It Floats

Question: Have you ever wondered why certain objects float while others sink?

Exploration

1. Obtain the information to complete Table 1 using the graduated cylinder, scale, and objects.  For each object:

a. Determine the mass (iWEIGH 2000 scale gives the mass in grams)

b. Determine the initial volume of water in the graduated cylinder

c. Place the object into the graduated cylinder

d. Determine the final volume of water in the graduated cylinder

e. Subtract the initial volume from the final volume to determine the amount of water the object displaces

f. Calculate the mass of the displaced water (Hint: 1 ml of water has a mass of approximately 1 gram)

Table 1. Displacement and mass data.

	Object
	Mass of Object (g)
	Initial Volume (ml)
	Final Volume (ml)
	Displacement (ml)
	Mass of Displaced Water (g)

	Film canister w/pennies
	
	
	
	
	

	Diet Coke
	
	
	
	
	

	Softball
	
	
	
	
	

	Racquetball
	
	
	
	
	

	Block with “I” or “M”
	
	
	
	
	

	Small wood block
	
	
	
	
	

	Ping pong ball
	
	
	
	
	

	Golf practice ball
	
	
	
	
	

	Empty vile
	
	
	
	
	

	Tennis ball
	
	
	
	
	

	Water – full
	
	
	
	
	

	Water – 2/3 full
	
	
	
	
	


Answers will vary due to different initial volumes and objects used.  However, the mass of the object should be approximately equal to the mass of the displaced water.  There will be small differences due to problems being precise with the measuring instruments.  

Concept Development

1. Plot the data for the mass of the objects and the mass of the water they displace on the graph provided.

2. Draw a line through the data points.

3. How does the mass of the object affect the amount of water it displaces?

For an object that floats, the mass of the object is equal to the mass of the water displaced.  Thus, a heavier object will displace more water (or fluid) than a lighter object, assuming both are floating.  And, the relationship is linear; a floating object that has twice the mass of another object will displace twice as much water.
4. For a floating object, the forces due to gravity and buoyancy are equal.  The force of gravity on an object equals the product of the mass of the object and gravitational constant.  Write the force due to buoyancy for a floating object in terms of an object’s mass, m, and the gravitational constant, g.

Buoyant force = mg
5. From the data and graph, we can see that - for a floating object - the mass of the object is equal to the mass of the water it displaces.  If the mass of two things is the same, what can we say about the weight of those same two things?

If the mass is the same, the weight is the same.

Weight = mg, so if m1 = m2, W1 = m1g & W2 = m2g

If m1 = m2 = m, then W1 = W2 = mg
6. In general, what can you say about the buoyant force on a floating object in terms of the amount of water it displaces?

The buoyant force on a floating object is equal in magnitude to the weight of the water it displaces.
Concept Application / Engineering Application

1. What mass of water would you expect a floating 700-gram bottle of Gatorade to displace?

Because it is floating, 700 grams of water will be displaced.
2. If we had used salt water (which has a higher density than fresh water) in our graduated cylinder, would this have an effect on the volume of the water displaced?  What about the mass displaced?  Explain.

The mass displaced would remain the same.  Regardless of the fluid, if the object floats, the weight of the water displaced is equal to the weight of the object.  Thus, the masses are equal as well.

However, the volume will be different.  Because salt water is more dense than fresh water, a smaller volume of salt water will be the same weight, compared to fresh water.  Thus, the object will displace a smaller volume of fresh water.
3. A one-meter thick floating bridge has a mass of 300,000 grams per square meter of surface area.

a. Calculate the volume of water the bridge will displace

The bridge is floating, so it will displace 300,000 grams of water per sq. meter.  One ml of water has a mass of about 1 gram, so it will displace approximately 300,000 ml of water.
b. Calculate the depth the bottom of the bridge will be below the surface of the water

V = whl, wl = 1 m2
1 ml = 1 cm3
1 m2 = (100 cm)2 = 10,000 cm2
300,000 cm3 = (10,000 cm2) * h, where h is the submerged depth

h = (300,000 cm3) / (10,000 cm2) = 30 cm

c. Calculate the load (per square meter of surface area) that will result in the bridge deck being submerged

For the deck to be submerged, the mass must be more than the maximum buoyant force.  The max buoyant force is:

(100 cm)3 * 1 g/cm3 * g = 1,000,000 grams * g, where g is the gravitational constant

The floating bridge has a mass of 300,000 grams, so a load of 700,000 grams + will result in the deck being submerged.

4. Look at the picture below.  If the top of the water in the “water bridge” is kept constant, does the weight of the boats affect the load on the bridge?  Explain.  (Hint: think about the things we learned about today)

[image: image1.jpg]



If the top of the water is kept at a constant level, the weight of the boats does not affect the load on the bridge.  The weight of the boats will be counteracted by less water in the bridge because an equal amount of weight of water will be displaced
