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Mark Scheme

Q1.
Question L . ;
Number Acceptable answers Additional guidance | Mark
The only correct answer is A 1
B is not correct because the charge on an Au
nucleus is 70 =1 6=1071°C
C s nof correct because the charge on an alpha particle
ir 2 =16=107"C
D is not correct because the charges have not been
converted to C
Q2.
Question Answer Mark
Number
A 1

Q3.
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Question | Answer Mark
Number
A 1
Q4.
Question Answer Mark
Number
D 1
Q5.
Question Acceptable answers Additional guidance Mark
Number
e Useof V=Q/4mgr (1) allow for 0=2 or 79, accept V = kQ /1 4
e Conversion MeVtoJ (1)
o Useof V=W/Q (1) Must use e = 1.6 x 10727 C to convert
atomic number to C
e r=30x10%m (1)
Example of calculation:
7.7 x 10%V x 1.6 x 1017 eV~!
=899 x 10°Nm?C? x 2 x 79 x
(1.6 x 1071 C)2 = r
r=227x10"7 +7.7 x 10°
r=295x10"*m
Q6.
Question Acceptable answers Additional guidance Mark
Number
e correct values of A Example of calculation:
and Z for a and B I26gsRa = 2%g:Ph + x4 a + y %1 B
226 - 206 =4 x
« 50 x=25
88-82-(5x2)=-y
e 4 |3 y =4
“26ggRa > %gPb + 5% a + 4% B | (3)
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Q7.

Question Answer Mark
Number
(a) 4 1s the number of nucleons Or number of neutrons and protons (1)
Or mass number Or nucleon number
2 1s the number of protons Or proton number Or atomic number (1) X
(b)(i) (The particles are moving) close to the speed of light (1) 1
(b)(ii) To create particle /antimatter
Or To allow (large) repulsive forces to be overcome
Or To break the particles (into their constituents) (1) 1
(b)(iii) Mass = 4u (accept use of 4my) (1)
Use of E = mc” (1)
Division by e i (1)
Mass = 3.74 (GeV/ie") ’ (1) 4
(use of mass of proton instead of u — 3.76 GeVie™)
Example of calcularim} )
mass =4 x 1.66 x 107 kg =6.64 x 107" kg
me? =6.64 x 107 kg x (3% 108m s1)?=6.0 x 1019 ]
6.0x10"°7/1.6x 10"
Mass = 3.74 GeV/¢’
(b)(iv) They meet matter (helium nuelei) and annihilate (1) 1
(b)(v) Use of E=hf ecfE from (iii) (1)
Frequency = 9.02 > 102 Hz (using 3.74 GeV ¢’) (1) e
(3.76 GeV/e™ —9.07 x 10" Hz
4 GeVier —9.65 x 10° Hz )
(half or double these values. due to a stray 2 can score 1st mark)
{(use of A=h/p scores 0)
Example of calculation x
F=374x10"x 1.6 x 107°1/6.63 x 107 Js
f=9.02x 10" Hz
(c)(i) Quark and antiquark (1) 1
(e)qi) p consists of w u d 1
- %3¢ -%e + Yze = -e must be consistent with structure of p (1)
n consists of d d u (1)
y s e : : 0= (1) 4
+ Y3e + Y3e - ¥3e = 0 must be consistent with structure of »
(The sum must be clearly shown for marks 2 & 4)
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Q8.

Question
Number

Answer

Marlk
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Mark Scheme

Ql.
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Question | Answer Mark
Number
B 1
Q2.
Question - L. . .
i Acceptable answers Additional guidance Mark
Number
Maximum of 4 marks for MP1.3.5 and
any one of MP2.4 or 6
+ afew alpha’s reflect straight back (1} | accept deflect through large
angles/more than 90°
- can be [eprel;ent{-d b}. the ball MP2 df."pE‘lef.‘ﬂ'[ on bf.‘i:llg linked to MP1
bearing being directly aimed at the (1)
centre of the “hill”
+ some alpha’s slightly
deflected/through small angles (1)
+ can be represented by the ball _ L
bearing being aimed close to the (1) MP4 dependent on being linked to MP3
centre line of the hill
(L
+ Many/most alpha’s undeflected
_ (L
* canbe shown by aiming the ball MP6 dependent on being linked to MP5 |
bearing so that it touches/misses the M
edge of the hill s
Q3.
Question - . ;
Number Acceptable answers Additional guidance | Mark
The only correct answer is B 1

A is not correct because it is a correct conclusion
' is not correct because it is a correct conclusion
D is not correct becquse it is a correct conclusion

Q4.
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?quesm].l Acceptable answers Additional guidance Mark
Number
c 1
Q5.
Question | Acceptable answers Additional | Mark
Number guidance
Before scattering experiment: 4

atom containing equally distributed mass/charge (1)

After experiment:

very small nucleus containing (almost all) (1)

the mass of the atom
atom mamly empty space
nucleus 1s charged

(1)
(1)

alt: reference to

‘plum pudding model’

Q6.
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Question
Number

Answer

Mark

()

To prevent interaction/deflection/collision of the alpha particle
with the air.

[do not accept: 'don't get in the way' . 'cause ionisation',
"interfere with'. Looking for a definite interaction between the
alpha and the air molecules. Accept air particles]

1)

(b)

MAXTWO
Nucleus (very) much smaller than separation of nuclei
Or nueleus (very) much smaller than the atom

Nucleus is charged
(don't penalise if candidate says positively charged)

Nucleus is (very) dense Or nucleus 1s massive Or nucleus
contains most of the mass

(no credit for candidates referring to the atoms and not the
nucleus.)

1)

0y

1)

(e)

Top Particle

Path curves up with less deflection than for particle shown and
must cross the printed line.

Or a straight path.

Bottom Particle

Path curves up with more deflection than for particle shown
Greatest curvature before greatest curvature of particle shown.
(dependent mark)

Example

1)

1)
0y

Q7.
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uestion o .
(I%Jumber Acceptable Answer Additional guidance | Mark
(a) An explanation that makes
reference to the following:
¢ due to the large mass (1)
and speed OR large
momentum OR large
energy
e the alpha particle would (1)
have a large change in
momentum when
deflected through large
angles which requires a
large force
(2)
Question g .
Number Acceptable Answer Additional guidance Mark
(b) e useof F= % (1) | Accept calculating a force for r = 1.4 x 10719
e and comparing forces
+ charge of alpha (1)
=2 % 1.6x 107 (C) Example of calculation:
e r=13x102(m
(m) (1) | (79 % 2)(1.6 x 10722 C)?
) r= [8.99x 10° Nm?C2 x
+ comparison of the (1) + 2
two distances
. r=13x107%¥ m
+ conclusion that the (1)
alpha particle must (5)
reach a closer
distance to give a
larger force and
relates this to the
model
Q8.
Question | Answer Mark
Number
B 1

Q9.
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Q1lo0.

Ouesnml1 Acceptable answers Additional guidance Mark
Number
*+ The curved surface is (analogous
to) a radial field N
* (ashao I,fr then) potential (energy) )
o 1.
+ compares with V' o 'l,fr around a
point charge (1) 3
ST Acceptable answers Additional guidance Mark
Number 3
C Most alpha The atom 1s 1
particles go mainly empty
straight space.
through.

A the observation is incorrect

B the observation 1s incorrect

D the observation 15 correct but this 1s not the
corresponding conclusion
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Mark Scheme

Q1.

Question

Number

Acceptable answers

Additional gnidance

Mark

The only correct answer is D

A is not correct because the process described
is the thermionic effect

B is not correct because the process described is
the thermionic effect

C' is not correct because the process described is
the thermionic effect
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Q2.

?ﬁiﬁggp Answer Additional guidance | Mark
(a)(i) | thermionic emission (1)
%L:J?EEZP Acceptable Answer Additional guidance Mark
(a)(ii) Example of calculation:
* equate imv®andVQ (1) | E=1500V x 1.6x107°C=24x1071¢]
¢ v=23%x10" ms? _ [2xzaxioie) 7 -1
(1} U—ldm—ZSXlﬂ ms
(2)
%t?ﬁggp Acceptable Answer Additional guidance | Mark
(b)(i) |« useof F=EQandE=1% (1)
OR seeF = re
d
= equate F = ma and
F=EQ (1)
(2)
?ut?iﬁzp Acceptable Answer Additional guidance Mark
(b)(ii)| » use of speed = (1) | Example of calculation:
distance/time
= =B7x10710s
« t=87%107'"(s) (1) ' me
+ Uuse 0fa=;—e (1) _1>< S0V x L.ex 107 ¢ x (8.7 x 10~20 5)?
537\ 001mx911x 1031 kg) s
» use of s = ut +Zae® (1)
with u = 0 and s=33x107*m (6)
vertical
acceleration to
find s
e s=33x10%*m (1)
%ﬂﬁgzp Acceptable Answer Additional guidance Mark
(c) use of V = Vof V2 (1) | Example of calculation:
vertical line (1) | Vo =53V xv2 =75V
positive and negative (1)
deflection shown
maximum (1)
deflection 75 V
(4)
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Q3.

Question Answer Mark
Number
C 1
Q4.
Question | Answer Mark
Number
D 1
Q5.
Question | Answer Mark
Number
D 1
Q6.
?:uer,dn? Acceptable Answer Additional Guidance Mark
Number
An explanation that makes reference
to the following ponts:
® The potential difference creates
an electric field a
¢ An (electric) field/force does )
work on the electrons
(increasing their kinetic energy)
Or an (electric) field/force
accelerates the electrons
(increasing their velocity) 1) 2
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Mark Scheme

Q1.

Q2.

2111125122: Acceptable Answer Additional Guidance Mark
Useof W =0V ) Example of calculation:
1 . .
1 —m* =l
Useof KE = - mv |2 e
- - . _ [ e10TCEs a0V .
Use of 1u=1.66 x10~" kg @ | G0k O
v=2.16 % 10° (m s @) 4
gﬂi‘;g: R Additional guidance Mark
it does not leave a track so it 1s Not charged should appear in MP1 or
not charged MP2 to get 2 marks
1)

the charge before the decay 1s -1
(the pron) and after 1s -1 (the
muen) + 0 (the antineutnino) so
1t 15 not charged

1)
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Q3.

?\‘tﬁgzp Answer Additional guidance | Mark
(a)(i) | thermionic emission (1)
%‘:ﬁ_ﬁggp Acceptable Answer Additional guidance Mark
(a)(ii) Example of calculation:
+ equate smv?and VQ (1) | E=1500V x 1.6 x 10717 C=24x1071¢]
s+ p=23x10" ms™ _ [2xzaxi0728] 7 -1
{1] U_qlm—23xlﬂ m s
(2)
%tif‘;g? Acceptable Answer Additional guidance | Mark
(b)(i) |« useof F=EQandE="2 (1)
OR seeF = re
d
« equate F =ma and
F=EQ (1)
(2)
%":ﬁigg? Acceptable Answer Additional guidance Mark
(b)(ii)| » wuse of speed = (1) | Example of calculation:
distance/time
=T =B87x107%s
e t=87x1071(s) (1) S
+ useofa= %t (1)|__1_ [ 50V xLex107¢C (8.7 x 10-10 52
S=2%\00imx911x 103 kg) < &% s)
* use of s = ut +%ae® (1)
with u = 0 and s=33x10"*m (6)
vertical
acceleration to
find s
e 5=33x10"*m (1)
%ﬂ?ﬁgg? Acceptable Answer Additional guidance Mark
(c) e useof V=V 2 (1) | Example of calculation:
« vertical line (1) | Vo =53V xv2 =75V
« positive and negative (1)
deflection shown
¢ maximum (1)
deflection 75 V
(4)



https://stemup.co.uk

Q4.

Question
Number

Answer

Mark

Q5.

Question
Number

Answer

Mark

=

(QWC — Work must be clear and organised in a logical manner using
technical wording where appropriate)

Alternating p.d. max 2

Electric field/ p.d. accelerates particles Or Electric field /p.d. gives
particles energy

Constant time period Or constant frequency

Polarity of dees switches every half cycle Or P.d. switches every
half cycle

Magnetic field max 2
Magnetic field/force at right angles to particles path

Maintains circular motion (whilst in dees) Or Experiences centripetal
force/acceleration (whilst in dees)

Radius of circle increases as particles get faster

(1)

(1)

(1)

(1)

(1)
(1)

Total for question

Q6.
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field/potential difference

IC3: acceleration takes place in the gaps
between tubes

IC4: adjacent tubes connected to opposite
terminals of a power supply or opposite
charge/polarity

IC points 1 and 4 may be awarded with

well-drawn diagram

IC6 accept reference to distance
between centres/ends of tubes must
increase to give a fixed alternating
frequency

Eﬁf‘slil:l;grn Acceptable answers iyl neee Mark
Thi sti tudent’s ability to sh 6
s question assesses a student’s ability to show a
coherent and logically structured answer with I_C IC mark i Max ME){
linkages and fully-sustained reasoning. points linkage final
mark mark

Marks are awarded for indicative content and for availahle
how the answer i3 structured and shows lines of
reasoning.

6 4 2 6
The following table shows how the marks should 5 3 P 5
be awarded for indicative content.

4 3 1 4
Indicative content:

3 2 1 E
IC1: set of (metal drift) tubes (in a line) 2 2 0 2

1 1 0 1
IC2: electrons accelerated by electric 0 0 0 0

IC5: power supply/p.d.felectric field 1s
alternating (so that as electron emerges from
one tube the next tube 1s positive)

IC6H: time spent in each tube must be the same
s0 as the electrons travel] faster the tubes must

be longer / gaps between get longer

Q7.
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Question , ) ... .
Number Acceptable answers Additional guidance Mark
2 This question assesses a student’s ability to Guidance on how the mark scheme should be
show a coherent and logical structured answer applied: The mark for The following table
ath linkage and fully-sustained reasonin shows how the marks should be awarded for
wit age ¥ A : g structure and lmes of reasoming
Marks are awarded for indicative content and Tumber of marks
for how the answer is structured and shows awarded for
lines of reasoning. structure and lines of
The following table shows how the marks : S
should be awarded for indicative content Amswer shows 2 -
100 o : - coherent and logical
Number of Number of marks structure with linkage
indicative points awarded for and fully sustained
SEetl 111 answer indicative pomts lines of reasoning
5 3 demonstrated
_ throughout
54 3 Angwer is partially 1
3-2 2 structured with some
1 1 linkages and hines of
0 TEAS0NINE
Answer has no 0
linkage between
— points and is
Indicative content imstructurad
+  There is an altemating p.d /E-field
+  P.d/E-field accelerates protons between dees Number of IC Possible linkage
points marks
+  Magnetic field perpendicular to plane of dees 0,1 0
23 1
*  Proton path curved by magnetic field 156 3 g
s Asvelocity of protons increases radius of path in
dees increases ] _
IC2 accept “m the gap” for between dees. Accept
s  The time for which a profon is in a dee remains increases Ex for accelerates
constant
Or the frequency of p.d./E-field is constant ) _
IC3 accept vertical or upwards for perpendicular
to plane.
IC5 accept reference to r=p/BQ
Q8.
Question | Answer Mark
Number
AtX
the idea that 2 particles are produced (1)
One 15 uncharged/neutral so no track (1)
charged particle has same charge as incident particle to conserve charge
Or path of (new) charged particle changes to conserve momentm (1)
AtY
Neutral particle decays mto two charged particles. (1)

curvature 1s the same.

Tracks curve in opposite directions as particles oppositely charged.
Or particles have (equal and) opposite charge to conserve charge
Or particles have equal (magmitude of) momenta since their (radius of)

0

¥ ]
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Q9.

Question Answer Mark
Number
(a) The idea that electron(s) have been removed/added from an
atom/molecule/particle. (1) 1
(h) Flenmungs left hand (rule) Or FLHR (D 1
(c) Max 5
Only charged particles leave a trail so photon 1s neufral (1)
Or the two particles produced are charged because they leave a
track
Particles are oppositely charged because they curve/spiral in (1)
opposite directions
Or Particles are oppositely charged to conserve charge
(1)
(Applying FLHR) . top particle 1s positive and bottom one
negative.
(1)
Because they have the same curvature/radius on the
spirals Or because the paths have identical shape (1)
Particles have the same momentum o <
The photon enters from the left because the (resultant)
momentum afterwards is to the right.
Total for question 7

Q1lo0.
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Question

Number Acceptable Answers

=
This question assesses a student’s abality to show a coherent
and logically structured answer with linkages and fully-
sustained reasoning.

Marks are awarded for indicative content and for how the
answer is structured and shows lines of reasoning.

The following table shows how the marks should be awarded
for indicative content.

Indicative content:
o the lambda particle 1s neutral

* Dbecause 1t does not leave a track
Or two tracks are opposite charged

¢ momentum of proton/ pion can be determined by
measuring radius of curve

e usingp = Bgr

¢ law of conservation of momentum can then be
applied

e so momentum/energy of the lambda particle can be
determined
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Additional Guidance

Mark

IC IC mark Max Max
points linkage final
mark mark
availabl
e
6 4 2 6
5 3 2 5
4 3 1 4
3 2 1 3
2 2 0 2
1 1 0 1
0 0 0 0

IC4 — p and r recognisable from the context of the answer

ICS and 6 can be awarded for a labelled momentum vector
triangle

Q1ll1.
Question | Answer Mark
Number
C 1
Q1l2.
Question | Answer Mark
Number
| c: 1

Q13.
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Q11esnun Acceptable answers Additional guidance Mark
Numhber
The only correct answer is B Cyclotron accelerated 1
A 15 not correct because a cyvclotron
uses a magnetic field
C is not carrect because a LINAC uses
an electric field
D is not correct because a LINAC does not
use a magnetic field
Q14.
Question | Answer Mark
Number
(a) ud (1) 1
(allow cd €5 us)
(b) T @ 1
(c) Use of v = s/t (1
t=26x10"5s o)) 2
Example of answer
t=59m/23=10°ms"’
t=257=10"s
*(d) (QWC — Work must be clear and organised in a logical manner using technical
wording where appropriate)
Max 6
Pions are charged so leave a track (1)
Pion interacts with a stationary charged particle (1)
2 neutral particles produced (1)
Because there are gaps in the trail Or no tracks produced (1)
Tracks are in different directions so that momentum is conserved (1)
Both particles decay mnto two charged particles (1)
At each decay particles have opposite charges (1)
Because charge 1s conserved Or particles move 1 opposite curvature. (1)
At each decay momentum 1s conserved (1) 6
(e)(1) Antiproton (1)
Same mass as proton and opposite charge (1) 2
(e)(ii) | It will annihilate with a proton/particle (1) 1
Total for question 13

Q15.
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Question Answer Mark
Number
*(a) (QWC — Work must be clear and orgamsed in a logical manner using
techmical wording where appropriate)
Electric field
Provides a force on the proton/particle (1)
Which accelerate the proton/particle Or gives energy to the
protons/particles 1)
Magnetic field
Provides a force on a moving proton Or Provides a force at right
angles to the direction of motion (of the protons) (1)
Acts as a cenfripetal force Or produces circular motion (1
Additional detail about either field
E field across gap only
Or The 1dea that the E field 1s reversed /alternates every half
cycle Or B field perpendicular to the Dees @) S
(thus mark may be awarded from a diagram)
(b) Division by e (1gnore powers of 10 error) (1)
multiplication by ¢~ (1)
Mass = 0.14 (GeV/cY) (1 | 3
Example of calculation R
Mass = (2.5 x 10 kg x 9 x 10 * m’ s7%)/1.6 x 1077 C
Mass = 0.14 x 10 ° eV/e’ =0.14 GeV/c”
(©) 2/3 charge of a proton Or 2/3 charge of a positron (1) 1
Or 2/3 positive value of the charge on an electron Or 2/3e”
(d)(®D
Particle | Quark
combination
K_ —
su (1
K+ -
us 1
Ko —~ - (1) 3
sd or ds
(d)(ii) Mass-energy 1s conserved Or a comment about E =m e (1)
Appropriate reference to colliding particles having mass and kinetic (1)
energy The extra mass comes from the kinetic energy. (1) 3
Total for question 15
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Mark Scheme

Q1.

Question | Answer Mark
Number

A 1
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Q2.

Q3.

Question \ X " .
Number Acceptable answers Additional guidance Mark
o Tlus question assesses a student’s ability to Guidance onhow the mark scheme should be
show a coherent and logical structured answer applied: The mark for The following table
T - - shows how the marks should be awarded for
with linkage and full}—s_ustgmt_*d reasoning. structure and lines of reasoning
Marks are awarded _for indicative content and Number of marks
for how the answer 15 structured and shows awarded for
lines of reasoning. structure and lmes of
The following table shows how the marks : TR
should be awarded for indicative content Answer shows 2 b
ou — - - coherent and logical
Number of Number of marks structure with linkage
indicative points awarded for and fully sustained
SEefl 11l Answer indicative pomts Lines of reasoning
3 3 demonstrated
throughout
-4 3 Answer is partially 1
-2 2 structured with some
1 1 linkages and lines of
Teas0onIng
0 0 Answer has no ]
linkage between
Indicative content Ejinh::ﬂd 1?
+  There 15 an altemating p.d./E-field
+  P.d. E-field accelerates profons between dees Number of IC Possible linkage
points marks
*  Magnetic field perpendicular to plane of dees 0.1 0
2.3 1
+  Proton path curved by magnetic field 156 3 I

+  Asveloeity of protons increases radius of path in

dees increases

+  The time for which a proton is in a dee remains
constant
Or the fraquency of p.d./E-field is constant

IC2 accept “in the gap” for between dees. Accept
mecreases Ex for accelerates

IC3 accept vertical or upwards for perpendicular
to plane.

IC5 accept reference to r=p/BQ
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Question | Answer Mark
Number
(a) Only (moving) charged particles are deflected by a magnetic field (1)
Or
Only charged particles can be accelerated to produce a beam (1) 1
(b) Into the page (1) 1
(c) Use of F = mnv/r Or use of r = p/BQ (1)
Use of F=Bgv Oruseofp =mv (1)
m=6.64x10"kg Q) 3
Example of calculation
mvir = Bgv .
m=Bgriv=(0673T=x16x10"C=x740% 107 m)/120x 10° ms™"
m=664x10" kg
(d) Semucircle drawn starting from same 1mitial pomnt and a smaller radius (1) 1
Total for question 6
Q4.
Question - c
- Acceptable Answer Additional Guidance Mark
Number
(i) The 1ons experience a force @ For velocity accept direction of motion
perpendicular to their velocity (and or direction of travel
the magnetic field)
The (resultant) force on the 1ons (1)
causes an acceleration at right
angles to their velocity
Or There 15 a magnetic force acting
towards the centre of the path 2
Q_uesnnn Acceptable Answer Additional Guidance Mark
Number
ii ; Example of calculation:
(@) Use of r = & 1) ;
BO L
r=023m BQ
@ | (34.9741.66x10 ) kg x2.2x10° ms™
=( 97=1 ke 22« ms” _ o 5o8m
035Tx16x107°C
Q_uesllnn Acceptable Answer Additional Guidance Mark
Number
(i) path drawn with less curvature (1) | MP1 awarded for path in the magnetic field 1
1 (less overall deflection)
Q_uesrinn Acceptable Answer Additional Guidance Mark
Number
(i) 10115 Are MOre MAassIve (1)
2 ions have the same charge so the 2
radius of the path would be greater (1)
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Question

b Acceptable Answers

-
This question assesses a student’s ability to show a coherent
and logically structured answer with linkages and fully-
sustained reasoning.

Marks are awarded for indicative content and for how the
answer 1s structured and shows lines of reasoning.

The following table shows how the marks should be awarded
for indicative content.

Indicative content:
e the lambda particle 1s neutral

¢ because it does not leave a track
Or two tracks are opposite charged

« momentum of proton/ pion can be determined by
measuring radius of curve

e using p = Bgr

+ law of conservation of momentum can then be
applied

e so momentum/energy of the lambda particle can be
determined
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Additional Guidance Mark
6
IC IC mark Max Max
points linkage final
mark mark
availabl
e
6 4 2 6
5 3 2 5
4 3 1 4
3 2 1 3
2 2 0 2
1 1 0 1
0 0 0 0
IC4 — p and r recognisable from the context of the answer
ICS and 6 can be awarded for a labelled momentum vector
triangle
Q6.
gﬂﬁgg: Acceptable answers Additional guidance Mark
measures radius (allow between 4
cm and 6 cm)
(1)
Use of p = Bgr (1) | Allow use of their measured radius in
MP2
B=11T(range 095T-142T) (1)
Example of calculation:
direction: out of page 9.1x107*°Ns =B x 1.6
(1) ® 107%9C x0.52 m s

Q7.

B=1.09T
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Question
Number

Answer

Mark

Diagram:
Path curves i opposite sense

With a greater radius of curvature

[For Mp2 drawn line must start at X . upwards at less than 45°
to vertical and go above printed line. Look at curvature close to
X. do not penalise 1if later it curves more/less.]

]

b

Explanation: (these marks are independent of the diagram)
(Antihelium) has opposite charge (to proton)

Or reference to proton +ve and antihelium -ve

See r = p/BQ

r 1s doubled Or p/Q is doubled

[equation may appear near diagram. |

(1)

(1)

(1)
(1)

(1)

n

Total for gquestion

th

Q8.
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Question | Answer Mark
Number
(i) Outward spiral from centre i either direction, minimum of two complete
loops (1) 1
(1) | Direction consistent with diagram:
Clockwise path. field out of page
Anticlockwise path. field into page (1) 1
(1) | Electrnic field/p.d. between dees causes (resultant) force/acceleration (1)
Proton makes half a revolution i half a cycle of the a.c.
Or facing dee (always) negative when proton reaches gap.
Or whenever the proton gets to a gap. the p.d. has reversed (1)
k.2 /speed (onlyincreases each time the proton crosses the gap
Or work done by the field i the gap increases the k.e. (1) 3
(iv) | Bev=mnv—/r Orr=p/Be 1)
v =2ar/T 1)
I=1/ (seeing = v/(2nr) scores MP2 & 3) (1)
Or
Bev = mres” (1)
v =rw (1)
e = 2af (seeing v =2nf scores MP2 & 3) (1) 3
(v) | Use of B= 2nfin/e with mass of proton (1))
=18 = 10" Hz @) 2
Example of calculation
f=eB/2mm )
F=16x10°Cx=x12 =107 Ty 2rn x 1.67 = 107 kg)
f=18 x10*Hz
Q9.
Question | Acceptable Answers Additional guidance Mark
Number
a ¢ fundamental — quarks and (1)
leptons
MP?2 and 3 could be given for a named particle
¢ Baryons made of 3 gq (1) | and its quark composition
5
*  Mesons made of quark (1 . o
and antiquark Can be inferred if either set named
* 6 quark Or 6 leptons (I
¢ Each particle has an (1)

antiparticle
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Question | Acceptable Answers Additional guidance Mark
Number
b 3 (1) | Example of calculation: 3
Use of AE = Ame E=22x10 kg x (3.0x10%) (ms ™ )’
* Conversion of J to eV @ E=198x10"]
* pass = 120 GeV/e2 1) | E=198x10°T+1.6x10"Jev"
E=124x10°eV
Question | Acceptable Answers Additional guidance Mark
Number
c(i) Alternative based on numerical values: 3
* Energy (of protons) (1) | Observation that Higgs mass 1s 120 GeV/c*
converted to mass (of This requires an energy of at least 120 GeV
Higgs) Each beam of protons would need an energy of
Or Energy 1s requured to at least 60 GeV
overcome electrostatic
repulsion between protons
¢ Reference to E=mc” (can (1)
be wrnitten 1 any form)
e Because c"is very large (1)
(E must be large)
Or Higgs particle 1s
massive so needs a lot of
energy to create it
c(ii) | ® Use of circumference = (1) | Example of calculation: 3
2ar r=27000+2x
r=4300m
* Useof p=Bgr @ | p=83Tx16x10%Cx4300m
_ . ins
e p=57x105Ns () | #=37%107"Ns
ciii 0 (1) | zero 1
Question | Acceptable Answers Additional guidance Mark
Number
d * High speeds (1) | Alt: speeds close to speed of Light 2
Or relativistic
¢ Mass (of proton)
increases (1
¢  Or thus equation 15 only
valid at non-relativistic
speeds
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Mark Scheme

Q1.
Question Answer Mark
Number
C 1

Q2.
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Question
Number

Acceptable Answer

Additional Guidance

Mark

The hydrogen ion must be (about 2000

times) more massive than the electron

Or the electron must be (about 2000

times) less massive than the hydrogen

ion (I

Accept “proton” for “hydrogen
ion”

Q3.

Question

Number

Answer

Mark

&=

(QWC — Work must be clear and orgamised in a logical manner using technical

wording where appropriate)
Max 6
Fixed target

There 15 momentum before the collision so there must be momentum after

the collision.

So particle(s) created must have some kinetic energy

So not all KE converted to mass

Colliding beams

(If particles have the same mass and speed). total imtial momentum is zero

Momentum after collision will be zero
If one stationary particle is created

All of the kinetic energy of the particle 1s converted to mass

(L
(L
(D

(L
(L
(D
(D

Total for guestion

Q4.
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%L:J?EEZ: Acceptable Answer Additional guidance | Mark
(i) | An explanation that makes
reference to the following
points:
« energy conserved (1)
50 energy needed (1)
over and above
rest energy of
proton in order to
provide the mass
of the =° particle
(2)
Question . .
Number Acceptable Answer Additional guidance Mark
(ii) + calculates rest (1) | Example of calculation:
energy of =°
(1) | B =225V = 134 GeV
» 134 GeV !
(2)
Q5.
Question Answer Mark
Number
(a)(i) Top line correct (1)
Bottom line correct (1) 2
2 3 4 1
 H+H—,He+;n
a)i) ttemipt at mass deficit calculation )]
(a)(ii A deficit calculati (1
AE = 0.0175 GeV (accept 2.8 x 1072 ) (1 2
Example of calculation:
Am = (3.7274 + 0.939566 — 2.8089 — 1.8756) GeV/c* = 0.0175 GeV/c’
AE=0.0175 GeV
(a)(iii) Momentum 1s conserved (1)
Mass of neutron 1s smaller. so speed 1s greater (1)
E,=Y:mv". so E, is larger (1)
Or
Momentum 1s conserved
(1)
Ey ZP:-"QJ.': 1
m of neutron i1s smaller, so Ey 1s larger (1) 3
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(b) Useof ; _ In2 (1)
Ly
Useof 4=4,e" 1)
t =41 (years) (1
3
Example of calculation:
In2 0.693
A=2L =0.0563 year
ty 12.3 year
; A
A=de™ =221 In{0.1) — =409 years
-4 —0.0563 year”

*(c) QWC — Work must be clear and organised in a logical manner using
technical wording where appropriate
There 1s little possibility of a runaway fusion reaction (unlike fission) (1)
There would not be any radioactive waste produced in the fusion process
Or the flux of neutrons would produce radioactive isotopes when
absorbed by matenals in the reactor 1
A very/extremely high temperature (plasma) 1s required (1
Plasma must not touch reactor walls, so strong magnetic fields are )
required
If plasma touches the walls of the reactor 1ts temperature falls {and fusion
stops) (1) 5
Total for guestion 15

Q6.
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Question | Answer Mark
Number
(a) Calculate gradient of line (04]
Identify gradient with H Or use of v = Hd for a pomt on the line 1)
Use of t=1/H il . 1)
t=45x 10" s (accept answers in range 4.2 x 10" sto 4.8 x 107 5) (1)
Alternative method:
Pair of d. v values read from the line (18]
Walues chosen from the upper end of the line (04]
Use of t=d/v (1)
t=4.5x 10" s [£0.3 x 10" 5] Y] 4
[t=1.4 x 10" yr [£0.1 x 10" 1]
Example of calculation
: 11000-0)x10°ms™ i
H = gradient = ( ) 53 =22x107%s™
(50-0)x10% m
1 1
I=—=ﬁ=4.ﬁxlﬂljs
H 22x107s
= () QWC — Work must be clear and organised in a logical manner using technical wording
where appropriate
Measure wavelength of light (from the galaxy) 1)
Compare 1t to the wavelength for a source on the Earth (1)
Reference to spectral line or line spectrum (1)
Reference to Doppler effect/shift Or redshift (L
v 15 found from:
fractional change 1 wavelength equals ratio of speed of source to speed of light
AL v
Or see reference to — = — with terms defined
c
LA 5
Or see reference to = = — with terms defined (L) :
c
[accept answers in terms of frequency rather than wavelength)]
*(c) QWC — Work must be clear and organised in a logical manner using technical wording
where appropriate
AMax 3
(Due to the) difficulty in making accurate measurements of distances to galaxies (4]
Hubble constant has a large uncertainty
Or age = 1/H may not be valid as gravity is changing the expansion rate 1)
Because of the existence of dark matter 1)
Walues of the (average) density/mass of the universe have a large uncertainty
[accept not known] (1)
{(Hence) measurements of the critical density of the Universe have a large uncertainty 1))
Dark energy may mean we don't understand gravity as well as we thought we did (so it's
hard to predict how gravity will determine the ultimate fate) (1) 3
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Q7.

Q8.

Question
Number

Answer

Mark

ArX
the 1dea that 2 particles are produced

One 15 uncharged/neutral so no track

charged particle has same charge as mcident particle to conserve charge
Or path of (new) charged particle changes to conserve momentum

AtY
Neutral particle decays mto two charged particles.

Tracks curve in opposite directions as particles oppositely charged.

Or particles have (equal and) opposite charge to conserve charge

Or particles have equal (magmitude of) momenta since their (radius of)
curvature 15 the same.

0
0

0

0

0

LF ]
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Question
Number

Acceptable Answer

Additional guidance

Mark

An explanation that
makes reference to
the following points:

Pion/ positron

« radius decreasing
indicates
speed/momentum
is decreasing

« smaller radius
indicates positron
has smaller
momentum than
the pion

+ direction of
deflection
indicates a
positive charge by
LH rule

OR
compares direction
of deflection
between positron
and pion to
conclude they
have the same
charge

Anti-muon

« short path - short
lived

« conservation of
charge indicates it
has same charge
as pion

Muon neutrino OR

electron neutrino

« no path visible
indicates no
charge

(1)

(1)

(1)

(1)

(1)

(1)

(6)

Q9.
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Question Answer Mark
Number
(a) The 1dea that electron(s) have been removed/added from an
atom/molecule/particle. (1) 1
(13))] Flenungs left hand (rule) Or FLHR (1) 1
(c) Max 5
Only charged particles leave a trail so photon 1s neufral (1)
Or the two particles produced are charged because they leave a
track
Particles are oppositely charged because they curve/spiral in (1)
opposite directions
Or Particles are oppositely charged to conserve charge
(1)
(Applying FLHR) , top particle is positive and bottom one
negative.
(1)
Because they have the same curvature/radius on the
spirals Or because the paths have identical shape )
Particles have the same momentum o <
The photon enters from the left because the (resultant)
momentum afterwards is to the right.
Total for question 7

Q10.
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Question

Number Acceptable Answers

=
This question assesses a student’s abality to show a coherent
and logically structured answer with linkages and fully-
sustained reasoning.

Marks are awarded for indicative content and for how the
answer is structured and shows lines of reasoning.

The following table shows how the marks should be awarded
for indicative content.

Indicative content:
o the lambda particle 1s neutral

* Dbecause 1t does not leave a track
Or two tracks are opposite charged

¢ momentum of proton/ pion can be determined by
measuring radius of curve

e usingp = Bgr

¢ law of conservation of momentum can then be
applied

e so momentum/energy of the lambda particle can be
determined
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Additional Guidance

Mark

IC IC mark Max Max
points linkage final
mark mark
availabl
e
6 4 2 6
5 3 2 5
4 3 1 4
3 2 1 3
2 2 0 2
1 1 0 1
0 0 0 0

triangle

IC4 — p and r recognisable from the context of the answer

ICS and 6 can be awarded for a labelled momentum vector

Q11.
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Question | Acceptable answers Additional guidance Mark
Number
(i) Converts eVto J (1) Example of calculation 3
use of Am = AE / &2 1)) 1115V x 1.6 x 1071°C x 10°
M T (3% 10%)2(ms1)?2
. m =198 x 1072" kg
mass = 1.98 x 10%" (kg) (1)
(ii) Converts prefix G to M (1) | Example of calculation 3
OrMito G 4 95 GeV = 4950 MeV
Determines total energy / mass (1) T :
E otal Energy and mass before decay
of lambda before decay & y
=4950 + 1115 = 6065 MeV
kinetic energy = 4985MeV (1)
Total after = 140 + 940 + Ex
Ey= 6065 — 1080 = 4985 MeV
Q1l2.
Question ) . -
Number Acceptable answers Additional guidance Mark
» Neutral particles do not leave a (1)
track/iomse
» Reference to conservation laws to (1)
deduce the properties of particles
# Tracks of decay particles can 3
determine momentum of lambda (1)
particle

Q13.
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Question | Answer Mark
Number
(a) ud (1 1
(allow cd €5 us)
(b) ™ @ 1
(c) Use of v = s/t (1
t=26x10"s ) 2
Example of answer
t=59m/23=10°ms"’
t=257=10"s
*(d) (QWC — Work must be clear and organised in a logical manner using technical
wording where appropriate)
Max 6
Pions are charged so leave a track (1)
Pion interacts with a stationary charged particle (1)
2 neutral particles produced (1)
Because there are gaps in the trail Or no tracks produced (1)
Tracks are in different directions so that momentum is conserved (1)
Both particles decay mnto two charged particles (1)
At each decay particles have opposite charges (1)
Because charge 1s conserved Or particles move 1 opposite curvature. (1)
At each decay momentum 1s conserved (1) 6
(e)(1) Antiproton (1)
Same mass as proton and opposite charge (1) 2
(e)(ii) | It will annihilate with a proton/particle (1) 1
Total for question 13
Q14.
{13'?;:.5]‘;‘::-1 Acceptable answers Addirional guidance Mark
i 1
® ¢  Charge:-1=-1+0 @
¢+  Baryon number: needs to be stated (1)
as0 @)
e leptonnumber: 0 =+1+(-1) 1)
(id
) e Mass difference = 34 (MeVic) 1
e  F=AmcsoE=34 MeV @) |altto E= Amie? to show unit % ¥ g2 (2)
iii
(i) *  Mass - energy @
¢ Momentum L (2)
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Question

Number Acceptable answers Additional guidance Mark
#(iv) i .
This qunrestlorj_assesses d IC points IC mark Max Max final
student’s ability to show a link "
coherent and logically Inkage mar
structured answer with mark
linkages and fully- 6 4 2 6
sustained reasoning.
5 3 2 5

Marks are awarded for _
indicative content and for 4 3 1 4
how the answer is
structured and shows lines 3 2 1 3
of reasoning. 7 2 a 2
The following table shows 1 1 0 1
how the marks should be
awarded for indicative 0 0 0 0
content.

Alternative foric 2 and 3

Calculates height of atmosphere = 653 m

Compares with 10 km which s larger
Indicative content:
*  TUses velocity = Example of calculation:

distance/time Time = 10000{m)/0.99x3x10%ms™)
s Calculates a time = 3 x107%s
(6)

+  Compares with 2.2 x1075
which is (15 times)
smaller

«  Tdentifies relativistic
speed/effects (as
velocity close to )

+  Time (between events is
much) slower/longer

Or mentions time dilation

. So increase in muon lifetime

Q15.
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Question
Number

Answer

Mark

(2)(@)

(A standard candle 1s) an object of known luminosity

(1

(a)(ii)

Flux/brightness/intensity of standard candle 1s measured
Inverse square law used (to calculate distance to standard candle)

[Reference to measurement of apparent magnitude of star, m. and distance
calculated using m — M = Slog(d/10 pe) can score 2 marks]

(1)
(1

(b)(@)

An increase in the wavelength (of radiation) received from a receding source

[accept in terms of a decrease in the frequency]

1)

()(i)

Useof z =vweandv =Hyd [z =Hpd/c]
d=1.7x10"m

Example of calculation:

v=zc=0.12 x 3,105 m a_1=3.6 -I{J? m 3'1
d=vH=36x10"ms21x10%s1=171x10"m

(1)
(1)

*(c)

(QWC — Work must be clear and organised in a logical manner using
technical wording where appropriate)

Max 3

Dark matter has mass but does not emit e-m radiation [accept light]

(Dark matter proposed when) observations of galaxies indicated that they
must contain more matter than could be seen.

The existence of dark matter will increase the (average) density of the
universe

This may make it more likely that the universe is closed
[accept will contract Or end with a “Big Crunch™]
Or Idea that this may make the ultimate fate of the Universe less certain

(1)

(1)
(1

(1)

L]

@

Max 2
The universe started from a small initial point [accept Big Bang]
Idea that universe has a finite age

Idea that (observable universe is finite because) we can only see

as far as (speed of light) x (age of universe)

Or light reaching us must have travelled a finite distance since the Big Bang
Or some parts of the universe are so distant, light has not had time to reach
us yet

(1)

(1)

(1)

Total for question

11
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Mark Scheme

Q1.
gllifls;uhgrn Acceptable answers ST P R Mark
High energy electrons will have a short (de 2
Broglie) wavelength (1)
The wavelength needs to be
comparable/smaller than proton size (1)
Q2.
el Acceptable answers Additional guidance | Mark
number

C
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Q3.

Question Answer Mark
Number
(a) 4 1s the number of nucleons Or number of neutrons and protons (1)
Or mass number Or nucleon number
2 1s the number of protons Or proton number Or atomic number (1) 2
(b)(d) (The particles are moving) close to the speed of light (1) 1
(b)(ii) To create particle /antimatter
Or To allow (large) repulsive forces to be overcome
Or To break the particles (into their constituents) (1) 1
(b)(iii) Mass = 4u (accept use of 4my) (1)
Use of E = mc” (1)
Division by e i (1)
Mass = 3.74 (GeV/ic) . (1) 4
(use of mass of proton instead of u — 3.76 GeVie™)
Example of calculmim} _
mass =4 x 1.66 x 107 kg = 6.64 x 107 kg
me’ =6.64 x 107 kg x (3x 10°m s =6.0 x 101° ]
6.0 x 107°7/1.6 x 107
Mass = 3.74 GeV/e”
(b)(iv) They meet matter (helium nuclei) and annihilate (1) 1
(b)(v) Use of E=hf ect E from (1i1) (1)
Frequency = 9.02 » 10% Hz (using 3.74 GeV ¢ ) (1) 2
(3.76 GeV/e™ —9.07 x 10¥ Hz
4 GeViet —9.65 x 102 Hz )
(half or double these values. due to a stray 2 can score 1st mark)
(use of A=h/p scores 0)
Example of calculation x
f=374%10 % 1.6 x 107°1/6.63 x 107 Js
f=9.02x10" Hz
(c)(i) Quark and antiquark (1) 1
(e)qi) p consists of w u d (1)
- 33¢ -%3¢ + Yae = -¢ must be consistent with structure of p (1)
r_1 consists of :;' E;T :_.' (1)
. G " . : e (1) 4
+ Y3e + Yse - ¥5e = 0 must be consistent with structure of n
(The sum must be clearly shown for marks 2 & 4)
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Q4.

Question
Number

Answer

Marlk
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