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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

© UCLES & MOE 2015

c=3.00x10*ms™
py=4nx 107 Hm™

&, =8.85x 1072 Fm™

(1/(36n)) x 10°Fm™

e'= 1.60 x 107°C
h=6.63x10*Js
u=166x102"kg

me = 9.11 x 10kg

m, = 1.67 x 10" kg

R =8.31JK"mol”

Np = 6.02 x 102 mol™
k=138%102JK™

G =6.67 x 10" Nm?kg™

g=9.81ms™
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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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4

1 (a) Ablock slides down a frictionless ramp as shown in Fig. 1.1.

block

Fig 1.1

The ramp is inclined at an angle of ¢ to the horizontal. The block starts to move from rest at
point A.

Data for the motion of the block as it travels from point A to point B are shown in Table 1.1.

Table 1.1

distance/m time taken/s |

0.80 + 0.01 0.64 +0.02 l

(i) Calculate the acceleration a of the block down the slope.

(i) Determine the actual uncertainty in the value of a calculated in (i).

Hence state the value of a with its actual uncertainty to an appropriate number of
significant figures.

B s resammmmnsnasnnsh HSETHEES T — ms2 [3]
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(iii) Show that the speed v of the block at point B is 2.5 ms™.

© UCLES & MOE 2015 9749/02/SPN7 [Turn over
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(b) In a second experiment, a barrier is fixed at point B as shown in Fig. 1.2.

\ fixed barrier

Fig. 1.2

The block slides down the ramp and bounces off the barrier with an initial speed of 1.8ms™"
up the ramp.

The block of mass 350g is in contact with the fixed barrier for a time of 0.060s.

() State and explain whether the collision between the block and the barrier is elastic or

inelastic.
...................................................................................................................................... [1]
(i) Calculate the magnitude of the average force F,, when the block is in contact with the
barrier.
T — N [3]

(ili) During the collision the momentum of the block changes. State and explain whether
momentum is conserved in this collision.

© UCLES & MOE 2015 9749/02/SP1M7
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Question 2 starts on the next page.
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2 (a) State whatis meant by the internal energy of a system.

(b) A balloon contains a fixed mass of air that expands on heating, as illustrated in Fig 2.1.

hot air balloon

Fig. 2.1

The air is heated to a final temperature of 105°C and the balloon expands at atmospheric
pressure from 2200m?3 to 2800m?3, when it is fully inflated.

The air inside the balloon may be assumed to be an ideal gas.
Atmospheric pressure is 1.01 x 10°Pa.

(i) Calculate the work done by the expanding balloon on the atmosphere.

WOLKEHONE 2 uvnvnasannissisis v J[1]

(i) Explain why the internal energy of the air inside the balloon increases as the balloon
expands.

© UCLES & MOE 2015 9749/02/SPI1M7
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(iii) The propane used in the heater produces 50 MJ of thermal energy for each kilogram of
fuel that is burned. The air inside the balloon gains 116 MJ of internal energy during the
expansion.

Calculate the minimum mass of propane which must be burned to fully inflate the balloon.

(iv) Calculate the initial temperature, in °C, of the air.

lemperatie s o rsaEREEG °C [2]

ver
© UCLES & MOE 2015 9749/02/SP/17 [Turn o
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3 (a) State three conditions required for the formation of an observable stationary wave.

loudspeaker

tube

signal generator

air

water

Fig. 3.1

(i) Apart from changing the frequency, state how the apparatus shown in Fig. 3.1 may be
adjusted to allow a stationary wave to form.

© UCLES & MOE 2015 9749/02/SP/17
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(i) On Fig. 3.2, draw a representation of the stationary wave with the longest wavelength
that can form in the air column. Label any nodes N and any antinodes AN.

Fig. 3.2 [2]
(iii) Describe the movement of the air particles at the open top of the air column.

(iv) When the loudspeaker is emitting sound of frequency 480Hz, the minimum length of
the column of air is 18cm for a stationary wave to be produced. Calculate the speed of
sound in the air column.

speed of sound = ........ocooooiiiiieiiiinnn ms[2]

(v) The frequency of the sound from the loudspeaker in Fig. 3.1 is increased until the next
stationary wave is produced.

Determine the value of this new frequency.

freqQUENCY = ...ooiiiireereee e Hz [2]

©® UCLES & MOE 2015 9749/02/SPH7 [Turn over



4 (a) Define electric field strength.

12

(b) A charged metal sphere of mass 0.025g is suspended from a light, insulating thread so that it
hangs mid-way between two vertical metal plates, as shown in Fig.4.1.

LLLLL

O

insulating thread

metal sphere mass 0.025g,

e

charge +4.0nC
\

| metal plates

Fig. 4.1

The charge on the sphere is +4.0nC.

(i) A potential difference is applied to the plates such that the right-hand plate is at a higher

positive potential.

On Fig. 4.2, draw the new position of the charged sphere. The sphere does not touch

either plate.

© UCLES & MOE 2015
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Fig. 4.2
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(ii) The potential difference applied between the plates is 5700V and the distance between

the plates is 200mm. Calculate the electric field strength without the sphere present.
Include the unit with your answer.

electric field strength = ... [3]

(iii) Calculate the magnitude of the force the electric field exerts on the sphere.

(iv) Use your answer in (iii) to find the angle between the thread and the vertical.

(v) When this experiment is performed, the angle of deflection measured is different from
the value you have calculated in (iv). State how and why the deflection is different.

© UCLES & MOE 2015 9749/02/SPNT [l'urn over
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5 Acurrent I in a wire causes the charge carriers to have a drift velocity v, as shown in Fig. 5.1.

charge carriers

current I /}

afea ':_:drlft velocity v .

Fig. 5.1

The wire has an area of cross-section A. The number density of charge carriers in the wire is n.
Each charge carrier has charge of magnitude q.

(a) Derive an equation relating current I'to n, A, v and q.

(3]

(b) (i) A copper wire has diameter 0.38mm and the number density n of charge carriers is

8.5 x 1028 m=3. The current in the wire is 0.24A. Calculate the drift velocity v of the charge
carriers.

© UCLES & MOE 2015 9748/02/SP/1M7
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(ii) The drift velocity of the charge carriers in the wire is much lower than the maximum
velocity that the charge carriers could achieve from the potential difference applied to the
wire.
Explain why.

(iii) The potential difference applied across the wire is doubled. State and explain the effect
on the drift velocity of the charge carriers.

(c) When a domestic lighting circuit is switched on the lights come on almost immediately.

Explain this in the context of your answer to (b)(i).

© UCLES & MOE 2015 9749/02/SPM7 [TUI'ﬂ over
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6 (a) Two parallel wires A and B have a separation of 0.12 m, as shown in Fig. 6.1.

wire A wire B
0.32A 0.080A
0.12m
Fig. 6.1

The current in wire Ais 0.32A and the current in wire B is 0.080A. In both wires the current is
in the same direction.

Calculate the resultant magnetic flux density at the mid-point between the two wires.

magnstis At danisSity = caunnnaasanasssnisasaasas T3]

© UCLES & MOE 2015 9749/02/SPN7
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(b) A thick wire is clamped in a fixed horizontal position between the poles of a horseshoe

magnet. The horseshoe magnet rests on a digital balance as shown in Fig 6.2.

40mm__ _ thick wire
EErTmn ]
balance
front view
Fig. 6.2

| © ¢

balance

side view

The magnetic flux density between the poles of the magnet is 65mT.

The length of the wire in the magnetic field is 40mm.

When there is no current in the wire, the reading on the balance is 1.1772N.

A current of 2.2A now flows through the wire. The side view of Fig 6.2 shows the current in

the wire directed perpendicularly out of the page.

Calculate the reading on the balance for the current of 2.2A in the wire.

Explain your working.

© UCLES & MOE 2015
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7  The article below is based on an article on the Internet.
Read the article and then answer the questions that follow.
Photovoltaic (PV) Efficiency: The Temperature Effect

A photovoltaic (PV) cell absorbs light energy and converts this into electrical energy. A PV panel
consists of a large number of photovoltaic cells. A PV system consists of a PV panel and the rest
of the circuit to which it is connected.

Temperature generally affects current in an electrical circuit by changing the speed at which the
electrons travel. In metals, this is due to an increase in resistance of the circuit that results from
an increase in temperature. The opposite effect is seen in semiconductor materials where an
increased temperature results in a decrease in resistance due to a change in the number density
of charge carriers.

It is important that the equipment associated with a PV panel is appropriate for the context in
which it will be used. The current and voltage output of a PV cell is affected by changing weather
conditions. A PV system at a higher temperature will have a lower maximum voltage, lower
efficiency and lower power output than the same system at a lower temperature.

Engineers must carefully choose the PV system for different temperature environments to ensure
that the output voltage is not too high, which could damage the equipment. It is also important to
consider the average operating voltage and current of a PV system for safety concerns, equipment
capabilities and choices, and to minimise the amount of wire required for construction.

Since PV panels are more efficient at lower temperatures, engineers design systems with active
and passive cooling. An example of active cooling is to pump water behind the panels to remove
the heat. An example of passive cooling is to let the system be cooled by convection currents in
the air.

While it is important to know the temperature of a solar PV panel to predict its power output, it
is also important to know the PV panel materials because the efficiencies of different materials
have varied levels of dependence on temperature. Therefore, a PV system must be engineered
not only according to the maximum, minimum and average environmental temperatures at each
location, but also with an understanding of the materials used.

The temperature dependence of a material is described with a temperature coefficient. For
monocrystalline PV panels, if the temperature decreases by 1°C, the voltage increases by 0.48V,
so the temperature coefficient is 0.48VV°C~'. The general equation for estimating the open circuit
voltage V of a material at the temperature T of the panel is

V=u(Tg=T)+ Vg

where u is the temperature coefficient, Ty is a reference temperature and V is the open circuit
voltage at the reference temperature. The temperatures are in degrees Celsius.

The variation with voltage of current at two different temperatures for one cell of the panel is
shown in Fig. 7.1.

© UCLES & MOE 2015 9749/02/SPI17
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Fig. 7.1
(a) State and explain why the resistance of metals increases with temperature.
.............................................................................................................................................. [2]

(b) The panel produces a much larger voltage or current than an individual cell. State how the
cells are connected in a panel so that

(i) the voltage is increased,

(1]
(ii) the current is increased.
...................................................................................................................................... [1]
© UCLES & MOE 2015 9749/02/SP/17 [Turn over
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(c) (i) Suggest what is meant by passive cooling.

...................................................................................................................................... [1]
(i) Suggest why engineers do not design systems with active cooling alone.
...................................................................................................................................... [1]
(d) Suggest how passive air cooling may be enhanced for a PV panel.
.............................................................................................................................................. [1]

(e) (i) Use Fig. 7.1 to state the open circuit voltage (e.m.f.) of the PV cell at both the reference
temperature and the lower temperature.

Vi smsemssmaassmmasns \
V= oo v
[1]

(ii) Use Fig. 7.1 to describe qualitétively the variation with temperature of the current in the
cell.

© UCLES & MOE 2015 9749/02/SPIT
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Question 7 continues on the next page.
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(iii) Fig 7.2 shows the variation with temperature T of the open circuit voltage V. Draw the
line of best fit. [1]

10.0 ]

9.0

viv

8.0

7.0

6.0 e i

5.0 nss : - i - L o
T/°C

Fig. 7.2
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(iv) Use Fig. 7.2 to determine the constants x and Tp.

LS e S v ec
Th'™ ssmismmsisvmssmmsrsi A °C
[3]

(v) Use your answers to (e)(i) and (e)(iv) to determine the lower temperature used to obtain
the data for Fig. 7.1.

lower temMPErature = ......ccocovieiieieeeeeeiee e eee e e e e eeeeeeee e °C[1]
(vi) The PV cell is producing 6.0V at the reference temperature.
On Fig. 7.1, indicate the area which represents the output power of the cell. [2]

(vii) Use Fig 7.1 to estimate the maximum power output of the PV cell at the reference
temperature.

MAaKimum POWEr OUPULS .cviusamimsimmissampssmmmsmionsssssenss W [2]

© UCLES & MOE 2015 9749/02/SP/1M7 [Tl.ll'l'l over
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(f) (i) APV cell may have multiple layers of different semi-conducting materials. As the number
of layers increases, the efficiency of conversion of light energy to electrical energy
increases.

Suggest a reason why the efficiency increases.

(i) Suggest how the angle between the PV panel and the incident sunlight affects the power
output of the PV panel.
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