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1

Extension / mm

11998

A graph showing how the extension of a length of metal wire varies with an
applied force is shown in Fig. 1.1. The metal wire obeys Hooke’s law over the
range indicated.
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Fig. 1.1
(a) (i) State Hooke’s law.
The extension of the wire is directly proportional to the applied
force (load), provided the limit of proportionality is not exceeded. 2]
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(ii) Use the graph in Fig. 1.1 to determine the force constant k for this sample
of wire.
Give your answer in N mm~".

From the gradient triangle on Fig. .l:
k =F/x =1/ gradient
k =13.0N /110 mm

Force constantk = /.8 N mm-" [3]

(iii) Draw a labelled diagram of an experimental arrangement which could be
used to obtain the results needed to plot the graph in Fig. 1.1.

metal wire under test marker (tape flag)

T

|I""I""I""I""I""I""I""Y""Il

| / 1
—- ] /
bench metre ruler fixed to bench

load

(slotted masses)

Extension = change in marker reading on the
ruler as each load is added.

[5]

[Turn over
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(b) (i) The wire has an unstretched length of 2.0 m and a diameter of 0.40 mm.

Calculate the Young modulus of this metal.

A =T1d?/G = 1 x (090 x 10°2)? ] 4 = 1.26 x 1077 m?
k=1.8Nmm' =18 x10>N m”
E=FL/(AX) = kL /A

E =18 x10%x20) /126 x 107
E=1388x10"Nm?>

Young modulus = 88 x 10" N m—2

(ii) State how the electrical resistance of the wire would change after being
stretched, explaining your answer with reference to an appropriate
mathematical relationship.

The resistance increases. R = pL/A, where p (the resistivity) is

[4]

unchanged. When stretched, the length L increases and the

cross-sectional area A decreases, so R increases.

[4]
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2 (a) Amass m of 0.15kg rotates clockwise in a horizontal circle of radius 0.80 m with
a constant angular velocity of 2.4 rad s~! as shown in Fig. 2.1.

m ,f”‘——-—-—> ~~~~~~~~~~ ~,
@ 0.80m “,
1
~, e
-
e o
Fig. 2.1

(i) Calculate how long it takes for the mass to complete one revolution.
W=2n/T so T=2n/w

T=2m/24=26s

Time=__2.6 s 2]

(i) Calculate the linear speed of the mass.

vV = Wwr

v=24x030=192wms"’

Linear speed = .9 ms’ [3]

(iii) Calculate the acceleration of the mass.

a = rw? (or V?/r)

a=030x24 =46 ms>?

Acceleration = __9.6 m s2 [3]

11998
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a string as shown in Fig. 2.2.

e Determine the value of the tension T in the string.
W is the weight of the mass.

2 Fig. 2.2

W=mg =0IS x 98 =147 N (vertical)

23 Centripetal force F = ma = 015 x 4.6 = 0.69 N Chorizontal)

T is the resultant of these components:
ce T> = PP+ W =069 +1.47° = 264

T=16N

= 11998

(b) For the mass to move in the horizontal circle described in (a), it was attached to

[4]

[Turn over
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3 A metal ruler is clamped to a desk with a load attached to the other end as shown in
Fig. 3.1. This end is displaced downwards by 5.0cm and released allowing the

system to oscillate with simple harmonic motion.

load

clamp

Y
des{{

metal ruler

Fig. 3.1

(@) (i) The displacement x of the load varies with time t according to x = A cos mt
and is as shown by the graph in Fig. 3.2. Use the information on the graph

to determine the value of the constant w.

50
tangent
£
.t
N 170 2.0 310 s
X
5.0

Fig. 3.2
Period T = 2.0 s (from the graph)
Ww=2n/T=2m/20 = 3/49 rad s
o=_3l4 rad s~

11998
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(ii) Determine the value of the maximum velocity of the load from the graph
shown in Fig. 3.2.

Max velocity = gradient of steepest tangent (at t = 0.5 s)
gradient = (=5.0 — 5.0) em [/ (0.82 — 0.18) s = =156 em s
Maximum velocity = 0156 m s™ (check: Aw = 0.050 x 3.14 = 0.157)

Maximum velocity = _0-16 m s [3]

(b) (i) On Fig. 3.3, sketch a graph to show how the velocity of the load varies with
time over the 4.0 seconds. You do not need to insert numerical values on

the velocity axis.
] 2.\/0 a0 e

Velocity
o
(=]

[2]
Fig. 3.3
(ii) On Fig. 3.4, sketch a graph to show how the kinetic energy of the load
varies with time over the 4.0 seconds. You do not need to insert numerical
values on the kinetic energy axis.
A

2

2

L
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X

(2]
Fig. 3.4
[Turn over
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A mass is attached to a spring and forced to oscillate with different, known
frequencies. The displacement of the mass is observed.

(a) What is the name given to describe the condition when the mass oscillates with

maximum amplitude?

Resonance

[1]

(b) Sketch a graph on the axes in Fig. 4.1 to show how the amplitude of the forced

oscillations depends on the frequency of the driving force.

Amplitude of forced
oscillation

» Frequency of
fo driving force

Fig. 4.1

(c) The system is now damped by immersing the mass in water. Sketch a second

[1]

graph on the axes of Fig. 4.1 to show how this would affect the amplitude of the

forced oscillations. Label this graph D.

D: smaller amplitude at all frequencies, a less sharp (broader,

flatter) peak, and the maximum is at a slightly lower frequency.

[3]
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Einstein stated that mass and energy are equivalent. If an aluminium block of mass
2.50kg is heated using an element rated at 28 W for 12 minutes then theoretically,
according to Einstein’s equation, its mass will change.

(a) Calculate the maximum theoretical change in mass.

Energy supplied E = Pt

E=28x12x60=201601J7
E=0Mmc* so Am =E/c?
Am = 20160 / (3.00 x 10%)*

Am = 2.2G x 1073 kg

Change in mass _2.24 x 10™° kg [6]
(b) State whether the mass increases or decreases. _/hcreases [1]
[Turn over

*24APH1111*



https://stemup.co.uk

6 The ITER Project is a fusion reactor currently under construction in southern France.
At temperatures required for fusion, the fuel used is in the form of a plasma. This
plasma is contained within a tokamak vacuum vessel at the centre of the reactor
where the fusion reactions take place.

(@) (i) Describe what a plasma is.

A plasma is an ionised gas: a mixture of positive jons and free

electrons. [1]

(i) The fuel to be used in the ITER consists of deuterium and tritium. Write
down the equation that represents the nuclear fusion of deuterium and
tritium.

2,H-f'g,l'/—> gHe+(;V) (D+T - He+n) [1]

(iii) The walls of the tokamak vacuum vessel are lined with a beryllium blanket
approximately 0.5m thick. What is the function of this blanket?

It absorbs the high-energy neutrons (shielding), so they do not

escape, and their kinetic energy is transferred to heat. [1]

(iv) ITER will use three methods to heat the plasma to the very high
temperatures required for fusion to occur. One of the methods involves
transferring the energy from a high intensity beam of electromagnetic
radiation into the plasma. Explain how this is achieved as efficiently as
possible.

Different specific frequencies are used for the different ions and for

the electrons, each matched to the natural (resonant) frequency of

those particles. [2]

11998
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(b) The plasma in the ITER will be superheated to approximately 150 million kelvin.
Calculate the average kinetic energy of the plasma particles at this temperature

if nuclear fusion is to occur.

Average KE = (3/2) kT
=15 x .38 x 10723 x 150 x 10°

=3l x107*7

Kinetic energy = 3./! x 107° J

[2]

[Turn over
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7 The equipment shown in Fig. 7.1 can be used to investigate the relationship
between the volume of a gas and its temperature.

thermometer ﬂ

i rubber
band

N
scale

—— capillary tube

| S—

— sulfuric acid thread

stirrer >

—— trapped gas (air)

water

T heat T

© Physics for CCEA A2 Level, by Pat Carson and Roy White (2009),
Colourpoint Creative Ltd, ISBN-9781904242659

Fig. 7.1

(a) (i) Using this arrangement, identify the factors that are kept constant in the

investigation.

The mass (number of moles) of trapped gas is fixed, and the

pressure of the gas is constant (atmospheric pressure plus the acid

thread).

(ii) Explain why the length y of the gas column can be used instead of the
volume of the gas when investigating the relationship.

Volume = cross-sectional area of the capillary x length y. The

[2] %)

cross-sectional area (diameter) of the tube is constant, so y is

proportional to V.

11998

[2]
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(iii) Complete the labelling of the x-axis in Fig. 7.2 and sketch the graph that you
would expect to obtain from the investigation.

length / m

temperature / °C

Fig. 7.2
(2]

[Turn over
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(b) A gas has a density p of 0.43kg m3 at a temperature of 12°C and pressure p
of 2.55 x 105Pa.

(i) Show thatp = % p <c2> where c is the speed of a molecule.
pV = (1/3) Nm<c?>; dividing by V: p = (1/3)(Nm/V) <c*>

Nm = total mass of gas, so p = Nm [V, giving p = (I/3) p<c?>

[2]

(ii) Calculate the mean square speed <c2> of the molecules of the gas.

<c?> = 3p /p

<c®>=3x255x10°/043

<c®> = 1.78 x 106 m? s72

<c2> — 1.78 x 10° m2 s-2 2]
(iii) Calculate the mass of one molecule of the gas.

(/2) m<e?> = (3/2) kT, T =12 + 273 = 285 K

m = 3kT [ <c?> = 3 x 1.38 x 10723 x 285 / 1.78 x 10°

m = 6.6 x 107 kg

Mass of one molecule = _6:6 x 107 kg 2]

11998
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8 The radius r of a nucleus can be obtained using the following equation.
1
r=ryA3 Equation 8.1
(a) (i) State what the following terms in Equation 8.1 represent.

o= radius of a single nucleon (proton or neutron)

A= wmass (nucleon) number of the nucleus

(i) A sketch graph of log,, r against log,, A is shown in Fig. 8.1.

log,or
A

0 log,,A
Fig. 8.1

[1]
[1]

1. By mapping to y = mx + ¢, show how the value of r, could be determined

from the graph.

logio r = (1/3) logy A + logyy ro, compare with y = mx + ¢

intercept ¢ = logy ry so ry = 10°

2. Determine the numerical value of the gradient.

Gradient= /3 (0.33)

11998
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(b) Calculate the density of a '3C nucleus.

Take r,, to be equal to 1.2fm, the average mass of a nucleon to be 1.66 x 1027kg

> and the volume of a sphere as % nr3.

23 A=19 r=rhAP =12x107"x197 =289 x 107" m

¢ V = (4/3)17 = (4/3)10 x (2.89 x 1075)3 = 1.0 x 10743 m?

cE m =14 x 166 x 1027 = 2.32 x 10726 kg

oz p=m/V=232x10% /100 x 107

o 0 =23 x107 kg m™3

ce

CE

>3 Density = _2.3 x 107 kg m3 [4]
.-:.;k::/

_,r::/

%:/

'_,/f::/

ce [Turn over
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Quality of written communication will be assessed in this question.

(a) Write an account of the nature of alpha particles and explain how this
determines their penetration and range.

An alpha particle is a helium nucleus, made up of two protons and two

neutrons. It is therefore positively charged (charge +2e) and has a

relatively large mass of about 4 u.

Because of this large mass, alpha particles are emitted with relatively

low speeds, approximately S% of the speed of light.

As an alpha particle passes through matter, its double positive charge

pulls electrons from the atoms it passes, so it loses its kinetic energy

by ionisation. Alpha particles are highly ionising, producing about 10° jon

pairs per centimetre of air travelled.

Since they lose their energy very quickly in many ionising collisions,

alpha particles have poor penetrating power and a short range: their

range is only a few centimetres (about 3 to 7 e¢m) in air, and they are

stopped completely by a thin sheet of paper.

[6]
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(b) Thulium-170 ("&Tm) is a radioisotope commonly used in portable X-ray
equipment. Thulium-170 has a half-life of 128 days. It decays by beta minus
emission to form an isotope of ytterbium, chemical symbol Yb.

(i) Complete equation Fig. 9.1 to represent this decay by placing the correct
number in each box.

170 0
170
69 Tm P Yb + B
70 =/
Fig. 9.1 2]

(ii) Calculate the decay constant A for this source.

A=1In2/t, t,=128x 24 x 3600 = 1106 x 107 s
= 0.693 / 1106 x 107

A=627x10%s"

Decay constant A, = _6.27 x 107 s 2]

[Turn over
11998
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(iii) The source of thulium-170 initially contains 1.60 x 102 radioactive atoms.
Calculate the number of radioactive atoms N remaining after 256 days.

256 days = 2 half-lives
N =160 x10%° /(2 x2) = 0.40 x 10*°
N = 4.0 x 10"

Number of radioactive atoms remaining N = 4.0 x 10" [2]

(iv) Use your answers to parts (ii) and (iii) to calculate the activity of the sample
after 256 days.

A= AN =627x107% x40 x 10"

A = 2S5] x 10 Bg

Activity = 2.51 x 10” Bq [1]

(c) (i) Calculate the total energy released by the emission of beta minus
radiation during the 256 days if the energy released per disintegration is
1.41 x 107134.

Disintegrations = 1.60 x 10°° — 0.40 x 10°° = 1.20 x 10*°
Evergy = 1.20 x 10 x 1.4) x 1073
Energy = 1.69 x 107 J

Energy released = 69 x 10’ J [2]

11998
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(ii) After emission of beta minus radiation, the thulium nucleus is left in an
excited state. Stabilization of this excited state occurs by the emission of
gamma radiation of energy 0.084 MeV. Calculate the wavelength of this
gamma radiation.

E =0.084 x 0% x .6 x 107" = 13494 x 1079 7
E=hf and c=Ff\ so N=hc/E
A= (663 x1073% x 3.00 x 10%) /1.344 x 107'%

=148 x 107" m

Wavelength = .43 x 107" m [4]

(iii) In 1924, Louis de Broglie suggested that matter could exhibit wave-like
properties and could therefore have an associated wavelength.
Calculate the de Broglie wavelength A associated with a beta minus particle
moving with a velocity of 2.85 x 105m s~'.

A=h/myv)
A=663x1037091 x 1073 x 2.85 x 10%)

=255 x107"" m

De Broglie wavelength A = 2.55 x 107" m 2]

THIS IS THE END OF THE QUESTION PAPER
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