Structured Qn Revision 4 (ANS)
6. Short cotton threads are attached to a metal ball on an insulating stand.
Figure A shows the metal ball connected to earth.
Figure B shows the metal ball connected to the positive terminal of a 20 000 V d.c. supply.
There is an electric field around the ball.
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Figure A

Figure B

(a) On Figure B,
(i) draw an arrow at X to show the direction in which electrons in the wire move when the
ball is first connected to the supply,
[1]
(ii) draw the charges on the metal ball and on the threads.
[1]
(b) * State how the threads show that there is an electric field around the ball.

[1]

The force acting on the charged threads shows that there is an electric field {1}.
Explanation

Force on +ve charges ⇒ electric field in the region
When a positive charge is in an electric field, it experiences a force in the direction of the electric field.
The threads are positively charged. They spread outwards from the ball indicating that there is a strong
electric field directed outwards from the ball.

(c) State one example where electrostatic charging can be dangerous and explain how the
danger is reduced.
[2]
It can be dangerous during refueling of an aircraft {1}.
To reduce the danger, the fuel tank is connected to the dispenser using an electrical
conductor. This allows charges to neutralise and prevents buildup of charges {1}.
Alternative
Charge buildup on petrol tankers can be dangerous {1}.
To reduce the danger, a metal chain is attached to the tanker with the loose end hanging close to the
ground. This chain provides an earthing path for excess charges to discharge {1}.
(N10/II/6)

5

Turn page for more

October 17, 2019

7. Figure A shows a multi-mode optical fibre with glass
of uniform refractive index.
Figure B shows three rays of light entering the fibre
from air. Each of these rays follows one of the three
possible paths through the fibre.

Figure A

Figure B (not to scale)

The three rays travel different distances and take different times to pass through the fibre.
Figure C gives information about the three rays and their paths in two cables of lengths
1 km and 2 km.
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Figure C

(a) Using data for ray 1 from Figure C, calculate the refractive index of the glass.
The speed of light in air is 3.0 x 108 m/s.
𝒄
𝟐 × 𝟏𝟎𝟑
𝒏
=
𝒗𝟏 =
𝒗
𝟏𝟎 × 𝟏𝟎 𝟔
𝟖
𝟑 × 𝟏𝟎𝟖
𝒗𝟏 = 𝟐 × 𝟏𝟎 𝒎/𝒔
𝒏=
𝟐 × 𝟏𝟎𝟖
𝒏 = 𝟏. 𝟓 𝒐𝒓 𝟏. 𝟓𝟎//

[2]

P a g e |2

(b) Calculate the angle of refraction X for ray 3.
[2]
𝐬𝐢𝐧 𝟑𝟓
𝟏. 𝟓 =
𝐬𝐢𝐧 𝒓
𝒓 = 𝟐𝟐. 𝟒𝟖°
𝒓 = 𝟐𝟐° 𝒐𝒓 𝟐𝟐. 𝟓°//
(c) At time t = 0, a single pulse of light enters the optical fibre of length 2 km. The pulse
lasts 0.1 μs. Figure D shows the brightness of the pulses of light that leave the fibre.

Figure D

(i) Using data from Figure C, explain Figure D.

[1]

From Figure C, the time the rays take to travel through the 2 km cable is 10.0 s,
10.3 s and 10.8 s for ray 1, ray 2 and ray 3 respectively.
(ii) At t = 0, a single pulse of light enters the optical fibre of length 1 km. This pulse also
lasts 0.1 μs. On Figure E, draw the pulses of light that leave the fibre.
[2]

Figure E
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(iii) Figure D shows that a pulse of light, lasting 0.1 μs when it enters the 2 km optical
fibre, becomes three pulses lasting in total 0.9 μs when it leaves.
In a telephone conversation, a series of pulses is sent along the optical fibre. It is
important that no light from one pulse overlaps light from the next pulse. A second
pulse of 0.1 μs must enter the fibre at least 0.9 μs after the first.
Estimate the maximum number of pulses of light that can enter the 2 km optical
fibre in one second.
[2]
𝟏
𝑴𝒂𝒙 # 𝒐𝒇 𝒑𝒖𝒍𝒔𝒆𝒔 =
𝟎. 𝟗 × 𝟏𝟎 𝟔
𝑴𝒂𝒙 # 𝒐𝒇 𝒑𝒖𝒍𝒔𝒆𝒔 = 1.11111 × 10
𝑴𝒂𝒙 # 𝒐𝒇 𝒑𝒖𝒍𝒔𝒆𝒔 = 𝟏. 𝟏 × 𝟏𝟎𝟔 𝒐𝒓 𝟏. 𝟏𝟏 × 𝟏𝟎𝟔 //
(iv) Explain why this type of optical fibre is not used to transmit data at high rates over
very long distances.
[1]
At very long distances, the time between the first and third pulse that leave the
fibre is long.
As a result, the number of pulses that can be sent per second is low. Thus, the data
rate is low.
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