7 The only correct answer is D (2 < 911 = 1073 x (3 = IDR}:}
A 1s not correct because this does not consider the mass of the positron
B is not correct because this uses the mass of a single proton / antiproton
C is not correct because this gives uses the mass of a proton / antiproton
2 The only correct answer is B (pion)

A is not correct because a photon is a quantum of electromagnetic radiation
C is not correct because a positron 15 a lepton
[ is not correct because a proton is a baryon

The only correct answer is D (thermionic emission)

A 1s not correct because it 1s not caused by beta decay
B is not correct because 1t is not caused by excitation
C is not correct because it is not caused by the photoelectric effect

The only correct answer is C (v = ¢)

A is not correct because the muons cannot travel faster than the speed of light

B is not correct because muons cannot travel at the speed of light

D is not correct because the muons would not experience relativistic effects with
this speed

A is the correct answer

B is not correct because the number of neutrons N is on the top line
C is not correct because Z is on the top line and N is on the bottom line
D is not correct because Z is on the top line

A is the only correct answer because the particles are accelerated by electric
fields across the gap and magnetic fields in the dees

B is not correct because the particles follow a semi-circular path of constant
radius followed by a straight portion across the gap and then a semi-circular path
of greater constant radius and so on

C is not correct because the electric field changes direction when the particles are
in the dees, not when the particles are in the gaps

D is not correct because the magnetic field does not change direction

D is the correct answer

A 1s not correct because lepton number 1s not conserved
B is not correct because charge is not conserved

C is not correct because charge is not conserved

| The only correct answer is B (lepton , meson)

A 1s not correct because alpha is not fundamental
C is not correct because proton 1s not fundamental and electron is
D is not correct because muon is fundamental

wn

The only correct answer is A (Strong electrostatic forces act on the alpha
particles.)

B is not correct because this does not explain large angle deflection
C is not correct because this does not explain large angle deflection
[ is not correct because this does not explain large angle deflection




The only correct answer is B (85 protons 128 neutrons)

A is not correct because the number of protons is 85 and the neutron number is
the mass number- the proton number,

C is not correct because the number of protons is incorrect
D 15 not correct because the number of neutrons 1s incorrect; it should be the

mass number — the proton number

The only correct answer is B because after emission the proton number is
18 and the nucleon number is 38

A is not correct because after emission the proton number is 18 and the
nucleon number is 38

C is not correct because after emission the proton number is 18 and the
nucleon number 1s 38

D is not correct because after emission the proton number is 18 and the

nucleon number 15 38

B is the correct answer,as N=4 — 7

The only correct answer is B because the mass in kg is given by
6.5 % 16 x 10712
(3 x 109)2
A 1s not correct because this does not take account of the M in MeV
C 1s not correct because multiplication and division are reversed
D 15 not correct because multiplication and division are reversed

The only correct answer is D (The particles are accelerated by electric fields
inside the dees.)

A is not correct because this statement about cyclotrons is correct
B is not correct because this statement about cyclotrons is correct
C is not correct because this statement about cyclotrons is correct

10

450 x 107 x 1.6 x 10717
82
(3.00 x 10%)

The only correct answeris C (

mass-energy of one of the colliding particles has been conserved
B is not correct because this uses MeV instead of GeV

been doubled

A 1s not correct because this uses MeV instead of GeV and suggests that only the

D is not correct because this suggests that the mass-energy in the interaction has




*lia) This quedion asmesses a dudent’s abd ity 1o show a coberent and Mark & are avwarded For indicative content and lor how the answer
logically structured answer with linkages and fully «sustained structured and shows lines of reasoning.
reaoning The followmng mble shows how the marks should be awarded for
Total marks awarded = the sum of marks for indicative content and i wcatrve comtent.
the marks for structure and |nes nfl\cnmnlng Mumber of indicative Mumber of marks awarded
Max hinkage M fmal points seen in answer for mdicative points
IC poinis 1C mark mark mark I3 4
5 4 3 [3 -~ 2
3.2 2
5 3 2 5 ' 1
4 3 1 4 [i] 1]
3 2 1 3
2 2 1] 2 Mumber of marks
1 | 0 N awarded for structure
and lines of rea
o 0 0 0 Answer shows a coherent and logical 2
sructure with linkage and fully
Indicative conlent: wganed lines of rexsomng
demonstrated throug hout
IC1  The pd. provides an electric field Angwer & pamially structured with some 1
linkages and lines of resoning
IC2  The electric field accelerates the particles Arsrwer T no linknage between points 0
and is unstructured
IC3  Electnic field is between the tubes in a linae and . «
between the dees in the cych 1IC 3 allow= electnic field is across a gap
IC4  The p.d. is altemating so the particles are always
accelerated
‘5 n| o I N
- '[:uh:]:trﬁ::?:f t!r:lgzrtu.le:s paths get longer when IC 5 Accept references constant time m the dees and constant
Or The time taken between leaving and entermg the ume in the tubes instead of the Electrie field
electric field in each machmne 15 the same
IC6  Inboth machines the frequency of the alternating p.d.
i% constant
16 | Lse ofy = 2 n Example of caleulation
Q W =040 x10°Vx 16x10""C x4 = 2.56 x 1071%
1
Uses 167 x 10727 (kg) @
256 = 1072 ()= 2
i) P |——— 75 10" ms™t
Uses Ey = %mvz 167 % 107 (kg)
v=18x%107 (ms™) m
r= Example of calculation
16{ b)) [Js:-:ﬂr_m (1
_ 3 - p=055Tx L6 = 107 = 0.29m
v=153= 10" {ms™) (1 = 2.55 x 10-20 kg m s
1.8 107 (ms™") > 1.5 x 107 {m 5~} so the increase in —on .
speed was not the same F=M= 1.53 % 107 m =1
Or2 %107 (ms™1) = 1.5 % 107 ( ms™1) 50 the increase in L67 x 107*7kg
speed was not the same
Or Correct conclusion based on comparison of candidate s 1.75% 105 ms™ > 1.53 = 107 m ™" 50 no, the ncrease in
calculated values i speed was not the same
{ect from (a}1) for the value of v) 1
21(a) ud Or dit Or uii Or dd (1) 1
21(h) MAX 2 conservation laws
(Conservation of) charge (1)
1 —=—-1+0 (1)
Dependent on MP1
(Conservation of) lepton number (1)
0—1+-1 (1)
Dependent on MP3

0—0+0
Dependent on MP5

(Conservation of) baryon number

(1)




21(c) Conversionof eV to J (1)

Use of AE = c*Am (1)

m=19 = 1078 (kg) (1)

Example of calculation

m =106 MeV x 10°x 1.6 X 107 %] eV™! = 1.70 x 10711

1.70 x 10711 188 % 10-28 k
== L. *

M= B0 x109)2 &
21(d)

(When v = 0.99¢) relativistic effects will be significant (1)

Or (When v =0.99¢) time dilation occurs

The lifetime (of high energy pions) would be longer (than for pions at

rest)

MP2 dependent on MP1 (1)
14(a) The (metal in the) filament is heated (by the current) (1)

The electrons are released by thermionic emission (1)
14(b) Use of p =3 ()

Use of B, = %2 Or p=mv and E, = %?‘ﬂv‘2 (1)

=%
'=2100V (1)
Example of calculation
6.63x107% s 3 -
p—m—ZED 5'(210 kng
_(250x107* kgms™)" o~
k= xo1Ix 109 kg | Sr4x107%)
_ 344 x107'8] _
T 16x10719C 2147V

17(a) Spiral path (of increasing radius) in the Dees (allow straight line in the gap) (1)

Anticlockwise spiral (1)
(MP2 dependent on MP1)




17(b)

By
Useof f=—"

j 2am (M
Useof T=1/f (1)
T=6.0 x 107 %s (1)

Example calculation:
0.55 % 1.6 x 1071¢

- 21 X 11_57 % 10-27 = 8.39 x 10°Hz
T= co5mgge = 119%107s
Time in one Dee 1'”";;]”5 — 596 x 10-%s

*“17(¢) This question assesses a student’s ability to show a coherent and logically
structured answer with Imkages and fully-sustained reasonng. Marks are
awarded for indicative content and for how the answer 15 structured and shows
Imes of reasoning. The following table shows how the marks should be awarded
for mdicative content.

IC points IC mark Max hinkage mark Max final mark
6 4 2 (4]
5 3 2 5
4 3 1 4
3 2 1 3
2 2 0 2
| ] 0 1
0 0 0 0
The following table shows how the marks should be awarded for structure and
Imes of reasoning.
Number of marks awarded for
structure of answer and
sustained line of reasoming
Answer shows a coherent and logical »
structure with Imkages and fully sustained -
lnes of reasoning demonstrated throughout
Amswer 1s partially structured with some 1
Iinkages and lines of reasoning
Answer has no linkages between points and 0
15 unstructured
Indicative content
IC1 (pd. createsan) electric field between the dees
IC2 Electric field/force accelerates protons
IC3 Magnetic (field gives a) force at right angles to protons” path
IC4 Protons follows a circular path (whilst in dees)
Or protons experence a centripetal force.
IC5 pd./polarity (of dees) switches every half cyele
Or p.d/polarity switches while protons are in the dee
IC6  (S0) opposite side of the dee is always oppositely charged (to the
protons) so protons accelerate repeatedly
I 14(a) I Baryon: 3 quarks (or 3 antiquarks) (1)

Meson: a quark and an antiquark (1)




14(b)(i) Identifies charges (of quark) (+)2e/3 and (charge of lepton) (+)le (1)
Identifies a quark with +2/3 charge (u,c.t) (1)
Identifies an anti-lepton with charge +1 (e*, u*, T° - accept bar notation) (D
Baryon number = 1/3 (1)
Lepton number = -1 (1)
Example of calculation
+5e/3=+2e/3+ le
14(b)(ii) Use of eV to J conversion (1)
Use of AE = c’Am (1)
m=2.7x 102 (kg) (2 sf) 1)
Example of calculation
(2x68x10%eVx1.6x10""V)x11/100=2.39x107]
m=239x107J/(3.00 x 10¥m s7')?=2.66 x 102 kg
14(b)(iii) | Reasonable suggestion, such as:
e Leptoquarks must have a mass greater than 2.7 x 102*kg (ecf from
(b)(11)) (1
e Its mass 1s too high (1)
Energy needed is too high (1)
(1)

The energy of the collision is too low




