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Data

speed of light in free space
permeability of free space
permittivity of free space

elementary charge

the Planck constant

unified atomic mass constant
rest mass of electron

rest mass of proton

molar gas constant

the Avogadro constant

the Boltzmann constant
gravitational constant
acceleration of free fall

Formulae
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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c=3.00x 108 ms™
o=41x107"Hm™’
&0=885x10"Fm’

— (1/(367)) x 10° F m-"!
e=160x10"C
h=6.63x10*Js
u=1.66x 102 kg
me =9.11 x 1073 kg
mp =1.67 x 10%" kg
R=28.31J K'mol™
Na =6.02 x 1022 mol’
k=1.38x 102 J K"
G=6.67 x 107" N m? kg2
g=9.81ms>?

s=ut+1at?
v? =u?® +2as
W= pAV
p = pgh
¢=-Gm/r
TIK=T/°C + 273.15
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1 A sphere is projected with velocity u from the bottom of a ramp which is inclined at an angle 6to
the horizontal as shown in Fig. 1.1.

ceiling

u ramp

0 floor
o

Fig. 1.1 (not to scale)

(@) Define acceleration.

................................................................................................................................................. [1]
(b) (i) When u=9.0 ms™ and 6= 26°, the sphere leaves the ramp after 0.70 s.
Show that the sphere leaves the ramp at a speed of 6.0 m s™".
[1]
(ii) Determine the height of the ramp.
height = m 2]
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(c) After the sphere leaves the ramp, it continues to travel upwards until it hits the ceiling at an
angle of 5.0° to the horizontal as shown in Fig. 1.2.

ceiling

Fig. 1.2 (not to scale)

(i) Show that the vertical component of velocity of the sphere just before hitting the
ceiling is 0.47 m s

[1]

(ii)  Calculate the vertical displacement of the sphere from the instant it leaves the ramp
to the instant it hits the ceiling.

vertical displacement = m 2]

(iii)  State and explain whether the momentum of the sphere is conserved in the collision
with the ceiling.
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(c) Using answers in (b)(ii) and (c)(ii), sketch on Fig. 1.3 the variation with the
horizontal displacement x of the vertical displacement y of the sphere from the
instant it is projected up the ramp to the instant it hits the floor.

yA

v
>

Fig. 1.3
[2]
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2 A cartravels at 50.0 km h~' due north for 25.0 minutes, after which it travels at 65.0 km h="' in the
north-east direction for another 30.0 minutes.

(@) Distinguish between vector and scalar quantities.

(b) (i) Using a scale of 1.0 cm to represent a speed of 10 km h~!, draw a vector diagram to
show the change in velocity Av of the car. The direction of north is indicated.

[2]

(ii) Hence, or otherwise, determine the magnitude of the average acceleration of the
car if it takes 30.0 seconds to change its velocity.

average acceleration = ms? [2]
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(c) (i) Calculate the total distance travelled by the car.

total distance = km [1]

(ii)  The uncertainty of each velocity measurement is 0.5 km h-', and that of each time
measurement is 0.5 minute.

Determine the actual uncertainty in the total distance travelled.

[
-
3

actual uncertainty =

............................... [3]

(iii) Hence, express the total distance travelled with its associated uncertainty.

total distance = + km [1]
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3 (a) State the principle of conservation of linear momentum.

(b) A block X of mass 2.2 kg travelling at a speed of 6.0 m s~" on a smooth floor collides head-
on and sticks together with a block Y of mass 1.0 kg which is travelling at a speed of
2.0 m s7'in the opposite direction, as shown in Fig. 3.1. The collision lasts for 0.35 s.

2.2 k 1.0k
g 60ms"' 20ms™ g
X > <+ Y
floor water
Fig. 3.1

(i) Show that the blocks move with a speed of 3.5 m s~ to the right after the collision.

[2]

(ii) Determine the magnitude of the average force acting on either block during the
collision.

average force = N [2]
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(iii)  The blocks then slide off the edge of the floor and into a tank of water as shown in
Fig 3.1. The density of water is 1000 kg m=.

The blocks have uniform densities and their dimensions are shown in Fig. 3.2.

0.10 mj_

0.10 mI X Y

[P
Dl

4

g
» <

0.15m 0.20 m
Fig. 3.2

1. The blocks eventually achieved equilibrium when they are submerged at depth
h as shown in Fig. 3.3.

water Y

Fig. 3.3

Explain how the blocks achieved this final position. You may draw a diagram if
you wish.

2. Calculate h.
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4 (a) Define work.

(b) Using your definition in (a), derive an expression for the increase in gravitational potential
energy AE, when an object of mass m is raised vertically through a distance Ah near the
Earth’s surface. The acceleration of free fall near the Earth’s surface is g.

[2]
(c) Fig. 4.1 shows a block P of mass 1.0 kg and a block Q of mass 3.0 kg connected by a light
inextensible cord passing over a frictionless pulley. Block P starts from rest and moves up

a rough slope inclined at an angle of 30° to the horizontal, while block Q falls from a height
of 0.45 m above a spring. The frictional force between block P and the slope is 6.3 N.

1.0 kg
045 m

300 %\ spring

Fig. 4.1

(i) State the energy changes that take place from the time the blocks are released to
the instant just before block Q makes contact with the spring.
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11

(ii) Show that the loss in gravitational potential energy of the blocks just before block Q
makes contact with the spring is 11 J.

[1]

(iii) Determine the total kinetic energy of the blocks just before block Q makes contact
with the spring.

total kinetic energy = J 2]

(iv) Show that the maximum compression of the spring when the blocks first come to
rest is 0.168 m. The spring has a force constant of 800 N m™" and the string remains
taut at all times.

[2]

(v)  Use your answers in (ii) and (iii) to explain why the maximum compression in (iv)
decreases when the angle of the slope is larger.
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5 An ideal gas A is contained in an insulated cylinder to prevent the loss of heat, while an ideal
gas B is contained in a cylinder without any insulation, as shown in Fig. 5.1.

gas A — gas B —

insulation
Fig. 5.1

Initially, the two gases have the same volume of 2.90 x 10* m3, the same pressure of
1.05 x 10° Pa and the same temperature of 303 K.

(a) Explain what is meant by the internal energy of an ideal gas.

.................................................................................................................................................. [1]
(b) Determine the number of molecules in gas A.
number of molecules = .. [2]
(c) Determine the mean translational kinetic energy of a molecule of gas A.
mean translational kinetic energy = J [1
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(d) When gas A is compressed to a volume of 2.10 x 104 m?3, its temperature rises to 357 K.
Gas B is compressed very slowly to the same volume of 2.10 x 1074 m3.

(i) Determine the change in internal energy of gas A during the compression.

change in internal energy = J [2]

(ii) Determine the work done on gas A during the compression.

work done on the gas = J [1]

(iii) On Fig. 5.2, sketch the variation with volume of the pressure of gas A and gas B.
Include appropriate labels, and values of pressure and volume.

pressure / 105 Pa 1

» volume / 10~* m?®

Fig. 5.2

[3]
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6 A variable resistor R is connected between the terminals of a battery of e.m.f. E and internal
resistance r, as shown in Fig. 6.1.

— e
®
Fig. 6.1

As the resistance of R is varied from its maximum to minimum value, the variation of the
potential difference V across R with the current 7 through R is shown in Fig. 6.2.

1.5
VIV
1.0 S
0.5 -
0.0 >
0.0 0.5 1.0 1.5 2.0
I1A
Fig. 6.2
(@) (i) Use Fig. 6.2 to determine the values of E and r.
E T iiiiereseerereereeaaaanes V
r = Q [3]
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(ii)  Explain why, in the circuit of Fig. 6.1, the current I through R cannot be varied from
0to 0.5A.

....................................................................................................................................... [1]
(b) When the power dissipated in R is the maximum,
(i) state the value of the resistance of R in terms of r,
resistance = eereeeeee [1]
(ii)  calculate the value of the current 7 through R,
L= eeseeesseessssasenn A [2]
(iii)  calculate the efficiency of transfer of power from the supply to R.
officiency = ..eeereesrn % (1l
(c) Determine the maximum efficiency of transfer of power to R of the circuit in Fig. 6.1.
maximum efficiency = % [2]
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7 A bubble chamber is a vessel filled with a superheated liquid (usually hydrogen) used for
detecting charged particles moving through it. It was invented in 1952 by Donald A. Glaser, for
which he was awarded the 1960 Nobel Prize in Physics.

Typically, the charged particles possess very high energies and move at speeds close to that of
light. They create ionization tracks (ionization causes the particle to lose energy), around which
the liquid vaporizes to form microscopic bubbles. As the bubbles grow in size, they become
large enough to be seen or photographed.

The entire bubble chamber is subjected to a constant magnetic field that causes charged
particles to travel in circular paths. The radius of the path is dependent on the charge and
momentum of the particle.

By analyzing one such track, a substantial amount of information can be obtained about the
charged particle, such as its momentum, energy, charge, mass and identity. The energies of the
charged particles are usually expressed in MeV and their momentum in MeV ¢™', where c is the
speed of light in vacuum.

Fig 7.1 shows a life-size photograph of a track of a charged particle moving in the plane of the
paper in a particular bubble chamber where a uniform magnetic field is acting perpendicularly
into the paper.

Fig 7.1 (to scale)
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(@) (i) Show that the momentum p of the charged particle in Fig. 7.1 is related to its charge
q, the radius r of the track and the magnetic flux density B of the magnetic field by

p=Bqgr.

[2]

(ii) For the track indicated in Fig 7.1, state and explain whether the charged particle is
moving in a clockwise or anti-clockwise direction.

(b) (i) By measuring the lengths / and s in Fig 7.1, the radius r of the path at point A can
be determined from

> s
r=—+=.
8s 2

1. Using a ruler, measure and record the lengths / and s.

I D mmmnmma————————— Cm

S T s cm [2]
2. Calculate the value of r.

r = cm [1]
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(ii) 1. Show that a momentum of 1.0 MeV ¢ is equal to 5.3 x 10722 kgm s™*

[1]

2. The magnetic field in the bubble chamber has a magnetic flux density of 0.50 T.
The magnitude of the charge of the charged particle is 1.6 x 107'° C.

Use the expression in (a)(i) and your answer in (b)(i)(2) to determine the
momentum of the particle in MeV ¢".

p = MeV c' [2]

(iii) At a momentum of 1.0 MeV ¢, the speed v of the charged particle is 0.89 c. It is
known that at such a high speed, the momentum p of the charged particle is related
to its velocity v and rest mass mo by

p:

where all quantities are in S| units.

Determine the rest mass my of the charged particle, and hence identify it.

identity [2]
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(c) Ininstances when it is not possible to determine the momentum of a charged particle from
the radius of its track, it can be found from its range. The range d is the total distance
travelled by the charged particle before it comes to rest.

Theory suggests that the range d of a charged particle is related to its initial momentum p
by the equation

lgd =nlgp+Igk
where n and k are constants.

Some of the values of Ig (d / cm) and Ig (p / MeV c¢') are plotted in Fig. 7.2 for a charged
particle.

2.40

Ig (d/cm)

2.00

o

1.60

1.20

0.80

0.40

0.5 0.6 0.70 0.80 0.90 1.00 1.10 1.20
Ig (p/MeV c™)

Fig. 7.2
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(i) Draw the line of best-fit for all the points. [1]

(ii) Use Fig. 7.2 to determine the values of n and k. Express n to the nearest integer.

(iii) Express pin terms of d.

[1]

(iv) Suggest an example of when it is not possible to determine the radius directly from
the track of a particle in a photograph.

End of Paper 2
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