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Section Overview

Students simulate apparent weight changes in an 
ascending and descending elevator using a mass on 
a spring scale and use Newton’s first and second 
laws to explain why changes in apparent weight 
take place. They hang a mass from a spring scale 
and record its weight as they move the mass up and 
then down at constant speed. To represent forces 
acting on the mass, students draw vector diagrams 
that indicate the magnitude and direction of forces 
acting on the mass. The use of force vectors helps 
visualize the relationship between net force and 
acceleration. They repeat this investigation for an 
accelerating mass, relate the direction of the net 
force to the acceleration direction and compare their 
findings to their experience of riding on an elevator. 
Students then compare elevator rides with the 
experience of a roller coaster. Finally, they learn that 
all objects fall with the same acceleration near the 
surface of Earth if no other forces than gravity act, 
but two objects released together may not hit the 
ground at the same time due to air resistance.

Background Information

Newton’s first law informs us that objects that are at 
rest remain at rest and objects in motion remain in 
motion with constant velocity unless acted upon by 
a force. This leads us to recognize that “at rest” and 
“constant velocity” are similar. Newton’s first law 
tells us that there is no way to distinguish “at rest” 
from “constant velocity.” This certainly mirrors our 
experiences in trains, cars, and planes that travel at 
high speeds. Except for the occasional bump, sway, 
or air turbulence, sitting in a moving vehicle is similar 
to sitting in that same vehicle while it is at rest.

A spring scale measures the upward force that the 
spring is exerting on the mass that is suspended 

on the spring. The force of gravity (the weight 
force) acting on the object pulls the object toward 
Earth. If the object remains stationary or is moving 
with constant velocity, the scale applies an equal 
magnitude of force upward. In equilibrium, the 
force of the spring acting upward on the object is 
equal in magnitude to the weight of force acting 
downward on the object.

As you step onto a bathroom scale, the scale begins 
to descend. You are compressing the spring in the 
scale. As you compress the spring, the restoring 
force that the spring can exert gets larger (Hooke’s 
law). As you continue to descend, the spring gets 
more compressed and the spring’s force gets larger. 
You may find that if you descend a bit too much the 
spring exerts a force larger than your weight, and 
you begin to ascend. You finally come to rest when 
the spring force is equal in magnitude to your weight.

The details of the motion would be easier to see 
if you stepped onto a trampoline. The trampoline 
would bend and you would descend. You would 
then move up and down until the trampoline came 
to rest. (Without friction, you would continue to 
move up and down forever.) Once you come to 
rest, the trampoline exerts an upward force on you 
that is equal in magnitude to the downward force 
exerted on you by gravity. On a scale, there are 
often magnetic brakes to allow the scale to come to 
rest quickly.

Newton’s second law can also explain the 
relationship between the forces and your motion. 
Newton’s second law states that F manet = . If there 
is zero acceleration (you are at rest or moving at a 
constant velocity), then the net force must be zero. 
In the case of the spring scale, the upward force 
provided by the scale must be equal in magnitude 
to the downward force provided by gravity 
(your weight).

Section 6
Forces Acting During Acceleration: 
Apparent Weight on a Roller Coaster 
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Section 6  Overview

For you to accelerate up or down while in an 
elevator while standing on a scale requires there 
to be a net force exerted on you. The only two 
forces acting on you, while in the elevator, are 
gravity pulling you down and the force of the scale 
pushing up. The gravitation force does not change 
significantly. For you to accelerate up, the force of 
the scale pushing up must be larger in magnitude 
than your weight. For you to accelerate down, 
the force of the scale pushing up must be less than 
the magnitude of your weight. These relationships 
are explored both in the section and in the 
mathematical analysis in the Student Edition.

When you say that you feel your weight, you are 
usually saying that you feel various contact forces 

acting on you. For example, if you sit in a chair, you 
feel the upward force of the seat of the chair acting 
on you. If only the seat is supporting you and you 
are at rest, the magnitude of the upward force due 
to the seat is equal to the magnitude of your weight. 
If you (and the chair) are accelerating upward (in 
a roller coaster, for example), the upward force 
on you due to the seat is larger than your weight, 
and you say that you feel “heavier.” Of course, 
your actual weight (the gravitational force due to 
the Earth) is the same as it was before. But you 
feel the force due to the seat and that is what you 
interpret as your apparent weight. Similarly, when 
your car goes over the crest of a hill, the magnitude 
of the force on you due to the seat is less than the 
magnitude of your weight and you feel less heavy.

Crucial Physics

 Objects traveling at constant velocity in any direction have no net force acting upon them. •	
For an object travelling up or down at constant speed, the force required to keep the object 
from accelerating is equal to the object’s weight. 

 Apparent weight is the net force acting on you by a surface in the direction toward Earth. •	
If you are accelerating toward Earth at less than “g” your apparent weight is less than your 
actual unaccelerated weight because there is less force between you and the surface you are 
in contact with. If you are accelerating upward then your apparent weight is greater than 
your “unaccelerated weight” because there is a greater force between you and the floor you 
are in contact with. If you are travelling with constant speed, your apparent weight is equal 
to your at rest weight.

 Air resistance is often ignored to make analysis of problems easier, however it also makes •	
the analysis different from the real world.

Learning Outcomes Location in the Section Evidence of Understanding

Explore the change in apparent 
weight as an object moves up or 
down with constant speed.

Investigate
Part A, Steps 1-3

Students hang a mass from a spring scale and record the 
weight of the mass by moving it up and then down at 
constant speed.

Explore the change in apparent 
weight as an object accelerates 
up or down.

Investigate
Part A, Step 1

Students accelerate the mass hanging from a spring up or 
down and record the readings on the scale.

Analyze the forces on a mass 
at rest, moving with constant 
velocity, or accelerating by 
drawing the appropriate force-
vector diagram.

Investigate
Part A, Steps 4-6
Part B, Steps 2-6

Physics Talk

Students analyze the forces acting on a mass at rest and 
then moving up and down with constant velocity and 
constant acceleration. By drawing force-vector diagrams 
that show whether there is a net force acting on the 
mass or not they relate the motion to the associated  
vector diagram. 

Predict mathematically the 
change in apparent weight as a 
mass accelerates up or down.

Investigate
Part B, Steps 5-7

Students raise and then lower the spring scale on which 
the mass is hung and predict the change in the value of the 
reading on the scale.
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Materials and Equipment

PLAN A
Materials and Equipment

Group  
(4 students)

Class

Mass, hanging, 100 g 1 per group

Spring scale, 0–10 N 1 per group

Weight, 500 g (w/ hook) 1 per group

Scale, bathroom 1 per class

Access to elevator* 1 per class

*Additional items needed not supplied

Time Requirements

Allow one class period or 45 minutes for this 
Investigate.

Teacher Preparation

 Ensure that the mass provides a suitable reading •	
with the spring scale (that is, the reading should 
be somewhere between 1/4 and 3/4 of the 
maximum).

 Adjust the spring scales so that they are zeroed •	
prior to the students using them.

 For •	 Part A, have sheets of cardboard or other 
material available to hide the scale reading when 
the mass starts to move or comes to rest.

Safety

 Students should be aware that the mass might fall •	
off the spring scale. Make certain that no feet are 
located below the spring where the masses may 
fall. Placing a soft surface underneath the area 
where the masses might fall will also protect  
the floor.

Materials and Equipment

PLAN B
Materials and Equipment

Group  
(4 students)

Class

Mass, hanging, 100 g 1 per class

Spring scale, 0–10 N 1 per group

Weight, 500 g (w/ hook) 1 per group

Scale, bathroom 1 per class

Access to elevator* 1 per class

*Additional items needed not supplied

Time Requirements

Allow one class period or 45 minutes for the 
Investigate of this section.

Teacher Preparation

 Ensure that the mass provides a suitable reading •	
with the spring scale (that is, the reading should 
be somewhere between 1/4 and 3/4 of the 
maximum).

 Adjust the spring scales so that they are zeroed •	
prior to the students using them.

 For •	 Part B, have sheets of cardboard or other 
material available to hide the scale reading when 
the mass starts to move or comes to rest.

Safety

 Students should be aware that the mass might fall •	
off the spring scale. Make certain that no feet are 
located below the spring where the masses may 
fall. Placing a soft surface underneath the area 
where the masses might fall will also protect  
the floor.

Section 6 Materials, Preparation, and Safety
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Learning Issue Reference Augmentation and Accommodations

Activating prior 
knowledge

Investigate 

Physics Talk

Augmentation
•  Students with learning disabilities often have a difficult time retrieving the 

information stored in their brains partially because their thought process does 
not categorize and store information as efficiently as others. 

•  Help students activate their prior knowledge and open up the folder in 
their brains that is storing the information about Newton’s laws, forces, and 
acceleration before beginning this activity. Brainstorm a class list of everything 
the group remembers about these topics. Seeing and hearing other students 
ideas and vocabulary will provide a frame of reference for the activity. 

•  This type of brainstorm also brings up student misconceptions.

Reading a spring 
scale

Investigate Augmentation
•  Model how to read a spring scale before students begin the Investigate.
•  Provide a few opportunities to practice reading the spring scale when an 

object is stationary and when the object is moving. This guided practice will 
help students be more successful when collecting data to make predictions in 
the Investigate.

Accommodation
•  If possible, paint the arrow/marker on the spring scale a bright color to help 

students see the marked spot more easily.

Following a series of 
directions

Reading 
comprehension

Investigate Augmentation
•  For students who struggle with reading and attention to task, there are a 

lot of steps required to complete this Investigate. When there are too many 
directions, students often skim over steps.

•  Provide a photocopy of the directions to allow students to cross off each step 
as they complete it. 

•  Assign roles for each member of the lab group, such as recorder, tester, scale 
readers, direction reader, etc. The direction reader should be a student who 
has a relative strength in reading and is a leader. This person would read the 
directions aloud, make sure the group is following the directions, and keep the 
group on task.

•  Allow some students to complete Part A and other students to complete Part B, 
and then provide an opportunity for students to share their observations.

•  Provide reasonable time limits for each part of the Investigate, and give 
students time updates to help them self-monitor their own progress.

Accommodation
•  For students with more severe reading struggles, pair the directions with as 

many pictures as possible. Take pictures of other students doing the activity 
and then put them in order for students to follow.

Recording 
observations

Investigate Augmentation
•  Remind students that the pencil icon indicates that they should be recording 

observations, data, or predictions for the corresponding step.

Meeting the Needs of All Students
Differentiated Instruction: Augmentation and Accommodations
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Learning Issue Reference Augmentation and Accommodations

Reading 
comprehension

Physics Talk

Active Physics 
Plus

Augmentation
•  This section is filled with explanations and examples, but if students struggle 

with decoding and comprehension, they are going to miss many important 
concepts. 

•  One alternative to providing teacher-led direction instructions is to ask pairs 
of students to be responsible for certain sections. Students read a section of 
the text, put the information into their own words, and then present that 
information with some kind of visual aid to the class. This strategy allows for 
more student participation and differentiation. Students with higher-level 
math skills could present a math concept, and so on.

•  Provide a set of guided reading questions that direct students to the 
information deemed most important by the curriculum. Ask students to read 
the questions before they begin reading Physics Talk.

Accommodation
•  Provide a copy of the text. Instruct students to highlight one to three key 

points per paragraph. Tell students that they must be able to justify their 
choices if the teacher asks them why they highlighted something.

Synthesizing and 
applying new 
knowledge

Physics to Go 
Questions 3-9

Augmentation
•  At this point, students have spent a lot of time investigating and reading about 

the effects of acceleration on weight. Instruct students to refer back to their 
notes and observations in their Active Physics logs as well as the Physics Talk to 
help them accurately answer these questions.
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Learning Issue Reference Augmentation

Vocabulary 
comprehension

Investigate
Part A, Step 2

Students may need some assistance in determining the meaning of “ingenuity” 
in context.

Understanding 
concepts

Investigate 
Part A, Step 4

Students will benefit from a brief review of Newton’s first and second laws from 
Physics in Action.

Comprehension Investigate
Part B, Step 8.a)

After students have recorded three similarities and three differences between 
riding in a roller coaster and riding in an elevator, hold a class discussion to 
compare thoughts. Different students will have different ideas, so all will benefit 
from hearing one another’s thoughts.

Understanding 
concepts

Vocabulary 
comprehension

Investigate
Part B, Steps 9.a) 
and b)

Make sure students realize that when dropped from the same height at the same 
time, a baseball and a bowling ball will hit the ground at the same time. A piece 
of paper and a baseball will not hit at the same time, however. The ball will hit 
first. The paper will be more affected by air resistance and so will take longer to 
fall, and it may not fall in a straight line. Students should be able to state that if 
crumpled into a ball shape, a piece of paper will then hit the ground at (nearly) 
the same time as the baseball.

If necessary, help students figure out the meaning of “simultaneously.” Have 
them relate this term to other terms with the same root, such as “simulation” 
and “simulcast.”

Higher-order 
thinking

Investigate 
Part B, Step 9

Hold a class discussion about free fall. Have students explain what it means in 
their own words. Then ask: “Do you think objects often fall in free fall? Why or 
why not?” Introduce the topic of the Space Shuttle. Ask: “What keeps the Space 
Shuttle in orbit around Earth?” See whether students can figure out that in 
space, with no air or atmosphere, there is no air resistance acting on the Shuttle. 
When the thrusters are off, the only force acting on the Shuttle is the force 
of Earth’s gravity, so the Shuttle is in free fall. (Students may wonder why the 
Shuttle doesn’t crash into Earth. Explain that the Shuttle also has a horizontal 
component of motion which in fact tends to take it farther from Earth’s curved 
surface.) 

Vocabulary 
comprehension

Physics Talk 
Apparent Weight

ELL students may need some elaboration of the term “apparent weight.” It may 
help to think of the bathroom scale as making the “apparent weight” visible. To 
clarify further, ask a volunteer to describe changes in apparent weight for a child 
swinging on a playground swing. These changes may be of greater magnitude 
than those in an elevator. Have another volunteer identify where in the arc a 
child would feel her body press harder against the swing seat and where the 
child might feel weightless. Encourage students to use the term “apparent 
weight” as they answer. 

Vocabulary 
comprehension

Active Physics 
Plus

Students may benefit from a review of the term “inertia.”

Researching skills Active Physics 
Plus

ELL students benefit greatly from reading, writing, and speaking in English. 
If time allows, have ELL students or pairs of students look up Einstein and his 
general theory of relativity on the Internet, write up a short paper, and give an 
oral report to the class.

Strategies for Students with Limited English-Language Proficiency 
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Section 6
Teaching
Suggestions 
and Sample 
Answers
What Do You See?

Engage students in noticing 
the details of this illustration. 
Highlight the contrasting aspects 
of two persons standing on a 
bathroom scale and ask students 
what the artist is trying to convey. 
Consider asking the students 
why the two people are weighing 
themselves on a scale, why one 
person appears to be happy and 
the other person seems to be 
surprised. Accept all answers 
and post a few on the board. 
Ask students to connect their 
interpretations of the visuals 
to the concepts of force and 
acceleration. Emphasize that they 
will be revisiting this illustration 
to see how they would respond 
to the What Do You Think? 

Students’ Prior Conceptions

You may elect to review the concept of normal force in Section 
6 of Driving the Roads. It builds on student belief that a force 
implies motion and if there is a force there must be a motion. 
The outcomes that they observed for Newton’s third law 
provides insight into the concept of normal force and how 
apparent weight relates to the change in the normal force as 
an object accelerates up, down, or sideways. 

1.  Students tend only to assign forces to animate objects, 
ignoring passive forces acting on inanimate objects.  
Students often say that they “feel” changes in motion 
when they ride up and down in an elevator or that their 
“stomachs jump up” at certain times when they are riding 
coasters. However, conceptual alignment with how the 
changing acceleration interacts with the normal force to 

produce “weightlessness” or the “thrill” associated with 
roller-coaster rides can only emerge as students fi rst analyze 
all of the forces acting on an object at rest, paying particular 
attention to the normal force, and then compare these 
forces with an object experiencing constant upward or 
downward accelerations. (A force acting toward the center 
of the curve is found in the Section 7 on circular motion.) 
You should encourage students to draw force diagrams for 
situations involving moving up and down in an elevator and 
accelerating up or down while riding in a roller-coaster car. 
Understanding how weight changes in these situations is 
a principal element necessary for student modifi cation of 
preconceived notions of weight and apparent weight.
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Students’ Prior Conceptions

Section 6  Forces Acting During Acceleration: Apparent Weight on a Roller Coaster 

questions, once they have gained 
more insight into the physics 
concepts investigated in this 
section.

What Do You Think?

Students who have been on a 
roller coaster will probably say 
that they felt their weight change 
during different parts of a roller-
coaster ride. Ask students whether 
they felt their weight change 
during the feeling of floating, as 
if they were rising up out of their 
seats. Remind students that they 
will be returning to the What Do 
You Think? questions at a later 

stage in the section. The purpose 
of these questions is to elicit what 
students know about weight 
and apparent changes in weight. 
Once again, it is important to 
elicit prior understandings, not 
to reach closure on the questions. 
It gives you an opportunity to 
uncover previous misconceptions. 
You should encourage students 
to share their ideas in class and 
not worry about whether their 
answers are correct or not. 
Involving students in a stimulating 
discussion will prepare them for 
the Investigate and they 
will be actively engaged in  
finding answers.

What Do You Think?

A Physicist’s Response

Encourage your students to 
describe how they “feel” on a 
roller coaster. Some students may 
also compare this feeling to a car 
traveling at a high speed over the 
crest of a hill. When riding on a 
roller coaster, your weight doesn’t 
change, but your apparent weight 
(really the normal force exerted 
on you to support your body) 
does change. It is this change in 
apparent weight that gives much 
of the thrill of a roller coaster. If 
you were sitting on a bathroom 
scale, which measures the normal 
force exerted on you, you would 
notice a different weight reading 
on the scale.

NOTES
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Section 6  Forces Acting During Acceleration: Apparent Weight on a Roller Coaster 

Investigate

Part A: Moving the Mass at a 
Constant Speed

1.a) 

Let’s assume that the student 
is hanging a 1-kg mass on the 
spring. The scale reading will be 
9.8 N. Some spring scales are 
calibrated in grams, rather than 
newtons. Try to use the newton 
scales if possible.

2.a)  

The students should copy the 
table in the text into their logs.

2.b)

When the mass is moving up at a 
constant speed, the scale reading 
is still 9.8 N.
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3.a)

When the mass is moving down at 
a constant speed, the scale reading 
is still 9.8 N.

4. 

When the mass is at rest or 
the mass is moving at constant 
velocity, the weight force Fw 
will be equal in magnitude but 
opposite in direction to the spring 
force Fs. The students’ drawing 
should look like the one below.

5.a) 

The weight-force vector should 
be drawn pointing down because 
Earth is pulling the mass down.

Teaching Tip

If the students are having trouble 
identifying the forces that act on 
the mass (the free-body diagram), 
have them draw a circle around 
the object for which they are 
trying to identify the forces. 
Anything that touches the circle is 
a source of force. The only other 
forces that can act on the object 
are forces like gravity that do not 
need to touch objects to exert a 
force. This will allow the students 
to identify the forces more easily. 

5.b)

The spring-force vector is pointing 
up because the spring is applying 
a force upward on the mass.

5.c) 

No, there are no other forces 
acting on the box. (A force may 

be applied to the spring to hold it 
in place, but this is not a force on 
the box—the spring applies the 
force to the box.)

5.d)

Yes, they are the same length 
because the forces are equal and 
opposite. If the students draw a 
hand holding the spring (or 
the box), have them remove 
it since this will only confuse 
the problem.

5.e)

Students’ answers may vary.

6.a) 

The diagram is identical to that 
in Step 4. Newton’s second law 
states that when there is no 
acceleration a =( )0 , then there is 
no net force Fnet =( )0 . For the net 
force (the sum of the forces) to be 
equal to zero, the weight down 
must be equal in magnitude to the 
spring’s upward force.
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Section 6  Forces Acting During Acceleration: Apparent Weight on a Roller Coaster 

Part B: Accelerating the Mass

1.a) 

When the mass is first raised, the 
scale reads a higher reading. In 
the previous example, instead of 
reading 9.8 N, the scale might 
read 12.0 N.

1.b) 

Because the mass is accelerating 
upward, Newton’s second law 
informs us that there must be a 
net force acting upward. Because 
the weight of the object (the pull 
of Earth on the object) is identical 
to what it was before, the spring 

force must increase from what 
it was before. This increase in 
the spring force corresponds to a 
higher scale reading.

1.c)

Refer to the diagram below:

2.a) 

The weight vector is down because 
Earth pulls the object down.

2.b) 

The spring pulls the mass up.

2.c)

No, there are no other forces 
acting on the box.

 

NOTES
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2.d) 

The weight vector is smaller than 
the spring force vector because 
there is a net force acting upward 
due to the spring that provides the 
acceleration moving up.

3.a) 

Students may need to modify their 
diagrams.

4.a) 

The reading of the bathroom scale 
is the reading of the compressed 
spring, not your weight. While 
you are accelerating upward, the 
bathroom scale would read a 
number larger than your actual 
weight. If you weigh 700 N, the 
spring scale may read 750 N 
(your apparent weight during the 
acceleration). The spring in the 
bathroom scale is providing the 
force to accelerate you upward, so 
it must be larger than your weight 
to provide a net force.

5.a) 

Make sure that students record 
their predictions before making 
their observations.

5.b)

When you stop moving, the 
scale will read less than the 
original weight. This is because 
to stop, the mass will require 
a downward acceleration. A 
downward acceleration requires 
a net downward force. Thus, the 
spring-scale force will be less than 
the weight force.

6.a)

The scale will read a value less 
than the mass’s weight. As you 
begin to lower the mass, the 
acceleration is down, so the 
downward force of the weight 
must be greater than the upward 
force of the spring scale.

6.b) 

Refer to the diagram below: 

6.c) 

Students should predict that the 
scale will have a lower reading.

6.d)

The scale will have a smaller 
reading because the spring force is 
less than the weight force.

7.a) 

Refer to the chart below. This 
chart is available as a Blackline 
Master at the end of this 
Investigate.

Students complete a similar chart 
for the situation in which they are 
standing on a bathroom scale in an 
elevator. For the chart of riding in 
an elevator on a bathroom scale, 
the bathroom scale readings would 
be the same as in the chart above.

Acceleration
(up, down, 

zero)

Scale reading
(larger, smaller, 

equal to weight)

Mass at rest zero equal

Mass up at constant speed zero equal

Mass acceleration upward up larger

Mass coming to rest at the top down smaller

Mass at rest at top zero equal

Mass moving down at constant speed zero equal

Mass accelerating downward down smaller

Mass coming to rest at the bottom up larger

Mass at rest at the bottom zero equal

4-6a Blackline Master



Active Physics
159

CH
A

PTER
 4

8.a)

Similarities between roller-coaster 
rides and elevators:

•		Both	roller	coasters	and	
elevators involve motion.

•		Both	roller	coasters	and	
elevators involve accelerations.

•		Passengers	on	both	roller	
coasters and elevators 
experience apparent weight 
changes.

Differences between roller-coaster 
rides and elevators:

•		Elevators	travel	in	one	
dimension (up and down), while 
roller coasters travel in three 
dimensions.

•		Elevators	are	programmed	to	
have small accelerations, while 
roller coasters are designed to 
have large accelerations.

•		Elevators	have	accelerations	
in the vertical direction, while 
roller coasters have additional 
accelerations to the sides.

•		You	can	remain	vertical	in	
elevators, while you can be 
upside down in roller coasters.

Section 6  Forces Acting During Acceleration: Apparent Weight on a Roller Coaster 
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9.a) 

If you dropped a baseball and a 
bowling ball from the top of the 
Tower of Pisa at the same time, 
they would hit the ground at 
nearly the same time.

9.b)

If you dropped a baseball and 
a piece of paper at the same 
time, the baseball would hit the 
ground fi rst. Air resistance is 
signifi cant for the piece of paper 
and the paper is not in free-fall. 
Its acceleration is considerably 
less than 9.8 m/s2. Modifying the 
sheet of paper by crumpling it up 
into a tight ball does not change 
its mass, but greatly reduces its 
air resistance. It allows the paper 
to fall with an acceleration much 
closer to that of the baseball.

9.c) 

All objects fall with the same 
acceleration if gravity is the only 
signifi cant force acting on them. 
In the case of a piece of paper, 
air resistance is quite signifi cant 
and the piece of paper drifts 
downward under the infl uence of 
both gravity and air resistance. 
For the baseball, the force due to 
air resistance is much less than its 
weight, so it falls nearly at 9.8 m/s2 
unless it is moving really fast.
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Section 6  Forces Acting During Acceleration: Apparent Weight on a Roller Coaster 

Physics Talk

This Physics Talk draws on 
Newton’s fi rst and second laws 
to explain why people feel lighter 
when they are accelerating down 
or heavier when they are moving 
up on an elevator or roller coaster. 
Students learn to associate the 
direction of the net force with the 
direction of the acceleration, and 
how this affects their apparent 
weight on a roller coaster. 

Students can gain a thorough 
understanding of how forces act 
on objects that move up or down 
if they draw vector diagrams and 
compare their experiments in the 
Investigate to the explanation in 
Physics Talk. 

Discuss the relationship between 
Newton’s fi rst and second laws 
and the weight of an object at 
rest. Then ask students how they 
would contrast this with an object 

moving at constant velocity. 
Review the Investigate steps in 
which students recorded the 
weight of a mass they moved up 
and then down at constant speed. 
Have them review the diagrams 
they drew before that explained 
the direction and magnitude 
of forces acting on the mass. 
Determine if students understand 
why the net force on an object 
moving at constant speed should 
be zero. 

Once students have grasped why 
their weight would read the same 
on a spring scale, when they are 
at rest or moving with constant 
velocity, steer the discussion 
toward the net force acting on 
a person riding an elevator or 
roller coaster that is accelerating. 
Ask students to use Newton’s 
fi rst and second laws to describe 
why they feel that a change in 
their weight is taking place when 
they accelerate up or down in a 
roller coaster. To help students 
realize the connections between 
the physics concepts they are 
gradually acquiring, draw a 
concept map on the board and 
invite students to fi ll it in with 
important ideas they have learned 
that explain the physics of forces 
acting on an object in motion. 
Make sure that they include 
the connection of weight to the 
concept of gravity and how air 
resistance affects the speed of 
objects falling on Earth.
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Checking Up

1.

When an object is moving up at 
constant speed, the sum of all the 
forces acting on the object is zero.  

2.

The reading on the bathroom 
scale is more than the person’s 
weight when the person is riding 
a roller coaster that is accelerating 
upward.

3.

In an upward accelerating 
elevator, the force provided by 
the scale pushing you upward is 
more than the force of gravity 
pulling you down. You feel that 
you weigh more because of the 
contact forces between you and 
the bathroom scale are what you 
interpret as your weight. 

4. 

When you are falling with the 
elevator, you are accelerating 
downward at exactly the same 
rate as the elevator 9.8 m/s2( ). 
To fall at this rate, the only force 
acting on you is the force of your 
weight, so the reading on the 
bathroom scale is zero.

5.

The force of air resistance slows 
down a falling raindrop.

Active Physics Plus

Students test Einstein’s theory of 
gravity by answering questions 
that probe how balls will fall 
to the fl oor on Earth and a 
spaceship moving up with no net 
gravitational force. 

They are led to think about the 
remarkable coincidence between 
inertial mass and gravitational 
mass that led Einstein to develop 
his famous geometric theory of 
gravity (General Relativity). 
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1.

F m g
F m a

w gravitational

net inertial

=
=

( )
( )

2.a) 

The student sees both balls 
accelerate toward the ground and 
strike the ground simultaneously.

2.b)

9.8 m/s2

3.a) 

The astronaut sees both balls 
accelerate toward the fl oor and 
strike the fl oor simultaneously.

3.b) 

If the astronaut was unaware 
that the rocket was accelerating 
in space, it would appear to the 
astronaut that gravity accelerated 
the balls to the fl oor.

3.c)

The astronaut would measure 
the acceleration of the massive 
red ball and the blue ball to be 
9.8 m/s2.

4.a) 

To an outside observer, because 
there is no net force acting (with 
no gravitational force), the balls’ 
positions after each 0.2 s would 
not change.

4.b) 

To an outside observer, the 
rocket’s position after each 0.2 s is 
accelerating up to meet the balls’ 
consistent position.

5. 

In this situation, there is no 
test the astronaut could do to 
distinguish between gravity 
accelerating the balls downward, 
or the rocket accelerating upward 
to meet the balls. This is the basis 
for Einstein’s general theory of 
relativity that equates acceleration 
and gravity.
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Physics Essential Questions

What does it mean?

The net force is the sum of all forces acting on 
the mass (m). Any time you observe acceleration, 
you know that a net force must be present. All 
accelerations are due to net forces.

How do you know?

The spring scale was able to show the weight of 
a mass as it accelerated up and down just as your 
stomach feels changes during accelerations.

Why do you believe?

The force of gravity is always acting upon you. As 
you sit on a chair with no acceleration (whether you 
are at rest or moving with a constant velocity), the 
net force is zero and the normal force of the chair 
is equal to your weight.  If you are accelerating up, 
the normal force on the chair will be larger than the 
force of gravity.  

Why should you care?

You will now be able to identify the net forces in all 
locations on the roller coaster where you experience 
accelerations.

What Do You
Think Now? 

Students now have an opportunity 
to review their previous answers 
to the What Do You Think? 
section. Students should recall 
what they have learned about 
apparent weight and acceleration 
and apply it in updating their 
answers. Highlight the main 
features of A Physicist’s Response 
to elaborate why riders feel 
a thrill when they go up and 
down a roller coaster. Encourage 
students to share their ideas with 
each other and have them discuss 
their revisions in class. Have 
them revisit the What Do You 
See? illustration and determine 
how their earlier responses relate 
to their present knowledge of 
apparent weight and acceleration. 
Students should now be able to 
identify the features they missed 
before. Through this process of 
updating and reviewing prior 
information, students will gain 
self-confi dence in their answers 
and appreciate the purpose 
behind the What Do You Think? 
questions.
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Physics to Go

1.a) 

Given:
m/s

m/s s
m/s 2

2

2

g

v at

=

= = ( ) ( ) =
≈

9 8

9 8 2
19 6

.

.
. 00 m/s

1.b) 

v at= = ( ) ( ) =
≈

9 8
49

. m/s 5 s
m/s 50 m/s

2

1.c) 

v at= = ( ) ( ) =
≈

9 8
98

. m/s 10 s
m/s 100 m/s

2

2.a)

Given:
m/s

1.6 m/s 2 s
m/s 3

2

2

g

v at

=

= = ( ) ( ) =
≈

1 6

3 2

.

. mm/s

2.b) 

v at= = ( ) ( ) =1.6 m/s 5 s
m/s

2

8 0.

2.c) 

v at= = ( ) ( ) =
≈

1.6 m/s 10 s
m/s 20 m/s

2

16

3.a)

Because the upward (red) force 
is greater in magnitude than the 
downward (blue) force, the block 
could not be at rest.

3.b)

No, the block cannot be traveling 
at constant speed. Newton’s fi rst 

Refl ecting on 
the Section and 
the Challenge

Ask students to refl ect on how 
rollers coasters are different 
from elevators and how they are 
similar. Students should refl ect 
on the problems that they have 
solved, in which they calculated 
the net force on an object when 
it moved up or down at constant 
acceleration or constant speed in 
an elevator. Point out that they 
need to focus on the velocity 
changes in roller coasters and 
modify the design of the roller 
coaster they have chosen for 
their target group. This is time 
for students to think about their 
Chapter Challenge and determine 
what they need to do meet the 
criteria of their Goal.
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law states that for an object to 
be traveling at constant speed in 
a straight line, the net force must 
be zero. In this case, there is a net 
force in the upward direction.

3.c) 

Because there is a net upward 
force, the block cannot be 
accelerating downward.

3.d) 

For the description in 3.a) and 
b), the force diagram would 
need to have an upward force 
arrow equal to the magnitude 
of the downward force. For the 
description in 3.c), the force 
diagram would need to have a 
greater force in the downward 
direction.

4. 

5. 

The elevator is accelerating down. 
The spring scale force (the reading 
on the scale) is less than the 
student’s weight.

6. 

The acceleration will be up. The 
passenger will feel heavier and the 
scale will read a larger value.

7.a) 

As the elevator begins to descend, 
the acceleration is down. The 
scale reading will decrease.

7.b)

Given:
m/s2a = 1 5.

Newton’s second law F manet =

Weight force by spring

kg m/s2

− ( ) =
( ) ( ) −

ma

50 0 9 8. . FF

F
F

s

2

s

s

kg m/s
N N

Solve for

=

( ) ( )
− =

50 0 1 5
490 75

. .

FFs N= 415

Acceleration 
(up, down, zero)

Scale reading 
(larger, smaller,  

equal to weight)

A. Elevator at rest on top floor zero equal

B. Elevator starts moving down down smaller

C. Elevator moves down at constant speed zero equal

D. Elevator comes to rest on bottom floor up larger

E. Elevator is at rest on bottom floor zero equal

F. Elevator begins to move up up larger

G. Elevator moves up at constant speed zero equal

H. Elevator comes to rest on top floor down smaller

I. Elevator is at rest on top floor zero equal
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8.a) 

Given:
kgm = 50

The weight is taken as being in the 
positive direction (down) and the 
force of the scale (up) as negative.

Newton’s second law F manet =  

Weight force by spring

50.0 kg 9.8 m/s2

− ( ) =
( ) ( ) −

ma

FF

F
F

F

s

2

s

s

s

50.0 kg 0 m/s
490 N 0 N
Solve for

=

( ) ( )
− =

== 490 N

8.b) 

Given:
m/s2a = 2

Acceleration is up, so it is negative. 
Newton’s second law F manet =
Weight force by spring

50.0 kg 9.8 m/s2

− ( ) =
( ) ( ) −

ma

FF

F

s

2

s

50.0 kg m/s
490 N N
Solve fo

=

( ) −( )
− = −

2 0
100

.

rr
90 N

s

s

F
F = 5

8.c)

Newton’s second law F manet =
Weight force by spring

50.0 kg 9.8 m/s2

− ( ) =
( ) ( ) −

ma

FF

F
F

F

s

2

s

s

s

50.0 kg m/s
490 N N
Solve for

=

( ) ( )
− =

0
0

== 490 N

9. 

In the first diagram, there is no 
acceleration of the elevator and 
the forces are equal. The scale 
reading (the apparent weight) is 
500 N.

In the middle diagram, the 
elevator is in free fall. There is no 
force up. Therefore, the spring 
scale (that provides the force up) 
reads zero.

In the last diagram, the elevator 
is accelerating up. To have an 
upward acceleration, the scale 
must be providing a larger force 
up than in the first diagram. 
Therefore, the scale will read  
600 N. 

10.

Preparing for the  
Chapter Challenge

Students’ answers will vary. 
Those that choose to make the 
roller coaster for thrill seekers 
will suggest aggressive, sharp 
turns, high velocities, loops, 
etc. This roller coaster will 
have the apparent weight of 
the riders increase and decrease 
dramatically. Students choosing 
a roller coaster for the less 
adventurous will suggest more 
moderate turns, lower speeds and 
smaller shifts in apparent weight.

NOTES
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Inquiring Further

This is a student investigation. For 
best results, a high-speed elevator 
is recommended that will have a 
measurable acceleration for the 
starts and stops. Freight elevators 
generally do not meet this 
criterion, although slight changes 
in the scale are detectable. With 
a high-speed elevator, it is often 
surprising to the students that 
when the speed is maximum and 
constant, the scale reading is the 
same as when it is at rest. The 
digital camera or video camera 
can be used to record the readings 
on a bathroom scale while the 
elevator starts to move upward, 
while it is moving upward at 
constant velocity and while it 
comes to a stop. The student 
should correlate the acceleration 
of the elevator with the changes in 
the bathroom scale readings.

For this Inquiring Further, the 
students may have to search a bit 
to fi nd the appropriate interactive 
physics site. Java applets are 
available on numerous sites on 
the Internet that allow students 
to test their knowledge of what 
is occurring during various 
physical situations. The students’ 
diagrams for the site should look 
quite similar to those that they 
developed in the Investigate of 
this section. Similar pictures can 
be taken while the elevator moves 
downward.  
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SECTION 6 QUIZ 

4-6b Blackline Master

1.  A mass of 12 kg is resting on a bathroom scale sitting in an elevator as shown in the 
diagram below. If the elevator is accelerating downward at 4 m/s2, which force diagram 
correctly shows the forces acting on the mass?

2.  In Question 1, what is the apparent weight of the 12-kg mass when the elevator is 
accelerating downward? 

a) 40 N            b) 48 N            c) 72 N            d) 120 N 

3.  A 750-N man is standing on a bathroom scale in an elevator. When the elevator is moving, 
the man notices that the scale is reading 780 N. Which statement below correctly describes 
the motion of the elevator?

a) The elevator is moving upward with constant velocity.

b) The elevator is moving upward with constant acceleration.

c) The elevator is moving downward with constant velocity.

d) The elevator is moving downward with constant acceleration.

4.  A student is standing in an elevator while holding a spring scale that is attached to a 
2-kg mass. The student notices that spring scale reads exactly 20 N. Which motion below 
is not possible for the elevator?

a) The elevator is at rest.

b) The elevator is travelling upward with constant velocity.

c) The elevator is moving downward with constant velocity.

d) The elevator is accelerating downward.

5.  A woman is standing on a bathroom scale in an elevator that is accelerating upward at 
1.5 m/s2. The bathroom scale reads 600 N. What is the woman’s mass?

a) 75 kg            b) 90 kg            c) 52 kg            d) 48 kg
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SECTION 6 QUIZ ANSWERS

1  a)  For the mass to accelerate downward, there must be a net force in the down 
direction, which is shown in diagram a). Diagram d) is incorrect, since the scale 
would exert an upward force on the mass less than its weight, which is not 
shown. In addition, there would be no sideways force on the mass.

2  c)  To find the apparent weight, use Newton’s second law, ΣF ma= . The 
forces acting on the mass are the weight acting down Fw( ), and the scale 
pushing upward to provide a normal force FN( ). The sum of the forces then 
is ΣF F F ma= − =w N . Solving for the normal force gives mg F ma− =N  or 
12 10 12 4 72kg m/s kg m/s or N2

N
2

N( ) ( ) − = ( ) ( ) =F F . The apparent weight is 
equal the normal force.

3  b)  Since the upward force of the scale is greater than the downward force of the 
man’s weight, the man has a net upward force acting on him, so the elevator 
must be accelerating upward.

4  d)  The weight of a 2-kg mass is found using the equation 
F mg Fw w

2or kg m/s N= = ( ) ( ) =, 2 10 20 .  
The force exerted by the spring scale upward is exactly equal to the  
downward force of the 2-kg weight. This means that the object cannot be 
accelerating in any direction. The object can either be travelling with constant 
velocity (either up or down) or at rest.

5  c)  The apparent weight is equal to the normal force. Using Newton’s second law, 
ΣF ma= . the forces acting on the woman are the weight acting down Fw( ), 
and the scale pushing upward to provide a normal force FN( ). The sum of the 
forces then is ΣF F F ma= − =N w  which becomes F mg maN − = . Solving for the 
woman’s mass gives 600 N 10 m/s 1.5 m/s or 52 kg2 2− ( ) ( ) = ( ) ( ) =m m m . 


