about an axis perpendicular to the stick and located
at the 20 cm mark. (Treat the stick as a thin rod.)

•38 Figure 10-32 shows three 0.0100 kg particles that have been
glued to a rod of length L ! 6.00 cm and negligible mass. The as-
sembly can rotate around a perpendicular axis through point O at
the left end. If we remove one particle (that is, 33% of the mass),
by what percentage does the rotational inertia of the assembly
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K = 1.0× 10−3 J



Momentum and Rotating Objects

Imagine an solid object rotates about it’s center of mass, but it’s
CM remains fixed.

Then vCM = 0.

Linear momentum, p = mv.

The CM is fixed, but other points on the object move. Can we
assign a momentum to the object?



Reminder about Force and Torque

Torque relates to force:
τ = r × F

We can write Newton’s Second Law in its more general form:

Fnet =
dp

dt

This relates force to momentum.

Is there some similar rotational expression?

Relating torque to r × p?

Yes!
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Reminder about Force and Torque

Torque relates to force:
τ = r × F

We can write Newton’s Second Law in its more general form:

Fnet =
dp

dt

This relates force to momentum.

Is there some similar rotational expression?

Relating torque to r × p?

Yes!



Angular Momentum

A new quantity, angular momentum:

L = r × p

where

• r is the displacement vector of a particle relative to some axis
of rotation, and

• p is the momentum of the particle

So that we have

τ =
dL

dt
=

d(r × p)

dt

Units: kg m2 s−1
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Angular Momentum

A new quantity, angular momentum:

L = r × p

where

• r is the displacement vector of a particle relative to some axis
of rotation, and

• p is the momentum of the particle

So that we have

τ =
dL

dt
=

d(r × p)

dt

Units: kg m2 s−1



Angular Momentum

This is a more general form of Newton’s second law for rotations!

τnet =
dL

dt

⇒ torques cause changes in angular momentum, L.



Angular Momentum

L = r × p

 11.2 Analysis Model: Nonisolated System (Angular Momentum) 339

tional motion that pS plays in translational motion. We call this combination the 
angular momentum of the particle:

The instantaneous angular momentum L
S

 of a particle relative to an axis 
through the origin O is defined by the cross product of the particle’s instanta-
neous position vector rS and its instantaneous linear momentum pS:

 L
S

; rS 3 pS  (11.10)

We can now write Equation 11.9 as

 a tS 5
d L

S

dt
 (11.11)

which is the rotational analog of Newton’s second law, g  F
S

5 d pS/dt. Torque 
causes the angular momentum L

S
 to change just as force causes linear momentum 

pS to change.
 Notice that Equation 11.11 is valid only if g  tS and L

S
 are measured about the 

same axis. Furthermore, the expression is valid for any axis fixed in an inertial frame.
 The SI unit of angular momentum is kg ? m2/s. Notice also that both the mag-
nitude and the direction of L

S
 depend on the choice of axis. Following the right-

hand rule, we see that the direction of L
S

 is perpendicular to the plane formed by 
rS and pS. In Figure 11.4, rS and pS are in the xy plane, so L

S
 points in the z direction. 

Because pS 5 m vS, the magnitude of L
S

 is

 L 5 mvr sin f (11.12)

where f is the angle between rS and pS. It follows that L is zero when rS is parallel to 
pS (f 5 0 or 1808). In other words, when the translational velocity of the particle is 
along a line that passes through the axis, the particle has zero angular momentum 
with respect to the axis. On the other hand, if rS is perpendicular to pS (f 5 908), 
then L 5 mvr. At that instant, the particle moves exactly as if it were on the rim of a 
wheel rotating about the axis in a plane defined by rS and pS.

Q uick Quiz 11.2  Recall the skater described at the beginning of this section.  
Let her mass be m. (i) What would be her angular momentum relative to the 
pole at the instant she is a distance d from the pole if she were skating directly 
toward it at speed v? (a) zero (b) mvd (c) impossible to determine (ii) What 
would be her angular momentum relative to the pole at the instant she is a dis-
tance d from the pole if she were skating at speed v along a straight path that is 
a perpendicular distance a from the pole? (a) zero (b) mvd (c) mva (d) impos-
sible to determine
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Pitfall Prevention 11.2
Is Rotation Necessary for Angular 
Momentum? We can define angu-
lar momentum even if the particle 
is not moving in a circular path.  
A particle moving in a straight 
line has angular momentum 
about any axis displaced from  
the path of the particle.

Example 11.3   Angular Momentum of a Particle in Circular Motion

A particle moves in the xy plane in a circular path of radius r as shown in Figure 
11.5. Find the magnitude and direction of its angular momentum relative to an axis 
through O when its velocity is vS.

Conceptualize  The linear momentum of the 
particle is always changing in direction (but not 
in magnitude). You might therefore be tempted 
to conclude that the angular momentum of the 
particle is always changing. In this situation, 
however, that is not the case. Let’s see why.

S O L U T I O N
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rS 
Figure 11.5  (Example 11.3) A 
particle moving in a circle of radius r 
has an angular momentum about an 
axis through O that has magnitude 
mvr. The vector L

S
5 rS 3 pS points 

out of the page.

continued



Angular Momentum

L = r × p is a vector equation.

If we only need to know the magnitude of L, then we can use the
following expression:

L = mvr sinφ

where we used p = mv , and φ is the angle between r and p.



Angular Momentum of a Particle in Circular Motion

A particle has mass, m, velocity v , and travels in a circular path of
radius r about a point O. What is the magnitude of its angular
momentum relative to the axis O?

 11.2 Analysis Model: Nonisolated System (Angular Momentum) 339
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Angular Momentum of a Particle in Circular Motion
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where f is the angle between rS and pS. It follows that L is zero when rS is parallel to 
pS (f 5 0 or 1808). In other words, when the translational velocity of the particle is 
along a line that passes through the axis, the particle has zero angular momentum 
with respect to the axis. On the other hand, if rS is perpendicular to pS (f 5 908), 
then L 5 mvr. At that instant, the particle moves exactly as if it were on the rim of a 
wheel rotating about the axis in a plane defined by rS and pS.
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would be her angular momentum relative to the pole at the instant she is a dis-
tance d from the pole if she were skating at speed v along a straight path that is 
a perpendicular distance a from the pole? (a) zero (b) mvd (c) mva (d) impos-
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A particle moves in the xy plane in a circular path of radius r as shown in Figure 
11.5. Find the magnitude and direction of its angular momentum relative to an axis 
through O when its velocity is vS.
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particle is always changing in direction (but not 
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however, that is not the case. Let’s see why.
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continuedA particle has mass, m, velocity v , and travels in a circular path of
radius r about a point O. What is the magnitude of its angular
momentum relative to the axis O?

L = mrv

What is the direction of the angular momentum vector L?

(A) +k

(B) −k



Angular Momentum of a Particle in Circular Motion
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toward it at speed v? (a) zero (b) mvd (c) impossible to determine (ii) What 
would be her angular momentum relative to the pole at the instant she is a dis-
tance d from the pole if she were skating at speed v along a straight path that is 
a perpendicular distance a from the pole? (a) zero (b) mvd (c) mva (d) impos-
sible to determine
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Pitfall Prevention 11.2
Is Rotation Necessary for Angular 
Momentum? We can define angu-
lar momentum even if the particle 
is not moving in a circular path.  
A particle moving in a straight 
line has angular momentum 
about any axis displaced from  
the path of the particle.

Example 11.3   Angular Momentum of a Particle in Circular Motion

A particle moves in the xy plane in a circular path of radius r as shown in Figure 
11.5. Find the magnitude and direction of its angular momentum relative to an axis 
through O when its velocity is vS.

Conceptualize  The linear momentum of the 
particle is always changing in direction (but not 
in magnitude). You might therefore be tempted 
to conclude that the angular momentum of the 
particle is always changing. In this situation, 
however, that is not the case. Let’s see why.

S O L U T I O N

x

y

m

O

vS

rS 
Figure 11.5  (Example 11.3) A 
particle moving in a circle of radius r 
has an angular momentum about an 
axis through O that has magnitude 
mvr. The vector L

S
5 rS 3 pS points 

out of the page.

continuedA particle has mass, m, velocity v , and travels in a circular path of
radius r about a point O. What is the magnitude of its angular
momentum relative to the axis O?

L = mrv

What is the direction of the angular momentum vector L?

(A) +k ←
(B) −k



Angular mtm of an object moving in a Straight Line

Can we assign an angular momentum to a particle traveling in
straight line?

Suppose a particle of mass m passes by a point O with a distance
of closest approach of R, traveling at a speed v .

R
ri

p

θ

i p pf

What is the angular momentum of the particle about the axis O?
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Isolated Object moving in a Straight Line

Let’s consider two points in time ti and tf . The velocity v will be
the same at both times. What will the angular momentum be at
each point?

At tf , θf = 90◦

Lf = rf × p = mvR sin(90◦) (−k) = mvR (−k)

At ti :
Li = ri × p = mvri sin θi (−k)

But, ri sin θi = R , so

Li = mvR (−k)

and Li = Lf .



Isolated Object moving in a Straight Line

Let’s consider two points in time ti and tf . The velocity v will be
the same at both times. What will the angular momentum be at
each point?

At tf , θf = 90◦

Lf = rf × p = mvR sin(90◦) (−k) = mvR (−k)

At ti :
Li = ri × p = mvri sin θi (−k)

But, ri sin θi = R , so

Li = mvR (−k)

and Li = Lf .



Isolated Object moving in a Straight Line

Let’s consider two points in time ti and tf . The velocity v will be
the same at both times. What will the angular momentum be at
each point?

At tf , θf = 90◦

Lf = rf × p = mvR sin(90◦) (−k) = mvR (−k)

At ti :
Li = ri × p = mvri sin θi (−k)

But, ri sin θi = R , so

Li = mvR (−k)

and Li = Lf .
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Let’s consider two points in time ti and tf . The velocity v will be
the same at both times. What will the angular momentum be at
each point?

At tf , θf = 90◦

Lf = rf × p = mvR sin(90◦) (−k) = mvR (−k)

At ti :
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Angular mtm of an object moving in a Straight Line

The magnitude of the angular momentum of an object, of mass m
and velocity v , traveling in a straight line about an axis O is

L = mvR

where R is the distance of closest approach of the axis O.



Summary

• parallel axis theorem for rotational inertia

• rotational kinetic energy

• angular momentum

Homework
• Ch 10 Probs: 37, 43, 104(a) only [not (b)] (from yesterday)

• Ch 10 Probs: 33, 35

• Ch 11 Prob: 27


