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Data Sheet

e A perforated 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.

e You may wish to detach this sheet before you begin work.
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Data Sheet

3
Fundamental constants and values Mechanics and Applied Fields, Waves, Quantum
Quantity Symbol Value Units Physics Phenomena
speed of light in vacuo ¢ 3.00 x 108 ms™ v=u+at F
permeability of free space | u, 4m x 107 Hm™ _(utv), 8=m
permittivity of free space | g, 885x10™" [Fm™ 5= ( b} ) CM
charge of electron e 1.60x 10 |C g=-=7"
the Planck constant h 6.63x10°* |Js s=uts 2
gravitational constant G 6.67x 10" | N m? kg? 2 AV
the Avogadro constant N, [6.02x10® |mol? . =" Ar
1 al v =u"+ 2as
molar gas constant R 8.31 J K™ mol
the Boltzmann constant k 138x10% |JK? __GM
_4 A(my) V=M
the Stefan constant o 567x10° |Wm?K*|F= TAr r
the Wien constant a 290x10° [mK a=-(Q2nf)’x
electron rest mass m, 9.11x 103! |kg P=Fy
(equivalent to 5.5 x 107*u) . power output v=12nf VA? - x*
electron charge/mass ratio | e/m, |1.76 x 101;7 Ckg? efficiency = power input X = A cos 2nft
proton rest mass m, 1.67 x 10~ kg
(equivalent to 1.00728u) w=2=2x f T= 27:\/_—’;’-—
proton charge/mass ratio | e/m; [9.58 x 107 Ckg™ r k
neutron rest mass my 1.67 x 1077 kg , T =2n \/I
(equivalent to 1.00867u) a=-Y =re? g
gravitational field strength | g 9.81 N kg™ r P
acceleration due to gravity | g 9.81 ms™ D
atomic mass unit u 1.661 x 1077 | kg I=Y mP dsi
. . sin 6 = ni
(1u is equivalent to
931.3 MeV) E =1 Io? 0~ —g—
Fundamental particles Wy = Wy +at = o b _a
sinf, ¢
Class Name Symbol Rest energy 6=awt+3al ny
MeV s 2 Wi = n
w; = w7 + 2a0
photon photon Y 0 sin . =L
C
lepton neutrino Ve 0 6=1(w, +wy)t n
Vu 0 E = hf
electron e* 0.510999 T=1Ia hf=¢ + E;
+ hf=E ~E
n?uon “+ 105.659 angular momentum = low f=E-E
mesons pion e 139.576 W=TO0 1= h _ h
n 134.972 P=Tw p my
kaon K* 493.821 =L
K° 497.762 angular impulse = change of 1//1050
angular momentum = Tt
O N PV A Eleriy
neutron n . AW = pAV
pVy = constant _E
Properties of quarks €= 0
work done per cycle = area
Type Charge Baryon Strangeness of loop e=IR+7)
number 1.1 1.1
2 1 0 input power = calorific I—Q— - ; + .R_ * ; +
*3 *3 value X fuel flow rate Ttz s
d _% +% 0 RT=R1+R2+R3+"‘
1 1 indicated power as (area of p—V P=PR
§ 3 +3 -1 loop} x (no. of cycles/s) x
(no. of cylinders) E-= F_V
Geometrical equations Q d
friction power = indicated 1 0
arc length = r8 power — brake power E= 7 =
TiE
circumference of circle = 2nr : 0
w -
area of circle = nr* efficiency = 3 - Qi QQout E=L0V
area of cylinder = 2nurh " " F=Bll
volume of cylinder = nr*h maximum possible F=BQv
area of sphere = 4nr’ efficiency = TH; T¢ 0= Qoe_t/RC
= 4 H (D = BA
volume of sphere = § nr’ Turn over ) -
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magnitude of induced e.m.f = N -%

Mechanical and Thermal
Properties

tensile stress

the Young modulus = —————— =
tensile strain

energy stored =% Fe

AQ =mc AO

AQ =ml

pV:lec—z—

Lme? =3k7=38L
2Ny

Nuclear Physics and Turning
Points in Physics

force = i‘fl
d

force = Bev
. my
radius of curvature = Be
e

eV
_=mg

d

work done = eV

F = 6myrv

1,
I=k=2

x2
AN _ N
At
R

2meV
N = Npe™
o2
2 y

1

R=ry A3

£l
Ae

Astrophysics and Medical
Physics

Body Mass/kg ~ Mean radius/m

Sun  2.00x10%°
Earth  6.00 x 10%

7.00 % 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

A..T = constant = 0.0029 m K

max

Medical Physics
1
power = —
1 1
—+—=—and m=—
u v f u

1
intensity level = 10 log T
0

I = Ioe_#x

U
‘um=7

Electronics
Resistors

Preferred values for resistors (E24)
Series: 1.01.11213151.61.82.022
242730333639 4347515662
6.87.58.2 9.1 ohms

and multiples that are ten times greater

_Vrms

Irms
1 1 1
—_———t—t—+
G G G G

Cr=Ci+ C+Cy+ - --

1
" 2mfC

Xc
Alternating Currents
f =

1
T

Operational amplifier

VOL\K
G= voltage gain
Vin
Ry . .
G=-— inverting
Ry
G=1+—  non-inverting
1
Vi 'V, 'V, :
Vou=—Ri| —+—=+—] summing
Ry R, R,
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MARGIN
BLANK

SECTION A: NUCLEAR INSTABILITY

Answer all parts of this question.

1 Figure 1 shows a grid of neutron number against proton number. A nucleus ;X is marked.

neutron number

N+2
A
N o=
N-2
Z-2 V4 Z+2
proton number
Figure 1

(a) Draw arrows on Figure 1, each starting on X and ending on a daughter nucleus after the
following transitions:

(i) B emission (label this arrow A)
neutron emission (label this arrow B)

electron capture (label this arrow C).

(ii)  Give the equation for electron capture by the nucleus 5X.

(4 marks)

Turn over P
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(b) When 7, Mg decays to 1; Al by B decay, the daughter nucleus is produced in one of two possible
excited states. These two states are shown in Figure 2 together with their corresponding

energies.
Mg E/10°°]
————————————————— 4.18

——————— 1.63
——————— 1.33

LAl
——————— 0.00 (ground state)

Figure 2

(i) Calculate the maximum possible kinetic energy, in J, which an emitted (3~ particle can
have.

(ii) The excited aluminium nuclei emit y photons. Calculate each of the three possible y
photon energies in J.

(iii) Calculate the frequency of the most energetic y photon emitted.

(3 marks)
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(c) (i) State and explain two precautions that should be taken when working with a sample of
Mg in a school laboratory.

You may be awarded marks for the quality of written communication in your answer.

(ii) Discuss which of the two types of radiation, B~ or y, emitted from a sample of ;Mg would
be the more hazardous.

(3 marks)

TURN OVER FOR THE NEXT QUESTION

Turn over P
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SECTION B ASTROPHYSICS

Answer all questions.

2 (a) Draw aray diagram to show the paths of two rays travelling parallel to the principal axis through
a Cassegrain telescope, as far as the eyepiece.

(3 marks)

(b) With the aid of a ray diagram explain what is meant by spherical aberration when applied to a
concave mirror.

(2 marks)

(c) With the aid of a ray diagram explain what is meant by chromatic aberration.

(2 marks)
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3 (a) The Sombrero Galaxy is 50 million light years away from the Earth.
(i) Calculate the distance to this galaxy in parsecs.
(ii) Use Hubble’s Law to show that this galaxy is receding at 1000 kms'.

(iili) One of the lines in the Hydrogen spectrum has a wavelength of 656.3 nm when measured
in a laboratory on Earth. Calculate the wavelength of the same line in the observed
spectrum of the Sombrero Galaxy.

(4 marks)

(b) Show how Hubble’s Law can be used to estimate the age of the Universe. State the assumption
made.

(3 marks)

Turn over P
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4 (a) Draw a Hertzsprung-Russell diagram on the axes below. Label the maximum and minimum
values of both absolute magnitude and temperature on the axes. Also label the positions of the
main sequence, dwarf stars and giant stars.

(b) The spectral class of four stars is given in the table.
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absolute magnitude

star spectral class
Alnitak (0]
Sirius A
Sun G
Antares M

temperature/K

(4 marks)
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The spectrum of each star contains absorption lines. State what produces the main absorption
lines in each case.

Alnitak

(2 marks)

Antares and Alnitak have similar absolute magnitudes. State and explain which of the two has
the larger diameter.

You may be awarded marks for the quality of written communication in your answer.

(3 marks)

Turn over P
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5 (a) Betelgeuse is a red supergiant star with a mass approximately ten times greater than that of the
Sun. Eventually it is quite likely that Betelgeuse will become a supernova, leaving a neutron
star or perhaps a black hole.

State a significant property of a

(i) supernova,

(3 marks)

(b) Calculate the Schwarzchild radius for a black hole whose mass is ten times greater than that of
the Sun.

(2 marks)

QUALITY OF WRITTEN COMMUNICATION (2 marks)

END OF QUESTIONS
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