Structured Qn Revision 5 (ANS)
1. A student uses the circuit shown to investigate a resistor R.
He adjusts the variable resistor to obtain a range of
ammeter and voltmeter readings.
The readings obtained are shown in the table.

(i) State Ohm’s law.
[2]
It states that the current passing through a metallic conductor is directly proportional
to the potential difference across its ends, provided that physical conditions (such as
temperature) are constant.
(ii) Using the results in the table, show that the resistor obeys Ohm’s law.

[1]

V1 / I1 = 7.6 / 0.320 = 23.75 = 24 Ω
V2 / I2 = 5.2 / 0.220 = 23.63 = 24 Ω
V3 / I3 = 2.4 / 0.100 = 24.00 = 24 Ω
Since V / I ratio for all the three sets of readings are the same, the resistor
obeys Ohm’s law.
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2. (a) Brownian motion provides evidence that the molecules in a gas are moving.
(i) Draw a labelled diagram of an experiment that demonstrates Brownian motion. [2]
path of smoke
particles
microscope

smoke
glass cell

torchlight

(ii) Describe what is seen and explain how this shows that molecules are moving. [3]
Bright spots are seen to move at random. The bright spots are smoke particles {1}.
Air molecules, which themselves are too small to be seen {1}, must be moving in
random motion, constantly colliding with the smoke particles {1}. The collisions
cause the direction of motion of the particles to change. Thus, the observed
random motion of the particles.
(b) The apparatus shown in the figure shows a heavy piston
supported by gas trapped in a cylinder.
(i) The cross-sectional area of me piston is 4.0 x 10−4 m2. The
pressure of the gas inside the cylinder is 1.5 x 105 Pa.
Atmospheric pressure is 1.0 x 105 Pa. The acceleration of
free fall is 10 m/s2. Determine the mass of the piston. [3]
𝑆𝑖𝑛𝑐𝑒 𝑡ℎ𝑒 𝑝𝑖𝑠𝑡𝑜𝑛 𝑖𝑠 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑟𝑦,
𝒈𝒂𝒔 𝒑𝒓𝒆𝒔𝒔𝒖𝒓𝒆 = 𝒑𝒓𝒆𝒔𝒔𝒖𝒓𝒆 𝒂𝒄𝒕𝒊𝒏𝒈 𝒐𝒏 𝒕𝒉𝒆 𝒈𝒂𝒔
𝒈𝒂𝒔 𝒑𝒓𝒆𝒔𝒔𝒖𝒓𝒆 = 𝒂𝒕𝒎𝒐𝒔𝒑𝒉𝒆𝒓𝒊𝒄 𝒑𝒓𝒆𝒔𝒔𝒖𝒓𝒆 + 𝒑𝒓𝒆𝒔𝒔𝒖𝒓𝒆 𝒅𝒖𝒆 𝒕𝒐 𝒑𝒊𝒔𝒕𝒐𝒏

𝑾𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝒑𝒊𝒔𝒕𝒐𝒏
𝒄𝒓𝒐𝒔𝒔 − 𝒔𝒆𝒄𝒕𝒊𝒐𝒏𝒂𝒍 𝒂𝒓𝒆𝒂
𝒎𝒈
𝟓
𝟓
𝟏. 𝟓 × 𝟏𝟎 = 𝟏. 𝟎 × 𝟏𝟎 +
𝟒. 𝟎 × 𝟏𝟎 𝟒
𝒎=𝟐
𝒎 = 𝟐. 𝟎 𝒐𝒓 𝟐. 𝟎𝟎 𝒌𝒈//
𝟏. 𝟓 × 𝟏𝟎𝟓 = 𝟏. 𝟎 × 𝟏𝟎𝟓 +

(ii) Explain how extremely small molecules in the gas are able to support the weight of
the piston.
[2]
Gas molecules move at high speed {1}.
Thus, they collide with the piston at significant force per collision and high
frequency of collision {1}.
This produces sufficient force to support the piston.
N10/II/11
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3. A stationary swimmer starts to swim by pushing off from
the side of a swimming pool, as shown in the figure.
(a) State the useful energy change that occurs as the
swimmer pushes off from the side.
[1]
Chemical energy is converted to kinetic energy {1}.
(b) (i) Describe how the swimmer does work on the water.

[1]

The swimmer exerts a forward force on the water, as the water moves forward {1}.
(i) State what eventually happens to the work done by the swimmer on the water?[1]
It is converted to kinetic energy of the water and is eventually converted
to thermal energy {1}.
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4. Typhoons create waves on the surface of the ocean.
The figure below gives data on the speed and wavelength of some water waves. The waves
travel in deep water of depth 4000 m or in shallow water of depth 10 m.
depth wavelength /m
4000 m
speed m/s
depth
10 m

wavelength /m
speed m/s

10
4.0
10
4.0

40
7.9

100
12.5

200
17.7

300
21.6

400
25.0

500
27.9

600
30.6

40
7.6

100
9.3

200
9.7

300
9.8

400
9.9

500
9.9

600
9.9

(a) For the range of wavelengths in the figure, state
(i) a similarity in the speed of water waves in deep and shallow water,

[1]

The longer the wavelength of water waves, the higher its speed
OR
As the wavelength of water waves increases, its speed increases.
(ii) a difference between the speed of water waves in deep and shallow water.

[1]

In shallow water, the wave speed increases to a maximum of 9.9 m/s when
wavelength is 400 m and stops increasing for longer wavelengths.
In deep water, the wave speed keep increasing without reaching a plateau /
maximum as the wavelength increases.
(b) A typhoon, 2000 km away from a stationary ship, forms quickly. lt generates water
waves for a short period of time.
The waves, with wavelengths between 10 and 600 m, travel across an ocean of depth
4000 m to the ship.
(i) Calculate the time taken for the first wave to reach the ship.
𝑑
𝑣=
𝑡
𝒅
𝒕=
𝒗
𝟐𝟎𝟎𝟎 × 𝟏𝟎𝟑
𝒕=
𝟑𝟎. 𝟔
𝑡 = 65359
𝒕 = 𝟔. 𝟓 × 𝟏𝟎𝟒 𝒐𝒓 𝟔. 𝟓𝟒 × 𝟏𝟎𝟒 𝒔//

[2]

(ii) Calculate the frequency of the first wave to reach the ship.

[2]

𝑣 =𝑓×𝜆
𝒗
𝒇=
𝝀
𝟑𝟎. 𝟔
𝒇=
𝟔𝟎𝟎
𝒇 = 𝟎. 𝟎𝟓𝟏 𝑯𝒛//
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(iii) Determine, to the nearest 100 m, the wavelength of the wave that arrives 4 hours
after the first wave.
[2]
𝑻𝒊𝒎𝒆 𝒕𝒂𝒌𝒆𝒏 𝒇𝒐𝒓 𝒕𝒉𝒊𝒔 𝒘𝒂𝒗𝒆 𝒕𝒐 𝒓𝒆𝒂𝒄𝒉 𝒔𝒉𝒊𝒑,
𝒕 = 𝟔𝟓𝟑𝟓𝟗 + (𝟒 × 𝟔𝟎 × 𝟔𝟎)
𝒕 = 𝟕𝟗𝟕𝟓𝟗 𝒔
𝒅
𝒕
𝟐𝟎𝟎𝟎 × 𝟏𝟎𝟑
𝒗=
𝟕𝟗𝟕𝟓𝟗
𝑣 = 25.07
𝒗 = 𝟐𝟓. 𝟏 𝒎/𝒔
𝒗=

From the table, the wavelength is 400 m//
(iv) As the first waves arrive at the ship, describe
1. the motion of the ship,

[1]

The ship will oscillate up and down with a period of about 20 s.
2. the effect on the ship of the increase in frequency of the waves that arrive. [1]
The ship will oscillate with shorter period.
Thus, the ship will experience greater acceleration and deceleration as it moves
up and down. This causes the ship to be more bumpy.
The wavelength of the wave will also be shorter.
This causes the slope of the wave to be steeper, causing the ship to
tilt side-to-side.

(N12/II/9)
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5. Figure A gives some information about two types of lamp that can be used in a desk light.
filament lamp
compact fluorescent lamp

input electrical power/W
40
10

efficiency/ %
9
40

Figure A

(a) (i) State what is meant by efficiency.

[1]

It is the percentage of useful energy output from the total energy input.
(ii) Determine which lamp produces the greater useful output power.
Show your working.
𝑬𝒇𝒊𝒍𝒂𝒎𝒆𝒏𝒕,𝒖𝒔𝒆𝒇𝒖𝒍 = 𝟒𝟎 × 𝟗%
𝑬𝒇𝒊𝒍𝒂𝒎𝒆𝒏𝒕,𝒖𝒔𝒆𝒇𝒖𝒍 = 𝟑. 𝟔 𝑱

[1]

𝑬𝒇𝒍𝒖𝒐𝒓𝒆𝒔𝒄𝒆𝒏𝒕,𝒖𝒔𝒆𝒇𝒖𝒍 = 𝟏𝟎 × 𝟒𝟎%
𝑬𝒇𝒍𝒖𝒐𝒓𝒆𝒔𝒄𝒆𝒏𝒕,𝒖𝒔𝒆𝒇𝒖𝒍 = 𝟒. 𝟎 𝑱
Thus, fluorescent lamp produces the greater useful output power//
(iii) The desk light is used for 600 hours per year.
The cost of 1 kWh is 25 cents.
Calculate the saving in cost of using the 10 W lamp for one year rather than the
40 W lamp.
[3]
𝑺𝒂𝒗𝒊𝒏𝒈 𝒊𝒏 𝒑𝒐𝒘𝒆𝒓 = 𝟒𝟎 − 𝟏𝟎 = 𝟑𝟎 𝑾
𝑺𝒂𝒗𝒊𝒏𝒈 𝒊𝒏 𝒆𝒏𝒆𝒓𝒈𝒚 𝒑𝒆𝒓 𝒚𝒆𝒂𝒓 = 𝑷 × 𝒕
𝑺𝒂𝒗𝒊𝒏𝒈 𝒊𝒏 𝒆𝒏𝒆𝒓𝒈𝒚 𝒑𝒆𝒓 𝒚𝒆𝒂𝒓 = 𝟎. 𝟎𝟑 𝒌𝑾 × 𝟔𝟎𝟎 𝒉
𝑺𝒂𝒗𝒊𝒏𝒈 𝒊𝒏 𝒆𝒏𝒆𝒓𝒈𝒚 𝒑𝒆𝒓 𝒚𝒆𝒂𝒓 = 𝟏𝟖 𝒌𝑾𝒉
𝑺𝒂𝒗𝒊𝒏𝒈 𝒊𝒏 𝒄𝒐𝒔𝒕 = 𝑬 × 𝒓𝒂𝒕𝒆
𝑺𝒂𝒗𝒊𝒏𝒈 𝒊𝒏 𝒄𝒐𝒔𝒕 = 𝟏𝟖 × $ 𝟎. 𝟐𝟓
𝑺𝒂𝒗𝒊𝒏𝒈 𝒊𝒏 𝒄𝒐𝒔𝒕 = $ 𝟒. 𝟓𝟎//
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(b) The filament lamp emits
electromagnetic radiation with a
range of wavelengths. Figure B
shows the energy emitted per
second at each wavelength.
The wavelength of visible light is
between 400 nm and 700 nm.
(i) The point P on Figure B shows
the wavelength at which most
Figure B
energy is emitted.
State the component of the electromagnetic spectrum that contains this
wavelength.

[1]

Analysis: Point P’s wavelength is just slighty longer than 700 nm.
Thus, it’s the component that is beside visible light.
Infrared.
(ii) Use Figure B to explain why the efficiency of the filament lamp is low.

[1]

In Figure B, the power emitted is the area under the graph.
The area under graph for the visible light wavelength 400 nm to 700 nm is a small
fraction of the total area under graph for all wavelengths. Thus, most of the energy
emitted is invisible.
(iii) The glass of the filament lamp transmits about 96% of all radiation with a
wavelength greater than 400 nm.
A student suggests using less absorbent glass in the filament lamp. He suggests that
the efficiency of the filament lamp will then be close to the efficiency of the
fluorescent lamp.
Explain whether the suggestion is correct.
[1]
Even if 100% of the visible light is transmitted, the efficiency will only be
(100/96) x 9% = 9.4%.
9.4% is less than a quarter of 40%, the efficiency of fluorescent lamp.
Thus, his suggestion is incorrect.

(Nyy/II/n)
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6. An electronic device requires a potential
difference (p.d.) of 2.6 V.
The only power source available is a battery of
electromotive force (e.m.f.) 9.0 V.
The potential divider circuit shown in Figure A is
used. This includes two resistors R1 and R2.
The current in the electronic device is 1.0 mA.

Figure A

(a) Explain what is meant by.
(i) e.m.f.,
[1]
It is the work done by a source in driving a unit charge around a complete circuit.
(ii) p.d.
[1]
The p.d. across a component in a circuit is the work done to drive a unit charge
through the component.
(b) (i) Determine the value of the p.d. across the resistor R1.

[1]

𝑽𝟏 = 𝑽𝑻 − 𝑽𝟐
𝑽𝟏 = 𝟗. 𝟎 − 𝟐. 𝟔
𝑽𝟏 = 𝟔. 𝟒 𝑽//
(ii) The resistance of R1 is 500 Ω.
Calculate
1. the current in R1,

[2]

𝑰𝟏
𝑰𝟏

𝑽𝟏
=
𝑹𝟏
𝟔. 𝟒
=
𝟓𝟎𝟎
= 𝟎. 𝟎𝟏𝟐𝟖
= 𝟏𝟐 𝒐𝒓 𝟏𝟐. 𝟖 𝒎𝑨//

𝑰𝟐
𝑰𝟏
𝑰𝟏
𝑰𝟏

= 𝑰𝟏 − 𝟏. 𝟎
= 𝟏𝟐. 𝟖 − 𝟏. 𝟎
= 𝟏𝟏. 𝟖
= 𝟏𝟐 𝒐𝒓 𝟏𝟏. 𝟖 𝒎𝑨//

𝑰𝟏
𝑰𝟏

2. the current in R2,

3. the resistance in R2,

[1]

[1]

𝑽𝟐
𝑹𝟐 =
𝑰𝟐
𝟐. 𝟔
𝑰𝟏 =
𝟎. 𝟎𝟏𝟏𝟖
𝑰𝟏 = 𝟐𝟐𝟎. 𝟑
𝑰𝟏 = 𝟐𝟐𝟎 𝛀//
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(c) To increase the life of the battery, R1 is replaced by a resistor which has a resistance of
6000 Ω. The same battery is used.
(i) Explain why this increases the life of the battery.

[1]

It increases the circuit resistance.
Thus, the circuit current decreases.
(ii) *Without further calculation, state one change needed in the circuit to keep the
p.d. across the electronic device at 2.6 V.
[1]
Analysis: Based on potential divider concept, to maintain same p.d.s, the
resistance ratio needs to be unchanged.
Since R1 is now 12x more, R2 should be increased too.
Resistance of R2 needs to be increased.
(iii) **Explain why the value of R1 cannot be increased much above 6000 Ω.

[1]

The electronic device requires a p.d. of 2.6 V. Thus, the p.d. across R1
needs to be 6.4 V.
At the same time, the p.d. across the electronic device can be 2.6 V only if
1.0 mA flows though it.
N14/II/11ei
Thus, the current through R1 cannot be less than 1.0 mA.
Thus, R1 can have a maximum resistance of 6.4 / 0.001 = 6400 Ω.
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