1. (a) Define the terms;
1. Lens power 									(01 Mark)
1. Exit pupil 									(01 Mark)
(b) (i) With the aid of a ray diagram, describe the action of a Galilean telescope in normal adjustment. 								(05 Marks)
(ii) Explain why the Galilean telescope cannot be used to make precise determinations of angular positions of objects being viewed.			(02 Marks)
(c)	A telescope has two lenses of focal length 1.0m and 0.1m and it is adjusted to produce an image of a distant object on a screen. The object subtends an angle of 0.03 at the telescope objective. Calculate;
1. The linear size of the image formed on the screen 0.50m from the eye piece. 												(04 Marks)
1. The distance between the objective and the screen. 			(01 Mark)
    (d)	Describe an experiment in which the minimum deviation of a prism can be measured. 										(06 Marks)
1. (a)	(i) State the laws of reflection							(02 Marks) 
(ii) When a plane mirror is turned through an angle  the reflected ray turns through an angle. Derive the relation between 			(04 Marks)
     (b)	A rod which is 10cm long is placed along the principal axis of a concave mirror such that the midpoint of the rod is 35cm from the pole of the mirror. Calculate the radius of curvature of the mirror if it forms a real image of the rod which is 20cm long. 												(04 Marks) 
    (c)	Describe how a sextant can be used to determine the elevation of the sun. 
												(05 Marks) 
    (d)	(i) Explain the appearance of the bottom of a swimming pool to an observer on the side. 											(02 Marks) 
	(ii) Light from a luminous point on the lower face of rectangular glass slab, 2.0cm thick, strikes the upper face and the totally internally reflected rays outline a circle of 3.2cm radius on the lower face. Determine the refractive index of the glass. 												(03 Marks) 
1. (a) (i) Draw a ray diagram to show image formation in a convex mirror. 
                                                                                                    (1marks)
     
(ii) Using the diagram in a(i) above, derive the relation,      =      +  ,  where u, v, and f  are the object distance, image distance and the focal length of the mirror, respectively.                                            				(5marks)

(b) Distinguish between real and virtual focus, with respect to spherical 
     mirrors.    								(2marks) 
                                       
(c) Describe how you can determine the focal length of a convex mirror using a plane mirror.                                                              			(5marks)

(d) A concave lens of focal length 25cm and a concave mirror of focal length 20cm are arranged coaxially 4cm apart. An object is placed 40cm in front of the lens, on the side remote from the mirror. Find the 
    (i) position of the final image.                                              (5marks)
    (ii) magnification                                                                 (2marks)

2. (a) (i) Define refractive index of a material.                                   (1mark)
     (ii) Show that when a ray of light passes through different media 
          separated by parallel boundaries   n sin i   =   constant.
Where n and i are the refractive index of a medium, and angle made by the ray with the  normal in the medium.                               		 (4marks)

(b) 
[image: ]
Figure above shows a ray of light incident horizontally on a glass containing water, in which a glass prism of refracting angle 700 is placed. If the refractive indices of glass and water are 1.52 and 1.33 respectively, find the angle of incidence in air for which the light just disappears from the observer E.   					(5marks)                                                                  

(c) Explain why a swimming pool appears deeper near the observer, and shallower farther away.                                                          				(4marks)

(d) (i) Define magnifying power of a microscope.                         		(1mark)
      (ii) Draw a ray diagram to show image formation by a microscope in normal adjustment and derive the expression for magnifying power.                                         
  		(2marks)

(e) Explain how light can be made to travel along curved paths. 		(3marks)

1.	(a)	(i)	Define the term linear magnification of a lens.	(1 mark)
		(ii)	A finite object placed in front of a convex lens of focal length f, produces a real finite image of magnification m1. When the object is moved by some small distance towards the lens, the image distance increases by distance d, to produce a new real image of magnification m2. Show that d = (m2 – m1)f.	(4 marks)
	(b)	Explain why parabolic mirrors are preferred to ordinary concave 
		mirrors in the construction of reflecting telescopes.	(2 marks)
	(c)	A Cassegrain telescope has an objective of focal length 100 cm and an
		eyepiece of focal length 5 cm. A convex mirror placed co-axially with and 
		facing the objective is 0.60 m from the pole of the objective. 
		If the convex mirror forms an image of a distant object at the hole drilled 
		through the pole of the objective, find the radius of curvature of the
		convex mirror and the angular magnification of the instrument.  	
					(5 marks)
	(d)	(i)	Describe an experiment to measure the radii of curvature of a bi-
			convex lens.							(5 marks)
		(ii)	A thin plano-convex glass lens having a refractive index of 1.54 is placed with its plane surface in contact with mercury in a shallow dish. A pin clamped horizontally above the lens coincides with its own image at a height of 25 cm above the lens. Find the radius of curvature of the curved surface of the lens.			(3 marks)
2.	(a)	(i)	Distinguish between the characteristics of images of real objects, 
			formed by plane mirrors and those formed by concave mirrors. 										(3 marks)
		(ii)	With the aid of a ray diagram, derive an expression for the mirror formula of a convex mirror using a finite real object.	(5 marks)
	(b)	Define the terms angular magnification and eye-ring of an optical
		instrument.								(2 marks)
	(c)	A compound microscope has an objective of focal length 4 cm and an 
		eyepiece of focal length 5 cm. The distance between the lenses is 
		30 cm and the final image is formed 25 cm from the eye. Find; 
		(i)	how far the object is from the objective lens.		(3 marks)
		(ii)	the magnifying power of the instrument.			(2 marks)
	(d)	Draw a diagram showing the essential parts of a slide projector and
		describe how it works. 						(5 marks)
		

SECTION A

1. (a) (i) State the laws of  refraction of light. 				        (2 marks) 

     (ii) One face of a prism of refracting angle 30° and refractive index 1.41 is silvered
           as shown.  At what angle must a ray of light fall on the un silvered surface so 
           that after refraction into the prism and refraction at the silvered surface, it 
           retraces its path.							        (4 marks) 


30°




                  (b) An equi – convex lens with radii of curvature r, is put over a liquid layer poured 
                       on top of a plane mirror. A small pin is moved along its axis until its image is seen
                       to coincide with the pin.  The distance of the pin from the lens is (a). On 
                       removing the liquid layer and repeating the experiment, the distance is found to 
                       be (b), obtain the formula for the refractive index of the liquid. 

		Pin 	pin




	Liquid           (3marks) 

                   (c) Derive the formula that relates f, u and v for a convex mirror. 	       (4 marks) 
                   (d) In an experiment to determine the focal length of a convex mirror, calculate the 
                        distance d, so that a real image of an object O, 15.0cm in front of a convex lens of 
                        focal length 10.0cm be formed at the same point o.  The radius of curvature of the 
                        mirror is 20.0cm. 			         (4marks) 
	
	(e) Explain why the sun is visible before the actual sunshine.		        (3 marks) 

2. (a) (i) Define the term refractive index.					         (1 mark) 
    (ii) Describe the apparent depth method of determining the refractive index of a 
             glass block.							       (6 marks) 

(b) A layer of oil 14.0cm thick is poured on a layer of water 20.0cm thick.  If an
      object at the bottom of the water appears to be 25.0 cm below the top of the oil,
      when viewed from above, find the refractive index of the oil. (Refractive index of 
      water =  ) 								        (3 marks) 

(c) (i) Trace the path of three rays from a distant object through an astromical 
           telescope which consists of two thin converging lens of focal length 100cm 
           and 10cm respectively.						        (2 marks) 

    (ii) If the final image of a distant object is virtual and 20cm from the eye piece, find 
          the separation of the lenses.					        (4 marks) 

(d) With the aid of diagrams, state the meaning of the following terms;
       (i) Chromatic aberration.						        (2 marks) 
     (ii)  Spherical aberration.					                    (2 marks) 

1. (a) Define focal plane focal and power of a lens.                                                           (2)
    (b) (i) Describe an experiment to determine the focal length of a concave lens using a concave 
mirror.                                                                                                                                (5)
          (ii) Explain why monochromatic light is usually preferred in experiments when using  
lenses.                                                                                                                                (2)
    (c) A concave lens of focal length 30cm is arranged coaxially with a convex lens of focal length 18cm, placed 4cm apart. An object 3cm high is placed 40cm in front of the concave lens, on the side remote from the convex lens. Find the:
      (i) position of the final image                                                                                         (5)
      (ii) height of the image.                                                                                                   (2)
       (d) With the aid of a diagram describe how prism binoculars work.                                 (4)
2. (a)(i) Define refractive index of a material.                                                                          (1)
        (ii) Derive the expression for the refractive index of a material of a prism in terms of the refracting angle, A, and angle of minimum deviation, D.                                                        (4)
        (iii) When light is incident on a prism of refractive index 1.52, at an angle of incidence 360, the emergent ray makes angle 54.30 with the normal on the opposite face. Find the angle of incidence for minimum deviation.                                                                                           (4)
   (b) Describe how the refractive index of a liquid may be determined using an air cell.     (5)
   (c) (i) Explain why we are able to see the sun before sun rise.                                           (3)
        (ii) Explain why a vertical pole near the observer appears taller than one of equal height placed farther away.                                                                                                                (3)
2. (a) (i) State the laws of reflection of light 			(2 marks)
  (ii) Show that if a mirror is rotated through a certain angle with the direction of the incident ray constant, the angle of rotation of the reflected ray is twice the angle of rotation of the mirror. 						(5 marks)

(b) With the aid of a clear diagram explain the formation of a real image in a plant mirror 
										(4 marks)
(c) What is meant by the following terms as applied to curved mirrors 
(i) Perture 							(2 marks) 
(ii) Radius of curvature 					(2 marks)



(b) In the figure below PQRS is a vertical rectangular paper box 3M high with small holes at X and Y made in walls PS and QR respectively at the heights shown. 

						B
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A,B and C are plane mirrors with A vertical and B horizontal. L is a small bright source of light at edge. R. As mirror, A is shifted backwards, the image of L is observed through hole Y. Find the distance between mirror A and face PS when the image just appears. 


1.(a)	(i)	What is meant by refraction of light.					(1 mk)

	(ii)	State the law of refraction.						(2 mks)


(b)	Describe how the refractive index of a liquid can be determined using a concave mirror. 											(5 mks)          
 (c)	
    									    B
									    A	
						    O


Two parallel sided blocks A and B of thickness 4.0 cm and 5.0 cm respectively are arranged such that A lies on an object  O as shown in figure above.
Calculate the apparent displacement  of O when observed from directly above if the refractive indices of A and B are 1.52 and 1.66 respectively.		(5 mks)
   (d)	(i)	State two applications of total internal reflection.			
	(ii)	
									    Air 
Liquid   I        r

								


			  

					   Glass 
					
In the figure above parallel sided glass slide is in contact with a liquid on one side and air on the other side. A ray of light incident on the glass slide from the liquid emerges in air along the glass – air interface. 

Derive an expression for the absolute refractive index, n, of glass and the angle of incidence, I.
1. (a) Define angular magnification of a refracting telescope 			(2)
(b) Show that for a telescope in normal use the magnifying power M is given by the ratio of fo to fe . 								(3)
Hence prove that when the final image is at the nearest point, distance D from the eye, the magnifying power is M (1 + fe/D) 					(4)

(c) The focal length of the objective and the eyepiece of a telescope are 60cm and 6cm respectively. Find the angular magnification in the following cases:
(i) The eye at the eyepiece, the telescope in normal adjustment. Draw a ray diagram showing rays off the principal axis passing through the telescope							     (2,3.)
(ii) The eye at the eyepiece, the final image is 25cm from the eyepiece.	(2)

(d) (i) Calculate the distance of the eye-ring from the eyepiece if the telescope is in normal adjustment 								(2)
(ii) What is the magnification if the eye is at the eye-ring and the telescope is in normal adjustment?								(2)

(e) Describe with the aid of a ray diagram, the operation of a telescope made up of a converging and diverging lens when used in normal adjustment. State one limitation of this type of telescope.
 											(7) 
2. (a) Draw a ray diagram to show the actions of a projector.			(4)
(b) A projector is required to project slides which are 5cm square onto a screen  which is 5m square. If the focal length of the projection lens is 0.1m, what should be the distance between the screen and the slide? 				(4)

(c) Explain why the image seen in a converging lens acting as a magnifying glass, is almost free from chromatic aberration when the eye is close to the lens. Draw a diagram to illustrate your answer 							(5)
(d) (i) State the principle of operations of a sextant.				(2)
	(ii) State one use of sextant 							(1)

(e) (i) Draw a ray diagram to show the action of a compound microscope in normal use.									(4)
(iii) In what ways does a refracting telescope differ from a compound microscope?	
								(2)






(iv) The objective and eyepiece of a compound microscope have focal lengths of 1.00cm and 5cm respectively and a re separated by a distance of 25cm. An object is placed 1.05cm from the objective lens. Find the position and nature of the final image formed by the compound microscope. 								(6)

(f) Draw a ray diagram to show how the image of a distant object is formed in a reflecting telescope. 								(3)

1. (a) (i) State the laws of reflection of light 
(ii) A ray of light undergoes two successive reflections from two plane mirrors inclined at angle . Find an expression for the net deviation of the ray.
(iii) List the characteristics of images formed by plane mirrors.


      (b) Differentiate between regular and diffuse reflection

      (c) Explain how a sextant is used to determine the elevation angle of the sun. 

1. (a) Define angular magnification of a refracting telescope.
(b) Show that for a telescope in normal use, the magnifying power, M is given by the ratio fo to fe. Hence prove that when the final image is at the near point, distance D from the eye, the magnifying power is M  1+fe
								D
(c) The focal length of the objective and eyepiece of a telescope are 60cm 
     respectively. Find the angular magnification in the following case:

(i) The eye at the eyepiece. The telescope in normal adjustment	(2)
Draw a ray diagram showing rays off the principal axis passing through the telescope.							(3)
(ii) The eye at the eyepiece. The final image is 25cm from the eyepiece.  
(2)
(d) (i) Calculate the distance of the eye-ring from the eyepiece if the telescope is 
              in normal adjustment							(2)

(iii) What is the magnification if the eye is at the eye-ring and the telescope is in normal adjustment?						(2)

(e) Draw a labelled diagram to show a projection lantern forms an image on a screen.

2. (a) What is meant by the term ‘Radii of Curvature’ as applied to a converging 
      lens?									(1) 	
(b) (i) Show that focal length f of a converging lens is given by ;
							1/f = (n-1)(1/r1 + 1/r2)	
									

Where n is the refractive index of the material of the lens and r1 and r2 
are the radii of curvature of the surface of the lens. 			(5)

(ii) A bi-convex lens of radius of curvature 24cm is placed on a liquid film on 
a plane mirror. A pin clamped horizontally above the lens coincides 
with its image at a distance of 40cm above the lens. If the refractive 
index of the liquid is 1.4, what is the refractive index of the material of the lens?										(6) 

(c) A converging lens of focal length f is placed between a finite object and a screen. The position of the screen is adjusted until a clear magnified image is obtained on the screen. Keeping the screen fixed in this position at a distance L from the object, the lens is displaced through a distance d to obtain a clear diminished image on the screen.

(i) Draw a ray diagram to show the formation of the images in the two cases   (2)
(ii) Show that L2 – d2 = 4df							(5)
(iii) Find the product of the magnification produced in the two cases 		

3. (a) With the aid of  labelled diagrams, describe what is meant by the following:
(i) pole
(ii) aperture
(iii) secondary axes of a convex mirror					(3)

(b) Derive the formula 1 + 1 = 1 
			       u     v    f	
	for a convex mirror state the sign convention used 				(5)

(c) In a certain experiment, a pendulum ball B swings to and fro in front of a concave 
     mirror M whose focal point end centre of curvature are F and C respectively.


 

							 
							     m	
								
	

			
                                 C		B	  F





Suppose that the motion of the pendulum ball is described by X=f sinwt, where f is the focal length of the concave mirror and X is the distance measured from the centre of curvature C along the principal axis of the mirror, 

(i) What is the maximum speed of the image and when and where does it occur? 
(2) 
(ii) Show that the distance V form the mirror to the image of the swing ball is given by
V =  2 – Sinwt    f	
        1 – Sinwt				(3)

(iii) At what point does the swing ball appear to collide with its own image?	(2)


(d) A glass prism of refractive index 1.4 and refracting angle 60o is completely
     immersed in a liquid of refractive index 1.3. If a ray of light passes symmetrically 
     through the prism, calculate.
(i) the angle of incidence						(3)
(ii) the angle of deviation						(2)
1. (a) (i) What is meant by dimensions of a physical quantity?
(ii) The centripetal force F required to keep a body of mass M moving in a circular path of radius r is given by F = Mv2 , show that the formula is dimensonally correct. 			       	   r						(4)

(b) (i) State Newton’s laws of motion 
	(ii) Define linear momentum and state the law of conservation of linear momentum 
(iii) A truck of mass 1000kg moving at 10ms – 1 rams into a track of 4000kg which is stationary. The trucks stuck together and skid to a stop along a horizontal surface. Calculate the distance through which the tracks skid if the coefficient of kinetic friction is 0.25. 

(c) A car of mass 500 kg moves from rest, with the engine switched off, down a road which is inclined at an angle of 49o to the horizontal 
(i) Calculate the normal reaction 
(ii) If the coefficient of friction between the tyres and the road surface is 0.32, find the acceleration of the car. 					(3) 

2. (a) State the laws of reflection of light 
(b) With the aid of relevant diagrams, describe 
(i) Regular reflection 
(ii) Diffuse reflection 

(c) Differentiate between real and virtual images				(2 )

(d) 
(i) 
			 M1   	
				A

			

		  O

						   
		   M2

	Two mirrors M1 and M2 above are inclined at an angle, to each other (0o <  <90o)
	Show that the incident ray OA on M1 undergoes a total deviation, d = 2, after 
reflection on both mirrors 							(5)

	((ii) Describe an application of the principle used in part d (i) above. 
2. (a) State the laws of refraction of light.
(b) Light consisting of blue and red light is incident from air on a glass block. The two colours emerge from the glass block, into air, at points O and P respectively as shown below. 


						 60o
									       air

4.0cm

	glass








							       O   P	

The speeds of blue and red light in the glass are 1.88 x 108m/s and 1.94 x 108m/s respectively. Find the distance OP.							(6)


(c) An object is placed at a distance U from a concave mirror. The mirror forms an 
     image of the object at a distance V from the mirror. 

(i) Draw ray diagrams to show the path of the light rays when the image formed is real and when it is virtual, respectively 
(ii) Use a geometrical ray diagram to derive the relation 1  + 1 = 1  where f is the focal length of the mirror 			 u     v   f 

(d) A concave mirror forms a real image, which is 3 times the linear size of a real 
     object. When the object is displaced through a distance, d, the real image formed is 
     now four times the linear size of the object. If the distance between the two image 
     positions is 20cm, find 
(i) the focal length of the mirror 						(4)
(ii) the distance d 								(2)

(e) Two plane mirrors are inclined to each other at an angle of 90o + θ , where θ is a 
      small a small positive angle. Using the laws of reflection of anyone of these plane 
      mirrors experiences a deviation of 180o - 2θ 

(f) A fish is 3m below the surface of a pond and 2.5m from the bank. A man 2.0 m tall stands 4.0m from the edge of the pond. Assuming that the sides of the pond are vertical, calculate the distance the man should move towards the edge of the pond so that he is just seen by the fish (nw = 1.33) 						(5)   
1. (a) Define refraction							(1mk)
      
(b) (i) With the aid of suitable ray diagrams, explain the terms critical angle and total internal reflection .					           (4mks)
(ii) Monochromatic light in incident at an angle of 45o on a glass prism of refracting angle 70o in air. The emergent light grazes the other refracting surface of the prism. Find the refractive index of the glass. 	(5 marks)

(c) (i) Draw a well labeled diagram to show the optical parts of a prism spectrometer. 
	     (ii) What adjustments and measurements would have to be made to determine 
the refractive index of a prism using a spectrometer in (c) (i) above 										(3 marks) 
(d) With the aid of a diagram, describe how the refractive index of a liquid may 
be determined using an air cell. 				(5 marks) 

2.  (a) (i) State the laws of reflection of light. 				(2 marks) 
      (ii) Show that an incident ray of light reflected successively from two mirrors inclined at an angle θ to each other is rotated through an angle 2θ 	(4 marks) 

(b) Describe how a sextant is used to determine the angle of elevation of the sun 
									(4 marks)


(c) Show that the focal length, f of a thin convex lens in air is given by 
	  1  +    1
 r1       r2

  1    = 	(n – 1)	
   f
	 
Where r1 and r2 the radii of curvature of the surfaces of the lens. 	(4 marks) 
	
	(d) A thin convex lens is placed on a plane mirror. A pin is clamped horizontally 
above the lens so that it apex lies on the principal axis of the lens. The position of  the pin is adjusted until the pin coincides with its image at a distance of 15cm from the mirror. When a thin layer of water of refractive index 1.33 is placed between the lens and the mirror, the pin coincides with its image at a point 22.5cm from the mirror.  

When the water is replaced by paraffin, the pin coincides with its image at a distance of 27.5cm from the mirror. Calculate the refractive index of paraffin 
									(6 marks)
1. (a) (i) State the laws of reflection of light 
(ii) Show that an incident ray of light reflected successively from two mirrors inclined at an angle  to each other, is rotated through an angle 2 
									(4 marks)
(b) Describe how a sextant may be  used to determine the angle of elevation of the sun. 
(5 marks)
(c) (i) Define angular magnification of an optical instrument.	(1 mark)
(ii) What is meant by an exit pupil of a compound microscope? (2 marks) 

(d) State two differences between compound microscopes and telescopes 
(2 marks) 

2. (a) What is meant by the terms principal focus and focal length of a converging lens?								(2 marks)
(b) Name one defect of images formed by a lens and explain how the defect is minimised in practice. 						(3 marks)
(c) The magnification of an object in a thin converging lens is m. When the lens is moved a distance d towards the object, the magnification becomes m1. Show that the focal length ‘f’ of the lens is given by 
f  =   dmm1 						(4 marks) 
       m1 – m. 

(d) A converging lens L1 of focal length 10cm is placed at a distance y infront of a diverging lens L2 of focal length 20cm. An illuminated object is placed at a distance of 20cm infront of L1 and the final image by L2 forms at the principal focus of L2. Calculate 
(i) the distance y 						(5 marks)
(ii) the final magnification 					(1 mark)

(e) Explain 
(i) Why an object far away from the eye appears to be smaller that when it is near. 								(2 marks)
(ii) How loss of light by reflection at refractive surfaces can be minimised. 
(3 marks) 
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