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Purpose
 	The main goal of this experiment is to determine the density using two ways: the direct method and Archimedes’ Principle. In the first method we measured the mass of the aluminum cylinder using a scale. By using the Vernier Caliper, we were able to determine the length of the cylinder and we used the Micrometer to find the density. In the second part of the experiment, we used Archimedes’ Principle which involves immersing the cylinder in a beaker filled with water, and hanging it from the scale; we made sure that it does not touch the bottom of the beaker. 

Theory
The Direct Method
   In order to find the density of the object, its mass, length and diameter must be obtained, which gives us the equation: 


Eqn. 1



where, M is the mass, V is volume and is density. Since the object that we are using is cylinder, the equation below must be used to find its volume:

Eqn. 2


where, A is the cross section surface area of the cylinder, and l is the length. To find the area, the equation is given by:

Eqn. 3


With all the equations above combined, we will end up with:

Eqn. 4



In experiments like this, there are always errors. To determine the error, we use the equation: 

Eqn. 5

  


Archimedes’ Principle
The second method indicates that the vertical upward force that is exerted on the object immersed in a fluid, is equal to the magnitude to the weight of the substance. 𝐹 = 𝑀𝑎 = 𝜌𝑓V𝑓𝑔

Eqn. 6


Where F represent the force, M is the mass, a is the acceleration, 𝜌𝑓 is the substance’s density, V𝑓 is the volume of the fluid displaced, and g is the acceleration due to gravity. When the object is totally submerged, the volume, V, of both of the object and water is given by: 

Eqn. 7

Where is the weight of the water, is the weight of the cylinder in air, is the density of the water, and  is volume. The weight of the cylinder in air is given by the equation:


Eqn. 8


To solve for , we combine these equation to get:
 
Eqn. 9



In order to determine the errors, we use the equation:

Eqn. 10


  
Which then turns to: 


Eqn. 11






Apparatus
    The set-up is fairly simple. In the first part of the experiment, the mass of the aluminium cylinder is measured using an electronic balance scale. The length is then measured using Vernier Caliper, and using a Micrometer, the diameter is measured. In the second part of the experiment, a 50mL beaker was filled with water and was placed under the scale in which the cylinder is attached to. This causes the cylinder to be immersed in the water, but not touching the bottom of the beaker. 








Figure 1: Apparatus for determining the density using the direct method
The electronic balance scale can measure mass within the 0.0g to 9999g and was accurate to 0.05.  The measurements in the Vernier Caliper can range from 0.15cm and has an accuracy measuring to 0.02mm. The measurements in the Micrometer can range from 0-0.26mm and 0-49mm. 








Figure 2: Apparatus for determining the density using the Archimedes’ Principle
The electronic balance scale can measure mass within the 0.0g to 9999g and was accurate to 0.05.  
Observation
Table 1: Values that were obtained during the experiment using the direct method
	
	Mass of the cylinder in air 𝑀 (𝑔) 

	Diameter of the cylinder (Vernier Caliper) 𝑑 (𝑚𝑚) 
	Length of the cylinder (Micrometer) 𝑙 (𝑚𝑚) 
	Micrometer zero 
𝑙0 (𝑚𝑚)

	Readings
	1. 14.16
2. 14.16
3. 14.15

	Top:
1. 19.1
2. 19.05
Middle:
1. 19.05
2. 19.1
Bottom: 
1. 19.1
2. 19.05
	1. 18.6
2. 18.61
3. 18.61
	1. 0.02
2. 0.02
3. 0.02

	Average
	14.16
	19.1
	18.6
	0.02

	Reading Error
	0.005
	0.03
	0.005
	0.005

	
	0.00057
	0.020
	0.00057
	0

	
	0.0033
	0.0081
	0.0033
	0

	Error Chosen (Reading or Stat.) 
	0.01(reading)
	0.0033(statistical)
	0.005(reading)
	0.005(reading)

	Final Values 
	

±
	

±

	

	
	
	
	Error on 

	
	
	
	±





Table 2: Values that were obtained during the experiment using the Archimedes’ Principle
	
	Mass of the cylinder in water 𝑀𝑤 (𝑔)

	Reading
	1. 8.94g
2. 8.96
3. 8.96

	Average
	8.95

	Reading Error
	

	𝝈𝑰𝑺
	0.0115

	𝝈𝒎𝒆𝒂𝒏 (stat. error) 
	0.0115

	Error used
	0.00

	Final Value
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