Lab 7 Buoyancy

Experiment Type: Cookbook

Overview

In this experiment, students will determine the density of two “unknown” metal objects using their knowledge of the buoyant force.

Key Concepts

Buoyancy, specific gravity, density

Objectives

On completion of this experiment, students should be able to:

1. determine the density of an unknown object

2. explain how the specific gravity tells us about the density of an object

3. explain how density determines if an object will float or sink

Review of concepts

Density

Density XE "Density:definition"  is the amount of mass per unit volume of a substance:
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For substances with constant density (has the same amount of mass in every unity volume throughout the object) the density is
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M is the total mass of the object and V is the total volume.

In this experiment, we wish to find the density of three unknown metals.  We will assume that they have constant density.  We will use a number of methods to determine the density of the metals and we will determine which method gives the most precision.

Buoyancy and Archimedes’ Principle XE "Archimedes’ Principle" 
Archimedes XE "Archimedes"  long ago discovered that an object will experience a buoyant force equal to the weight of the fluid displaced.  We will use this principle in some of the methods in the experiment.  (But, hopefully, without running naked, shouting “Eureka!”)

The buoyant force XE "buoyant force"  is equal to the weight of the displaced fluid.  This can be restated in terms of the density of the fluid, f, and the volume of the object, V:
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The free body diagram of an object submerged in a fluid under the influence of gravity is given in Fig. 8-1.
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Figure 0‑1 The free body diagram of an object submerged in a fluid
Thus the net force on a totally-submerged object is:
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If the density of the object, o, is greater than the density of the fluid, then the net force will be negative, or downward.  In this case, the object will sink.  If the density of the object is less than the density of the fluid, then the object will float.  We will ignore this latter case since the objects in our experiment are all metals.  When submerged in water, these metals will sink.

Specific gravity

Instead of determining the exact density of an object, often time it is easier to find ratio of the density of an object to a known reference density.  A conventional reference is the density of water 
[image: image6.wmf].   The specific gravity of an object is defined as the ratio of the object density to water density.
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If the object is denser than water, there is a very easy way to find the specific gravity of the object.  The specific gravity XE "specific gravity:definition of"  of an object is approximately equal to the ratio of its weight in air to its weight loss in water.
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Since the weight loss in water is equal to the buoyant force in water
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The reason that Eq. (8-6) is only approximately correct because air itself is a fluid, so the weight of the object in air is not quite ogV.  The weight in air, Wair, is the object’s weight minus the buoyant force from air.
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The density of air, a, is quite small compared to the density of water, so this term is often negligible.  If you wish to add the effect of air, the specific gravity XE "specific gravity:correction for air"  formula becomes Eq. (8-7).
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Do we need to use this corrected formula?  How precisely would we have to measure the weights in order to see this correction?

Procedure

We will find the density of the “unknown” metals by several different means.  However, the objects are not really unknown.  You can guess by their appearance that they are copper, and lead.  But let’s see how well we can get their densities with the knowledge we have gained in this chapter!

Part I: Determining the Density Directly

Save for a small hook on the top, the objects are regularly shaped (unlike poor Archimedes’ crown!).  The copper is cylindrical and the lead is spherical.  You can calculate the volume of these objects quite easily!  (I’m sure I don’t have to remind you that Vcylinder = πr2L and that Vsphere = 4/3 πr3!)  You can use a caliper to measure the diameters of the lead, aluminum, and copper objects very precisely.  You can also measure the masses of the objects using our electronic scale or the balance.

Determine the density of both objects.

Part II: Determining the Volume Using a Graduated Cylinder

You can also determine the volume using a graduated cylinder.  If we assume that water is an incompressible fluid, then when we submerge the object in water, the total volume observed will be the original volume of the water plus the volume of the object. (I.e. the difference in volume is equal to the volume of the object).

1. Obtain a graduated cylinder and pour some water into it.  You need enough water to completely cover the object.  (I recommend using the water fountain outside to fill the graduated cylinder.)

2. Note the volume of water in mL.

3. Submerge the object in the water, and note the new volume.  The difference in volume is the volume of the object.  (1 mL = 1 cm3).

4. Find the densities of both objects.

Part III: Finding the Specific Gravity (using a spring scale)

Now let’s use our knowledge of the buoyant force to determine the density!

1. Measure the weight of the object in air using a spring scale. (Make sure the object is dry when you do this.)

2. Measure the weight of the object in water.

3. Calculate the weight loss in water.

4. Determine the density using Eq. (8-6).

5. Find the densities of both objects.

Part IV: Finding the Specific Gravity (using an Atwood machine XE "Atwood machine" )

We will now change our apparatus to the set-up shown in Fig. 8-2.
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Figure 0‑2 Using an Atwood machine to measure the weight loss in water
This apparatus is called an Atwood machine.  It is a simple balance which we will use to more precisely measure the weight loss in water.  When the weight hung on the right side, mhg, exactly matches the weight of the object submerged in water, the apparatus will balance (i.e. it will not accelerate to the right or left).

Using this method to find the weight of the object in water, find the densities of the three objects.

Assignment

Make sure you show which method yields the most precise answer.  Compare your results with the results from Tipler to determine the accuracy of each method:

Density of Cu:

8.93 x 103 kg/m3
Density of Pb:

11.3 x 103 kg/m3
Also, answer any questions which the TA assigns.

Questions

1. Are our methods in Part III and IV precise enough to see the effect of the air’s buoyant force?  Use Eq. (8-7) to calculate the specific gravity using the known densities for copper, lead, and aluminum.  Compare this to the result from Eq. (8-5) using the known densities.  What percent uncertainty would we have to measure our values in order to measure this effect?

2. Discuss the limitations of the precision of the Atwood machine method used in Part IV.  (Consider the assumptions that are inherent in this measurement!)

3. The values we obtained in Parts II, III, and IV are very rough.  Why don’t we always use the method in Part I?

4. How can you decrease the error in Part II?  Consider each term in the propagation of errors you used for Part II.  Which variables could reasonably be changed?  (By reasonable, I mean that you can’t say that we need a magical device which measures the mass to a millionth of a gram!  There are some obvious practical steps that could be taken with our present equipment that would improve precision.)

5. Describe of another way to determine the density of the objects.
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