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Introduction:

Refraction is the change in direction of a wave when the wave passes from one medium into another, and changes its speed.  Light waves are refracted when crossing the boundary from one transparent medium into another because the speed of light is different in various substances.  The Latin word "fract" in refraction means to break. Refraction is the "breaking or bending" of waves as it travels to a different density media. The speed of light in a medium is 
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, where n is the index of refraction of the medium. The absolute index of refraction of a material is defined as the ratio of the speed of light in a vacuum “c” with respect to the speed of light in the material “v”. From this definition, one can see that the index of refraction is a dimensionless number that is greater than 1 because “c” is always greater than “v”. 

The index of refraction varies with frequency or colour. Frequency does not change as light travels from one medium to another. Since frequency remains constant, the change in the speed of light in the material is directly proportional to the change in the wavelength of light as it travels from one medium to another medium. The name crown glass comes from the manufacturing process. 

The index of refraction can also be measured using Snell’s Law. 
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 one can see that Snell’s law can be used to calculate index of refraction, but there must be three known values to find the fourth. 

There is yet another way that the index can be calculated. Using geometry, one can measure the index of refraction based on the ratio of the lengths of Cm and Dn. With pin Q as the centre of a circle, these are the distances from the point that touches the circumference (C and D) of the circle along line PQ and QR to the perpendicular of the normal of line AB (m and n). The index of refraction from glass to air is 
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. (Refer to Fig. 2 in the Apparatus section for a visual) 

Purpose:


To find the index of refraction of crown glass, and to compare the accuracy of the method with the known value of refraction.

Materials:


-Crown glass, 6cm x 7cm x 1.5cm


-metal pins


-cardboard


-paper


-ruler


-pencil


-compass

Procedure:

1.) A horizontal line AB was drawn on a paper.

2.) The crown glass’s edge was placed on the line.

3.) A pin P was placed at any point along the edge that is furthest from the line. Cardboard was used underneath the paper to ensure it stood.

4.) A pin Q was placed along the edge that was on the line, making sure that the pins were oblique to line AB. 

5.) Looking through the glass from Q to P from a distance of 30 cm, a pin R was placed where the line of sight seemed to hide pin P. Pin R made all pins linear while looking through the glass.

6.) The glass and pins were removed from the paper. 

7.) Lines PQ, QR and the normal to AB at Q were drawn.

8.) A circle was drawn with centre Q that passed through lines PQ and QR at C and D, respectively.

9.) Perpendiculars were drawn towards from C and D to the normal of AB, forming Cm and Dn, respectively.

10.) The lengths of Dn and Cm were measured in millimetres, and the ratio of 
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 was calculated.

Apparatus: 
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Fig. 1 

Fig. 2

Data: 

Fig. 3




Fig. 4



Fig. 5


Fig. 6

Experiment Data

	
	Dn
	Cm

	Fig. 3
	71mm
	48mm

	Fig. 4
	47mm
	32mm

	Fig. 5
	46mm
	30mm

	Fig. 6
	26mm
	17mm


Calculations:

Fig. 3 
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Index of Refraction Calculations
	
	Dn
	Cm
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	Fig. 3
	71mm
	48mm
	1.48

	Fig. 4
	47mm
	32mm
	1.47

	Fig. 5
	46mm
	30mm
	1.53

	Fig. 6
	26mm
	17mm
	1.53

	Average
	
	
	1.50


Analysis:


There were many sources of errors in the procedure of this lab, including the line-of-sight-strategy and the fact the normals Cm and Dn were drawn freehand. Since the perpendiculars were drawn freehand, and because the circles were very small, making the perpendiculars small, the room for inaccuracy was high. Being off by one degree either side of the perpendicular made the lengths shorter or longer. 

Based on measurement, an average person can judge within 1mm higher or lower than the actual length of a line. Because of this, the extremely small values of the lengths can easily give a different value for the index of refraction. If Fig. 3 was measured as Dn=72mm (1mm+) and Cm=47mm(1mm-), then the value would be greatly different from its original 1.48.

Fig. 3 
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Calculations With Dn(1mm+) and Cm(1mm-)

	
	Dn
	Cm
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(Original)

	Fig. 3
	72mm
	47mm
	1.53
	1.48

	Fig. 4
	48mm
	31mm
	1.55
	1.47

	Fig. 5
	47mm
	29mm
	1.62
	1.53

	Fig. 6
	27mm
	16mm
	1.69
	1.53

	Average
	
	
	1.60
	1.50



As the above shows, the difference between averages was 0.10. Since the average is more relevant because it involves quantitative results, this value will be used for the value of accuracy. The value of accuracy must be the largest value possible as to keep every possible error in range. This was accomplished by increasing the highest number, Dn, and decreasing the lowest number, Cm.


 Since the values were very small, the ratios were easily affected by the changes. Had the lengths be large, i.e. Dn=2500mm and Cm= 1645mm, then the change of 1mm
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 wouldn’t have made a relevant change.

i.e. 
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   =1.521


Therefore, the value of accuracy was found to be 
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0.10.

Conclusion:


The index of refraction of the crown glass was found to be n=1.50
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0.10. Taking into the account the sources of error of drawing freehand normals, using line-of-sight-strategy, and the small values for lengths, the confidence of the final determined value remains at a medium level.
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