Metric Standards and Density

The metric system provides a small number of fundamental standards that can be used for measuring mass, length and time.  

The fundamental standard of mass is the kilogram.  An unknown mass may be compared with a standard kilogram in the process of measuring mass.

The fundamental standard of length is the meter, and the length of an object is determined by comparing it with the standard meter.

The quantity known as volume, however, is derived from the standard of length.  Volume is measured in a unit called the m3.  A smaller unit of volume is derived from a fraction of a meter called a decimeter.  1 dm3 is called a liter (L).  1 mL is the same as 1 cm3.
Density is another derived unit.  Density describes the amount of mass found in a certain volume of matter.  

Density may be calculated from the following formula:

 = m/V

where  = density, m = mass, and V = volume.

A. Measurement of mass

1. Zero your platform balance.

2. Find the mass of 1 paper clip from your sample.  Record the mass to the nearest hundredth of a gram in table 1-1.
Repeat the procedure for 2 other paper clips.  

Find the average mass of the 3 paper clips and record your information in table 1-1.

3. Place 10 paper clips on the scale and measure their total mass.  Calculate the average mass of a paper clip from this data and record in table 1-2.

Repeat for 20, 30, 40, and 50 paper clips.

B. Density

1. Measure and record the mass of an empty graduated cylinder.  

Add water until the cylinder is about half full.  

Measure the mass of the cylinder plus water.

Calculate the mass of the water and record in table 1-3.

2. Look at the water level in the cylinder at eye level and record the volume of the water to the nearest tenth of a cm3.  Record in table 1-3.

Calculate the density of the water.  Record in table 1-3.

3. Put as many paper clips as possible into the water in the graduated cylinder.
Make sure all the clips are submerged.  

Dislodge any air bubbles and record the volume of the water and clips in table 1-4.

4. Pour out the water and remove the clips from the cylinder.  Count the number of clips.  Record in table 1-4.

Use your data to calculate the volume of one clip and record in table 1-4.

5. Use your best estimate of the average mass of 1 paper clip to calculate the density of 1 paper clip.  Record in table 1-4.

6. Use a vernier caliper to measure the dimensions of a cylindrical mass and record your information in table 1-5. 
Use the platform balance to determine the mass of the cylinder. 

Calculate the volume (V = π r2 h) and the density of the cylinder.  Record in table 1-5.

7. Use the water displacement method to determine the volume of the cylinder.  (As in step 3, above.)
Calculate the density of the cylinder.  

Create a table, labeled 1-6 to display all the data you used to determine the density in this procedure.

C. Questions and calculations
1. Calculate the percent difference between the density determined in step 6 and the density determined in step 7.

Use the following formula:



% diff = O – A   x   100
                                      A
“A” stands for the accepted value of a quantity, and “O” stands for the measured value of a quantity.  

Since both densities are measured, you must decide which method for deriving the density (step 6 or step 7) you are most confident about.  Use the method in which you have the most confidence as “A” and the other method as “O”.

2. Explain why you were more confident about one method of density determination compared with the other method.
3. Explain how you determined the mass of 1 paper clip.  Why did you choose this method?

3. Paper clips are made from a mixture called steel.  The density of steel is approximately 7.50 g/cm3.  
Calculate the percent error of your value for the density of the paper clip with the accepted value.  Use the same formula that you used in step C1.

The cylinder is made from aluminum, whose density is 2.70 g/cm3. 

Calculate the percent error for the cylinder and include the information in table 1-6.
4. Assume that the average volume of an adult human body is .12 m3 and that the total number of adults in the world is 3.5 billion.  


a. What would be the total volume of all the adults in the world?

b. Compute the length of one edge of a cubic container that has a volume equal to the volume of all the adults in the world.

D. Data

table 1-1

	Trial
	Mass (g)

	First clip
	

	Second clip
	

	Third clip
	

	Average mass
	


table 1-2

	Number of Clips
	Total Mass
	Average mass

	10
	
	

	20
	
	

	30
	
	

	40
	
	

	50
	
	


table 1-3

	Mass of empty cylinder
	

	Mass of cylinder and water
	

	Mass of water
	

	Volume of water
	

	Density of water
	


table 1-4

	Volume of water (table 1-3
	

	Volume of water and clips
	

	Total volume of clips
	

	Number of clips
	

	Volume of 1 clip
	

	Mass of 1 clip
	

	Density of 1 clip
	


table 1-5

	Length of cylinder
	

	Diameter of cylinder
	

	Radius of cylinder
	

	Volume of cylinder
	

	Mass of cylinder
	

	Density of cylinder
	


table 1-6  (Draw and label your own table.)
