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Mass—-—A Measure Oflnertia .

Kick an emptv tin can and'it moves. Kick a can filled with sand, -

and it doesr’t move as much. Ki¢katin ¢an filled with solid lead,’
and you'll hurt your foot. The lead-filled can has more inertia
than the sand-filled can; which in turn has more inertia than the
empty can. The can with: the most: matter has the greatest iner-

tia. The amount of inertia an object has depends. on its mass— -

that is, on the amount of material present:in the object. The
more mass.an object has, the more force it takes to change its
“ state of motion. Mass is a measure of the inertia of an object.

‘Mass Is Not Volume
_Many people confuse m
- object has alarge'mass, i
~ isa measureof space and 1s rii€
: .3meters cubic meters, or liters. Mass is measured in kilograms.

s with volume. They think that if an
nust have a large volume. But volume

(A literof milk, juice, or soda—anything that is mainly water—

-has a mass of about one kilogram.) How many kilograms of
‘matter are in an object, and how much space is taken up by that
object, are two different things. Which has the greater mass—a
feather pillow or a comimen aummobﬂe batterv“ Clearly the
more difficult to set in frotion is the battery. This is evidence of

- the battery’s greater inertia and hénce greater mass. The pillow

may be b;gger——~xna£ is, it may have'a larger voiume~—but it has
1css mass. Mass is dxfferent from: volumn

-_MaSS“'IS'"NOt"Weight srdomrl s
Mass is most often confus ht. We say something has
. ing the'quantity of matteri sbject byits gravitationalatirac-
“tien to the earth. But mass:i more ft’undamenta ] than weight;
mass is a measure of the actual material in a body. It depends
onlyon the number and kind of atoms that compose it. Weight is
"a méasure of the gravitational force that acts on the material,
‘and-depends on where the objeét is located.

. The amount of material in a particular stone is the same
whether the stone is located on the earth, on the moon, or in
outer space. Hence, its mass is- the same in anv of these loca-
tions. This could be shown bv shaking the stone back and forth.
The same force would be - reqmred to shake the stone with the

--same rhythm whether the stone'was on earth, on the moon, or in

a force-free region of otifér space. That's because the inertia of

the stone is solely a property-of the stone and not its location.
Butthe weight of the stone wouild be very different on the earth

ted inunits such as cubic centi-

ecause we are used to measur--

Fig. 37 “You can tell how
much matter is in the can
when you kick it.

Fig. 3-8 The pillow has a

larger size (volume) but a
sraaller mass than the battery.

Fig. 3-9 The person in space
finds it just as difficult to

shake the stone in its weight-
less state as it is to shake icin

" its weighted state on earth.



N‘ewmn's First Law of Motion

and on the moon, and still different in outer space if che ‘stone
_were away from strong sources of gravitetion. On the sarface of

the moon the stone would have only one«szxnh its weuzht on earth

This is because gravity is only one- “sixth as strongon the'moon as
“compared-to on the earth. If the stone were ina gravity:free re-

gion of space, its weight would be zero. Its mass, on the other

hand, woiild not be zero. Mass is different from weight.

We can define mass and weight as follows:

Mass: - The quanutv of matterin a-body. More spec1ﬁ
callv it is a mieasure of the inertia or “lazi-
ness” that-a bodyv exhibits in response to any
effort made to start it, stop it, or change in any
way its state of motion.

Welght' The force due to gravity upon a body.

-rpormonal to-each.other. Objects with great masses have great
weights. Objects'with small masses have small weights. In the
same location, twice as much mass weighs twice as much. Mass
and weight are proportional to each other but not equal to each
other. Mass has to do with the amount of matter in the object.

- Weight has to do with how stronglx that matter is attracted by

Mass and- weight are not the same thing, but they are pro-

~. the earth s aravztv

2. Tivo kdozrams of anvrhing has twice the inertia and twice the mass of one
kilogram of anything else. In the same location. two kilograms of anvthing
will weigh twice as much as one kilogram of anything {mass ard weight are
proportional}. So the answer toall QULbUUﬂS is yes. except forvolume. Volame
and mass are proportional only when the mamnal:a are the same, or when
they are equally compact for their mass—when tiey have the same density.
Bananas-are denser than bread—enough so that two kilograms of bananas
have:less volume.than one kilogram of ordinary bread.



