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Data

Formulae

speed of light in free space,
c = 3.00x10°ms "

permeability of free space,
fy = 4nx10 Hm"
permittivity of free space,
& = 885x10 “Fm
~ (1/(361) x 10 "Fm "

elementary charge,
e = 1.60x10"C

the Planck constant,
h = 6.63x10"Js

unified atomic mass constant,
u = 1.66x 10 kg

rest mass of electron,
me = 9.11 x 10 kg

rest mass of proton,
m, = 1.67 x 10 ' kg

molar gas constant,
R = 831JK ‘mol™

the Avogadro constant,
Na = 6.02 x 10> mol ™

the Boltzmann constant,
k = 1.38x10 2JK™

gravitational constant,

G = 6.67x10 "Nm’kg"

acceleration of free fall,
g = 9.81ms”

uniformly accelerated motion

work done on / by a gas

hydrostatic pressure
gravitational potential
temperature

pressure of an ideal gas

mean translational kinetic energy
of an ideal gas molecule

displacement of particle in s.h.m.

velocity of particle in s.h.m.

electric current
resistors in series
resistors in parallel

electric potential

alternating current / voltage

magnetic flux density due to a
long straight wire

magnetic flux density due to a flat
circular coil

magnetic flux density due to a
long solenoid

radioactive decay

decay constant
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Section B

Answer one question from this Section in the space provided.

8 (a) State the conditions required for a body to be in equilibrium.

(b) A uniform beam AB of mass 1.5 kg is placed on a horizontal bench and held in equilibrium by
a support cable. The beam is at an angle of 42° to the horizontal bench and the support cable
is at an angle of 25° to the horizontal platform, as shown in Fig. 8.1.

platform

support cable

tension T

beam

| bench

Fig. 8.1 (not drawn to scale)
() On Fig. 8.1, draw the forces acting on the beam. [2]

(i)  Show that the magnitude of tension T exerted on the beam by the cable is 5.94 N.

[2]
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(iii)  Determine the force exerted on the beam by the bench.

direction = ... [1]

(c) Inachild’s toy, a small ball moves along a smooth track. The ball moves down a straight slope
and then travels around a vertical circular loop, as shown in Fig. 8.2

The loop has diameter of 34 cm. The slope has a length of 58 cm and is inclined at an angle of
42° to the horizontal. Initially, the ball is at rest at the top of the slope.

34 cm

Fig 8.2

(1) Calculate the acceleration of the ball moving down the slope.

acceleration = ...................... m s2[2]
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5

(i)  State and explain what happens to the acceleration of the ball moving down the slope
when it is replaced with another ball of the same size but twice the original weight.

(iii)  Determine whether the ball is able to make a complete loop around the circular track
when released at the top of the slope. Show your working clearly.

Assume there is negligible air resistance and friction between the slope, the bench and
the circular track with the ball.
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(iv)

34 cm

Fig. 8.3
The ball is now released from a new position as shown in Fig. 8.3.

Describe the subsequent path of the ball.

[Total: 20]

©Z Hwa Chong Institution 9749/ 03B / C2 Preliminary Examinations 2023



9 (a) Define magnetic flux linkage.

(b) A solenoid of length 30.0 cm is wound evenly with 900 turns of insulated wire. The cross-
sectional area of the solenoid is 3.2 x 10™ mZ.

A flat coil having 250 turns of wire is wound tightly around the centre of the solenoid. A resistor
of 35 Q is connected to the coll as illustrated in Fig. 9.1.

35 Q resistor

 —
. LI
flat coll
250 turns
solenoid of _— |
length 30.0 cm
and 900 turns .
| |
Fig. 9.1

(i) At a particular instant in time, the current through the solenoid is 2.0 A. Show that the
magnetic flux through the coil is 2.41 x 10° Wb at that instant.

[2]
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(i)  The current in the solenoid increases at a uniform rate from 0.0 Ato 2.0 Ain 0.45 s.

1. Calculate the magnitude of the e.m.f. induced in the flat coil during this period.

2. Hence, calculate the amount of charge that flows through the resistor during this
period.

3. Determine the amount of charge that passes through the solenoid during this
period.
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(c) A potential difference is applied between two horizontal plates, each 15.0 cm long and
separated by 4.0 cm.
A uniform magnetic field is directed perpendicularly into the page between the two plates.
A beam of electrons moves in a straight line between the plates along a horizontal path halfway
between the two plates as shown in Fig. 9.2.

Each electron has a velocity of 4.50 x 10° m s

-— 150cm ——
+15V magnetic field

beam of 4.0 cm / into the page
electrons -

-15V

Fig. 9.2 (not drawn to scale)

0] Determine the magnetic flux density of the magnetic field.

magnetic flux density = ....................... T[2]
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The undeflected beam of electrons enters a second region of uniform magnetic field as shown
by the shaded region in Fig. 9.3. A magnetic flux density of 0.50 x 102 T is directed
perpendicularly into the page.

A
second region of
magnetic field ~
\
«— 150cm ——»
+15V
beam of
electrons 30.0 cm
-15V
\/

12.0 cm

Fig. 9.3

(i)  Explain why the electrons move in a uniform circular motion inside the second region of
magnetic field.

(iif)  Calculate the radius of the path.

radius = ......ccoeiiiiiinnnnnn. m [2]
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(iv)  The beam of electrons is now replaced by a beam of protons. The velocities of the
protons before going between the two parallel plates ranges from of 3.00 x 10° m s to
6.00 x 106 m s,

Determine the speed of the protons that enters the second region of magnetic field.

(v) Sketch and label the respective paths of the electrons and protons inside the second
magnetic field in Fig. 9.3.

3]
[Total: 20]

End of Paper 3 Section B
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