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If your weight is 600 N (blue vector), 
then the bathroom scale would have to 
be providing a force of greater than 600 N 
(red vector).

Another way of looking at the situation 
is to look first at the forces. According to 
the vector diagram, the force of the scale 
is larger than the force of gravity. The 
net force is, therefore, up and according 
to Newton’s second law, the object will 
accelerate up, Fnet = ma. You observed 
this in the Investigate when you 
accelerated the mass up and observed 
the increased scale reading.

Calculating Acceleration

Suppose you are standing on a bathroom scale in an elevator. You can 
calculate the acceleration of the elevator if you know your weight and 
measure the force as read on the spring scale during the acceleration. 
Assume you weigh 600.0 N and the force of the scale on you is 700.0 N up.

Fnet N – 600.0 N

100.0 N (upward)

=
=

700 0.

To find the acceleration, you need to know your mass. If your weight is 
600.0 N (Fw = 600.0 N), you can calculate your mass.

F mg g

m
F
g

w

w

where = 9.8 N/kg

N
N/kg

=

=

=

,

.
.

600 0
9 8

units: N
kg
N

kg

( )×

= 61

Knowing the mass and the net force, you can calculate the acceleration 
using Newton’s second law.

F ma

a F
m

net

N
kg

(units:
kg m/s

kg

=

=

=
×

=

100 0
61

1

2
. )

.66 2m/s

Similarly, you can calculate the reading of the spring scale if you know 
the acceleration of the elevator.

>600 N

600 N
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Sample Problem

An elevator at the top floor begins to descend with an 
acceleration of 2.0 m/s2 downward. What will a bathroom 
scale read if a 50.0-kg person is standing on the scale while 
the elevator is accelerating?

Strategy: Since the elevator and the person are 
accelerating down, the net force on the person must 
be down. The force vectors are shown in the diagram 
on the right.

Newton’s second law states that 

     F manet =

where Fnet  is the net force.

Since the weight is greater than the force of the spring and in the 
opposite direction, you can write this as

 Weight – force due to bathroom scale = ma (downward)

Given: Solution:

m

a

=
=

50 0

2 0 2

.

.

kg

m/s

First find the person’s weight:

 

Weight

kg N/kg

N

=
= ( )( )
=

mg

50 0 9 8

490

. .

Using Newton’s second law,

        Weight force due to scale

N kscale

− =

− =

ma

F490 50 0. gg m/s( )( )2 0 2.
 

Solve for the force due to the scale.

Fscale N kg m/s

N

= − ( )( )
=

490 50 0 2 0

390

2. .

The scale would read 390 N instead of the person’s weight, which is 490 N.

If the elevator accelerates up, the scale reads a value higher than 
the person’s weight of 490 N. There is really no limit to the upward 
acceleration although the person would become unconscious if the 
acceleration were greater than about nine times the acceleration due to 
gravity. This has been experimentally determined by test pilots.

If the elevator accelerates down, the scale reads a value lower than 
the weight of 490 N. There is a lower limit on the scale reading. If the 
elevator accelerates down at 9.8 m/s2 (for example, the cable broke and 
the elevator is in free fall), the scale would not push up at all and its 
reading would be 0 N.

Fscale

Fweight
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If you stop and think for a moment, it may 
be surprising to recognize that mass plays 
two different roles here. On one hand, it 
determines the strength of the gravitational 
force acting on the ball. On the other 
hand, it determines the inertia of the ball 
(its resistance to being accelerated). Why 
should those two effects be the same? Most 
scientists took this relationship for granted 
until Albert Einstein, in about 1915, 
recognized the deep significance of having 
the same “mass” for both the gravitational 
force and for inertia. From this insight, he 
developed an entirely new theory of gravity 
based on ideas such as curved space-time.

The following exercise will provide some 
insights into Einstein’s theory of gravity (the 
General Theory of Relativity).

 1. Rewrite the equations on the previous 
page using subscripts to distinguish 
between minertial and mgravitational.

 2. Below is a diagram of two balls of 
different mass being dropped. The 
student is at rest on Earth and drops the 
massive red ball and the less-massive 
blue ball at the same time from the 
same height.

a)  How does the student describe the 
motion of the ball?

b)  What value will the student get for 
her measurement of the acceleration 
of the ball?

 3. In the diagram below, the procedure is 
repeated, only this time in a rocket ship 
accelerating up at 9.8 m/s every second. 
The rocket ship is in deep space and 
there is no net gravitational force 
acting on it.  

a)  What does the astronaut in the rocket 
ship see?   

b)  How does the astronaut explain this?  

c)  What would the astronaut measure 
for the acceleration of the massive 
red ball and the less massive 
blue ball?

 4. You have the ability to see that the 
rocket is accelerating up.

a)  How do you explain the balls’ 
positions after each 0.2 s?  

b)  How do you explain the rocket’s 
positions after each 0.2 s?  

 5. Can you think of an experiment that the 
student in the room or the astronaut in 
the rocket could perform to determine if 
gravity is pulling the ball down or if the 
rocket is accelerating up? 

Woman at Rest on Earth

t = 0.0 s t = 0.2 s t = 0.4 s t = 0.6 s

Rocket Accelerating up in Deep Space with 
No Net Gravitational Force

t = 0.0 s t = 0.2 s t = 0.4 s t = 0.6 s
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Physics to Go
 1. Objects near the surface of Earth accelerate at a rate of 9.8 m/s every 

second if gravity is the only significant force acting on them. Based on 
this information, how fast will an object be going after it has fallen 
from rest after each of the following lengths of time?

a) 2 s          b) 5 s          c) 10 s

 2. Objects near the surface of the Moon accelerate at a rate of 1.6 m/s 
every second. Based on this information, how fast will an object be 
going after it has fallen from rest after each of the following lengths of 
time?

a) 2 s          b) 5 s          c) 10 s

 3. The vector diagram on the right shows a block of wood that can 
move up and down. The red vector represents the force pushing up 
on the block. The blue vector represents the weight of the block.

a) Could the block be at rest?

b)  Could the block be moving up at a constant speed? 

c)  Could the block be accelerating down?

d)  If you wrote “no” for any of the above questions, sketch a force diagram for 
that description.

 4. Complete the table on the right in your log. 
Some responses are provided in the table. 

 5. A student weighs 140 lb. On an 
elevator, the person is surprised to find 
that the scale only reads 137 lb for a 
few moments. Describe the motion of 
the elevator.

 6. A person in an elevator at rest weighs 
600 N. The elevator is about to move 
from the second floor to the fifth floor. 
When it first starts to move, what will 
the passenger observe about the weight 
indicated by a bathroom scale on which 
the passenger is standing?

 7. An elevator at the top floor begins to 
descend with an acceleration of 1.5 m/s2. 
A person is standing on a bathroom scale 
in the elevator.

a)  Will the bathroom scale’s reading 
increase or decrease once the 
elevator starts?  

b)  What will a bathroom scale read if a 
50-kg person is standing on the scale 
during the acceleration?

Scale reading
(larger, smaller,
equal to weight)

Acceleration
(up, down, zero)

A. Elevator at rest
on top floor

B. Elevator starts
moving down

D. Elevator comes to
rest on bottom floor

E. Elevator is at rest
at bottom floor

F. Elevator begins to
move up

G. Elevator moves up
at constant speed

H. Elevator comes to
rest on top floor

I. Elevator at rest
on top floor

C. Elevator moves
down at constant 
speed

zero equal

zero equal

up larger
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