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1. The bulbs was filled up with an inert gas. Additionally, the filament was enclosed in a glass bulb to ensure that no oxidation would take place from the environment.
2. People are turning to fluorescence light bulbs so as to cut the overall costs of electricity, enjoy high efficiency of the bulbs and also enjoy the long life of lights from the bulb.
3. To make an object invisible, ensure the incident is bend around the object. It can be possible if the object is surrounded by a metamaterial. Again making the object absorb all the light will make it invisible. 
4. It tells us that light travels in a straight line. Formation of shadows is because the light rays are not able to pass straight through the given object hence forming shadows behind objects.
5. The radar region of electromagnetic spectrum is used to detect aircrafts and also track them.
6. A) orange
b) Flashlight light contains many colors ranging from red, yellow, orange, green, violet and blue. The last observation is because all the other colors with shorter wavelengths were scattered by the molecules in the milk. The red light continued travelling largely hence the yellow light from the flashlight appears red.
7. A) Red apples appear red because they reflect red light and absorb all other lights from other colors
     b) Gases and particles hit sunlight colors scattering them in all directions. The most scattered color is blue because it has a shorter wavelength hence the blue appearance of the sky
8. a)
  b) Having the incidence angle as 0 means light rays are travelling perpedicularly to the medium therefore no reflection will occur hence the angle of reflection is also 0. 
9.a) b
   b) From this we see that the image appears to come from behind the mirror and that’s why we can see it as b.
10. a) MOM, TAR
       b)
       c) Plain mirror images are virtual because they cannot be projected on a screen since they are behind the mirror.
11.
12a)
    b) The images are upside down, smaller than the object, real and in front of the mirror.
13. A)
     b) Images in diverging mirror are always upright, behind the mirror, virtual and left-right reversed.
14.a) Before adding water the pencil looks straight in the class and after adding water it appears to bend at the interface of water and glass
     b)
15. The pencil appears bend due to refraction since it has changed direction of light travel and entered a medium with a different density that is water from the one it was travelling through (glass)
16. A) Light rays always bend towards the normal. When light travels from a substance of higher refractive and enters a substance of a lower refractive index then its speed increases
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The speed of light in diamond is approximately 
17. A) the light ray bends immediately it touches the surface of water hence refraction.
     b) Increasing the angle of incidence lead to a proportional increase in the angle of refraction
18.
19. Critical angle is the angle of incidence that has its angle of refraction as 90 degrees.
20. When light rays pass through a medium of higher index of refraction, it tends to bend towards the normal. If the light reaches the interface at an angle which is bigger than the critical angle, it will not be able pass through to the second medium. Therefore; critical angle is inversely proportional to refractive index.
21. The rays get reflected at the same angle as the one the flashlight originated from after changing. 
22. Reflection of light rays towards the normal occurred.
23. A)
    b) Lenses refract light at every boundary. When light rays enter a given lens, it gets refracted and when the same ray leaves the lens, refraction occurs again.
24.
25. The rays appear to diverge from one point.
26. A)
     b) The image is real, on opposite side of the mirror, upside down and same size as the object.
27. A) No image is formed.
     b)
28. A)
      b) The image is larger than the object, behind the mirror, virtual and upside down
29. Diverging mirrors are used for surveillance because their shape offer a wide field of view hence the viewer can easily view the image on the targeted object.
30. Food is placed in the metal containers found in the solar cooker which are painted black on the outside. The metal containers with the food are placed inside the solar cooker box which is covered with the glass sheet. When sun's rays land on the reflector, they get reflected through the upper glass into the box and get trapped within it hence the food cooks.
31. Opening eyes underwater, makes incoming light rays hardly focused. The lens inside the eye bends light rays a little but cannot inside lens bends the rays make up for the refraction lost at the cornea, hence the light reaching the retina is not focused and therefore the underwater looks blurry. Goggles help in clearing things up by inserting air in front of the cornea hence restoring crucial interface for refraction of rays between substances of different.
32. The reason why we see upright objects despite the images on the retina been upside down is that our brains interpret the images on the retina as upright images.
33. As you move the paper while focusing on the square, the circle seems to disappear. It happens immediately the image of the circle lands on the blind spot.
34. The blind spot lacks photoreceptors and this is why images are not formed nor perceived from there.
35. A) the problem is known as Myopia. It is corrected using diverging lens.
36. The rock in the water appears closer than it is because  light rays which are reflected from it travell from water which is a more refractive material into air which is less refractive before reaching the eyes.Before the light rays enter the air  are bent. With the assumption that light do travel in a straight line our brains tell us that the object in question is closer as we can see and actually it is far away.


37.
38. A rainbow is formed from sunlight and some atmospheric conditions. Here, light enters medium of water droplet from air hence it slows down and bends. It then reflects the inside of the water and separates into its component colors. When light is leaving the droplet, a rainbow is formed.


Key Questions
65. Incandescent bulbs produce so much heat compared to Fluorescent light bulbs. The heat is wasted energy contributing to about 90% energy loss hence making them lesser efficient when compared to florescent which produce less heat and burn brighter. 

66. For light to enter the eye the light from an object must be reflected. If light is completely absorbed by the object, it means we cannot see through see.  In a glass window, light is reflected and transmitted into the eye and we can see through it. For the wall which is an opaque object the light is absorbed entirely and this is why we cannot see through.

67. Shadows are an evidence of light travelling in a straight line in a property of light referred to as the line propagation. Shadows occur when light hits an opaque material resulting in formation of a dark region behind the object. Light does not go through opaque materials.

68. Ways in which the X-ray of electromagnetic spectrum can be used include cancer treatment and exploring cosmos.
69. a) and b)
70a) the image of the word “WOW” appears the same in a plain mirror.
     b) The reason why this happens is because the word is a palindrome and each letter flipped in the mirror looks the same. 
71. a) and b)

72. A)

b) The image characteristics are that it is smaller compared to the object, upside down, real and it is in front of the mirror.
73. The speed of light rays travelling from water changes when it reaches an air medium leading to the bending of light at a point where the two mediums meet. This is because air is more refractive compared to water.
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75.  When light moves from air to a medium of higher refraction index in relation to the normal, refracted rays tend to bend towards the normal.
76.

77.  Having the critical angle of light travelling from water to air being lesser than the incidence guarantees the refracted ray to lie along the boundary with an angle of reflection of 90 degrees.
78. Converging lenses focus light rays due to refraction. Light bents when it hits the surface of the lens. Due to its curved shape light rays bend even more as we move towards the edges and eventually they meet at the focus.
79. Light rays passing through the optical center of converging do not bend neither do they change direction but continue passing.

80.

81. Diagram characteristics include: It is real, smaller than the object, upside down and in an opposite side of the object.

82. Converging mirrors are used in making searchlights very bright since the filament is located at the principal focus to make it produce a beam of light which is focused. Therefore; this gives out brighter light compared to if the light rays were allowed to scatter off in all directions of the filament.

83. The cornea which can be described as a part of the eye that is besides the lens causes the bending of the light before the lens take over to make the final adjustments.
84.Light rays get focused behind the retina. On normal circumstances, light rays should be focused on the retina. To correct this problem, converging lens are used. They are placed in front of the affected eye or eyes and effect the focusing of rays to the retina by bending the light rays more. 

85. An object placed in water appears closer than it is because  light rays which are reflected from the object travell from water which is a more refractive material into air which is less refractive before reaching the eyes.Befote the light rays enter the air  are bent. With the assumption that light do travel in a straight line our brains tell us that the object in question is closer as we can see and actually it is far away.


