
Kitchen Physics: Exploring the 
Boundaries of Archimedes Principle in 
Addressing Common Buoyancy 
Problems in Engineering

SARSEF 2023



Introduction

In engineering, there are many situations where you may need to float 
an object in a liquid as part of a successful design. Boats, aircraft, 
submarines, and life jackets are obvious examples. However, pipes in the 
ocean that carry oil and natural gas must be designed with buoyancy 
laws in mind to prevent them from being damaged under the pressures 
of deep, cold water (EPCM, n.d.). Drugs are designed to overcome 
buoyancy in stomach fluids so they can be absorbed by the body better 
(Ishak, 2015). Ventilation systems in buildings (Moffitt, n.d.), fuel gauges 
in cars (Uni, 2013 ), and concrete forms used to support bridges (NPCA, 
2010) all rely on the laws of buoyancy to function properly. 

Buoyancy problems in engineering generally focus on how an object 
behaves in a fluid. On rare occasions, engineers get lucky and the object 
floats as needed without making any adjustments to the properties of 
the object or the fluid. But usually, they must adjust the properties of the 
object and the liquid to make the design work. However, in the most 
challenging cases, only the properties of one or the other can be 
changed. How much latitude do engineers have with the laws of 
buoyancy? What adjustments can they make and how do they make 
them? How can they best plan for the effects of buoyancy without the 
expense of testing their design hundreds of times? 

This project investigates the laws of buoyancy – specifically, Archimedes 
Principle – to understand how properties of objects and fluids can be 
controlled in engineering cases. How do you make a heavy object float? 
How do you make a light object sink? This project explores these 
questions using experiments with an egg and saltwater to probe the 
boundaries of buoyancy. Can we control how an object floats in a fluid by 
playing with Archimedes Principle? 



Question/
Problem and 
Predictions

This project explores how engineers control the laws of buoyancy when 
they solve real world problems. We used an egg in saltwater at various 
concentrations to test the boundaries of Archimedes Principle to 
understand what controllable factors make objects sink and float in a 
fluid. We noted the conditions and measured, calculated, and compared 
the buoyancy force when an egg floats, sinks, and is suspended in a fluid.

Our general hypothesis is that it is possible to control how an egg is 
suspended in saltwater by controlling the density of the saltwater 
solution. Based on the solubility of salt in water (180g/500ml), we 
estimate it will take 90g of salt in 500ml of water to suspend the egg 
halfway in the solution.



Procedure

We conducted 5 experiments, 3 trials
each, for a total of 51 buoyancy events.
All events are detailed
in the data journal.

Experiment 1 tested a plain egg’s 
behavior in plain 
water.

Experiment 2 tested a plain egg’s 
behavior in 10 different saltwater
solutions (from 180g to 0g in
20g increments).

To test the influence of the egg:

Experiment 3 tested an empty egg’s
behavior in plain water.

Experiment 4 tested a water-filled 
egg’s behavior in a saturated saltwater
solution.

Experiment 5 used insights from the 
four previous experiments to suspend
the egg halfway in solution demonstrating
that Archimedes Principle can be used to
control the behavior of an object in
a fluid.
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Experiment 1

Plain Egg Sinks in Plain Water: 0g Salt/500ml Water

Archimedes Principle says that an object
submerged in a fluid will experience an
upward pressure equal to the weight of
the fluid displaced. This pressure is
understood as the difference between
all forces upward and downward acting
on the object and is directly
influenced by the densities of both the
object and the fluid. 

In Experiment 1, the egg sank. We can
Expect this behavior when the density of
the object is greater than the density of
the fluid.

Using Archimedes Principle, we can
Calculate the buoyancy force in Newtons
acting on the
egg:

Fb(N) = V(m3) x D(kg/m3) x G(m/s2)

Fb(N) = 0.000050 m3 x 1000 kg/m3 x 9.81 m/s2

Fb(N) = 0.4905 N

Therefore, the buoyancy force is relatively
small. 
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Experiment 2

Plain Egg Floats in Saturated Saltwater: 180g Salt/500ml Water

In Experiment 2, we have created
Conditions opposite to Experiment 1.
The egg now floats. We can expect this
behavior when the density of the object
is less than the density of the fluid. 

Using Archimedes Principle, we can
Calculate the buoyancy force in Newtons
acting on the egg:

Fb(N) = V(m3) x D(kg/m3) x G(m/s2)

Fb(N) = 0.000050 m3 x 1350 kg/m3 x 9.81 m/s2

Fb(N) = 0.6621 N

Therefore, the buoyancy force is
relatively greater than Experiment 1.

Photo: Experiment 2, Trial 1, Jar 1



Experiment 3

Empty Egg Floats in Plain Water: 0g Salt/500ml Water

In Experiment 3, we tested the role of the
egg in buoyancy force. The egg was emptied
of its contents and tested in plain water.
The egg floats. Just as in Experiment 2, we 
can expect this behavior because the density
of the object is less than the density of the
fluid. 

Using Archimedes Principle, we can calculate
the buoyancy force in Newtons acting on the
egg:

Fb(N) = V(m3) x D(kg/m3) x G(m/s2)

Fb(N) = X m3 x X kg/m3 x 9.81 m/s2

Fb(N) = 0.1569 N

Therefore, the buoyancy force is
much smaller than Experiment 1 or
Experiment 2.
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Experiment 4

Water-Filled Egg Floats in Saturated Saltwater: 180g Salt/500ml 
Water

In Experiment 4, we tested the role of the
egg in buoyancy force a second time. This
time the egg was egg was filled with water
and tested in saturated saltwater. The egg
floats. Just as in Experiments 2 and 3,
we can expect this behavior because the
density of the object is less than the
density of the fluid. 

Using Archimedes Principle, we can
calculate the buoyancy force in Newtons
acting on the egg:

Fb(N) = V(m3) x D(kg/m3) x G(m/s2)

Fb(N) = X m3 x X kg/m3 x 9.81 m/s2

Fb(N) = 0.6621 N

Therefore, the buoyancy force is
very similar to Experiment 2.
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Experiment 5

We Achieved Center Float of a Plain Egg in Saltwater! 
61.5g Salt/500ml Water

In Experiment 5, we used our previous
observations to control where an egg
floats in suspension. We predicted that 
it would take ½ the concentration of
saltwater to make it float halfway (90g). 
However, we discovered that it took
significantly less salt (61.5g). This is
Because at 61.5g, the density of the water
(1.12g/cm3) essentially equals the density
of the egg (1.13g/cm3). 

Using Archimedes Principle, we can
calculate the buoyancy force in Newtons
acting on the egg:

Fb(N) = V(m3) x D(kg/m3) x G(m/s2)

Fb(N) = 0.000050 m3 x 1120 kg/m3 x 9.81 m/s2

Fb(N) = 0.5493 N

The buoyancy force is very close to halfway
between Experiment 1 and Experiment 2.

Photo: Experiment 5, Trial 1, Jar 4 



Results

Experiment 1: Plain egg sinks in plain water = Fb(N) = 0.4905 N

Experiment 2: Plain egg floats in saturated saltwater solution = Fb(N) = 
0.6621 N

Experiment 3: Empty egg floats in plain water = Fb(N) = 0.1569 N

Experiment 4: Water-filled egg floats in saturated saltwater solution = Fb(N) 
= 0.6621 N

Experiment 5: Suspended egg in saltwater solution = Fb(N) = 0.5493 N

We can absolutely use Archimedes Principle to control the behavior of an 
object in a fluid. The density of the egg and density of water strongly 
influence the buoyancy force. But are there any other important 
considerations?



Discussion/
Interpretation

Yes! Eggs have a hidden trick that helps them float!

Eggs have an air pocket. This air pocket
reduces the egg’s mass while maintaining
its volume. This helps increase its buoyancy
in a fluid. We witnessed the effect of this
air pocket as the density of the saltwater
solution changed. When the egg floated
on the surface, it lay parallel to the water.
as it began to sink when the density of the
water decreased, the pointed-end faced
down because it is heavier than the light
end with the air pocket. The pointed-end
stayed down until the egg sank completely
in the plain water and lay on the bottom
of the jar.

Creating air pockets is a vital strategy used
By engineers in their designs. From boat
hulls to concrete and other porous
materials, these pockets significantly
reduce the density of the object in ways
that make controlling the properties
of the fluid in buoyancy-informed problems
even easier. 

Photo: Experiment 2, Trial 1, Jar 5; Ex. Air Pocket/Direction



Implications

We learned that is possible to control where an object floats in a solution 
by controlling the densities of the object and the fluid using Archimedes 
Principle. Engineers leverage these laws to optimize the performance of 
their designs when buoyancy is an obstacle - or part of the solution - to 
solving a problem.



Future 
Research

In our reading we learned that temperature and air pressure can also 
affect buoyancy. It would be fun to create a more complicated 
experiment that also uses them as dependent variables. It would also be 
fun to test super light solid objects in super light fluids or even heavy 
gases (if we could identify some that were not hazardous).

We also wondered if a fluid can be controlled in another fluid using 
Archimedes Principle. Milk has a similar density to an egg. It would be 
fun to try to control the milk in a saltwater solution to see how it behaves 
and learn how to measure that behavior.
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