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Non-Uniform Circular Motion
If the speed is changing the net force will not be pointed into the
center of the circle.

 6.2 Nonuniform Circular Motion 157

must also have a tangential and a radial component. Because the total accelera-
tion is aS 5 aSr 1 aSt, the total force exerted on the particle is g  F

S
5 g  F

S
r 1 g  F

S
t  

as shown in Figure 6.7. (We express the radial and tangential forces as net forces 
with the summation notation because each force could consist of multiple forces 
that combine.) The vector g  F

S
r  is directed toward the center of the circle and is 

responsible for the centripetal acceleration. The vector g  F
S

t  tangent to the circle is 
responsible for the tangential acceleration, which represents a change in the par-
ticle’s speed with time.

Q uick Quiz 6.2 A bead slides at constant speed along a curved wire lying on a 
horizontal surface as shown in Figure 6.8. (a) Draw the vectors representing the 
force exerted by the wire on the bead at points !, ", and #. (b) Suppose the 
bead in Figure 6.8 speeds up with constant tangential acceleration as it moves 
toward the right. Draw the vectors representing the force on the bead at points 
!, ", and #.

Figure 6.8 (Quick Quiz 6.2) A 
bead slides along a curved wire.
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Example 6.6   Keep Your Eye on the Ball 

A small sphere of mass m is attached to the end of a cord of length 
R and set into motion in a vertical circle about a fixed point O as 
illustrated in Figure 6.9. Determine the tangential acceleration 
of the sphere and the tension in the cord at any instant when the 
speed of the sphere is v and the cord makes an angle u with the 
vertical.

Conceptualize Compare the motion of the sphere in Figure 6.9 
with that of the child in Figure 6.6a associated with Example 
6.5. Both objects travel in a circular path. Unlike the child in 
Example 6.5, however, the speed of the sphere is not uniform in 
this example because, at most points along the path, a tangen-
tial component of acceleration arises from the gravitational force 
exerted on the sphere.

Categorize We model the sphere as a particle under a net force and 
moving in a circular path, but it is not a particle in uniform circu-
lar motion. We need to use the techniques discussed in this sec-
tion on nonuniform circular motion.

Analyze From the force diagram in Figure 6.9, we see that the 
only forces acting on the sphere are the gravitational force 

AM

S O L U T I O N

Figure 6.9 (Example 6.6) The forces acting on a 
sphere of mass m connected to a cord of length R and 
rotating in a vertical circle centered at O. Forces acting 
on the sphere are shown when the sphere is at the top 
and bottom of the circle and at an arbitrary location.
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Figure 6.7 When the net force acting on a par-
ticle moving in a circular path has a tangential 
component o Ft , the particle’s speed changes.
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The net force exerted on 
the particle is the vector 
sum of the radial force 
and the tangential force.
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The net force exerted on 
the particle is the vector 
sum of the radial force 
and the tangential force.

The radial/centripetal component of the force will still be given by
mv2

r , but now the tangential component is given by mat = m dv
dt .



Non-Uniform Circular Motion Example
Consider a ball of mass m swinging in a vertical circle, radius R.
What is the tension T when the string makes an angle θ with the
vertical if the speed at that instant is v?
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Non-Uniform Circular Motion Example

In the radial direction:

Fr ,net = −
mv2

R

mg cos θ− T = −
mv2

R

T =
mv2

R
+mg cos θ

T = mg

(
v2

Rg
+ cos θ

)



Non-Uniform Circular Motion Example

In the radial direction:

Fr ,net = −
mv2

R

mg cos θ− T = −
mv2
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T =
mv2
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+mg cos θ

T = mg
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Accelerated Frames

Newton’s first law and frames of reference...

You are driving a car and push on the accelerator pedal. An object
on your dashboard comes flying off toward you, without any force
on it. Was Newton’s first law violated?

Newton I (textbook version)

If an object does not interact with other objects, it is possible to
identify a reference frame in which the object has zero acceleration.

A zero-acceleration reference frame is called an inertial reference
frame.

In your car, you are not in an inertial frame; you are in an
accelerating frame.
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Inertial and Non-intertial Observers
Inertial observer, not on accelerating train car:

 6.4 Motion in the Presence of Resistive Forces 161

Noninertial 
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A noninertial observer riding in the car says that the net 
force on the sphere is zero and that the deflection of the 
cord from the vertical is due to a fictitious force F         
that balances the horizontal component of T.
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An inertial observer at rest outside the car claims that the 
acceleration of the sphere is provided by the horizontal 
component of T.

S
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Figure 6.12 (Example 6.7) A small sphere suspended from the ceiling of a boxcar accelerating to the right is deflected as shown.

 According to the noninertial observer riding in the car (Fig. 6.12b), the cord also makes an angle u with the verti-
cal; to that observer, however, the sphere is at rest and so its acceleration is zero. Therefore, the noninertial observer 
introduces a force (which we know to be fictitious) in the horizontal direction to balance the horizontal component of 
T
S

 and claims that the net force on the sphere is zero.

Apply the particle in equilibrium model for this observer 
in both directions:

Noninertial observer       
a F rx 5T sin u 2 Ffictitious  5 0

a F ry 5T cos u 2 mg 5 0  

These expressions are equivalent to Equations (1) and (2) if   Ffictitious 5 ma  , where a is the acceleration according to 
the inertial observer.

Finalize If we make this substitution in the equation for o F rx above, we obtain the same mathematical results as the 
inertial observer. The physical interpretation of the cord’s deflection, however, differs in the two frames of reference.

Suppose the inertial observer wants to measure the acceleration of the train by means of the pendulum 
(the sphere hanging from the cord). How could she do so?

Answer Our intuition tells us that the angle u the cord makes with the vertical should increase as the acceleration 
increases. By solving Equations (1) and (2) simultaneously for a, we find that a 5 g tan u. Therefore, the inertial observer 
can determine the magnitude of the car’s acceleration by measuring the angle u and using that relationship. Because the 
deflection of the cord from the vertical serves as a measure of acceleration, a simple pendulum can be used as an accelerometer.

WHAT IF ?

7
8
9

For this observer, apply the particle under a net force 
and particle in equilibrium models:

(1)   o Fx 5 T sin u 5 ma

(2)   o Fy 5 T cos u 2 mg 5 0

7
8
9

Inertial observer

6.4 Motion in the Presence of Resistive Forces
In Chapter 5, we described the force of kinetic friction exerted on an object moving 
on some surface. We completely ignored any interaction between the object and the 
medium through which it moves. Now consider the effect of that medium, which 

Categorize For the inertial observer, we model the sphere as a particle under a net force in the horizontal direction and 
a particle in equilibrium in the vertical direction. For the noninertial observer, the sphere is modeled as a particle in equi-
librium in both directions.

Analyze According to the inertial observer at rest (Fig. 6.12a), the forces on the sphere are the force T
S

 exerted by the 
cord and the gravitational force. The inertial observer concludes that the sphere’s acceleration is the same as that of 
the boxcar and that this acceleration is provided by the horizontal component of T

S
.

▸ 6.7 c o n t i n u e d

 

Non-inertial observer, on accelerating train car:
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Inertial and Non-intertial Observers
What will the angle θ be?

Both observers see the string make the same angle to the vertical
direction.

Inertial observer’s explanation: the ball is accelerating, #»a = âi.

Fnet,x = T sin θ = ma

Fnet,y = T cos θ−mg = 0
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S

 exerted by the 
cord and the gravitational force. The inertial observer concludes that the sphere’s acceleration is the same as that of 
the boxcar and that this acceleration is provided by the horizontal component of T
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Inertial and Non-intertial Observers
What will the angle θ be?

Both observers see the string make the same angle to the vertical
direction.

Inertial observer’s explanation: the ball is accelerating, #»a = âi.
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Fnet,y = T cos θ−mg = 0

 6.4 Motion in the Presence of Resistive Forces 161

Noninertial 
observerT u

mg
F fictitious

S

S

S

A noninertial observer riding in the car says that the net 
force on the sphere is zero and that the deflection of the 
cord from the vertical is due to a fictitious force F         
that balances the horizontal component of T.

fictitious
S

S

b

T
Inertial
observer

a

u

mg

S

S

S

An inertial observer at rest outside the car claims that the 
acceleration of the sphere is provided by the horizontal 
component of T.

S

a

Figure 6.12 (Example 6.7) A small sphere suspended from the ceiling of a boxcar accelerating to the right is deflected as shown.

 According to the noninertial observer riding in the car (Fig. 6.12b), the cord also makes an angle u with the verti-
cal; to that observer, however, the sphere is at rest and so its acceleration is zero. Therefore, the noninertial observer 
introduces a force (which we know to be fictitious) in the horizontal direction to balance the horizontal component of 
T
S

 and claims that the net force on the sphere is zero.

Apply the particle in equilibrium model for this observer 
in both directions:

Noninertial observer       
a F rx 5T sin u 2 Ffictitious  5 0

a F ry 5T cos u 2 mg 5 0  

These expressions are equivalent to Equations (1) and (2) if   Ffictitious 5 ma  , where a is the acceleration according to 
the inertial observer.

Finalize If we make this substitution in the equation for o F rx above, we obtain the same mathematical results as the 
inertial observer. The physical interpretation of the cord’s deflection, however, differs in the two frames of reference.

Suppose the inertial observer wants to measure the acceleration of the train by means of the pendulum 
(the sphere hanging from the cord). How could she do so?

Answer Our intuition tells us that the angle u the cord makes with the vertical should increase as the acceleration 
increases. By solving Equations (1) and (2) simultaneously for a, we find that a 5 g tan u. Therefore, the inertial observer 
can determine the magnitude of the car’s acceleration by measuring the angle u and using that relationship. Because the 
deflection of the cord from the vertical serves as a measure of acceleration, a simple pendulum can be used as an accelerometer.
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6.4 Motion in the Presence of Resistive Forces
In Chapter 5, we described the force of kinetic friction exerted on an object moving 
on some surface. We completely ignored any interaction between the object and the 
medium through which it moves. Now consider the effect of that medium, which 

Categorize For the inertial observer, we model the sphere as a particle under a net force in the horizontal direction and 
a particle in equilibrium in the vertical direction. For the noninertial observer, the sphere is modeled as a particle in equi-
librium in both directions.

Analyze According to the inertial observer at rest (Fig. 6.12a), the forces on the sphere are the force T
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 exerted by the 
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the boxcar and that this acceleration is provided by the horizontal component of T

S
.

▸ 6.7 c o n t i n u e d

 

Inertial observer concludes:

θ = tan−1

(
a

g

)
, T =

ma

sin θ
= m

√
a2 + g2



Inertial and Non-intertial Observers
What will the angle θ be?

Both observers see the string make the same angle to the vertical
direction.

Inertial observer’s explanation: the ball is accelerating, #»a = âi.
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Figure 6.12 (Example 6.7) A small sphere suspended from the ceiling of a boxcar accelerating to the right is deflected as shown.

 According to the noninertial observer riding in the car (Fig. 6.12b), the cord also makes an angle u with the verti-
cal; to that observer, however, the sphere is at rest and so its acceleration is zero. Therefore, the noninertial observer 
introduces a force (which we know to be fictitious) in the horizontal direction to balance the horizontal component of 
T
S

 and claims that the net force on the sphere is zero.

Apply the particle in equilibrium model for this observer 
in both directions:

Noninertial observer       
a F rx 5T sin u 2 Ffictitious  5 0

a F ry 5T cos u 2 mg 5 0  

These expressions are equivalent to Equations (1) and (2) if   Ffictitious 5 ma  , where a is the acceleration according to 
the inertial observer.

Finalize If we make this substitution in the equation for o F rx above, we obtain the same mathematical results as the 
inertial observer. The physical interpretation of the cord’s deflection, however, differs in the two frames of reference.

Suppose the inertial observer wants to measure the acceleration of the train by means of the pendulum 
(the sphere hanging from the cord). How could she do so?

Answer Our intuition tells us that the angle u the cord makes with the vertical should increase as the acceleration 
increases. By solving Equations (1) and (2) simultaneously for a, we find that a 5 g tan u. Therefore, the inertial observer 
can determine the magnitude of the car’s acceleration by measuring the angle u and using that relationship. Because the 
deflection of the cord from the vertical serves as a measure of acceleration, a simple pendulum can be used as an accelerometer.
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6.4 Motion in the Presence of Resistive Forces
In Chapter 5, we described the force of kinetic friction exerted on an object moving 
on some surface. We completely ignored any interaction between the object and the 
medium through which it moves. Now consider the effect of that medium, which 

Categorize For the inertial observer, we model the sphere as a particle under a net force in the horizontal direction and 
a particle in equilibrium in the vertical direction. For the noninertial observer, the sphere is modeled as a particle in equi-
librium in both directions.

Analyze According to the inertial observer at rest (Fig. 6.12a), the forces on the sphere are the force T
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 exerted by the 
cord and the gravitational force. The inertial observer concludes that the sphere’s acceleration is the same as that of 
the boxcar and that this acceleration is provided by the horizontal component of T
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Inertial and Non-intertial Observers

Non-inertial observer’s explanation: the ball is experiencing a
force,
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Ffictitious = −m #»a = −ma î.
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net,x = T sin θ−ma = 0

F ′
net,y = T cos θ−mg = 0
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Figure 6.12 (Example 6.7) A small sphere suspended from the ceiling of a boxcar accelerating to the right is deflected as shown.

 According to the noninertial observer riding in the car (Fig. 6.12b), the cord also makes an angle u with the verti-
cal; to that observer, however, the sphere is at rest and so its acceleration is zero. Therefore, the noninertial observer 
introduces a force (which we know to be fictitious) in the horizontal direction to balance the horizontal component of 
T
S

 and claims that the net force on the sphere is zero.

Apply the particle in equilibrium model for this observer 
in both directions:

Noninertial observer       
a F rx 5T sin u 2 Ffictitious  5 0

a F ry 5T cos u 2 mg 5 0  

These expressions are equivalent to Equations (1) and (2) if   Ffictitious 5 ma  , where a is the acceleration according to 
the inertial observer.

Finalize If we make this substitution in the equation for o F rx above, we obtain the same mathematical results as the 
inertial observer. The physical interpretation of the cord’s deflection, however, differs in the two frames of reference.

Suppose the inertial observer wants to measure the acceleration of the train by means of the pendulum 
(the sphere hanging from the cord). How could she do so?

Answer Our intuition tells us that the angle u the cord makes with the vertical should increase as the acceleration 
increases. By solving Equations (1) and (2) simultaneously for a, we find that a 5 g tan u. Therefore, the inertial observer 
can determine the magnitude of the car’s acceleration by measuring the angle u and using that relationship. Because the 
deflection of the cord from the vertical serves as a measure of acceleration, a simple pendulum can be used as an accelerometer.
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6.4 Motion in the Presence of Resistive Forces
In Chapter 5, we described the force of kinetic friction exerted on an object moving 
on some surface. We completely ignored any interaction between the object and the 
medium through which it moves. Now consider the effect of that medium, which 

Categorize For the inertial observer, we model the sphere as a particle under a net force in the horizontal direction and 
a particle in equilibrium in the vertical direction. For the noninertial observer, the sphere is modeled as a particle in equi-
librium in both directions.

Analyze According to the inertial observer at rest (Fig. 6.12a), the forces on the sphere are the force T
S

 exerted by the 
cord and the gravitational force. The inertial observer concludes that the sphere’s acceleration is the same as that of 
the boxcar and that this acceleration is provided by the horizontal component of T
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Figure 6.12 (Example 6.7) A small sphere suspended from the ceiling of a boxcar accelerating to the right is deflected as shown.

 According to the noninertial observer riding in the car (Fig. 6.12b), the cord also makes an angle u with the verti-
cal; to that observer, however, the sphere is at rest and so its acceleration is zero. Therefore, the noninertial observer 
introduces a force (which we know to be fictitious) in the horizontal direction to balance the horizontal component of 
T
S

 and claims that the net force on the sphere is zero.

Apply the particle in equilibrium model for this observer 
in both directions:

Noninertial observer       
a F rx 5T sin u 2 Ffictitious  5 0

a F ry 5T cos u 2 mg 5 0  

These expressions are equivalent to Equations (1) and (2) if   Ffictitious 5 ma  , where a is the acceleration according to 
the inertial observer.

Finalize If we make this substitution in the equation for o F rx above, we obtain the same mathematical results as the 
inertial observer. The physical interpretation of the cord’s deflection, however, differs in the two frames of reference.

Suppose the inertial observer wants to measure the acceleration of the train by means of the pendulum 
(the sphere hanging from the cord). How could she do so?

Answer Our intuition tells us that the angle u the cord makes with the vertical should increase as the acceleration 
increases. By solving Equations (1) and (2) simultaneously for a, we find that a 5 g tan u. Therefore, the inertial observer 
can determine the magnitude of the car’s acceleration by measuring the angle u and using that relationship. Because the 
deflection of the cord from the vertical serves as a measure of acceleration, a simple pendulum can be used as an accelerometer.
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6.4 Motion in the Presence of Resistive Forces
In Chapter 5, we described the force of kinetic friction exerted on an object moving 
on some surface. We completely ignored any interaction between the object and the 
medium through which it moves. Now consider the effect of that medium, which 

Categorize For the inertial observer, we model the sphere as a particle under a net force in the horizontal direction and 
a particle in equilibrium in the vertical direction. For the noninertial observer, the sphere is modeled as a particle in equi-
librium in both directions.

Analyze According to the inertial observer at rest (Fig. 6.12a), the forces on the sphere are the force T
S

 exerted by the 
cord and the gravitational force. The inertial observer concludes that the sphere’s acceleration is the same as that of 
the boxcar and that this acceleration is provided by the horizontal component of T
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Figure 6.12 (Example 6.7) A small sphere suspended from the ceiling of a boxcar accelerating to the right is deflected as shown.

 According to the noninertial observer riding in the car (Fig. 6.12b), the cord also makes an angle u with the verti-
cal; to that observer, however, the sphere is at rest and so its acceleration is zero. Therefore, the noninertial observer 
introduces a force (which we know to be fictitious) in the horizontal direction to balance the horizontal component of 
T
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 and claims that the net force on the sphere is zero.

Apply the particle in equilibrium model for this observer 
in both directions:

Noninertial observer       
a F rx 5T sin u 2 Ffictitious  5 0

a F ry 5T cos u 2 mg 5 0  

These expressions are equivalent to Equations (1) and (2) if   Ffictitious 5 ma  , where a is the acceleration according to 
the inertial observer.

Finalize If we make this substitution in the equation for o F rx above, we obtain the same mathematical results as the 
inertial observer. The physical interpretation of the cord’s deflection, however, differs in the two frames of reference.

Suppose the inertial observer wants to measure the acceleration of the train by means of the pendulum 
(the sphere hanging from the cord). How could she do so?

Answer Our intuition tells us that the angle u the cord makes with the vertical should increase as the acceleration 
increases. By solving Equations (1) and (2) simultaneously for a, we find that a 5 g tan u. Therefore, the inertial observer 
can determine the magnitude of the car’s acceleration by measuring the angle u and using that relationship. Because the 
deflection of the cord from the vertical serves as a measure of acceleration, a simple pendulum can be used as an accelerometer.
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In Chapter 5, we described the force of kinetic friction exerted on an object moving 
on some surface. We completely ignored any interaction between the object and the 
medium through which it moves. Now consider the effect of that medium, which 

Categorize For the inertial observer, we model the sphere as a particle under a net force in the horizontal direction and 
a particle in equilibrium in the vertical direction. For the noninertial observer, the sphere is modeled as a particle in equi-
librium in both directions.
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Inertial and Non-intertial Observers

The two perspectives give equivalent results!

However, this only happened because the accelerating observer
included an extra (fictitious) force in his description.

That force needed to be there for him to explain his observations,
but he can’t find an interaction that caused it.



Inertial and Non-intertial Observers

The two perspectives give equivalent results!

However, this only happened because the accelerating observer
included an extra (fictitious) force in his description.

That force needed to be there for him to explain his observations,
but he can’t find an interaction that caused it.



Equivalence of gravitational acceleration

A rocket on Earth. A person
onboard feels a normal force
n = mg acting upward from the
floor.

A rocket accelerating in space. A
person onboard feels a normal
force n = ma = mg (if a = g)
acting upward from the floor.

1Figures from http://www.ex-astris-scientia.org
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of kinetic friction mk between the backpack and the 
elevator floor.

 25. A small container of water is placed on a turntable 
inside a microwave oven, at a radius of 12.0 cm from 
the center. The turntable rotates steadily, turning one 
revolution in each 7.25 s. What angle does the water 
surface make with the horizontal?

Section 6.4 Motion in the Presence of Resistive Forces
 26. Review. (a) Estimate the terminal speed of a wooden 

sphere (density 0.830 g/cm3) falling through air, tak-
ing its radius as 8.00 cm and its drag coefficient as 
0.500. (b)  From what height would a freely falling 
object reach this speed in the absence of air resistance?

 27. The mass of a sports car is 1 200 kg. The shape of the 
body is such that the aerodynamic drag coefficient 
is 0.250 and the frontal area is 2.20 m2. Ignoring all 
other sources of friction, calculate the initial accelera-
tion the car has if it has been traveling at 100 km/h 
and is now shifted into neutral and allowed to coast.

 28. A skydiver of mass 80.0 kg jumps from a slow-moving 
aircraft and reaches a terminal speed of 50.0 m/s.  
(a) What is her acceleration when her speed is 30.0 m/s?  
What is the drag force on the skydiver when her speed 
is (b) 50.0 m/s and (c) 30.0 m/s?

 29. Calculate the force required to pull a copper ball of 
radius 2.00 cm upward through a fluid at the con-
stant speed 9.00 cm/s. Take the drag force to be pro-
portional to the speed, with proportionality constant 
0.950 kg/s. Ignore the buoyant force.

 30. A small piece of Styrofoam packing material is dropped 
from a height of 2.00 m above the ground. Until it 
reaches terminal speed, the magnitude of its accelera-
tion is given by a 5 g 2 Bv. After falling 0.500 m, the 
Styrofoam effectively reaches terminal speed and then 
takes 5.00 s more to reach the ground. (a) What is the 
value of the constant B? (b) What is the acceleration at 
t 5 0? (c) What is the acceleration when the speed is 
0.150 m/s?

 31. A small, spherical bead of mass 3.00 g is released from 
rest at t 5 0 from a point under the surface of a vis-
cous liquid. The terminal speed is observed to be vT 5  
2.00 cm/s. Find (a) the value of the constant b that 
appears in Equation 6.2, (b) the time t at which the 
bead reaches 0.632vT, and (c) the value of the resistive 
force when the bead reaches terminal speed.

 32. At major league baseball games, it is commonplace to 
flash on the scoreboard a speed for each pitch. This 
speed is determined with a radar gun aimed by an 
operator positioned behind home plate. The gun uses 
the Doppler shift of microwaves reflected from the 
baseball, an effect we will study in Chapter 39. The gun 
determines the speed at some particular point on the 
baseball’s path, depending on when the operator pulls 
the trigger. Because the ball is subject to a drag force 
due to air proportional to the square of its speed given 
by R 5 kmv2, it slows as it travels 18.3 m toward the 

W

M

lowest point instead of swinging up? (e) Explain your 
answer to part (d).

 19. An adventurous archeologist (m 5 85.0 kg) tries to cross 
a river by swinging from a vine. The vine is 10.0 m long, 
and his speed at the bottom of the swing is 8.00 m/s.  
The archeologist doesn’t know that the vine has a 
breaking strength of 1 000 N. Does he make it across 
the river without falling in?

Section 6.3 Motion in Accelerated Frames
 20. An object of mass m 5 

5.00  kg, attached to a 
spring scale, rests on a 
frictionless, horizontal 
surface as shown in Fig-
ure P6.20. The spring 
scale, attached to the 
front end of a boxcar, 
reads zero when the  
car is at rest. (a) Determine the acceleration of the car 
if the spring scale has a constant reading of 18.0 N 
when the car is in motion. (b) What constant reading 
will the spring scale show if the car moves with con-
stant velocity? Describe the forces on the object as 
observed (c) by someone in the car and (d) by some-
one at rest outside the car.

 21. An object of mass m 5 
0.500 kg is suspended 
from the ceiling of an 
accelerating truck as 
shown in Figure P6.21. 
Taking a 5 3.00 m/s2, 
find (a) the angle u that 
the string makes with 
the vertical and (b) the 
tension T in the string.

 22. A child lying on her back experiences 55.0 N tension in 
the muscles on both sides of her neck when she raises 
her head to look past her toes. Later, sliding feet first 
down a water slide at terminal speed 5.70 m/s and rid-
ing high on the outside wall of a horizontal curve of 
radius 2.40 m, she raises her head again to look for-
ward past her toes. Find the tension in the muscles on 
both sides of her neck while she is sliding.

 23. A person stands on a scale in an elevator. As the elevator 
starts, the scale has a constant reading of 591 N. As the 
elevator later stops, the scale reading is 391 N. Assum-
ing the magnitude of the acceleration is the same  
during starting and stopping, determine (a) the weight 
of the person, (b) the person’s mass, and (c) the accel-
eration of the elevator.

 24. Review. A student, along with her backpack on the 
floor next to her, are in an elevator that is accelerat-
ing upward with acceleration a. The student gives her 
backpack a quick kick at t 5 0, imparting to it speed 
v and causing it to slide across the elevator floor. 
At time t, the backpack hits the opposite wall a dis-
tance L away from the student. Find the coefficient 

m

Figure P6.20

u
m

aS

Figure P6.21
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shown in Figure P5.103a. If the distance L that the 
leading edge of the smaller block travels on the larger 
block is 3.00 m, (a) in what time interval will the 
smaller block make it to the right side of the 8.00-kg 
block as shown in Figure P5.103b? (Note: Both blocks 
are set into motion when F

S
 is applied.) (b) How far 

does the 8.00-kg block move in the process?

F
S

F
S

M

M

m

m

L

a

b

Figure P5.103

 104. A mobile is formed by supporting four metal butter-
flies of equal mass m from a string of length L. The 
points of support are evenly spaced a distance , apart 
as shown in Figure P5.104. The string forms an angle 
u1 with the ceiling at each endpoint. The center sec-
tion of string is horizontal. (a) Find the tension in 
each section of string in terms of u1, m, and g. (b) In 
terms of u1, find the angle u2 that the sections of string 
between the outside butterflies and the inside butter-
flies form with the horizontal. (c) Show that the dis-
tance D between the endpoints of the string is

D 5
L
5
b2 cos u1 1 2 cos 3tan21 11

2 tan u1 2 4 1 1r
!

!!
!

D

!

m

m

m

m

L ! 5!

u1

u2 u2

u1

Figure P5.104

S

 100. Why is the following situation impossible? A 1.30-kg toaster  
is not plugged in. The coefficient of static friction 
between the toaster and a horizontal countertop is 
0.350. To make the toaster start moving, you carelessly 
pull on its electric cord. Unfortunately, the cord has 
become frayed from your previous similar actions and 
will break if the tension in the cord exceeds 4.00 N. 
By pulling on the cord at a particular angle, you suc-
cessfully start the toaster moving without breaking the 
cord.

 101. Review. A block of mass m 5 2.00 kg is released from 
rest at h 5 0.500 m above the surface of a table, at the 
top of a u 5 30.0° incline as shown in Figure P5.101. 
The frictionless incline is fixed on a table of height  
H 5 2.00 m. (a)  Determine the acceleration of the 
block as it slides down the incline. (b) What is the 
velocity of the block as it leaves the incline? (c) How far 
from the table will the block hit the floor? (d) What 
time interval elapses between when the block is 
released and when it hits the floor? (e) Does the mass of 
the block affect any of the above calculations?

h

H

u

R

m

Figure P5.101 Problems 101 and 102.

 102. In Figure P5.101, the incline has mass M and is fas-
tened to the stationary horizontal tabletop. The block 
of mass m is placed near the bottom of the incline and 
is released with a quick push that sets it sliding 
upward. The block stops near the top of the incline as 
shown in the figure and then slides down again, 
always without friction. Find the force that the table-
top exerts on the incline throughout this motion in 
terms of m, M, g, and u.

 103. A block of mass m 5 2.00 kg rests on the left edge of a 
block of mass M 5 8.00 kg. The coefficient of kinetic 
friction between the two blocks is 0.300, and the sur-
face on which the 8.00-kg block rests is frictionless. A 
constant horizontal force of magnitude F 5 10.0 N is 
applied to the 2.00-kg block, setting it in motion as 
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shown in Figure P5.103a. If the distance L that the 
leading edge of the smaller block travels on the larger 
block is 3.00 m, (a) in what time interval will the 
smaller block make it to the right side of the 8.00-kg 
block as shown in Figure P5.103b? (Note: Both blocks 
are set into motion when F

S
 is applied.) (b) How far 

does the 8.00-kg block move in the process?
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 104. A mobile is formed by supporting four metal butter-
flies of equal mass m from a string of length L. The 
points of support are evenly spaced a distance , apart 
as shown in Figure P5.104. The string forms an angle 
u1 with the ceiling at each endpoint. The center sec-
tion of string is horizontal. (a) Find the tension in 
each section of string in terms of u1, m, and g. (b) In 
terms of u1, find the angle u2 that the sections of string 
between the outside butterflies and the inside butter-
flies form with the horizontal. (c) Show that the dis-
tance D between the endpoints of the string is
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 100. Why is the following situation impossible? A 1.30-kg toaster  
is not plugged in. The coefficient of static friction 
between the toaster and a horizontal countertop is 
0.350. To make the toaster start moving, you carelessly 
pull on its electric cord. Unfortunately, the cord has 
become frayed from your previous similar actions and 
will break if the tension in the cord exceeds 4.00 N. 
By pulling on the cord at a particular angle, you suc-
cessfully start the toaster moving without breaking the 
cord.

 101. Review. A block of mass m 5 2.00 kg is released from 
rest at h 5 0.500 m above the surface of a table, at the 
top of a u 5 30.0° incline as shown in Figure P5.101. 
The frictionless incline is fixed on a table of height  
H 5 2.00 m. (a)  Determine the acceleration of the 
block as it slides down the incline. (b) What is the 
velocity of the block as it leaves the incline? (c) How far 
from the table will the block hit the floor? (d) What 
time interval elapses between when the block is 
released and when it hits the floor? (e) Does the mass of 
the block affect any of the above calculations?
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is released with a quick push that sets it sliding 
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Notice that this problem could be solved using a frame that moves
with the long block of mass M.

In that frame, the small block moves a distance L.



Summary

• non-uniform circular motion

• accelerating frames

• fictitious forces

(Uncollected) Homework Serway & Jewett,

• Read ahead in Chapter 6 about resistive forces.

• Ch 6, onward from page 171. Probs: 45 (circ motion)

• Ch 6, Probs: 21, 23, 24, 51 (accel frames)


