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Objective:

The purpose of this experiment was to estimate the uncertainties in direct and indirect measurements. In this lab we will determine the volume, mass and density of homogenous and regular shaped solids as well as the uncertainties associated with those measurements

Theory:

Whenever we perform measurements, there are usually two types of errors in our results. These errors are reading errors and observation errors. These errors are caused by the inability to obtain precise measurements using various apparatus in the laboratory. 

The first error associated with our experiments is called reading error. This occurs when the human eye is unable to precisely determine the reading on a specific scale (e.g. mm scale on a meter stick) and therefore the experimenter needs to approximate the scale to the best of their capability. 

The reading error is usually half of the smallest distance between scale markings. Therefore for the meter stick that was used in the experiment, the uncertainty of measurement would be ±0.5 mm because that is half the distance of 1 mm.  

The second type of error that occurs is observation error.  When taking several measurements of the same object in an experiment, it is best to find the average value of all these measurements as this will give you the most accurate estimate of the measured values. Therefore the observation error is the largest difference between the measured values and the average value. 

Therefore when calculating the uncertainty for a direct measurement we use the formula 
(x ± ⧍x) where x can be described as the average value and ⧍x is the uncertainty of measurement.

Another type of measurement is an indirect measurement which is calculated from different quantities.

When adding or subtracting two or more measured quantities to get an indirect measured quantity you use the formula:

Δy = √(Δx1)2 + (Δx2)2 

When multiplying or dividing two or more measured quantities to get an indirect measured quantity you use the formula:

 2 +  2]

The first experiment that was performed was the Parallax. In this experiment the 


Procedure: not point form
A: Parallax
1- A meter stick and a large rectangular block were collected. 
2- The meter stick was placed a few centimeters in front of the block on the tabletop.
3- Using the meter stick, the height of the block was measured 3 times each at a different level above the tabletop. These values were recorded. 
4- The meter stick was then placed right next to the rectangular block and the height of the block was measured at three different heights above the tabletop.  These values were recorded. 

B: Measurements of Volume and Density
1- A small rectangular solid was taken and its physical properties were recorded. 
2- The length of the solid was measured with a meter stick and the width and length were measured with a caliper. Each measurement was performed three times.
3- The average value and the uncertainty associated with the measurements were recorded. 
4- Using the propagation rule the volume and its uncertainty were calculated. 
5-  The mass of the object was then measured three times using a balance. The most probable mass of the solid was then recorded. 

C: Volumetric Displacement of Water
1- A graduated cylinder and beaker were collected.  
2- A solid was placed in the beaker and enough water was added in the beaker so that the solid was completely immersed.
3- The height of the water in the beaker was then marked using a masking tape. 
4- A graduated cylinder was filled with about 90 milliliters of water. 
5- The solid was then removed from the beaker. 
6- The water from the graduated cylinder was then poured into the beaker until the water reached the level indicated by the tape. The volume of water remaining in the cylinder was then recorded. 
7- Using in the initial and final readings of the volume of water in the graduated cylinder the volume and density of the solid were determined. 
8- The uncertainties of the volume and density were then calculated. 


Observations and Results:
	
	Height (cm)

	Measurement # 1
	4.4

	Measurement # 2
	4.4

	Measurement # 3
	4.3

	Average Value
	4.4


A: Parallax
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	Height (cm)

	Measurement # 1
	5.6 

	Measurement # 2
	5.3 

	Measurement # 3
	4.9

	Average Value
	5.3





B: Measurements of Volume and Density

Physical Properties – solid, 
Mass of solid = 287.8 g

	
	Length (mm)
	Width (mm)
	Height (mm)

	Measurement # 1
	32.10
	32.10
	32.05

	Measurement # 2
	32.05
	32.10
	32.00

	Measurement # 3
	32.10
	32.10
	32.05

	Average Value
	32.08
	32.10
	32.03

	Uncertainty 
	32.08 ± 0.03
	32.10 ± 0.00
	32.03 ± 0.03



Density = mass / volume 
	  = 287.8 g / 33.02 cm3
	  = 8.72 g / cm3

C: Volumetric Displacement of Water

Graduated Cylinder 

Original Volume = 90 ml
Volume After = 55 ml 
Volume Difference = 90 ml – 55 ml = 35 ml


Density = mass / volume 
                 = 287.8 g / 35 ml 
	   = 8.2 g / ml


Discussion and Conclusions:
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