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acceleration of free fall

[

Data

speed of light in free space
elementary charge

unified atomic mass unit
rest mass of proton

rest mass of electron
Avogadro constant

molar gas constant
Boltzmann constant
gravitational constant

permittivity of free space

Planck constant

Stefan—Boltzmann constant

Formulae

uniformly accelerated motion

hydrostatic pressure
upthrust
Doppler effect for sound waves

electric current

resistors in series

resistors in parallel
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9.81ms™

3.00 x 108 ms™’
1.60x107'°C
1.66 x 10727 kg
1.67 x 107" kg
9.11 x 103" kg
6.02 x 10> mol™
8.31 JK " mol™
1.38 x 1073 J K™
6.67 x 107" N m? kg2
8.85x 107"2Fm™’
8.99 x 10°mF™)
6.63x 1034 Js

567 x 108 Wm2K™*
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1 (a) Underline all the vector quantities in the following list:

distance displacement speed velocity acceleration.

[1]

(b) A car of mass 1400kg is initially travelling horizontally in a straight line at a constant speed
of 15ms™1. The brakes are applied and the car decelerates uniformly to rest in a distance
of 35m.

Calculate:

(i) the initial kinetic energy of the car

KINEtIC €Nergy = .....oiiiiiiiiiiiiee e J [2]

(ii) the acceleration of the car

acceleration = ........c.cccocoeveeviieeeeee e, ms~2 [2]

(iii) the resultant force on the decelerating car.

fOrCe = o N [2]
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(¢) The initial speed of the car in 1(b) is now doubled to 30ms™'. The brakes of the car are
then applied and the car comes to rest. The resultant force on the car remains the same as
in 1(b)(iii).

Describe and explain the effect, if any, of doubling the initial speed on:

(i) the magnitude of the acceleration of the car

(ii) the distance travelled by the car in coming to rest.

[Total: 10]
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2 (a) State Hooke’s law.

(b) In an experiment to determine the spring constant of a spring X, a student measures the
original length of the spring. The student then suspends an object in equilibrium from the
spring and measures the final length of the spring.

The spring does not extend beyond its limit of proportionality.

The measurements taken by the student are shown in Table 2.1.

Table 2.1

original length of spring X | (2.1+0.1)cm

final length of spring X (14.0£0.1)cm
mass of suspended object | (0.300+0.005)kg

Calculate:

(i) the extension, in cm, of spring X together with its absolute uncertainty

extension = (....ccceeeeieniinee. o yem [1]

(ii) the spring constant of spring X

SPrNG CONSANT = .....veeeeeieieeeeee e Nm™" [3]
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(iii) the percentage uncertainty in the value of the spring constant calculated in 2(b)(ii) due
to the uncertainties in the measurements.

percentage uncertainty = .........cccccccoiiiiiiiiiiii s % [2]
(c) An identical object to the one in 2(b) is suspended in equilibrium from a spring Y that has a
greater spring constant than spring X.
Spring Y does not extend beyond its limit of proportionality.
Describe and explain any difference in:

(i) the extension of the springs

(ii) the elastic potential energy of the springs.

[Total: 10]

. ]



—

©C

L

* 0000800000008 * DFD

A stretched string is attached to two fixed points and a vibration generator as shown in
Figure 3.1.

8

1.8m

E fixed point
fixed point i

vibration generator

Figure 3.1
The vibration generator oscillates vertically and a stationary wave is formed on the string.

(a) Explain how the stationary wave is formed on the string.

(b) On Figure 3.1, draw one cross (x) at the position of a node.
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(c) The distance between the fixed points is 1.8 m. The vibration generator oscillates at a
frequency of 26 Hz.

Calculate the speed of progressive waves on the string.

(d) The frequency of the vibration generator is now halved and a new stationary wave is formed
on the string. The speed of progressive waves on the string is unchanged.

On Figure 3.2, draw the string at an instant when it has maximum displacement.

| 1.8m |
fixed point i i fixed point
Figure 3.2
[2]
[Total: 8]
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An object is held at rest just below the surface of a liquid of uniform density as shown in
Figure 4.1.

liquid

object

Figure 4.1
The object is released and accelerates downwards until it reaches terminal velocity.
The magnitude of the weight of the object is W.
The magnitude of the upthrust acting on the object is U.

The magnitude of the drag force acting on the object is D.

(a) By placing one tick (v) in each row, complete Table 4.1 to show what happens to the
magnitude of the three forces acting on the object as it accelerates.

Table 4.1
force increases stays the same decreases
w
D
U

[3]

(b) State an expression, in terms of W, D and U, that shows the relationship between the forces
acting on the object when the object is at its terminal velocity.

[1]
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(c) The object has a mass of 0.070kg and a volume of 1.0 x 1075 m3.

The density of the liquid is 1100kgm3.

Calculate D when the object is at terminal velocity.

[Total: 7]
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The I-V characteristic of an electrical component X is shown in Figure 5.1.

40
|
|
|
30 /
|
|
i
I'mA 20
|
I
I
10 |
|
|
i
0 P4
0 0.2 0.4 0.6 0.8
VIV
Figure 5.1

(a) State the name of electrical component X.

(b) A metallic conductor has a constant resistance of 40 Q. On Figure 5.1, sketch the I-V
characteristic of this conductor between V=0 and V= 0.80V. [2]
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(c) Component X is connected in a circuit with a resistor of resistance 20 Q as shown in
Figure 5.2.

()
&)

X I

20Q

Figure 5.2
The current in the ammeter is 5.0mA and the cell has negligible internal resistance.

Show that the electromotive force (e.m.f.) of the cell is 0.80V.

[3]
(d) The terminals of the cell in 5(c) are now reversed without making any other changes to
the circuit.

State the reading on the ammeter.

reading on ammeter = ... A [1]
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(e) The resistor of resistance 20Q and component X are now connected in parallel to the cell in

5(c) in the circuit shown in Figure 5.3.

| (n)

0.80Vv
|
| &)

[ 1
L |

20Q

Figure 5.3

The current in component X is not negligible.

Use Figure 5.1 to determine the current in the ammeter.

current = ..o,
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A nichrome wire of cross-sectional area 5.7 x 1078m? is connected to a power supply. The
potential difference (p.d.) across the wire is 230V. The power dissipated in the wire is 1.0 kW.

(@) Show that the resistance of the wire is 53 Q.

[2]

b) The resistivity of nichrome is 1.3 x 107 Qm.
(b) y

Calculate the length of the wire.

(c) The average drift speed of the charge carriers (free electrons) in the nichrome wire
is5.4x103ms".

Calculate the number density of charge carriers of nichrome.

NUMDEr denSity = ...voeieie e m=3 [3]
[Total: 7]
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7 (a) (i) State whatis meant by isotopes.

(i) Athorium-232 nucleus (233Th) undergoes radioactive decay to form another nucleus. A
sequence of further decays occurs until a nucleus is formed that is another isotope of
thorium. In each decay, either a single a-particle or a single p~ particle is emitted.

Determine the minimum numbers of a-particles and 3~ particles that could be emitted
during the sequence of decays to form the other isotope of thorium from thorium-232.

minimum number of a-particles = ..o
minimum number of B~ partiCles = ...
[2]
(iii) Complete Figure 7.1 to show the nucleon number and proton number of the thorium
isotope formed by the sequence of decays.
.......... Th
Figure 7.1
[2]
(b) (i) State the quark composition of a proton.
..................................................................................................................................... [1]
(ii) Describe the change to the quark composition of the proton when it undergoes
B* decay.
..................................................................................................................................... [1]
[Total: 8]
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