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Q: Do balances and scales determine  
an object’s mass or its weight?

Background boosters for elementary teachers

By Bill Robertson 

A number of years ago, I 
began to notice in science 
activities and lesson plans 

that people referred to the process 
of “massing” objects instead of 
“weighing” them. That trend con-
tinues today, so maybe we better 
get it straight. Do you mass objects, 
weigh objects, or do something 
else to them when you’re using a 
balance or a scale? To answer that, 
I’m first going to have to explain 
the difference between mass and 
weight.

Mass Versus Weight
The typical elementary-school 
explanation of the difference 
between mass and weight goes 
something l ike the following: 
Mass is the amount of matter con-
tained in an object. If you travel 
to the Moon, another planet, or 
anywhere far away from Earth, 
your mass doesn’t change. Weight 
is how hard Earth pulls on you. 
When you travel to the Moon or 
another planet, the pull of gravity 
changes, so your weight changes. 
Personally, I never found this 
definition of mass and weight to 
be satisfactory. The explanation is 
correct, but I don’t travel to other 
planets a whole lot, and neither 
do students. It turns out there is a 
much more complete explanation 
of the difference between mass and 
weight, but it requires that you un-
derstand one of Newton’s famous 
laws of motion.

Newton’s second law deals with 
changes in motion and what causes 
those changes. We use the term 
acceleration to refer to any change 
in an object’s motion. Whenever 
an object changes its speed and/
or direction, the object has ac-
celerated. Thus, objects speeding 
up, objects slowing down, and 
objects moving in a circle (change 
of direction) are all accelerating. 
Forces, the name we give to pushes, 
pulls, whacks, nudges, and tweaks, 
are what cause changes in motion 
(accelerations). Everyday experi-
ence tells us it’s more difficult to 
change the motion of some objects 
than it is others. A force applied 
to a large boulder will change the 
boulder’s motion less than the 
same force will change the motion 
of a pebble. How difficult it is to 
change an object’s motion is called 
the object’s inertia. Inertia is not a 

force. Inertia is the tendency of an 
object to remain in its current state 
of motion. So, forces can cause an 
object to accelerate, but inertia, 
not being a force, cannot cause an 
object to accelerate. 

Finally, mass  is a numerical 
measure of an object’s inertia. The 
more inertia something has, the 
larger the number assigned to its 
mass. Thus, mass and inertia are 
essentially the same thing. The 
only difference is that mass has 
a number associated with it. Of 
course, this formal definition of 
mass relates well to the definition 
of mass being a measure of the 
“amount of stuff ” in an object. The 
more matter in an object, the more 
difficult it is to change the object’s 
motion, and the greater the mass. 
The less matter in an object, the 
less difficult it is to change the ob-
ject’s motion, and the smaller the 
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mass. It’s easier to change the mo-
tion of a ping-pong ball than it is 
to change the motion of a golf ball. 
This is reflected by the fact that the 
ping-pong ball has a smaller mass 
than the golf ball and also has less 
matter in it than a golf ball. 

Newton’s second law ties all of 
this information into one simple 
equation. If you add together all 
of the forces acting on an object, 
taking the direction of the forces 
into account (this is referred to as 
the net force), that number is equal 
to the mass of the object multiplied 
by its acceleration. 

(net force acting on an object) = 
(mass of object)(acceleration of 
object)

or
F = ma

Here’s a simple example of 
Newton’s second law in action. 
Suppose a box with a mass of 10 kg 
is sitting on a frozen pond (we can 
assume that there are no friction 
forces on a frozen pond). You exert 
a force of 20 Newtons (Newtons are 
the unit of force in the metric sys-
tem of units) sideways on the box. 
What is the acceleration of the box? 
To find out, we just use F=ma. The 
force is 20 Newtons and the mass 
is 10 kg. So,

F = ma
20 Newtons = (10 kg) • a

It’s no major math feat to fig-
ure out that the acceleration, a, 
is equal to 2 m/s2. Okay, the 2 is 
easy, and you’ll just have to take 
my word for it that meters per sec-

ond squared are the correct units 
to use here.

Now, weight is defined as the 
force the Earth exerts on an object. 
Mass is defined as a measure of an 
object’s inertia. This makes the dis-
tinction between mass and weight 
clear. Weight is a force, and it goes 
on the left-hand side of F=ma. 
Mass is a measure of inertia, and 
it’s the m that goes on the right-
hand side of F=ma. 

So, how can you directly deter-
mine the mass of an object? You 
have to exert a net force on it and 
measure the resulting accelera-
tion, then use F=ma to determine 
the mass. For example, suppose 
you have a rock of unknown mass. 
You exert a force of 40 Newtons 
on it, and you measure the resul-
tant acceleration to be 10 m/s2 
(there are many ways to measure 
acceleration).  Then Newton’s 
second law applied to the rock 
looks like this:

F = ma
40 Newtons = m • (10 m/s2)

Solving for m gives you a value 
of 4 kg. Exert a force on something, 
measure its acceleration, and you 
can solve for its mass.

Scales and Balances
Scales and balances don’t mea-
sure accelerations, so clearly they 
don’t measure mass in the way I 
described above. What do they 
do? Let’s start with an easy one—
bathroom scales. You step on the 
scale, and it tells you your weight. 
Of course, some scales will tell 
you your mass in kilograms, so 

Are you sure you’re measuring my weight and not my mass?
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that might be confusing. But 
it’s pretty obvious that the scale 
is reacting to how hard you are 
pushing on it. That’s a force. To 
check that the scale is responding 
to forces rather than mass, have 
someone push down on the scale 
while you’re standing on it. Most 
bathroom scales use a spring to 
measure the force exerted on 
them. Whatever the mechanism, 
clearly bathroom scales measure 
weight, not mass. 

Let’s move on to a double-pan 
balance. For those of you with 
faulty memories, Figure 1 (p. 68) 
shows a double-pan balance. The 
way you use this is to put the object 
to be weighed (or is it massed?) on 
the left pan, and then add objects 
of known mass or weight to the 
right pan until it balances.

Are you comparing the mass of 
the thing on the left to the mass of 
the thing on the right, or are you 
comparing the forces these ob-
jects exert on the balance? Again, 
all you have to do is push down or 
up on one of the sides to see that 
you are comparing forces. If you 
push down on the right pan, does 
the effect on the scale depend on 
the mass of your finger or on how 
hard you push? Yep, it’s how hard 
you push. Thus, a double-pan  
balance compares the force ex-
erted on the left pan with the force 
exerted on the right pan. Without 
meddling fingers involved, the 
forces exerted by the objects are 
the weights, not masses, of the 
objects. So, a double-pan balance 
measures weight. 

Finally, let’s discuss something 
a bit trickier—triple-beam bal-

ances, shown in Figure 2 (p. 68).
To  o p e r a t e  a  t r i p l e - b e a m  

balance, you place the object to 
be weighed on the pan, and then 
adjust the position of the weights 
on the right until things balance. 
By the way, the scales at your lo-
cal gym or doctor’s office operate 
the same way. You do not add or 
subtract weight to or from the right 
side, but rather change the posi-
tion of the weights. Clearly, then, 
a triple-beam balance doesn’t 
measure force directly. You adjust 
a triple-beam balance until the 
torque (defined below) applied by 
the object on the left balances the 
torque(s) applied by the weights 
on the right. The torque exerted on 
something depends not just on the 
force applied, but also on the posi-
tion at which you apply the force. 
Torques cause objects to change 
their state of rotational motion, 
as opposed to forces that cause 
objects to change their state of lin-
ear motion. When the torques on 
a rotating object (our triple-beam 
balance) are equal and opposite, 
the object balances. So, a triple 
beam balance directly measures 
torque, not force or mass. 

How Do We Get Mass?
If we use scales and balances to 
determine weight or torque, how 
do we end up with readings in 
units of mass? Well, it turns out 
that there is a very special relation-
ship between an object’s mass and 
its weight when the object is near 
the surface of the Earth. To figure 
out that relationship, consider an 
object that’s falling to the Earth. If 
we ignore air resistance (physicists 

make simplifying assumptions 
all the time), then the only force 
acting on the object is the pull of 
gravity. Newton’s second law tells 
us the following about an object 
being acted on by the force of 
gravity only:

(net force acting on the object) = 
(mass of object)(acceleration of 
object)
Force of gravity = (mass of  
object)(acceleration of object)

We already know that the force 
of gravity acting on an object is de-
fined as the object’s weight. What 
you might also know is that all ob-
jects near the Earth’s surface have 
the same acceleration when the 
only force acting is gravity. There’s 
a special symbol for that accelera-
tion, which is g. The value of g is 9.8 
m/s2. Using this knowledge, we can 
now write Newton’s second law for 
our falling object as

(weight of an object) = (object’s 
mass) • g

In other words, an object’s 
weight is equal to mg.  Armed with 
this relationship, we can measure 
the weight of an object (using a 
spring scale or a balance) and 
then mathematically determine 
the mass of the object (because we 
know the value of g). Scales and 
balances are calibrated so the cal-
culation is automatically done and 
you can read mass directly on the 
scale or balance, even though the 
thing being compared or measured 
is either weight or torque. 

So what’s the verdict? Do you 
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weigh objects or mass them? Tech-
nically, you weigh them because 
scales and balances measure or 
compare forces, with triple-beam 
balances being the exception in 
that they use torques. If you read 
the mass of objects directly on the 
scale or balance, though, you can 
be forgiven if you claim that you are 
“massing” the object. Just be aware 
that the only way to truly “mass” an 
object is to exert a force on it and 
measure the resulting acceleration. 
Also be aware than any comparison 
between mass and weight involves 
a conversion, both numerically 

and conceptually. They are not the 
same thing. 

I’m sure there’s a great joke 
to end this column with regard-
ing being torqued off, but at the 
moment it escapes me. In lieu of 
that, I’ll add a note for the purists 
out there. In this entire column, 
I have been talking about what is 
known as inertial mass, so named 
because of its role as a measure of 
inertia. There is another type of 
mass though, known as gravita-
tional mass, which is the mass that 
is responsible for the gravitational 
force (or curvature of space-time, 

if you wish!) exerted by all objects 
that have mass. To put your mind 
at ease, to date no one has been 
able to determine a numerical 
difference between inertial mass 
and gravitational mass. Don’t lose 
any sleep over it, okay? Doesn’t it 
just torque you off when someone 
gives you a patronizing comment 
like that? 
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