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Data

speed of light in free space,
permeability of free space,

permittivity of free space,

etementary 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,
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¢ = 300x10°ms™
o = 4z x107Hm?
g = 8.85x 1072 F m!
(1/(361)) x 10° F m'
e = 160x10"C
= 663x10*Js
U = 1.66x10% kg
me = 9.11x 102 kg
m, = 187 x107% kg
R = 831JK'mol”’
Na = 86.02x 102 mol™
k = 138x10ZJK'
G = 667x10" Nm?kg?
g = 981ms™*
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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 translationai 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

aiternating 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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Answers all questions in the spaces provided.

1 | A student takes measurements to determine the acceleration of a ball as it rolls down a slope.
He uses the apparatus illustrated in Fig. 1.1.

electromagnet

The student measures the time t for the ball to roll a distance s down the slope after the ball
has been released from the electromagnet.

The variation with £ of the distance is shown in Fig. 1.2.

1.0

08+

sim

06

0.4

0.2

°rs?

Fig. 1.2

(i} | Use Fig. 1.2 to determine a value for the acceleration of the ball down the slope.
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Using s = ul + = at? and initial velocity is zero, the gradient of graph is 5 (.

Using (0.40, 0.22) and (1.20, 0.82) to find gradient,

0.82-0.22

gradient = ==
- 1.20-0.40

= 0.75 [M1] (0.73 > 0.77)

Hence, acceleration = 0.75 X 2 = 1.50 ms °.

] [ acceleration = .......................... ms™ | [5]

(ii) | State the feature of the data shown in Fig. 1.2 that indicates the presence of

| 1. | random error, |
The data points are scattered about the line of best fit. |, ...
................................................................................................... I 1]
2. | and systematic error. |
The best-fit line does not pass through the origin since the
ball has zero displacement when the ball startstomove. | . . ... ... ..
................................................................................................... 1 1]
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Fig. 2.1 shows a block of mass M,

mass M = 9.0 kg that is initially at rest.

= 4.0 kg released from a vertical height of 6.0mon a curved
frictioniess track. It slides down the track and makes a head-on elastic collision with a block of

Fig. 2.1

{a)

State the principle of conservation of linear momentum.

The total momentum of a system remains constant

provided no external resultant force acts on the system.

(b)

Calculate the velocity of M1 just after it collision with M.

toss in GPE = gain in KE
Migh=1%Mu? [MI1]

ui=2gh = V2 x 981 x 6.0
=108ms

By Conservation of Momentum

Miuj + Meuz = Mivi + Mzvz
(4.0)(10.8) = (4.0)v1 + (9.0)v2

Since is elastic collision, using relative speed of approach/separation
108 —0=—(vi—v2)

108 +vi=w2

(4.0)(10.8) = (4.0)v( + (9.0)(10.8 + v1)
Therefore vi = —4.15 (- 4.17)ms™'

(4]

CTOOTTY O YT T RO S TGT OO T
I pJ ]

I

{c)

Calculate the maximum height to which M, rises after the collision.

loss in KE = gain in GPE

Ya MiviZ = Migh

h =V vi2g = % (4.15%/(9.81)

= (.878 (0.886) m

maximum height M rises after collision =

H2 Physics 9749
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(d) | Sketch a graph, on the given axes in Fig. 2.2, to show how the velocity of M, varies | [3]
from the time of its release to the time it reaches maximum height on its return.
vims™? i
vims!
108 d---m--=
- » s T t / S
—415 = =mm === J/
Correct shape of graph for
+ve region [B1}
—ve regian [B1]
| Labels [B1]
Fig. 2.2
(a) j (i) | Explain what is meant by the term escape speed.
minimum velocity that the body must have at the Earth’s surface in '
order to escape from the influence of the Earth’s gravitational field
............................................................................................. [2]
(i} | Mars has a radius of approximately 3.4 x 10° m and a mass of 6. 4 x 10% kg.
Show that the escape speed from Mars is approximately 5kms’
. gain in gravitational potential energy in reaching infinity is
AE, :0_(_GMm): GMm
r r
minimum kinetic energy required is equal to the gain in gravitational potential energy
in reaching infinity:
1 2 _ GMm
2 MVmin
2GM 2(6.67<10"")6.4 x 10%
Vinin = | J( 20 pir 1T = 5011
=5km s
[3]
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(iii) | Suggest why a rocket would be able to escape from Mars with an initial speed much

less than the escape speed given in part (a)(in).

can be done at any speed given sufficient fuel

OR differentiates from escape speed — unpowered etc\
OR fuel/chemical energy

(1]

(b)

Fig. 3.1 shows the Sun, Earth and Mars in alignment. Earth and Mars rotate around the
Sun in the same directional sense.

Fig. 3.1

Not to scale

A rocket of mass 2.05 x 10° kg leaves the surface of Mars closest to Earth and heads for

Earth.

Fig. 3.2 below gives data relevant to the rocket at the start of its journey.

distance of rocket’s
rocket from gravitational sign of
astronomical | mass of | the centre of potential due to gravitational
object (AQ) AQ / kg AD/m AQ/Jkg! potential
Mars 6.4 x 10% 3.4 x 108 1.26 x 107
Sun 2.0 x 103 2.3 x 10" 5.80 x 10°
Fig. 3.2
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(i) | Complete Fig. 3.2 by calculating the gravitational potential of the rocket due to the
presence of Earth and the signs of the gravitational potential energies due to Mars
itself and the Sun.

M (6:67x107")(6.0x10)
b= 5.6x10%
=-7.15x10" J kg

(formula provided hence no mark)

negative, negative

[2]

(i) | Calculate the total gravitational potential energy of the rocket on the surface of Mars.

As rocket is at surface of Mars, i.e. start of journey, and there is potential due to all
3 Aos, thus

total GPE of rocket = m(Z¢)

= 2.05 x 10% (-5.80 x 10° + —1.26 x 107 + —7.15 x 10°%)

= -3.77 x 10" (ecf from table)

total gravitational potentialenergy = .............................. J1[2]

(c) | (i) | Derive an expression to show that for satellites in a circular orbit

T2 P
where T is the period of orbit and r is the radius of the orbit. .
LO9c
gravitational force provides centripetal force
GM.m . (22
=Mrey” = r L—J
r T
T2 — 4ﬂ2 r3
GM,
= T2 e r? Y

| 2]
(ii) | The orbits of the Earth and Mars can be approximated to be circular orbits
around the Sun.

Hence, estimate the orbital period of Mars.
T2or?

72 (23x10"+34 x10°)’

365" (2.3x10" -5.6x10")’
T = 554 days ~ 600 days (1 s.f.)

orbital period of Mars = ...............................days | [3]
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4 | A fixed mass of ideal gas at a low temperature is trapped in a container at constant pressure.
The gas is then heated and the volume of the container changes so that the pressure stays at
1.00 x 10° Pa.

When the gas reaches a temperature of 0.00 °C the volume is 2.20 x 1073 m*.

(a) | Draw a graph on the axes below to show how the volume of the gas varies with
temperature in °C. (2]

volume / 10° m?

300 250 200 ~150 ~100 ~50 o0
temperature / °C

50

graph passes through given point 272 x 10~* m® at 0.00 °C straight line with positive
gradient Dy,
(straight) line to aim or pass through —273 °C at zero volume

{b) | Calculate the number of moles of gas in the container.

LO8d

nN=PVIRT
=1.00 x 10° x 2.20 x 107%(8.31 x 273.15) [
= (.0969 (moles)

numberofmoles = ... ... mol | [?]

(c) | Calcutate the average kinetic energy of a molecule when this gas is at a temperature of
50.0 °C.

LO8h

mean kinetic energy = 32 KT
=3/2%x1.38x 102 x323.15 U
=6.69 x 1074 (J)
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kingticenergy =..............ooooi J | [2]

(d) | Hence or otherwise, calculate the total internal energy of the gas at a temperature of 50.0
°C.

total internal energy = 6.69 x 102! x 0.0969 x 6.02 x 10%
= 390 (J)

internal energy = ... oo J 1| [2]

(e) ! By considering the collisions of gas molecules with the walls of the container, explain why
the volume of the container must change if the pressure is’to remain constant as the
temperature increases.

As mean square speed of molecules is proportional to temperature, as temperature
increases so does change of momentum or change in velocity, hence pressure will
increase.

Increasing the volume compensates for longer time between collisions (rate of collision
decreases) as the temperature increases, also as the volume increases the surface area
increases which reduces the pressure

5 | A graph of the voltage input to an ideal transformer is shown in Fig. 5.1. The 45:1 step-down

transformer has a mean input power of 25 W.

Viv

230

- 230
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P/W 4 ; : |
P/ W Pmax = 2 {mean power) = 50 W [B1}

Correct shape and 2 cycles [B1]

v

tis

5

Fig. 5.2

(a) | On the P-t graph in Fig 5.2, sketch the variation of power input to the transformer | {2]

with time for two complete cycles. Indicate the value for the maximum input power.

l

{b) | Calculate the r.m.s. value of the output voltage.

Vos _ Ns

Vop Np

= Ny EI
Vos = Vop 3t = 230 (%) =511V
Vos
Vims,s = 70—'2_

=36(1)V :
. foutput voltage = ..................... v ]3]

T

Using energy considerations, distinguish between efectromotive force and potential
difference.

The electromotive force (e.m.f.) of a source is defined as the amount of energy transferred
from non-electrical forms of energy to electrical energy per unit charge as the charge
passes through a complete circuit.

The potential difference V between two points of a circuit is defined as the amount of
electrical energy converted to other forms of energy per unit charge moved between

these two points.
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{b) ! An electric hotplate is designed to operate on a power supply of 240 V and has two coils
of wire of resistivity of 9.8 x 107 Q m. Each coil of wire has a length of
16 m and cross-sectional area 0.20 mm?.

(i} | For one of the coils, calculate I

1. | its resistance,

R =(9.8 « 107) (16) / (0.20 ~ 10F)
R=78410

resistance = .............................. Q| 2]

2. | the power dissipation when a 240 V supply is connected across it.

P = (240)%/ 78.4
P=735W

(ii} | Fig. 6.1 shows how the two coils can be connected for the heating coil to
operate at different powers.

240V

—_— 0 —

Fig. 6.1

On Fig. 6.2, fill up the table with “ON" or "“OFF” to obtain the lowest and highest
levels of operating power.

switch A switch B switch C

Lowest

Highest

Fig. 6.2
[2]

[ switch A | switchB | switchC |
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Lowest OFF ON OFF

Highest ON OFF ON

B1 for each Lowest and Highest row

7 | Fig.

7.1 shows a microwave transmitter aimed at a metal plate.
direction
of motion
.
transmitter
X Y
_____ . - AUTEEE SRE TR
X
microwave detector
metal plate

Fig. 7.1

I

(a)

A small detector, moved along the line XY, travels 16 cm in moving from the first to the
12" consecutive nodal position.

Show that the microwaves emitted have a frequency of 10 GHz. [3]

T Between the 1% and 127 nodes there are 11 half-wavelengths (3./2)

T Hence Il x2=16cm =2 A=0.0281m

| Therefore frequency of the microwaves emitted = c/A

[ = (3 % 10%/(0.0291)
=103 = 10°Hz~ 10 GHz

= 1

(b)

The detector is now at position Y and the metal plate is moved to the right, along the
direction XY at a constant speed.

State and explain what is observed at the detector.

The detector will continue to detect a series of maxima and minima.
The path/phase difference between the incident and reflected waves changes as

the metal plate shifts to the right.
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8 | During radioactive decay, which is spontaneous and random, y-ray {gamma ray) photons may
be emitted. When these photons are incident on a sodium iodide crystal, some of the photons
may be absorbed in the crystal. The absorption of a y-ray photon causes the emission of a short
pulse of light known as a scintillation. The scintillations may be detected and converted into
electrical pulses using a photomultiplier tube, which, when connected to a counter, gives the
count rate and enables y-ray activity to be measured. The arrangement is iflustrated in Fig. 8.1

photomultiplier
crystal tube

/

7

radiation

to counter

Fig. 8.1

The crystals used in such counters may be of different shapes. Fig. 8.2 shows a solid cylindrical
crystal.

crystat

Fig. 8.2

The small y-ray source S is placed a distance x in front of one face of {he crystal. The source is
assumed to emit photons uniformly in all directions. Not all of the effitted photons will be
absorbed by the crystal. The efficiency Q of detection is defined by the equation

_ number of photons produging scintillations in the crystal
fotal humber of photons emitted by the source

(a) | By reference to the passage, explain what is meant by

(i) | count rate

Count rate is a measure of the rate of radiation received by a radioactivity detector
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{ii) | aclivity

Activity of a radioactive isotope is defined as the number of nuclear disintegrations
per unit time.

(b) | Suggest two reasons why the y-ray photons emitted by the source are not all absorbed in
the crystal.

The source emits phdtons in all directions and many will travel in directions away
from the face of the crystal and not be absorbed.
Only those photons that arrive at the small circular window area of the face of the
crystal will have a probability of being absorbed.

T T PO e USSR P TS PP TP TR T IR R IR EEat!
' |

........................................................................................................ ' ..
...................................................................................................... [1]
--rays are highly penetrating hence not every y-fay photon that enters the crystal will
interact with a sodium iodide molecule.
Some of the higher energy photons will penetrate through the crystal without any
interaction taking place.

R e eeeteieieieiieeieiiiiiieeeniiieiiiiereirieiieeeiii

{¢) | Fig. 8.3 shows the variation with y-ray photon energy E of the efficiency Q. Curves are
drawn for various values of the distance x of the source S from the face of the crystal.
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x=00cm

05

0.4 — x=05cm

- x=1.0cm
0.3 ¢
L x=1.8cm ' '
0.2 I '
F x=25cm
f x=35cm
0.1t
f x=5.0cm \
5 T TTT—
° 1 10 100 1000
EI07®Y
Fig. 8.3
(i} | Suggest why at any one particular value of energy, the efficiency Q decreases as x
increases.
Intensity / = PIA = P | 47x° where P is the power emitted by the radioactive source
which is a constant. ' '
As x increases, the photons are spread out over a larger spherical surface area A,
and the intensity of the radiation incident on the face of the crystal will be lower.
A lower intensity means fewer photons arriving per unit area per unit time which will
give a smaller Q value.
........................................................................................................ | ..
........................................................................................................ [- e
...................................................................................................... 3]
(ii) | with reference to Fig. 8.3 and considering y-ray photons of energy 8 x 107'° J,
complete Fig. 8.4 with corresponding values of Q with for y-ray photons of this
energy.
I
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x/cm

Fig. 8.4 [2]
Q x/cm
0.05 5.0
0.10 35
0.15 2.5
0.21 1.8
0.30 1.0
0.38 0.5
0.50 0.0

(d) | i) Use your values in Fig. 8.4 to draw a graph of Q against x in Fig. 8.5.
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0.5

04
03¢
0.2 ~ T
0.1 -
1.0 20 3.0 4.0 5.0
xf{cm
________ _Fig.85
— — ]
best fit line B1 }
- lots correct B1
~+tr ftangent correct B1
gradient coordinates read correctly
i éand gradient A shown) B1
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(ii}

Use Fig. 8.5 to determine the rate of change of Q with x when x = 0.5 cm.

Gradient = Ayfax
-0.19t0 -0.21 cm™’

rateofchange = .. ............ooeue cy' | {4]

(iii)

It may be deduced from Fig. 8.5 that Q is related to x by an expression of the form
Q=ae™
where a and b are constants.

Explain how Fig. 8.5 shows this.

The equation of the form Q = ae™ is an exponentially decreasing function
with respect to x.

An exponentially decreasing function, similar to the one for radioactive
decay with respect to time, will fall to half its value for every fixed interval.

It can be seen from the graph that this fixed interval is approximately 1.5
cm. (i.e. the efficiency Q falls to half its value every 1.5cm).

(e) | (1)

Suggest why the maximum efficiency that can be achieved with low-energy v-ray
photons using the crystal illustrated in Fig. 8.2 is 0.50.

The maximum efficiency is achieved when x = 0 cm, i.e. the source is placed right
at the face of the crystal.

In this case, half the v-ray photons emitted (those to the right side of the source
within a hemispherical surface area) will be captured by the crystal.
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(ii) | A second crystal consists of a hollow cylinder, as shown in Fig. 8.6.

) R
4 \
i Y
!
\ !
— . — Ty

Fig. 8.6

]

State the effect of this change of shape on the maximum efficiency Q of the
detector if the source is placed inside the hollow region.

The maximum efficiency Q will be greater as the available area for capturing the
+ray photons is larger.

END OF PAPER
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