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GENERAL INFORMATION SHEET

Acceleration due to gravity at Earth surface,
Radius of the Earth,

Universal gas constant,

Vacuum permittivity,

Vacuum permeability,

Atomic mass unit,

Speed of light in vacuum,
Charge of electron,

Planck’s constant,

Mass of electron,

Mass of proton,

Rest mass of alpha particle,
Boltzmann constant,
Avogadro’s number,

Standard atmosphere pressure,
Density of water,

Specific heat (capacity) of water,
Latent heat of fusion for water,
Stefan-Boltzmann constant,

Sum of N terms in an arithmetic series,

Sum of N terms in a geometric series,
Approximation for square root, for small x

X
Area under the curve of ¥ = x™ for x between 0 and x, fo “x"dx =

g = 981lms? = |

R; = 6.371 x 10°m

R = 831Tmol K™}

gp= 8.85 x 1072 CI N m™?
o = 4T x 1077 TmA™
u=1.66x 10" kg
c=3.00x108ms™
e=160x10"°C
h=6.63x10*Js

me = 9.11 x 10~*! kg = 0.000549u
m, = 1.67 x 10 %" kg = 1.007u

m, = 4.003u
k=138x102JK™

Na = 6.02 x 10?2 mol™?

Po=1.01 x 10° Pa

pw = 1000 kg m3

Cw=419x 108 kg1 K?

Ly =3.34x10° J kg *
g=567%x10Wm?2K™*
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1. (@()  Figure 1.1 shows how the velocity v/(ms™1) varies with the displacement x/m for
a particle undergoing simple harmonic motion.

4 vims

-3
Figure 1.1

Determine the period of the motion. [2 marks]

()(ii)  Calculate the time taken for the particle to move from the state represented by the
point A to the state represented by the point B. [2 marks]
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(b)()) By using the expression v = +w+/xZ — x2, show that the potential energy E of a
particle of mass m undergoing simple harmonic motion of angular frequency w is

given by E = ~maw?2x2. [3 marks]
2

(b)(ii)  Figure 1.2 shows a pendulum bob of mass m suspended from a string of length L.

"
—
1 X '

Figure 1.2
Show that the potential energy E of the pendulum is given by (with respect to the

equilibrium position, E = mgL — mgVL? — x?. [1 mark]
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(b)(iii) By combining the results of (b)(i) and (b)(ii), show that the period of a pendulum

of length L is Zn\/g for small-angle oscillations. [2 marks]
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2. @) A 2.5 kg block is placed on a horizontal rotating disk with a radius of 0.5 m. The
disk rotates at a constant angular speed of 3 rad/s. The block is located 0.3 m from
the centre of the disk. The coefficient of static friction between the block and the
disk is 0.4.

Calculate the maximum static frictional force that can act on the block.  [2 marks]

(b) Determine whether the block will slide or stay in place as the disk rotates.
[3 marks]
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(c) If the block remains stationary relative to the disk, calculate the minimum
coefficient of friction required for the block to stay in place if it were moved to the
edge of the disk (0.5 m from the centre). [2 marks]

(d) If the block is now moved to the edge (0.5 m from the centre) and the
coefficient of friction remains 0.4, determine the speed of the block when it
begins to slip relative to the rotating disk. [3 marks]
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3. @ As shown in Figure 3, a spring of spring constant k is placed horizontally on the
floor. One end of the spring is attached to a solid block of mass M and the other end
of the spring is compressed by a sphere of mass m by a distance d. Neglect all
friction and neglect the mass of the spring as well as the mass of the plate between
the sphere and the spring.

Figure 3

The block is fixed on the floor. Derive an expression for the speed of the sphere
when it is at a distance d from the initial position. [2 marks]
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(b) The block is now free to move. Derive an expression for the speed of the sphere
relative to the floor after it loses contact with the spring. [4 marks]
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(c) The block is still free to move. Derive an expression for the distance the block has
travelled when the sphere just loses contact with the spring. [4 marks]

10
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4, Figure 4 shows a long, straight wire of negligible resistance bent into a V shape,
with its two arms making an angle a with each other, and placed horizontally in a
vertical uniform magnetic field of strength B. A rod of total mass m, and resistance
R per unit length, is placed on the V-shaped conductor, at a distance x, from its
vertex A, and perpendicular to the bisector of the angle a.
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Figure 4 (Top view)

The rod started off with an initial velocity v, in the direction along the bisector, and
away from A. The rod is long enough not to fall off the wire during the subsequent
motion, and the electrical contact between the two is perfect, while friction between
them is negligible.

vaR
2 a -
B tan2

Show that the rod will stop at x = [x2 + [10 marks]
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5 (@)(i) A cargo spacecraft of mass m has an initial circular orbit of radius R, about a planet
of mass M. A Hohmann transfer orbit is used to transfer it to a final circular orbit
of radius R, using two engine burns.

Determine an expression for the minimum speed of the spacecraft required to enter

the transfer orbit from the initial circular orbit in terms of m, M, R, and R,.
[3 marks]

13
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(a)(if)  Show that the increase in total energy of the spacecraft for the first burn is given by

GMm (R2 - Rl)
2R; \R, +R;
[2 marks]

(a)(iii) Determine an expression for the time of flight for the transfer from the initial to the
final orbit in terms of m, M, R, and R,. [2 marks]

14



Index no. SPhO 2024 Theory Paper

(b) Figure 5.1 shows a satellite with three solar panels folded in close to the satellite’s
axis for the journey into space in the hold of the cargo spacecraft.

solar panel

solar panel

axis

Figure 5.1 Figure 5.2

Just before it is released into space, the satellite is spun to rotate at 5.2 rad s™. Once
released, the solar panels are extended as shown in Figure 5.2.

moment of inertia of the satellite about its axis with panels folded = 110 kg m?
moment of inertia of the satellite about its axis with panels extended = 230 kg m?

Calculate the decrease in rotational kinetic energy after the solar panels have been
extended. [3 marks]

15
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6 (@(@) A 5.0 kg mass is hung with a long string from a frictionless, massless pulley of
radius 0.10 m as shown in Figure 6. The axis of the pulley is attached to a 10-turns,
rectangular loop in the horizontal plane which carries a current of 5.0 A in the
direction shown. The entire loop has negligible mass and is in a uniform, horizontal
magnetic field of flux density 0.50 T directed towards the left.

050 m

currery/ /
/ / uniform magnetic field
d

Figure 6

Determine the magnitude of the magnetic dipole moment. [2 marks]

(a)(ii)
Determine the magnitude of the initial magnetic torque on the loop.
[2 marks]

16
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(b) Calculate the net torque acting on the pulley. [2 marks]

(c)(i)  The magnetic torque causes the rectangular loop to rotate to a vertically upright
position and the mass to move upwards.

Calculate the change in potential energy of the magnetic dipole. [2 marks]

17
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(c)(it)  Calculate the speed of the mass at this position. [2 marks]

18
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7 @) Consider a circuit consisting of a resistor of resistance R, inductor of inductance L
and a capacitor of capacitance C as shown in Figure 7. The capacitor is initially
fully charged at time t = 0.

Figure 7

Given that the potential difference V' in the capacitor is governed by the differential

equation
d2V+(R)dV+(1 )V—O
dez  \L)dt \Lc/

Show that V = Ae ™% cos wt is a solution to the differential equation above where
a= % . Hence, write down an equation for w interms of R, L and C. [5 marks]

19
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(b)(i) Given that € = 15.0 nF, L = 0.22 mH and R = 75.0 Q, calculate the oscillation
frequency of the circuit and the time taken for the amplitude of oscillation to decay
to 10.0 % of its original value. [3 marks]

21
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(b)(ii)  Calculate the value of R that would result in a critically damped circuit.  [2 marks]

22
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8 €)] A spacecraft is moving at a constant velocity v relative to an observer on Earth. The
spacecraft is traveling in a straight line from point A to point B, which are 10 light-
years apart as measured in Earth’s frame.

Calculate the time it takes for the spacecraft to travel from point A to point B as
measured by the observer on Earth if the velocity of the spacecraft is 0.8¢, where ¢

is the speed of light. [2 marks]
(b) Determine the time experienced by a clock on the spacecraft for the journey from
Ato B. [3 marks]

23
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(c) Suppose a light signal is sent from point A to point B just as the spacecraft passes
point A. How much time does it take for the signal to reach point B as measured by:
i.  The observer on Earth.
ii.  The astronaut on the spacecraft.
[3 marks]

24
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(d) Assume that when the spacecraft reaches point B, a signal is sent back to point A.
According to the observer on Earth, do the events "spacecraft reaches point B" and
"signal reaches point A" occur simultaneously? Explain your reasoning. [2 marks]

25
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9 @) One mole of helium gas, initially at state A where pressure is 101.3 kPa and
temperature is 5.0 °C, undergoes a process in which pressure falls to half its initial
value at constant volume to state B. It then expands at the same pressure, doubling
its volume, to state C.

Calculate the total work done by the gas. [2 marks]
(b) Suppose the gas undergoes a process from state A to state C at constant temperature,
determine the work done by the gas. [3 marks]

26
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10 @) Figure 10 shows an opaque screen in which there are two narrow parallel slits, P
and Q, separated by a distance d.
Ray 1
Ray 2

Figure 10

A beam of monochromatic light of wavelength 4 is incident on the screen at an
angle a to the normal. Consider light emerging from the slits at an angle S to the
normal.

Find an expression for the total path difference between rays 1 and 2 as a result of
passing through the slits. Hence find the condition for the light emerging at angle 3
to be of maximum intensity. [2 mark]

27
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(b) Show that, for small values of the angle #, the angular separation between adjacent
maxima in the emergent light is independent of the angle of incidence a.
[3 marks]

- End of paper -
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