Geometrical Optics (challenging)
Take the refractive index of glass to be 1.50.

1.
A ray of light is incident at an angle of 70o on an air-glass boundary.  Calculate to the nearest degree the angle through which the ray is deviated.

2.
A ray of light is incident at an angle of 21o on a glass-air boundary.  Through what angle (to the nearest degree) is the ray deviated?

3.
A ray of light is incident at 70o on the surface of a glass prism of refracting angle 60o.  Draw a careful diagram of the path of the light through the prism.  Label each angle of incidence and refraction and calculate to the nearest degree the deviation of the ray.

4.
A ray of light is incident at 70o on a right angled glass block of side lengths


10 cm.


(a)
For a ray which emerges from the block parallel to its incident direction, calculate the lateral displacement of the ray.


(b)
Draw a diagram to illustrate the case in which the same ray does not emerge in a direction parallel to the incident direction.  Through what angle has the ray now been deviated?

5.
A glass rod is immersed in water of refractive index 1.33.


(a)
Calculate the critical angle at the glass-water boundary.


(b)
If the diameter of the glass rod is 2 mm,  what is the smallest radius of curvature into which the rod can be bent when immersed in water if a ray of light ‘trapped’ in the rod is not to escape from the rod.

6.
A glass rod is of diameter 1 mm and refractive index 1.5.  Light enters the centre of the end of the rod as shown and is internally reflected inside the rod.





(a)
What is the maximum value of ( if internal reflection is to take place?


(b)
The rod is 100 m long.  Calculate the time taken for a pulse of light which enters at (max to travel down the fibre.


(c)
Calculate the time taken for an axial ray to pass through the rod.


(d)
This time difference gives a measure of the maximum frequency at which such an optical fibre could be used for communication using light pulses.  What is the maximum frequency for 100 m of this rod?


(e)
Discuss advantages and a disadvantages of using thinner fibres.

7.

A transparent circular disc of thickness d is made so that its refractive index




where r is the distance from the axis of the disc and ( is a constant.

Show that if r is small the disc will behave as a lens of focal length f where  



You may assume that, if x is small,
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8.


The above diagram shows and optical fibre cable of diameter 0.1 mm and refractive index 1.5.  Calculate the minimum value of the radius of curvature if the light is to stay in the fibre.

9.
What is meant by


(a)
refraction?


(b)
dispersion?

10.
When using an equilateral glass prism to illustrate refraction it is usual to arrange for a ray of light to enter face A and leave from face B as shown in the diagram below.





(a)
Calculate the angle of deviation for a ray which enters and leaves the prism symmetrically and for which the refractive index is 1.5.


(b)
If the angle of incidence on face A is made too small it is found that the ray of light referred to in part (a) leaves the prism through face C.  On a copy of the diagram sketch the path of such a ray and calculate the maximum angle of incidence on face A for which this occurs and also calculate the corresponding angle of deviation.
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