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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

Fundamental constants and values Mechanics and Applied Fields, Waves, Quantum
Quantity Symbol Value Units Physics Phenomena
speed of light in vacuo c 3.00 x 108 ms™! v=u+at F
permeability of free space | 4, 4n x 107 Hm™ _(utv), 8= wm
permittivity of free space | g, 8.85x 107" |Fm™ 5=\"3 ) GM
charge of electron e 1.60x10" |C g=-=3"
the Planck constant h 6.63x 107> [Js s=ur+al
gravitational constant G 6.67x10" N m’kg? 2 AV
the Avogadro constant N, [6.02x10% |mol™ g§===

1 | o = u? + 2as Ax
molar gas constant R 831 J K™ mol
the Boltzmann constant k 1.38x10% |JK! __GM

o A(mv) V-
the Stefan constant g 567x10° |Wm?2K*|F= AL r
the Wien constant a 290x10° |mK a=- Qi
electron rest mass m, 9.11x 107" |kg P=ry
(equivalent to 5.5 x 104‘1'1) ; B _ power output v=x2nfNA? -
electron charge/mass ratio | e/fm, |1.76 x 10_27 Ckg efficiency = power input x = A cos 2nft
proton rest mass n, 1.67 x 10 kg
(equivalent to 1.00728u) w="Y=2x n T= zn\jﬁ
proton charge/mass ratio | e/m;, [9.58 x 107 Ckg? r
neutron rest mass m, 1.67x107 |kg X T=2n \/I
(equivalent to 1.00867u) a=2=ro? 4
gravitational field strength | g 9.81 N kg™ r 4o ws
acceleration due to gravity | g 9.81 ms™ D
atomic mass unit u 1.661 x 1077 | kg 1= mr d
. . sin 8 = nl
(1uis equivalent to
9313 MeV) E =} Io? 0~ ‘é‘
Fundamental particles Wy =y +at "y = sin 0, _ a1
sinf, ¢
Class Name Symbol Rest energy 0= awyt+ 15 at n,
MeV , 2=,

h h 0 w; = wy + 2a0 1
photon photon Y sin 6, = —
lepton neutrino Ve 0 0=3 (w, + w)t "

Vu 0 E =hf
electron e 0.510999 I'=lIa hf=¢ + Ey
muon u* 105.659 hf=E, - E,
i . angular momentum = lw
mesons pion T 139.576 W=T6O 1= h _ k.
a 134.972 P=Tw p  mv
kaon K* 493.821 =
K° 497.762 angula; impulse = chang; of 1{‘u0€0
angular momentum = Tt
moerspoon pmsas | JE Elecsicy
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+r)
number 11,11
) 1 input power = calorific P

u +5 +3 0 Ry Ry R, Ry

value x fuel flow rate

d 1 . 0 Rr=Ri+R;+R3+---

L 1 indicated power as (area of p—V P=PR
§ w3 *3 -1 loop) X (no. of cycles/s) x .
(no. of cylinders) _F_V
Geometrical equations Q d
friction power = indicated 1 0
arc length = ro power — brake power E= =
dng, 1
circumference of circle = 2nr
w o
area of circle = ur* efficiency = ) _On QQom E=iov
area of cylinder = 2nrh " " F= Bl
volume of cylinder = nr'h maximum possible F=BQv
e y — = ‘l/
area of sphere = 4xr* efficiency = T HT Tc Q= Q. /rC
=4 H @ = BA
volume of sphere = % nr’ Turn over p
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magnitude of induced em.f = N AA(f—S

Iy

Mechanical and Thermal
Properties

tensile stress

F 1
the Young modulus =3

tensile strain

energy stored =5 Fe

AQ = mc AO

AQ =ml

sz%ch—2

Lmc? =3kr=3RL
2N,

Nuclear Physics and Turning
Points in Physics

eV
force=—2L

d
force = Bev

. my
radius of curvature = Be
e

ev m
4 g

work done = eV
F = 6nyrv

0

2
X

I=k

AN _
At

-AN

Astrophysics and Medical

Physics
Body Mass/kg Mean radius/m
Sun  2.00x10% 7.00 % 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

T = constant = 0.0029 m K

;'m ax

Medical Physics

1
power = —
1 1 v
—+4+—=— and m=—
7 u

1
intensity level = 10 log —
0

1= Ioe~ﬂx

u =t
e

Electronics
Resistors

Preferred values for resistors (E24)
Series: 1.01.11.213151.61.82.022
242730333639 43475.15.66.2
6.8 7.5 8.2 9.1 ohms

and multiples that are ten times greater

Vrms
e
1 1 1 1
—_—=—t —t—+
CT Cl CZ C3

Cr=Ci+ G +Cy+ -+

o
“ 2afc

Alternating Currents

1
=7

Operational amplifier

V()lll .
G= voltage gain
Vin
Ry .
G=-— inverting
R,
G =1+—  non-inverting
1
Vi 'V, W .
Vo =~ R [ — +—=+-=] summing
R, R, Ry
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SECTION A: NUCLEAR INSTABILITY

Answer all of this question

diffraction angles, 6.

1 The high energy electron diffraction apparatus represented in Figure 1 can be used to determine
nuclear radii. The intensity of the electron beam received by the detector is measured at various

monoenergetic
high energy
electron beam

\
target

detector

Figure 1
(a) Sketch on the axes below a graph of the results expected from such an electron diffraction
experiment.
electron
intensity

angle of diffraction 6 (2 marks)

Turn over P
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(b) () Use the data in the table
R =ryA°.

to plot a straight line graph that confirms the relationship

radius of
element nucleus, R nucleon
10"%m number, A

lead 6.66 208
tin 5.49 120
iron 4.35 56
silicon 343 28
carbon 2.66 12

(i) Estimate the value of 7, from the graph.

(5 marks)

(c) Discuss the merits of using high energy electrons to determine nuclear radii rather than

using o particles.

You may be awarded marks for the quality of written communication in your answer.
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(3 marks)
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SECTION B ASTROPHYSICS

Answer all questions

2 (a) Draw a ray diagram for an astronomical refracting telescope in normal adjustment. Your
diagram should show the paths of three non-axial rays through both lenses. Label the principal
foci of the two lenses.

(3 marks)
(b) Figure 2 shows an astronomical telescope made from two cardboard tubes of slightly different

diameter, two convex lenses of focal lengths 0.10 m and 0.50 m respectively and some modelling
clay.

modelling clay

- — cardboard tubes \
|

9

\ ]

175]

lens Figure 2 le
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(1) Calculate the distance between the two lenses when the telescope is in normal adjustment.

(ii)) The Moon is 380000 km from the Earth and has a diameter of 3 500 km. Calculate the
angle subtended by the image of the full Moon when viewed through the telescope.

(iii) The telescope suffers from chromatic aberration. Describe how this affects the appearance
of the image.

(4 marks)

TURN OVER FOR THE NEXT QUESTION

Turn over P
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3 Figure 3 shows the black body radiation curves for three stars, labelled P, Q and R.

Intensity

0 500 1000 1500 2000
wavelength/nm

Figure 3

(@) (1) State and explain, without calculation, which one of the three stars is the hottest.

(3 marks)

WO5/PHASW



1 1 LEAVE
MARGIN
BLANK

(b) More detailed analysis of the hottest star’s spectrum revealed the presence of Hydrogen Balmer
absorption lines.

(i) For which two spectral classes are these lines the prominent feature?

(4 marks)

TURN OVER FOR THE NEXT QUESTION

Turn over P
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4 HT Cas is an eclipsing binary system in the constellation Cassiopeia. Figure 4 shows the variation in
apparent magnitude (light curve) of the system over a period of time.

apparent magnitude

14 —
15
B
16
A
17
I I I . .
0 50 100 150 time/minutes
Figure 4

(a) Explain how the motion of the two stars produces the light curve in Figure 4. Refer to regions
A and B in your answer.

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

(4 marks)
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(b) Analysis of the spectra produced by the system shows that one of the stars is moving with an
orbital speed of 400 kms .

(i) The wavelength of a hydrogen line in the spectrum of this star has an average value

0of 656.28 nm. Calculate the maximum and minimum values of the wavelength of this line
due to the star’s orbital motion.

(ii)) Use Figure 4 to obtain a value of the period of the binary system, and calculate the radius
of the orbit of this star.

(6 marks)

TURN OVER FOR THE NEXT QUESTION
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5 (a) (1) State what is meant by the event horizon of a black hole.

(ii)) Write down the equation for the radius of the event horizon of a black hole, and define
each term in the equation.

(2 marks)

(b) Calculate the mass of a black hole with a Schwarzchild radius equal to the radius of the Earth.

(2 marks)

QUALITY OF WRITTEN COMMUNICATION (2 marks)

END OF QUESTIONS
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