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Overview

• Brief discussion of laboratory work

• Theory: Buoyancy

• Procedure



Why we do lab work

To confirm or disprove hypotheses

To get insights for new hypotheses, by hands on experience



Assessment

• lab worksheets each week - assessment in groups, and
sometimes individual questions

• final week may have a special project (?)



Doing the Labs

After we cover the lab lecture, we will split up into groups in Zoom
breakout rooms.

I’ll give you about 5 minutes to get oriented and give everyone a
chance to try the PhET simulation, then pull everyone back
together to address any problems or concerns.

Then you will go back to your breakout rooms to do the lab. Each
person will have a role.

I will move between breakout rooms to check in with you and
answer questions.
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Doing the Labs: Roles

It is hard to look at many files and applications on one screen, so
work together.

Three roles, one for each person:

• “director” - reads the instruction sheet out loud to the others
and says what to do

• “operator” - runs the PhET sim while sharing their screen to
the group, so everyone can see what’s happening

• “recorder” - records experimental values and writes and
uploads the Canvas Assignment. This person should share
their screen while you discuss the answers to the questions.

Each week, change who does which role.



Theory: Buoyancy

Astronauts training in their spacesuits:

The total mass of NASA’s EMU (extravehicular mobility unit) is
178 kg. Why does training underwater make maneuvering in the
suits easier?

1Picture from Hubblesite.org.



Buoyancy

The apparent weight of a submerged object is less than its full
weight.

There is an upward force on an object in a fluid called the buoyant
force.



Buoyancy
For an object that would float, but is held underwater, its apparent
weight is negative!

424 Chapter 14 Fluid Mechanics

a buoyant force. We can determine the magnitude of a buoyant force by applying 
some logic. Imagine a beach ball–sized parcel of water beneath the water surface 
as in Figure 14.7b. Because this parcel is in equilibrium, there must be an upward 
force that balances the downward gravitational force on the parcel. This upward 
force is the buoyant force, and its magnitude is equal to the weight of the water in 
the parcel. The buoyant force is the resultant force on the parcel due to all forces 
applied by the fluid surrounding the parcel.
 Now imagine replacing the beach ball–sized parcel of water with a beach ball 
of the same size. The net force applied by the fluid surrounding the beach ball is 
the same, regardless of whether it is applied to a beach ball or to a parcel of water. 
Consequently, the magnitude of the buoyant force on an object always equals the 
weight of the fluid displaced by the object. This statement is known as Archime-
des’s principle.
 With the beach ball under water, the buoyant force, equal to the weight of a 
beach ball–sized parcel of water, is much larger than the weight of the beach ball. 
Therefore, there is a large net upward force, which explains why it is so hard to hold 
the beach ball under the water. Note that Archimedes’s principle does not refer to 
the makeup of the object experiencing the buoyant force. The object’s composition 
is not a factor in the buoyant force because the buoyant force is exerted by the sur-
rounding fluid.
 To better understand the origin of the buoyant force, consider a cube of solid 
material immersed in a liquid as in Figure 14.8. According to Equation 14.4, the 
pressure Pbot at the bottom of the cube is greater than the pressure Ptop at the top 
by an amount  rfluidgh, where h is the height of the cube and rfluid is the density of 
the fluid. The pressure at the bottom of the cube causes an upward force equal to 
PbotA, where A is the area of the bottom face. The pressure at the top of the cube 
causes a downward force equal to PtopA. The resultant of these two forces is the 
buoyant force B

S
 with magnitude

 B 5 (Pbot 2 Ptop)A 5 (rfluidgh)A 

 B 5 rfluidgVdisp (14.5)

where Vdisp 5 Ah is the volume of the fluid displaced by the cube. Because the prod-
uct rfluidVdisp is equal to the mass of fluid displaced by the object,

 B 5 Mg 

where Mg is the weight of the fluid displaced by the cube. This result is consistent 
with our initial statement about Archimedes’s principle above, based on the discus-
sion of the beach ball.
 Under normal conditions, the weight of a fish in the opening photograph for 
this chapter is slightly greater than the buoyant force on the fish. Hence, the fish 
would sink if it did not have some mechanism for adjusting the buoyant force. The 
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The buoyant force B 
on a beach ball that 
replaces this parcel 
of water is exactly the 
same as the buoyant 
force on the parcel.
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Figure 14.7  (a) A swimmer pushes a beach ball under water. (b) The forces on a beach ball–sized 
parcel of water.

Archimedes
Greek Mathematician, Physicist, and 
Engineer (c. 287–212 BC)
Archimedes was perhaps the greatest 
scientist of antiquity. He was the first 
to compute accurately the ratio of a 
circle’s circumference to its diameter, 
and he also showed how to calcu-
late the volume and surface area of 
spheres, cylinders, and other geometric 
shapes. He is well known for discover-
ing the nature of the buoyant force and 
was also a gifted inventor. One of his 
practical inventions, still in use today, 
is Archimedes’s screw, an inclined, 
rotating, coiled tube used originally to 
lift water from the holds of ships. He 
also invented the catapult and devised 
systems of levers, pulleys, and weights 
for raising heavy loads. Such inventions 
were successfully used to defend his 
native city, Syracuse, during a two-year 
siege by Romans.
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The buoyant force on the 
cube is the resultant of the 
forces exerted on its top and 
bottom faces by the liquid.

Figure 14.8  The external forces 
acting on an immersed cube are 
the gravitational force F

S
g and the 

buoyant force B
S

.

In that case, the buoyant force is larger than the weight of the
object.



Buoyancy

Why does this force exist? Where does it come from?

We know pressure depends on depth, so an object that’s not
completely flat will have different pressure on different parts of its
surface.

Consider a rectangular object of height h and base area A with its
top edge at a depth d .

The force on each of the four sides will be equal.

The force on the bottom will be (P0 + ρg(h + d))A.

The force on the top will be (P0 + ρgd)A.

There will be a net upward force from the pressure
difference!
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Buoyancy

How big will the upward force be?

FB = Fup − Fdown

= (P0A+ ρg(h + d)A) − (P0A+ ρgd A)

= ρghA

= ρgVobj

because the volume of the submerged block is Vobj = hA.

Notice that ρVobj = mf , the mass of the displaced fluid.

(We are assuming ρ is constant.)
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Buoyancy and Archimedes’ Principle

Archimedes’ Principle

The buoyant force on an object is equal to the weight of the fluid
that the object displaces.

Logically, if a brick falls to the bottom of a pool it must push an
amount water equal to its volume up and out of the way.



Buoyancy and Archimedes’ Principle

For a fully submerged object the buoyant force is:

FB = ρfVobj g

where ρf is the mass density of the fluid and Vobj is the volume of
the object.

ρf Vobj is the mass of the water moved aside by the object.



Buoyancy and Archimedes’ Principle

An object that floats will displace less fluid than its entire volume.

For a floating object:

FB = ρfVsub g

where Vsub is the volume of the submerged part of the object only.



Buoyancy and Archimedes’ Principle

In general, we can write:

FB = ρfVsub g

where Vsub is the volume of the submerged part of the object only.

However, if the object is completely submerged, then Vsub = Vobj.



Sinking and Floating

Will a particular object sink or float in a particular fluid?

It sinks if its weight, Fg , is greater than the weight of the fluid it
can displace.



Sinking and Floating

Will a particular object sink or float in a particular fluid?

It sinks if its weight, Fg , is greater than the weight of the fluid it
can displace.

• If the object is less dense than the fluid it will float.

• If the object is more dense than the fluid it will sink.

• If the object and the fluid have the same density if will neither
float or sink, but drift at equilibrium.



Sinking and Floating

Since the relative density of the object to the fluid determines
whether it will sink or float, we sometimes use the notion of
specific gravity.

The specific gravity of an object relates its density to the density of
water (or occasionally other liquids):

Specific gravity, SG

of a sample is the ratio of its density to that of water.

SG =
ρsample

ρwater

Often referenced in brewing!



Sinking and Floating
A floating object displaces a mass of fluid equal to its own mass!

(Equivalently, a weight of fluid equal to its own weight.)

This also means that ρfVsub = mobj.



Questions

Military ships are often compared by their displacements, the
weight (or mass, depending on context) of water they displace.

The USS Enterprise was an aircraft carrier (now decommissioned).

Displacement: 94,781 tonnes (metric tons), fully loaded.

1 tonne = 1000 kg

What is the mass of the fully loaded USS Enterprise in kgs?

m = 94,781,000 kg

Another Problem1

Your friend of mass 100 kg can just barely float in fresh water.
Calculate her approximate volume. 0.1 m3

2Hewitt, page 246.
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Buoyancy in Air

Buoyancy in air works the same way as in liquids:

Fbuoy = ρfVobj g

If an object is less dense than air, it will float upwards.

However, in the atmosphere, the density of air varies with height.



Buoyancy in Air

1Photo by Derek Jensen, Wikipedia.



Buoyancy in Air

By roughly how much is your weight reduced by the effects of the
air you are submerged in?

Suppose you have a mass of 100 kg and volume of 0.1 m3.

ρair = 1.20 kg/m3 (at room temperature and atmospheric
pressure)

About 1.18 N.

(In the Phet sim, this is neglected!)
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Doing the Lab

We’ll split into breakout rooms.

Load up the Buoyancy PhET sim and try it out!




