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Data Sheet
o A Data Sheet is provided as pages 3 and 4 of this question paper.

e This sheet may be useful for answering some of the questions in
the examination.

¢ Please do not attempt to remove the data sheet as the page is not
perforated.




Data Sheet 3

Fundamental constants and values Mechanics and Applied Fields, Waves, Quantum
Quantity Symbol Value Units Physics Phenomena
speed of light in vacuo c 3.00x10° |ms? v=u+at F
permeability of free space | x, 47 x 1077 Hm™ U+ E=m
permittivity of free space | ¢, 885x 10" |Fm™ 5= ( b} ) d GM
charge of electron e 1.60x 107" | C g=- 2
the Planck constant h 6.63x107>* |Js s=ur+ @
gravitational constant G 6.67x 107" | N m?® kg™ 2 AV
the Avogadro constant Na 6.02x 10® | mol™ 2240 g§=- “Ax
molar gas constant R 831 JK ! molt|? =% + 448
the Boltzmann constant k 138x 102 |JK? A __GM
(mv) yv=_JL
the Stefan constant o 567x10° |Wm?2K*|F= At r
the Wien constant a 290%x102% |mK a=-Q2nf)x
electron rest mass m, 911x10% kg P=F
(equivalent to 5.5 x 107*u) . power output v=x2af VAL - ¥
electron charge/mass ratio | e/m, |1.76 x 101;7 Ckg! efficiency = “power input x = A cos 2nft
proton rest mass my, 1.67 x 10” kg
(equivalent to 1.00728u) w="2=2nf T= 27;\[E
proton charge/mass ratio | e/m, |9.58x 10" [Ckg™ r k
neutron rest mass m, 1.67 %107 |kg , T=2n \jI
(equivalent to 1.00867u) a=-"2=ro? g
gravitational field strength | g 9.81 N kg r Lows
acceleration due to gravity | g 9.81 ms™? D
atomic mass unit u 1.661 x 1077 | kg 1= mrP dsin 0 = ni
(1u is equivalent to -
931.3 MeV) E =110’ 0 ~ %
Fundamental particles W, =y +at = sin6,_ o
sin8, ¢,
Class Name Symbol Rest energy 0=wt+1ial 1y
MeV s s =g,
h h 0 w; = wi + 200
photon photon Y sin 0, = -
lepton neutrino A 0 6=1 (w, + w)t
v, 0 E=hf
electron e* 0.510999 T'=la hf=¢ + E,
muon T 105.659 hf=E - E;
) . angular momentum = Iw
mesons pion n* 139.576 W=T0o 1= h _ K
o 134.972 P=Tw p mv
kaon K* 493.821 c= 1
K° 497.762 angula; impulse = chang; of "/4050
baryons proton P 938.257 angular momenium = 11
¢ 939.551 AQ =AU + AW Electricity
neutron n . AW = pAV
pVy = constant _E
Properties of quarks €= 0
work done per cycle = area IR
Type Charge Baryon Strangeness of loop e=IR+7)
number 1 1 1 1
2 1 0 input power = calorific ; = ; + ; + ; *
*3 *3 value X fuel flow rate Tt s
d 1 L1 0 Ry=R;+R,+ R+
’ ? indicated (area of p-V
1 R indicated power as -Vlp-pr
§ B *3 -1 loop) x (no. of cycles/s) x
(no. of cylinders) - EF_V
Geometrical equations Q d
friction power = indicated 1 0
arc length = r@ power — brake power E=— =
dme, 1
circumference of circle = 2nr -
area of circle = nir* efficiency = o= —Q—'D—_Q—g‘l”—‘— E=i9V
area of cylinder = 2nirh " " F=BIl
volume of cylinder = nr*h maximum possible F=BQv
area of sphere = 4nr* efficiency = THT— Tc Q= Qe lrc
_4 H @ = BA
volume of sphere = % nr’ Turn over p
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magnitude of induced emf =N —i—‘f—
Ipe=R2

2
.

ms —\/'2_

Mechanical and Thermal
Properties

tensile stress

_FI
" tensile strain” A e

the Young modulus

energy stored = Fe

AQ = mc AD

AQ =ml

pV:lec_2

Lme* =3k7=3RL
2N,

Nuclear Physics and Turning
Points in Physics

I ev,

orce = —=
d

force = Bev

. my
radius of curvature = B
e

—=mg

d

work done = eV

F=06nnry
I
1=k>2
2
AN _ N
At
==L
N/ZmeV
N=Nge™
T - In2
2 A
1
R=ry A’

Astrophysics and Medical

Physics
Body Mass/kg Mean radius/m
Sun  2.00x10% 7.00 x 10
Earth  6.00 x 10* 6.40 x 10°

1 astronomical unit = 1.50 x 10! m

1 parsec = 206265 AU = 3.08 x 10" m =
3261y

1 light year = 9.45 x 10° m

Hubble constant (H) = 65 kms™ Mpc™

angle subtended by image at eye
M =

angle subtended by object at
unaided eye

d
m-M=5log —
10

Ao I = constant = 0.0029 m K

max
v=Hd

P = oAT*

Medical Physics

1

power = —
1 1 1%
—+—=— and m=—
u v f u

1
intensity level = 10 log T
0

I = Ige_'ux

U
ﬂm=7

Electronics
Resistors

Preferred values for resistors (E24)
Series: 1.01.11.213151.61.82.022
24273.0333.63.9 4347515662
6.87.5829.1 ohms

and multiples that are ten times greater

Vrms
7z =

Irms
T 1 1 1
—=——+ —
G G G G

Vou ,
G= voltage gain
Vin
R, .
G=-— inverting
R,
R, N
G=1+—  non-inverting
R
Vi 'V, W, .
Vow=-Ri| =+~ +~-| summing
Ry R, Ry
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Answer all questions.

1 The distance-time graphs for two runners, A and B, in a 100 m race are shown.

(@)

(b)
(©)

(d)

05

distance/m
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80

60

40

20

0 2 4 6 8 10 12
time/s

Explain how the graph shows that athlete B accelerates throughout the race.

The acceleration of athlete B is uniform for the duration of the race.

(1) State what is meant by uniform acceleration.

(3 marks)
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2 Figure 1 shows two of the forces acting on a uniform ladder resting against a smooth vertical
wall.

Figure 1

A >sp

150N

The ladder is 6.0 m long and has a weight of 150 N. The horizontal force, P, exerted on the
ladder by the wall is 43 N. Force QO (not shown) is the force the ground exerts on the ladder
at B.

(a) Explain why the force, QO must have

(1) a vertical component,

(2 marks)

(b) Draw an arrow on the diagram to represent the force Q.
(1 mark)
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(c) State the
(1) horizontal compPoNeNnt Of O, .......eeeiuiiiiiiiiieiiieee e e e

(11) vertical component Of Q. ......cooiiiiiiiiiiii e
(2 marks)

(d) State and explain the effect on force Q if a person stands on the bottom of the ladder
and the direction of P is unchanged.

You may be awarded additional marks to those shown in brackets for the quality of
written communication in your answer.

(3 marks)

Turn over for the next question
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3 A cylinder of fixed volume 8.2 x 10° m’ contains gas at a temperature of 295K and a
pressure of 4.2 x 10° Pa.

(a) Calculate

(1) the amount of gas in the cylinder in moles,

(i1) the average kinetic energy of the gas molecules.

(3 marks)
(b) The temperature of the gas in the cylinder is decreased.

You may be awarded additional marks to those shown in brackets for the quality of
written communication in your answer.

(1) How does this change affect the motion of the gas molecules?

the gas.

(4 marks)
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(c)

09

Another cylinder of the same volume contains a gas at the same temperature and
pressure as the original gas but whose molecules have a greater mass. Explain why the
amount of energy required to raise the temperature of both gases by the same amount is
identical.

(2 marks)

Turn over for the next question
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4 Ice of mass 22 g at temperature —12 °C is taken from a freezer and placed in a polystyrene
cup containing water at a temperature 22 °C.

specific heat capacity of ice =2100Jkg ' K™
specific latent heat of fusion of ice = 3.3 x 10’ Jkg

(a) Calculate the quantity of heat needed

(1) to raise the temperature of the ice from —12 °C to 0 °C,

(i) to change the ice to water without an increase in temperature.

(3 marks)
(b) The temperature of the water in the cup falls after the ice has been added.
specific heat capacity of water = 4200 Jkg ' K

(1) Calculate the mass of the water in the cup if the lowest temperature reached by
the water is 8 °C.

(4 marks)
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5 An athlete performs an experiment to measure the power developed as he runs up a flight of
stairs. The athlete makes the assumption that the work done in climbing the stairs is equal to
the gain in potential energy.

(1) State the measurements that would be needed to find the power developed by the
athlete.

(i1)) Show how the measurements would be used to calculate the power developed as
the athlete runs up the stairs.

(111) Explain why the power calculated by the athlete is likely to be less than the
power actually developed.

(8 marks)
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6 (a) State the principle of moments.

Figure 2 shows a child’s mobile in equilibrium.

Figure 2
I
. 0.10m | 0.10m
T

~ 0.06m | 0.06m

(2 marks)

4, 0.08m

C

A piece of cotton thread is attached to the rod supporting objects A and B and another
piece of cotton thread supports the rod holding objects C and D. The tension in the
cotton threads is 7 and all the rods are horizontal.

(b) (1) Complete the following table assuming the weights of the rods are negligible.

weight of object A | weight of object B | weight of object C | weight of object D
/N /N /N /N
0.40 0.10
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13

(i) Calculate the distance, d.

(5 marks)

(c) Object A becomes detached and falls to the ground. State and explain the initial effect
on

(1) the rod holding objects A and B,

(i1) the rod holding objects C and D,
(ii1) the rod closest to the top of the mobile.

(3 marks)
Quality of Written Communication (Z2marks)

END OF QUESTIONS
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