Archimedes’ Principle

Purpose: To verify Archimedes' Principle and to use this principle to determine the density of an object.
Equipment: Balance, standard masses, beaker, graduated cylinder, brass cylinder, aluminum cylinder, lead weight, cork, sinker, alcohol, string, and Vernier caliper.

Theory: 

 Whenever a solid body is immersed in a fluid, it displaces a volume of fluid equal to its own volume. Since the volume of water is in equilibrium with the surrounding water before being displaced, a buoyant force equal to the weight of the fluid displaced will be exerted on any submerged solid. This is Archimedes' Principle.

Density is defined as the ratio of the mass of a body to the volume of the body. Specific gravity is the ratio of the density of a body to the density of some other substance, which may be used as a standard. Within the limits of accuracy of this exercise, water at room temperature may be chosen as the standard.

If a solid is submerged in a fluid, it will be acted upon by three forces.

1. The weight of the body, W, which can be expressed in two ways: 

 where 

 are the mass, density and volume of the body, respectively. 

2.The buoyant force, B, on the body, which can be similarly expressed using Archimedes' Principle: 

 where the subscript f refers to the fluid.

3.The tension in the string, T  = apparent weight. 
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 which will be measured as an apparent mass, mapp.
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Since the body is in equilibrium, 

 Obviously, we can compute the buoyant force as 

 i.e., from the difference of the actual weight of the body in air and the apparent weight of the body in the fluid. In fact, the ratio 

 is equal to the specific gravity of the immersed substance relative to the fluid. Since the volume of the fluid is necessarily equal to the volume of the body immersed (call them V), then  

 (specific gravity).

 Instructions: 

1. Weigh the brass cylinder in air with a spring balance. 

2. Weigh the brass cylinder in water. 

3. Determine the specific gravity of the brass. Since the density of water in very nearly 1000 kg/m3, what is the density of brass? 

4. Repeat with the other solids, which have densities greater than the density of water. 

5. Find the density of an object, which normally floats. You will have to use a sinker, of course, and apply Archimedes' Principle to both. (This will take a little thought ahead of time.)

6. If you have another fluid, such as alcohol, determine its density and specific gravity by comparing the apparent weights of a metal object submerged both of the fluids. Namely, put the brass cylinder in the alcohol and determine the density of alcohol from

. Using this, find the specific gravity,


Data:      


m (kg)
mapp (kg)
W (N)
Wapp (N)
B (N)
S.G.


 (kg/m3)

Brass








Aluminum








Lead








Cork








Brass in Alcohol








Determine the volume of the brass cylinder and calculate its density directly. How does this compare with the value obtained above? In which answer do you have greater confidence? 




Brass Height _______________ 
Brass Radius _______________ 

Brass Volume _______________
Computed Density _______________ 

Compare your densities with the accepted values:


Brass 

(103 kg/m3)
Aluminum (103 kg/m3)
Lead 

(103 kg/m3)

Accepted
8.40
2.70
11.3

Experimental




Percent Error




Compute the density and the specific gravity of alcohol.

Density of alcohol _______________  
Specific Gravity of alcohol _______________
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