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For questions 1-10, in Section A, select one answer from A to D and put a cross in the box X

SECTION A

Answer ALL questions.

If you change your mind, put a line through the box $¢ and then
mark your new answer with a cross X.

Which of the following are the base units of momentum?

O

L]
(|
(|

A kgms
B kgms?
C Ns
D Ns?

(Total for Question 1 = 1 mark)

A linac is a particle accelerator. It consists of drift tubes with potential differences (p.d.)
applied between them.

The drift tubes increase in length. This is so that

O

(|
(|
(|

A avery high accelerating p.d. can be used.
B the accelerating p.d. used can have a constant frequency.
C the particle acquires the same amount of energy in each tube.

D the time spent in each tube increases as the length of each tube increases.

(Total for Question 2 = 1 mark)

A food mixer has a blade which completes 15000 revolutions in a minute.

Which of the following is the angular velocity of the blade in rads?

O

(|
(|
L]

A 40
B 250
C 1570
D 94200

(Total for Question 3 = 1 mark)
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4 The de Broglie wavelength associated with electrons used to study crystal structure
is 2.8 x 10™°m,

Which of the following is the speed of the electrons?

mass of electron = 9.11 x 10-3'kg

[0 A 38x107"ms*
0 B 74x10*ms™
0 C 14x10°ms™
0 D 2.6x10°ms™

(Total for Question 4 = 1 mark)

5 Assquare coil of side length | has N turns. Its plane is parallel to a magnetic field of
magnetic flux density B.

Which of the following is the flux linkage with this coil?

L1AO
[] BB
[J] C NB
[0 D NBI?

(Total for Question 5 = 1 mark)

Which of the following statements describes the speed of a proton as it passes through the accelerator?

[0 A Itincreases uniformly.

1 B It never reaches the speed of light.

6 A particle accelerator produces a beam of very high energy protons.

[1 C It stops increasing when it reaches the speed of light.

1 D It reduces as it approaches the speed of light.

(Total for Question 6 = 1 mark)
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7 Anparticle Y has kinetic energy E and momentum p. A second particle Z of the same

mass as Y has momentum 2p.

Which of the following is the kinetic energy of Z?
L1 A 4E

[l B 2E
[l CE
(|

(Total for Question 7 = 1 mark)

A resultant force of 10N acts on a particle of mass 0.2kg for 30s. The particle is initially at rest.

Which of the following expressions gives the velocity in ms of this particle after 30s?

10x 0.2
30
10 x 30
0.2
0.2 x 30
10

b A

] B

] C

[0 D 0.2x30x10

(Total for Question 8 = 1 mark)
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Which of the following is the name of the process by which electrons are released from a
heated filament?

[J A ionisation

[J B photoelectric effect
[J C relativistic effect
]

D thermionic emission

(Total for Question 9 = 1 mark)
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10 A car, mass m, drives over a circular humpback bridge of radius r with a constant speed v.

S5
PoSesaae!
boseis 5e%

When it is at the top of the bridge, the magnitude of the force exerted on the car by the
bridge is given by

0 A mg

mv?

[] B T+mg
mv?
J0C — -mg
r

VZ

1D mg—mT

(Total for Question 10 = 1 mark)
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SECTION B

Answer ALL questions in the spaces provided.

11 Aplane is flying at a constant velocity, as shown.

lift force

weight

The pilot banks the plane and the lift force L is now inclined at an angle & to the vertical.

QR
0%
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055
50

weight

(a) Explain why this will result in circular motion.
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s (b) The plane continues to fly with a constant speed v.

The angle 4 is given by

V2
tand = —
rg

S
where r is the radius of the circular path.

(i) Show that this equation is correct.

(i1) Calculate the radius of the circular path.
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(Total for Question 11 = 7 marks)
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12 Alambda (A) particle is a baryon.

(a) State the structure of a baryon.

(b) A neutral A particle can decay into a proton and a pion.

(i) Write this decay as a particle equation.

1)

A —

*(ii) Explain how the laws of conservation of momentum and energy apply to this
decay process.

Assume the A particle is stationary.
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(c) Scientists studying antimatter recently observed the creation of an anti-helium 4 nucleus,
which consists of two anti-protons and two anti-neutrons.

The diagram represents the path of a proton through a magnetic field starting at point A.
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""‘»:? Add to the diagram the path of an anti-helium 4 nucleus also starting at point A and
SO initially travelling with the same velocity as the proton.

Explain any differences between the paths.
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13 A student carries out an experiment to charge a capacitor through a resistor. She intends
to measure the current during this process.

(@) (i) Draw a circuit that she could use.

)

(it) Sketch a graph to indicate how the current will vary with time from when the
capacitor starts to charge.

(2)
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(b) Once the capacitor is fully charged, the student discharges it through a 1.0 kQ resistor.
She measures the potential difference V across the capacitor during this process.

The graph below shows the variation of V with time t.
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PMT

(c) Calculate the maximum energy stored on the capacitor.

Maximum energy = ...

(d) Another way of calculating the capacitance would be to use the results to plot a
straight line graph.

Explain the graph you would plot to produce a straight line and how you would use it
to calculate the capacitance of the capacitor.

(4)
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(Total for Question 13 = 13 marks)

>
K IELK
K

oS
%
%

2

0%
o0
\abs

S

oo

ot
0
SVave
&
LR

L0
58

O
LS
K
% b
RKK
K

e
%
S

%

}~ -
S

o
S
PO

9%

%
<

%%
Dot 194
oSt anese
S

e

SO
K
KL

Sva
>
S5

R
IR

<2
&

<
K
ava
s

X
)

K
3%
R

et
SRS
SEATI S
07 1088
2R
S

oS S

0 o=

LUSSTR o o8

oo S

: XS

e <

KRR

RIS,

KRR

LR,

KR

pasesetede

KRR

LR,

LK

BeSsssstate

RIS

LHRKKS

KoK

RIS

12

P 5 0 7 9 5 A0 1 2 2 4



oSetetetess botetoteless

RS XSS
ORI SRS
%ﬁgko

&

90 o o%
O
S

SIS
quA%
5
K
S
o
-
5
il
7L
RS
BSS
(AR
5
KK
9o0sedes
KKK
5
555
botesesteses
oS0%e%e%s
BRBE
CRRLXK,
CRRRKS
CRERCS
CREXKS
CRRLX,
(XXX,
RS
CREREKS
S0S0s005eS
L5855
SR
SRS
eI
9
<9
s 88
%% 6% 9%}
foieaslst
s
SRS
SN
00 5 1098
tederer el
ST
s
=
(X
S
SSRIXS
RS
X
v 1
PP
B
S,
K
20T
SETH X
Sl (>
0% 0
o900 o808 A
260 0% K
oS W9l &
e S
S, S,
SRASL S
AL O
eSS el
P SRS
S MRS
9% < 958 SRAETN
090 RS
KRN K
SEPESR KPR
SRR S
LK
SRR LIS
RIS RIS
S S
ULRKL Deatoseie%s
KRR Sotoeted
S, SCSEES,
Seeiees DSeteteles
SRRLES SRRELES
oodtete%e Deodetete%s
% KIGHAK
Seeiees DoSetotetel:
SRRLLS SRR
GERL G
KRR, KIGRRK
I, I,
SIS SO,
SRS SRR
KL KL
59K KKK
ooee! ERIKK,
R, R,
oSt paseseseses
SRR SRR
SRR BeSegatetess
K K
LK, KKK,
Petoteel SEES,
255 RIS,
SSRGS KNS
R Bogegatetess
LKL EILRKK
eSS SRLGS
9% 05 000 SRS
RIS SIS
PR SRR
KKK LRES
e o L S
SIS SAAES
g5 TS
B X
ol KRR

%%

L)
SVavevs
SRR

LIS,
RS,

SRS

SRIXS

oS 00
et 5 (ot
eSS KPS
SREEEK, SO <,
OGS SSEESS
93 S,
Doletatatet
20 2%
POt
DSl 000
SR
O3 1% ey

XXX
potegets
s A%
“v
<5

b
o
0
<k
o
o
boSse;
QL
“’4 %
KA PN
A
RS
R0X S
K S
K
RS KK
3 K3
29%. ~ 199 SN
B bogsy & !
IREIRK SR
AR CRIKS
CRILRS SRELLS
2K 2K
500020 TR 020 4260050
K K
ERORKL LXK
GRS GRRI5RS
CRRERS CRRERS
SRR SRR
IS IS
5050020 TR 020 4295050
CRRK CRRK
SRR SRR
KERIRKS LR
SUEEIR SEHLEKL
CRREIXS CRREIXS
GRS KL
RIS RIS
KLIRLL LKL
KK XK
CRREXRS KRR

r

14 The continuous electron beam accelerator facility (CEBAF) produces very high energy
electrons for particle experiments at the Jefferson Laboratory in the USA.

(a) By the time the CEBAF has accelerated the electrons they act as if they have a mass
of about 8000 times their normal (rest) mass.

Calculate the potential difference through which the electrons must be accelerated
from rest to reach a mass 8000 times their rest mass.

Potential difference =

*(b) Electron diffraction is used to investigate the structure of nucleons.

Explain why the electrons used require very high energies.

(Total for Question 14 = 6 marks)
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15 A magnet is released so that it falls through a coil. The coil is connected to a data logger
which records potential difference (p.d.).

data logger — [ m——

0%
5

(@) Explain why the p.d. increases as the magnet approaches the coil.
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055
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(b) Sketch a graph to show the variation of the p.d. with time from the moment the
magnet is released until it has fallen through the coil.
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16 Experiments, supervised by Rutherford one hundred years ago, involved firing alpha particles
at thin gold foil.

(a) The observations from these experiments are summarised in the table.

Complete the table with corresponding conclusions from these observations.

3)

Observation Conclusion

The vast majority of alpha particles go
straight through without any deflection.

A tiny proportion of the alpha particles is
deflected through angles greater than 90°.

(b) A gold nucleus has the symbol %/Au.

(i) State the meaning of these numbers.

(if) At a particular instant, in such an experiment, an alpha particle was at a distance
of 5.0 x 10-**m from the gold nucleus.

Calculate the force on the alpha particle at this instant.

(Total for Question 16 = 7 marks)
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17 A student places two coins, A and B, of the same mass on a flat surface. He pushes

coin A towards coin B and observes what happens when they collide.
He repeats this several times, recording the collisions on his phone.

*(a) He analyses the recordings and notices that if coin A collides head-on with coin B,
then after the collision coin A stops and coin B moves off in the same direction.

Assuming external forces are negligible, discuss whether the collision is elastic.
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(b) If coin A collides with coin B at an angle, both coins move off in different directions
after the collision, as shown in the diagram.

2.2cms™
e A
i Bh°
before after
: (i) Show that the velocity of coin A immediately after the collision is about 3cms=.
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(

18 A teacher is demonstrating the properties of an electron beam using an electron
deflection tube.

In the tube the path of a beam of electrons can be observed on a grid. The grid is
positioned between two metal plates with a potential difference (p.d.) across them.

(@) Complete the diagram to show the electric field between the plates.

3)

QO
200062

S
.‘f

-

00
R
XK A
..j :"

2
S
d0%ez A
9%

%

0%

<

¢
‘Q
9%
R
S

x|
5>
X

Q>

%

%
&

%

XK
faseretess
LEE

%

18

P 5 0 7 9 5§ A0 1 8 2 4

5
055
50

%
NS00
LKL

e

AN
LRI
2RI

o% Yo
ORI

Yo%
%
0%

23
9.0
plote!

s
o

X4t
KL
R

QR
0%

A
%)
QRS

H<N
b9t
S5

RLIRILIR
IRRELRHRRLLE

V.V
<K

bt
55

PMT

0%
5

X
0%

X
0":.

0
2500
B

005
X

o 6%
SR
0.0
%
SRS
0‘0:’»102:::0
2%
bogerata’e%

0
92038

}~
At

25
DSt i

ST
LR )
KA

SR
SN
LR

o5
%

2%

OO
RN
S S0te%0totetetete%e 2t
Sotestetetetetotetedss
LR

oot lotedetetete!

0K
SRS

<5

<5

X
6%
<



oSetetetess botetoteless

RS RS
SR B
R posesesete
S SRR,
sgeseses BoSeseseses
otetotetets K

GOSN

939

90 o o%
O
S

SIS
quA%
5
s
S
o
-
5
il
7L
RS
KRS
(AR
X2
KK
9o0sedes
KKK
%
55855
botesesteses
1203036%
R
oSesetetese
SRS
Jesesesese’
oSotetees
oSesetetess
SRRKEK
etetesels
SIS
KKK,
R85k
etetelels
CHLS
9
S 99
00 o2 9%
%% 6% 9%}
foieaslst
s
NE
SRS
SN
0% 5 %
tederer el
ST
s
=
(B
S
SSRIXS
RS
X
Qﬂrv?‘
2% 038
RN
K
KBRS
SRS
0% 0
boferes %% PO
oSe% el &
RGRS KR
9% L 093 S
R &N
eSS el
P S
RIS oA
9% < 958 SRAETN
090 X
o 21 SR & %8
SRR S
oo~ Sk Bo%] % %
% LRI
SRR e
SRS KK
SRR LIS
RIS RIS
S S
RS Boegegatesese
EIHAK EIHAK
S Setetele! S Setetele!
Seeiees DSeteteles
RIS RIS
SRRLES SRR
KL KL
LK KL
oSooel ERUKEK,
Seeiees DoSetotetel:
CRRRLKS SRR
SR SR
dototesel dototesel
oSotode? ERUKEK,
I, I,
Neetelel IR
2RI 2RI
SRS SRR
KL KL
59K KKK
ooee! ERIKK,
R, R,
Seetees IREE,
RIS, RIS,
SRR SRR
CRRKE CRRKE
50K, KK
oee%e SRS,
KL KL
Petoteel SEES,
255 RIS,
SSRGS KNS
RRKE RRKE
80K KRR
LR S,
eSS R0
Ne SRS
208 7 )38 0%~ 0!
RIS SIS
PR SRR
SR LRES
e o L S
SIS SAAES
g5 TS
B X
oSS Pt 3064

%%

L)
SVavevs
SRR

LIS,
RS,

SRS

SRIXS

oS 00
et 5 (ot
eSS KPS
SREEEK, SO <,
OGS SSEESS
93 S,
Doletatatet
20 2%
POt
DSl 000
SR
O3 1% ey

XXX
potegets
s A%
0‘ =
<5

b
o
0
<k
o
o
boSse;
QL
“’40
KA PN
A
RS
R0X S
K S
K
RS KK
3 K3
29%. ~ 199 SN
B bogsy & !
IREIRK SR
AR CRIKS
CRILRS SRELLS
2K 2K
500020 TR 020 4260050
K K
ERORKL LXK
GRS GRRI5RS
CRRERS CRRERS
SRR SRR
IS IS
5050020 TR 020 4295050
CRRK CRRK
SRR SRR
KERIRKS LR
SUEEIR SEHLEKL
CRREIXS CRREIXS
GRS KL
RIS RIS
KLIRLL LKL
KK XK
CRREXRS KRR

(b) The electron beam undergoes a vertical deflection of 2.0cm, after travelling a
horizontal distance of 8.0cm.

Calculate the velocity with which the electrons entered the electric field.

(5)

p.d. across plates = 1.50kV
distance between plates = 5.0cm

Velocity =

(c) In another demonstration, a magnetic field of flux density B is applied to the grid. This
time the electrons enter the fields with a velocity of 2.4 x 10’ms™. The p.d. across the
plates is changed so that the electric field is in the same direction as before, but so its
strength is now 25000N C.

B is varied until the electron beam shows no overall deflection.

(i) Deduce the direction of the magnetic field.

(Total for Question 18 = 11 marks)

TOTAL FOR SECTION B
TOTAL FOR PAPER

70 MARKS
80 MARKS
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Acceleration of free fall
Boltzmann constant
Coulomb’s law constant

Electron charge

Electron mass
Electronvolt

Gravitational constant
Gravitational field strength
Permittivity of free space
Planck constant

Proton mass

Speed of light in a vacuum
Stefan-Boltzmann constant
Unified atomic mass unit

Unit 1

Mechanics

List of data, formulae and relationships

g=981ms>

k=138x102JK!

k= 1/471'80

=8.99 x 10° N m? C2

e=-1.60x10"C
m,=9.11 x 107" kg
1ev=160x10"]J

G =6.67 x 10" N m? kg™

g=9.81 Nkg

g,=885%x 10 Fm"

h=6.63x103Js
m, =1.67 x 107 kg
c=3.00%x108ms!

6=5.67x10°Wm?2K*

u=1.66 x 107 kg

Kinematic equations of motion vV=u+at

Forces

Work and energy

Materials
Stokes’ law
Hooke’s law

Density
Pressure

Young modulus

Elastic strain energy

s = ut + Yat?
vZ = U? + 2as

XF =ma
g=F/m
W =mg

AW = FAs
E, = Yamv?
AE,,, = mgAh

F = 6nyrv
F = kAx
p=m/V
p=F/A

E = o/¢ where
Stress ¢ = F/A
Strain ¢ = AxX/X

E, = %FAX

(close to Earth’s surface)

(close to Earth’s surface)
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-
Unit 4
Mechanics
Momentum p=mv
Kinetic energy of a
non-relativistic particle E, = p%2m
Motion in a circle v =owr
T=2n/w
F=ma=mvr
a=vir
a = rw?
Fields
Coulomb’s law F = kQ,Q,/r* where k = 1/4re,
Electric field E=F/Q
E = kQ/r?
E=V/d
Capacitance C=Q/NV
Energy stored in capacitor W = 1LQV
Capacitor discharge Q= Qe
In a magnetic field F = Bll sin 0
F = Bqvsin ¢
r = p/BQ
Faraday’s and Lenz’s laws =—d(Ng)/dt
Particle physics
Mass-energy AE = c?Am
de Broglie wavelength A=hlp
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