Past Questions On Stationary Waves and Refractive Index

(a) State the conditions that are necessary for the formation of a stationary wave.

You may be awarded marks for the quality of written communication provided in your answer.

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

(2 marks)
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The diagram represents a stationary wave on a stretched string.  The continuous line shows the

position of the string at a particular instant when the displacement is a maximum.  P and S are the fixed ends of the string.  Q and R are the positions of the nodes.  The speed of waves on the string is 200ms-1
.

(i) State the wavelength of the waves on the string.

...............................................................................................................................................

(ii) Calculate the frequency of vibration.

...............................................................................................................................................

...............................................................................................................................................

2 (a) State the characteristic features of

(i) longitudinal waves,

...............................................................................................................................................

...............................................................................................................................................

(ii) transverse waves.

...............................................................................................................................................

...............................................................................................................................................

(3 marks)

(b) Daylight passes horizontally through a fixed polarising filter P.  An observer views the light emerging through a second polarising filter Q, which may be rotated in a vertical plane about point X as shown in Figure 4.
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Describe what the observer would see as Q is rotated slowly through 360 °.

You may be awarded marks for the quality of written communication provided in your answer.

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

(2 marks)
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A small loudspeaker emitting sound of constant frequency is positioned a short distance above a long glass tube containing water.  When water is allowed to run slowly out of the tube, the intensity of the sound heard increases whenever the length l (shown in Figure 1) takes certain values.

(a) Explain these observations by reference to the physical principles involved.

You may be awarded marks for the quality of written communication in your answer.

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

(4 marks)

3 The diagram shows a ray of monochromatic light, in the plane of the paper, incident on the end face of an optical fibre.
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(a) (i) Draw on the diagram the complete path followed by the incident ray, showing it entering into the fibre and emerging from the fibre at the far end.

(iii) State any changes that occur in the speed of the ray as it follows this path from the source. Calculations are not required.

........................................................................................................................................

........................................................................................................................................

(4 marks)

(b) (i) Calculate the critical angle for the optical fibre at the air boundary.

refractive index of the optical fibre glass = 1.57

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

(ii) The optical fibre is now surrounded by cladding of refractive index 1.47.  

Calculate the critical angle at the core-cladding boundary.

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

(iii) State one advantage of cladding an optical fibre.

........................................................................................................................................

........................................................................................................................................

(6 marks)

4 The diagram shows a cube of glass.  A ray of light, incident at the centre of a face of the cube, at an angle of incidence θ, goes on to meet another face at an angle of incidence of 50°, as shown in Figure 3.
critical angle at the glass-air boundary = 45°
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(a) Draw on the diagram the continuation of the path of the ray, showing it passing through the glass and out into the air. (3 marks)

(b) Show that the refractive index of the glass is 1.41.

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

(2 marks)

(c) Calculate the angle of incidence, θ.

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

................................................................................................................................................

(3 marks)

3 A ray of light passes from air into a glass prism as shown in Figure 1.
[image: image6.png]Figure 1

45.0°

air glass prism

15.0°

air





(a) Confirm, by calculation, that the refractive index of the glass from which the prism was made is 1.49.

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(1 mark)

(b) On Figure 1, draw the continuation of the path of the ray of light until it emerges back

into the air.  Write on Figure 1 the values of the angles between the ray and any normals you have drawn.

the critical angle from glass to air is less than 45°

(2 marks)

(c) A second prism, prism 2, made from transparent material of refractive index 1.37 is

placed firmly against the original prism, prism 1, to form a cube as shown in Figure 2.
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(i) The ray strikes the boundary between the prisms.  Calculate the angle of

refraction of the ray in prism 2.

....................................................................................................................................

....................................................................................................................................

....................................................................................................................................

....................................................................................................................................

....................................................................................................................................

....................................................................................................................................

....................................................................................................................................

