Floating Eggs
Description


The following experiment will demonstrate buoyancy through volume displacement of an object in fluids of different densities.  

Curriculum

Grade 8 Science, Cluster 3: Fluids

· 8-3-06 – Measure, calculate, and compare densities of solids, liquids, and gases.

· 8-3-08 – Compare fluids of different densities to determine how they alter the buoyant force on an object.

Senior 3 Chemistry 30S, Solutions

· C30S-4-07 – Differentiate among saturated, unsaturated, and supersaturated solutions.

· C30S-4-14 – Prepare a solution given the amount of solute (in grams) and the volume of solution (in mL) and determine the molarity.

· C30S-417 – Perform a dilution from a solution of known concentration.

Senior 3 Physics, Mechanics

· S3P -3-12 – Construct free-body diagrams to determine the net force for objects in various situations.

Materials

· Water

· 3 – Eggs 

· 3 – Beakers (500 mL size)

· 1 - Box of Salt    

· 1 - Bag of Sugar

· 1 – Teaspoon

· 1 - Small Scale 

Safety

Advise students not to drink or directly smell the solutions.

Procedure
1.
Fill three beakers with the same amount of water, approximately 400 mL.

2.
Weigh each beaker.

3.
Ask the students to predict what they think will happen when eggs are dropped into each beaker.

They should predict that the eggs will sink, as the density of a raw egg is greater than the density of water.

3.
Place the eggs in each beaker of water and get the students to observe the results.  

They should observe that all three of the eggs sink.

4.
Add approximately 3 teaspoons of salt to one beaker and approximately 3 teaspoons of sugar to one beaker.

5.
Ask the students to predict what will happen when the eggs are again placed in each beaker.

They will probably predict that the eggs will still sink.

6.
Place the eggs in each beaker again and get the students to observe the results.  

They should observe that all three of the eggs should again sink.
7.
Add approximately 10 teaspoons of salt to the beaker containing the salt solution and approximately 10 teaspoons of sugar to the beaker containing the sugar solution.

8.
Ask the students to predict what will happen when the eggs are again placed in each beaker.

Some students might predict that the eggs will sink and others might predict that the eggs will float in the beakers with the salt and sugar solution.

9.
Place the eggs in each beaker again and get the students to observe the results.  

The students should observe that the eggs in the salt and sugar solutions float.

10. Take the eggs out of the three beakers.  Get the students to predict what may have happened to the weight of the beakers that contain the salt and sugar solutions.  Then, weigh the beakers containing the salt and sugar solutions.  

The students should note the changes in weight of the two solutions.  They should notice that the weight of the beakers with the salt and sugar solutions has increased.

11. Inform the students that they just witnessed the concept of buoyancy through volume displacement of an object in fluids of different densities.  Tell the students that the initial clear liquid in each beaker was water and that the powdery white substances added to the water were salt and sugar.  Explain that adding salt or sugar to the water increases the density of the solutions and therefore increases the buoyant force that the solution exerts upon the egg when compared to that of ordinary water.  

Extension Questions


To increase the students’ curiosity regarding this discrepant event the following extension questions could be asked of the students and some of them could be demonstrated for the students to observe and attempt to explain the results.

1. Ask the students what would happen to the eggs in the three beakers if we were to hard-boil the eggs before dropping them into the solutions.

2. Ask the students what would happen to the eggs in the three beakers if we were to peel the hard-boiled eggs before dropping them into the solutions.

3. Ask the students what would happen if we were to crack and drop raw eggs into the three beakers.

4. Ask the students if using hot water instead of cold water might make a difference.

5. Ask the students if placing ice cubes in the water (decreasing the temperature) might make a difference.

6. Ask the students what would happen if an egg was placed into a carbonated solution like 7-Up.

7. Ask the students if the eggs would still float if we were to use the same amount of salt but increase the amount of water (i.e. dilute the solution).

Theoretical Background

The ability of an object to ‘float’ when it is placed in a fluid is called buoyancy.  The concept of buoyancy is explained below by Archimedes’ Principle:

· An object submerged in a fluid displaces a volume of fluid equal to the volume of the object (or portion thereof) that has been submerged.

· An object submerged in a fluid experiences an upward (buoyant) force caused by the fluid surrounding the object.

· The size of the buoyant force acting on a submerged object is equal to the weight of the fluid that has been displaced by it:

Fb = ρgV

Where

Fb is the buoyant force,

ρ (Greek letter rho) is the density of the fluid,

g is the acceleration due to gravity,

V is the volume of the displaced fluid.

Note that an object’s weight is not the same as its mass, it is a force. 

(weight = mass * gravity)

An object will float in a fluid because of the buoyant force acting on it.  When the weight of the object equals the weight of the fluid displaced by the object, the object floats.  The upward (buoyant) force exerted on the object by the fluid is related to the densities of both the object and the fluid.

Density is defined as the mass, m, per unit volume, V, of a substance.  To calculate density, ρ, divide the mass by the volume ρ = m/V.

If an object is less dense than the fluid in which it is placed, it will ‘float’ on the fluid, if it is denser than the fluid, it will ‘sink’.  This concept explains why some objects float on fluids while others sink.

Fluids are altered in this discrepant event by adding salt and/or sugar to water to change densities.  For instance, by creating a water and salt solution, the fluid density increases.  This means that the same volume of solution has more mass than the same volume of ordinary water.  Therefore, the same egg submerged into the denser solution will now displace less fluid volume than in ordinary water before floating at the surface.  As well, the denser solution will exert a greater upward or buoyant force upon the egg causing it to float.

Conclusion


The “Floating Egg” discrepant event is a great tool to use in a senior 3 chemistry or physics classroom.  As well, it could be used in a grade 8 general science classroom with less detail from this explanation included.  The diversity of this discrepant event makes it a demonstration that can show students of a variety of age levels simple as well as more advanced concepts such as density, buoyant forces or volume displacement.  This demonstration will get students to review what an unsaturated and saturated solution is and how this may affect the density of the solution.  It can also be extended into a lesson on the determination of molarity of a substance.  This demonstration allows the teacher to implement and practice the POE (Predict, Observe, and Explain) method of instruction.  We set-up a scenario for the students and then ask the students to predict what they think will happen when the eggs are placed in water, an unsaturated salt or sugar solution, or a saturated salt or sugar solution.  Then we will demonstrate the scenario and get the students to observe and attempt to make sense of what they have observed.  Once the students have attempted to explain what they observed, we can expand their understanding and curiosity by posing extension questions to the students.  Some of these questions might include:  Would the egg float or sink if the water was heated?  What would happen if the eggs were hard‑boiled first or if the hard-boiled eggs were peeled? What if the raw eggs were cracked first and then placed into the solutions?  


This experiment is discrepant for a number of reasons:

· The students will wonder why the egg floated only when salt or sugar was added to the solution.

· The students will wonder why the egg will only float after a certain amount of salt or sugar is added to the solution and what it did to the solution.

· The students will wonder why the egg will only float when certain substances are added to the water. 

· They will not expect that the salt or sugar increased the density of the solution.

To reinforce a student’s understanding of this discrepant event, we will explain this event with analogies to natural occurrences.  Similar events occur naturally in many environments throughout the world.  To stay afloat in a freshwater lake takes a lot of effort, but if you were to swim in a saltwater environment, for example, the Dead Sea it requires less effort to float on the surface.  This is because the salt water exerts a greater buoyant force on your body.  A more drastic and detrimental circumstance may occur when loading a cargo vessel that is intended to travel in both freshwater and saltwater during the same trip.  If careful consideration is not given to loading, a heavily loaded cargo vessel traveling in saltwater may capsize when attempting to traverse into a freshwater tributary or lake.  The less dense freshwater may not exert adequate buoyant force on the vessel, and it will not float as high in the water.

An analogy can be made through demonstration with the help of a free body diagram to show how forces apply to this situation.  Use a boat to show how buoyant forces react to equal gravitational forces.  This balance allows the boat to stay afloat at the surface.  You can then apply this to the egg.  In water, the water is not dense enough to supply enough buoyant force to equal the gravitational force.  However, in a solution of salt and water, changes in density allow a greater buoyant force on the egg to equal the gravitational force.
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