Revision 1 (ANS for Q3-5)
3. A student investigating the effect of temperature on the
volume of a gas, used a column of air sealed in a capillary tube
by a short column of mercury as shown in the figure.
At 20 °C, the length of the air column, h, was 15.0cm. The
cross-section of the tube was 2.00mm2. The density of mercury
is 1.36 x 104 kg/m3 and the length of the mercury column is
2.5 cm. The atmospheric pressure was 1.02 x 105 Pa.
(a) (i) Calculate the mass of the mercury column.

[2]

(ii) Hence determine the pressure exerted on the column of trapped air.

[2]

(b) (i) Describe what would be observed for the column of air if the temperature is
gradually increased until it reaches a steady temperature of 40°C.

[2]

The column of air will increase in length as the temperature rises {1}.
The length will be constant when the temperature is steady {1}.
(ii) Explain in molecular terms the observations described in (i).

[3]

As the temperature increases, the kinetic energy of the molecules increases {1}.
This cause the frequency of collision and the force per collision to increase {1}.
As a result, the pressure of the air increases, which pushes the mercury up.
As the volume of the air increase, the number of molecules per unit volume
decreases. This cause the frequency of collision to decrease.
As a result, the pressure decreases until it becomes equal to the sum of the
atmospheric pressure and mercury pressure again {1}. At this point, the length of
the air column becomes constant.
(c) Explain why the pressure of the air column would
decrease if the tube is held in a horizontal position
as shown in the figure.
[1]
In the horizontal position, the weight of the mercury is not pressing down on the air.
Thus, only the atmospheric pressure is acting on the air.
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4. The figure shows a 2.0 m uniform plank in equilibrium. The plank is supported by two
spring balances at P and Q, located 30 cm and 80 cm from each end respectively.

(a) Define the term centre of gravity of an object.

[1]

It is the point through which the entire weight of the object appears to act.
(b) State the distance of the centre of gravity of the plank from Q.

[1]

Distance = (30 + 90) - 100 = 20 cm//
(c) If the weight of the plank has an anti-clockwise moment of 20 N m about Q, calculate
the reading of the spring balance at P.
[2]
Taking moment about Q,
𝐴𝐶𝑊 𝑚𝑜𝑚𝑒𝑛𝑡 = 𝐶𝑊 𝑚𝑜𝑚𝑒𝑛𝑡
20 = 𝐹 × 0.9
𝐹 = 22.22
𝐹 = 22 𝑜𝑟 22.2 𝑁//
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(d) A heavy object of unknown weight is now hung 10 cm to the right of Q, as shown in the
figure below.

(i) Explain why the reading of the spring balance at P may register 0 N after the heavy
object is hung 10 cm from Q.
[1]
The clockwise moment by the heavy object may balance the anti-clockwise
moment by the plank's weight {1}.
Thus, these two forces do not produce a resultant moment to pull spring P.
(ii) Calculate the maximum possible weight of the object such that the plank remains in
equilibrium.
[2]
Taking moment about Q,
𝐴𝐶𝑊 𝑚𝑜𝑚𝑒𝑛𝑡 = 𝐶𝑊 𝑚𝑜𝑚𝑒𝑛𝑡
20 = 𝑊 × 0.10
𝑊 = 200 𝑁//
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5. A bar magnet is suspended by a spring so that it can oscillate freely in and out of a coil as
shown in Figure A. The coil is connected to an oscilloscope, which has its time base
switched on. The oscilloscope is adjusted so a trace is obtained.
Figure B shows an enlarged view of the trace at a particular instant.

Figure A

Figure B

(a) Explain why there is an induced alternating emf in the coil when the magnet is
oscillating inside the coil.

[2]

The changing magnetic flux induces an e.m.f. in the coil {1}.
When a magnet moves towards the coil, the e.m.f. induced causes a current to produce
an S-pole to repel the approaching S-pole of the magnet {+}.
When a magnet moves away from the coil, the e.m.f. induced is in the opposite
direction, in order to cause a current to produce a N-pole to attract the departing Spole of the magnet {1}.
Alternative Explanation for Alternating e.m.f.
When the magnet moves downwards, the coil experiences an increasing upward
magnetic field. The emf induced produce a downward field to oppose the change {+}.
When the magnet moves upwards, the coil experiences a decreasing upward field
instead. The emf induced is in the opposite direction to produce upward field to slow
down the decreasing field {1}.
(b) If the oscillating magnet is moving up and down at a frequency of 2.5 Hz and the peak
voltage is 12 V, state the Y-gain in V/cm and the time base sensitivity in ms/cm of the
CRO.
[2]
𝒀– 𝒈𝒂𝒊𝒏 = 𝑽 ÷ 𝒅𝒊𝒗𝒚
= 12 ÷ 3
= 4.0 𝑜𝑟 4.00 𝑉/𝑐𝑚//

𝒕𝒊𝒎𝒆 − 𝒃𝒂𝒔𝒆 = 𝑻 ÷ 𝒅𝒊𝒗𝒙
1
= ÷ 𝒅𝒊𝒗𝒙
𝑓
1
=
÷8
2.5
= 400 𝑚𝑠 ÷ 8
= 50 𝑜𝑟 50.0 𝑚𝑠/𝑐𝑚//
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(c) State and explain the point(s) A, B, C, D or E at which the magnet
(i) moves past its equilibrium position

[2]

Points B, E {1}.
The magnet moves the fastest when it passes its equilibrium
position {1}.
Thus, the rate of change of flux is the highest and
the emf induced is the greatest at this position.

(ii) is at an extreme point of its oscillation.

[2]

Points A {1}.
Whenever the magnet is at an extreme point of its oscillation, it will be
momentarily at rest {1}.
Thus, the coil will experience no change of flux.
As a result, the emf induced is 0 V.
(d) If the student wishes to observe a trace of higher frequency on the CRO, state one way
in which this can be achieved without adjusting the settings of the CRO.
[1]
Analysis
Frequency of CRO = Frequency of oscillation of the magnet
Thus, the frequency of oscillation of the magnet needs to be higher.
Oscillation of magnet is somewhat similar to the oscillation of a pendulum.
Period of pendulum,
𝑇 = 2𝜋
𝑇∝
𝑓∝

𝑔

From above, we can see that to increase the frequency, the acceleration needs to be
increased.
To increase acceleration, the force causing the acceleration needs to be increased.
Answer
Use a stronger spring.
Note: Releasing the magnet from a larger displacement will not affect frequency.
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(e) Figure C shows the magnet being released from rest and dropping vertically through
the coil.
On Figure D, sketch a graph of voltage against time in the first 0.4 s as observed on the
CRO.
[2]

Figure C

Figure D

Show an alternating voltage {1}.
The 2nd part of the graph will have a greater peak voltage
and a smaller duration {1}.
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