
Lab 10. Buoyancy

Goals

• To experimentally determine the relationship between the buoyant force on an object that
displaces a known weight of water.

• To compare the buoyant behavior of an object more dense than water with that of an object
less dense than water.

• To calculate the densities of aluminum and wood cylinders from your data and to compare
these densities to handbook values.

Introduction

Buoyancy is the name given to the force that arises when an object displaces a fluid (either a
gas or a liquid) in a force field (usually gravity). The buoyant force is responsible for keeping
ships from sinking and for keeping hot air balloons in flight. If an object is at rest in or on a
fluid, it experiences a net force of zero. The forces acting on a partially or completely submerged
object at rest generally include the gravitational force, Fg, the buoyant force, FBuoyant , and whatever
additional force (if any) is required to hold the object in position. In the work below, this holding
force is supplied by and measured with a force sensor. When the object is at rest,

FSensor +Fg +FBuoyant = 0 (10.1)

In this lab, you will measure the buoyant forces acting on two cylinders as they are submerged in
water, and relate these forces to the weight of the water they displace. You will also calculate the
average densities of each cylinder. The cylinders are marked at centimeter intervals along their
lengths. The cylinders are lowered into a beaker with their long axes perpendicular to the water
surface, so the volume submerged, Vs, is

Vs = πR2Ls = ALs (10.2)

where Ls is the length of the submerged portion of cylinder, R is the cylinder radius, and A is the
cylinder’s cross-sectional area. The weight of the water displaced by the object is given by

Ws = ρwVsg (10.3)
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where ρw is the density of water (1.000×103 kg/m3).

Buoyant force on an object more dense than water

Before beginning, draw a free-body diagram showing the forces on an object (more dense than
water) partially submerged in water.

If you have questions on how to set up the force sensor, refer to the Force Sensor section of the
Computer Tools Supplement at the back of the lab manual. The force sensor uses one of the analog
input channels (A, B, or C) on the interface unit.

Carefully hang the aluminum cylinder on the force sensor. With the lab jack near its maximum
height, adjust the position of the force sensor so that the cylinder sits completely inside the tall
beaker without bumping the sides. Then add water to the beaker until the aluminum cylinder is
completely submersed. This ensures that the beaker has enough water to cover the cylinder, but is
not so full that water will spill when the cylinder is immersed. Use water from the sink at the back
of your lab.

To begin the experiment, lower the lab jack so that the aluminum cylinder is completely out of the
water. With the aluminum cylinder hanging in the air, tare the force sensor. This sets the force
sensor reading to zero with the entire weight of the cylinder applied. The force sensor reading as
the cylinder is immersed will then equal the change in force, that is, the upward buoyant force.
Since the force sensor in this orientation reads positive for upward forces, the upward buoyant
force will be sensed directly as a positive force.

Now vary Ls, the length of the cylinder that is submerged (in 1-cm increments), measuring the
buoyant force for each increment, until the cylinder is completely submerged. Try to complete
these measurements within about five minutes. This minimizes the effect of sensor drift on the
force readings.

Make a graph that compares the buoyant force (on the y-axis) with the weight of the water displaced
(on the x-axis) for each value of Ls. From the graph, can you deduce a simple mathematical
relationship between the two? Discuss/Explain. Look up Archimedes’ Principle in a textbook. Do
your results support the validity of Archimedes’ Principle?

Buoyant force on an object less dense than water

Before beginning, draw a free-body diagram showing the forces on an object (less dense than
water) partially submerged in water. Do the directions of the forces shown depend on the density
of the object, or just their magnitudes?

Replace the aluminum cylinder with the wood cylinder, which attaches directly to the force sensor
by a screw. Do not remove the threaded screw in the top of the wood cylinder! Its mass is
negligible relative to the mass of the cylinder itself. Do not screw the cylinder more than 5 mm
(about 1/4 inch) into the force sensor. The force sensor can be damaged by screwing it in too
far.
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Again, measure the buoyant force as the submerged portion of the cylinder is increased in 1-cm
increments. Do the buoyant force and the weight of the displaced water obey the same relation in
this case? Discuss/explain.

Relative density of aluminum and wood

In your notebook, show that the density of any solid unknown material ρUnknown obeys the follow-
ing relationship:

ρUnknown

ρw
=

WUnknown

FMaxBuoyant
(10.4)

where WUnknown is the weight of the unknown object, FMaxBuoyant is the maximum buoyant force on
the object (that is, the buoyant force when it is totally submerged in water), and ρw is the density
of water.

Use Equation 10.4 to calculate the density of the aluminum and the wood. Compare your calculated
densities with accepted values from a textbook or handbook. A copy of the Handbook of Chem-
istry and Physics should be in your lab room. The density of natural wood can vary considerably,
but the handbook should list some kinds of wood with densities that are consistent with your mea-
surement. List some examples in your notebook. In contrast, the density of aluminum should not
vary more than 0.05%. Does your measured density for aluminum agree with the handbook value
within the limits of the expected error for this experiment? If your measurement and the handbook
value disagree by more than three standard deviations, carefully examine your calculations and
procedures for sources of error.

Some additional questions

Address the following questions in your notes:

1. How can an aircraft carrier (or a concrete canoe) float when the density of the material used
to build it is greater than the density of water?

2. Does air create a buoyant force? If so, estimate the magnitudes of the buoyant forces due to
the atmosphere on your wood and aluminum cylinders?

3. Is the direction of the buoyant force always opposite the direction of the gravitational force?
4. Does the buoyant force on a totally submerged object change as the object moves farther and

farther below the surface of the fluid?
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Grading Rubric
No Effort Progressing Expectation Exemplary

AA
Is able to
extract the
information
from
representation
correctly
Labs: 1-12

No visible attempt is
made to extract
information from the
experimental setup.

Information that is
extracted contains errors
such as labeling
quantities incorrectly,
mixing up initial and
final states, choosing a
wrong system, etc.
Physical quantities have
no subscripts (when
those are needed).

Most of the information
is extracted correctly, but
not all of the information.
For example physical
quantities are represented
with numbers and there
are no units. Or
directions are missing.
Subscripts for physical
quantities are either
missing or inconsistent.

All necessary
information has been
extracted correctly, and
written in a
comprehensible way.
Objects, systems,
physical quantities,
initial and final states,
etc. are identified
correctly and units are
correct. Physical
quantities have consistent
and informative
subscripts.

AB
Is able to
construct new
representations
from previous
representations
Labs: 1-12

No attempt is made to
construct a different
representation.

Representations are
attempted, but omits or
uses incorrect
information (i.e. labels,
variables) or the
representation does not
agree with the
information used.

Representations are
constructed with all
given (or understood)
information and contain
no major flaws.

Representations are
constructed with all
given (or understood)
information and offer
deeper insight due to
choices made in how to
represent the
information.

AC
Is able to
evaluate the
consistency of
different
representations
and modify
them when
necessary
Labs: 2-10, 12

No representation is
made to evaluate the
consistency.

At least one
representation is made
but there are major
discrepancies between
the constructed
representation and the
given experimental setup.
There is no attempt to
explain consistency.

Representations created
agree with each other but
may have slight
discrepancies with the
given experimental
representation. Or there
is inadequate explanation
of the consistency.

All representations, both
created and given, are in
agreement with each
other and the
explanations of the
consistency are provided.

AE
Force Diagram
Labs: 1-12

No representation is
constructed.

Force Diagram is
constructed but contains
major errors such as
mislabeled or not labeled
force vectors, length of
vectors, wrong direction,
extra incorrect vectors
are added, or vectors are
missing.

Force Diagram contains
no errors in vectors but
lacks a key feature such
as labels of forces with
two subscripts vectors
are not drawn from
single point, or axes are
missing.

The diagram contains no
errors and each force is
labeled so that it is
clearly understood what
each force represents.
Vectors are scaled
precisely.
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No Effort Progressing Expectation Exemplary

AG
Mathematical
Labs: 2-5, 7-12

No representation is
constructed.

Mathematical
representation lacks the
algebraic part (the
student plugged the
numbers right away) has
the wrong concepts being
applied, signs are
incorrect, or progression
is unclear.

No error is found in the
reasoning, however they
may not have fully
completed steps to solve
problem or one needs
effort to comprehend the
progression.

Mathematical
representation contains
no errors and it is easy to
see progression of the
first step to the last step
in solving the equation.
The solver evaluated the
mathematical
representation with
comparison to physical
reality.

AI
Graph
Labs: 1, 2, 4-8, 10-12

No graph is present. A graph is present but the
axes are not labeled.
There is no scale on the
axes. The data points are
connected.

The graph is present and
axes are labeled but the
axes do not correspond to
the independent and
dependent variable or the
scale is not accurate. The
data points are not
connected but there is no
trend-line.

The graph has correctly
labeled axes,
independent variable is
along the horizontal axis
and the scale is accurate.
The trend-line is correct,
with formula clearly
indicated.

BA
Is able to
identify the
phenomenon to
be investigated
Labs: 1-3, 6, 10-12

No phenomenon is
mentioned.

The description of the
phenomenon to be
investigated is confusing,
or it is not the
phenomena of interest.

The description of the
phenomenon is vague or
incomplete but can be
understood in broader
context.

The phenomenon to be
investigated is clearly
stated.

BG
Is able to
identify a
pattern in the
data
Labs: 1-3, 6, 10-12

No attempt is made to
search for a pattern

The pattern described is
irrelevant or inconsistent
with the data.

The pattern has minor
errors or omissions. OR
Terms labelled as
proportional lack clarity-
is the proportionality
linear, quadratic, etc.

The patterns represents
the relevant trend in the
data. When possible, the
trend is described in
words.

BH
Is able to
represent a
pattern
mathematically
Labs: 1, 2, 6, 10-12

No attempt is made to
represent a pattern
mathematically

The mathematical
expression does not
represent the trend.

No analysis of how well
the expression agrees
with the data is included,
OR some features of the
pattern are missing.

The expression
represents the trend
completely and an
analysis of how well it
agrees with the data is
included.

BI
Is able to devise
an explanation
for an observed
pattern
Labs: 1-3, 6, 10-12

No attempt is made to
explain the observed
pattern.

An explanation is vague,
not testable, or
contradicts the pattern.

An explanation
contradicts previous
knowledge or the
reasoning is flawed.

A reasonable explanation
is made. It is testable and
it explains the observed
pattern.
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No Effort Progressing Expectation Exemplary

GA
Is able to
identify sources
of experimental
uncertainty
Labs: 4, 5, 8, 10, 11

No attempt is made to
identify experimental
uncertainties.

An attempt is made to
identify experimental
uncertainties, but most
are missing, described
vaguely, or incorrect.

Most experimental
uncertainties are
correctly identified. But
there is no distinction
between random and
experimental uncertainty.

All experimental
uncertainties are
correctly identified.
There is a distinction
between experimental
uncertainty and random
uncertainty.

GB
Is able to
evaluate
specifically how
identified
experimental
uncertainties
may affect the
data
Labs: 4, 5, 8, 10, 11

No attempt is made to
evaluate experimental
uncertainties.

An attempt is made to
evaluate experimental
uncertainties, but most
are missing, described
vaguely, or incorrect. Or
only absolute
uncertainties are
mentioned. Or the final
result does not take the
uncertainty into account.

The final result does take
the identified
uncertainties into account
but is not correctly
evaluated. The weakest
link rule is not used or is
used incorrectly.

The experimental
uncertainty of the final
result is correctly
evaluated. The weakest
link rule is used
appropriately and the
choice of the biggest
source of uncertainty is
justified.

GC
Is able to
describe how to
minimize
experimental
uncertainty and
actually do it
Labs: 4, 5, 8, 10, 11

No attempt is made to
describe how to
minimize experimental
uncertainty and no
attempt to minimize is
present.

A description of how to
minimize experimental
uncertainty is present,
but there is no attempt to
actually minimize it.

An attempt is made to
minimize the uncertainty
in the final result is made
but the method is not the
most effective.

The uncertainty is
minimized in an effective
way.

GD
Is able to record
and represent
data in a
meaningful way
Labs: 1-12

Data are either absent or
incomprehensible.

Some important data are
absent or
incomprehensible. They
are not organized in
tables or the tables are
not labeled properly.

All important data are
present, but recorded in a
way that requires some
effort to comprehend.
The tables are labeled but
labels are confusing.

All important data are
present, organized, and
recorded clearly. The
tables are labeled and
placed in a logical order.

GE
Is able to
analyze data
appropriately
Labs: 1-12

No attempt is made to
analyze the data.

An attempt is made to
analyze the data, but it is
either seriously flawed or
inappropriate.

The analysis is
appropriate but it
contains minor errors or
omissions.

The analysis is
appropriate, complete,
and correct.

IA
Is able to
conduct a unit
analysis to test
the
self-consistency
of an equation
Labs: 1-12

No meaningful attempt is
made to identify the units
of each quantity in an
equation.

An attempt is made to
identify the units of each
quantity, but the student
does not compare the
units of each term to test
for self-consistency of
the equation.

An attempt is made to
check the units of each
term in the equation, but
the student either
mis-remembered a
quantity’s unit, and/or
made an algebraic error
in the analysis.

The student correctly
conducts a unit analysis
to test the self-
consistency of the
equation.
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EXIT TICKET:
� Quit Capstone and any other software you have been using.
� Replace the small hook in the force sensor.
� Straighten up your lab station. Put all equipment where it was at start of lab.
� Report any problems or suggest improvements to your TA.
� Have TA validate Exit Ticket Complete.


