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Q1.

2‘11]]:;;;::-1 Acceptable answers Addirional guidance Mark
o (Calculates dm_uge mn (1) Example of calculation 5
mass (1) A =_.238.D[}[}3u — (2339042 +
(1) | 4.0015m
* Converts from  to kg = 0.00463 x 1.66 x 107 kg
o Useof AE=cAm =7.636 = 1073 kg
i 1) | AE=(3.00=10"m s™)* = 7.636 =
*  Use of Bx=Y mv 1) |107'kg
* v=14x10"ms" =6.872 % 10737
6.872 « ID‘F T=1%(4.0015 u)+*
v=14x10"ms™
Q2.
[%'11.[1‘::1[;:: A;tu?‘::?le Additional guidance Mark
D The only correct answer is D: the binding energy per nucleon curve shows an 1
increase for both processes
A 15 not correct because both processes show decreases
B is not correct because fission shows a decrease
C 1s not correct because fasion shows a decrease
Q3.
Question 2 . .
Number Acceptable answers Additional guidance Mark

¢ Calculation of mass
difference in kg (1)

¢ Useof E=c2 Am (1)

o E=277=1001T(D)

Example of calculation:

(235.0439 + 1.008665) u— (140.9144 +
91.9262+ (3x1.008665)) u=0.186u

(0.1860 u = 1.66 x 1027 kg) x (3 x 108 m 512 =
2.77 = 107117 3

Q4.
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Question | Answer Mark
Number
@O |77 1 4
L1+ X — 2x He (1)
X 15 a proton [Accept X 15 hydrogen/H] (1) 2
(a)(m) Attempt at calculation of mass difference (1)
Use of 1 MeV =160 107 (1)
AE =277 10 (I) (1) 3
Example of calculation:
Am = 6533.8MeV/c® +938.3MeV/c® — (2x 3727 4MeV/c? )=17.3MeV/c?
AE=17.3MeV
AE=173MeVx160x107°TMeV™" =2.768x107"T
(h) Max 4
¢ Extremely lugh temperature and density needed (1)
¢«  High temperature because nucle1 need high energy to overcome the
(electrostatic) repulsive force (1)
¢  Since nuclel must come very close for fusion to occur
Or since nuclei must come close enough for (strong) nuclear force to act (1)
¢  Very lugh density is needed to maintain a sufficient collision rate (1)
¢ Reference to extreme conditions leading to contaimment problems (1) 4
Q5.
Ao Acceptable answers Additional guidance Mark
Number )
» attempt to determine Am=22597713u—(221.97040u +
mass difference (1) | 400151 u) S
between radium and =522x 1{23 u=322x -
radon-plus-alpha 107 % 1.66 x 10~
- kg =867 x 107°°
e conversion to kg (1) £~ ¢ <
e Useof AE =c*Am (1) AE ,Eg G 10° )
_19 =cAm=(3X m
: Eif;:_fl'ﬁ <10 (1) s71)? x 8.67 x 107
s  Answer=487 kg =7.80 x 10
MeV) T (1) | AEinMeV =780 x 1075
. I-16x107¥C
=4.87 MeV

Q6.
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gﬁﬁ%g? Acceptable answers Additional guidance Mark
] Example of calculation
* (Calculates changemmass {1} ﬁm={(2_[}13553 + 3_{-,155,3,1)_
o . (4.001506 + 1.008663))u
* Converts from u fo kg @ |=001383 x11_66 ; lﬂ'z'kg
s Use of AE=c"Am =313 x 10 % kg _ ]
i M) |AE=(3.00%10°ms™)? x3.13 x 10 ¥ kg
* 28x10777 M) |=28x1072] 4
Q7.
e Acceptable answers Additional guidance Mark
Number
+ Fusion involves an increase in Accept reference to larger/smaller
binding energy (per nucleon) as the (1) ;lu:clﬂ for number of nucleons
number of nucleons increases increases/decreases
+ Fission involves an increase in
binding energy (per nucleon) as the 1)
number of nucleons decreases
+ If binding energy per nucleon a
increases energy 1s released m the
process 3
Q8.
ti Additional
Question Acceptable answers ond Mark
Number guidance
* The energy equivalent to the mass deficit (1)
¢ When nucleons bind together to form an atomic nucleus (1)
2

QO.
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Example of calculation

AE= 70000 kg % 3920 [ kg™ K™ x 11K = 3.07 % 107]

. ) useful power output 22x10°W
%o efficiency = I P

. = 5 x100=41.5%
total power mput (1.2 +3.1)x10°W

Question | Answer Mark
Number
(@) 17
N+ a— ;O+p

All values correct O :
(a)(ii) In nuclear fission a chain reaction can be setup

Or in a chain reaction the (total) energy released can be very large

Or heavier/larger nuclei release much more energy

Or a very high reaction rate releases much more energy 1) 1
(h) Attempt at mass deficit calculation 1)

Use of AE = ¢ Am N (Allowuse of 1 u=1.66x 107’ 1kg} 1)

Useof I MeV=16=10""17 (Allow use of 1Tu=1931.5 MeV/c) 1)

AE =174 MeV (1) 4

Example of calculation

Am = (390.29980 — 233.99404 —152.64708 — (2x 1.67493)) x lﬂ_z?kg

Am =3.0891x10 % kg

AE = (3.00x10°ms)? x3.0891x10 ® kg = 2.780x107'J

2.780x107J
= = — =173.8MeV
1.60x10 ~ITMeV

(c)(i) Same number of protons [do not accept atomic/proton number], (04]

Different numbers of neutrons [do not accept mass/nucleon/neutron number] (1 2
(c)iii) Correct calculation for o [see 6283 or 20007 or 60 000 x 21 ] (1)

60
a=(-)59x10°ms” (1) 2
Example of calculation
60000 % 21 | 5 p
= 7] x15x107 m=592x10°ms™
60s

(0)(ii) | Max 2

Stiffistiffness 1)

Strong/strength (1)

Low density (1) 2
(d) Use of AE = mcAB (1)

Rate at which energy is removed = 3.1 x 10° (W) 1)

Use of the efficiency equation [must have 2.2 x 10° (W) on top line] 1)

Efficiency = 42% [accept 0.42] 1) 4

Q1lo0.
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Question | Answer Mark
Number
(a)(i) (Small mass) nuclei come very close together
Or strong (nuclear) force acts on nucle: (1)
Nucle1 join to form a more massive nucleus
(1) 2
(a)(n) | A very/extremely high temperature (plasma) 1s required (1)
Plasma must not touch reactor walls, so strong magnetic fields are required
Or If plasma touches the walls of the reactor 1ts temperature falls (and fusion
stops) ) P
(b) Mass of fused nucleus 15 less than sum of masses of fusing nucle: (1)
Mass difference/deficit releases energy according to AE = ¢"Am
Or Binding energy per nucleon 1s greater in the fused nucleus;
Or Strong (nuclear) force binds the nucleons, lowering total energy of system. (1) 2
Total for question 6
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Q1.

g‘;ﬁ::: Acceptable answers Additional guidance Mark
Calculates change m (1) Example of calculation 5
mass (1) | Amr=2380003u— (2339042 +
(1) | 400155
Converts from u to l{g =0.00463 = 1.66 = 107Y kg
Use of AE =" Am =7.636 x 1070 kg
1) | AE=(3.00=10"m s™)* = 7.636 =
Use of Ex=4: mV* L) | 103%kg
v=14x10"ms™ =6.872 % 10737
6.872 x 10‘1-‘ T=1% (4.0015 u)+*
v=14x10"ms"
Q2.
Question - . .
Number Acceptable answers Additional gmdance Mark
e attempt to determine Am=22597713u—(221.97040u +
mass difference (1) | 4.00151 u) g
between radium and =322 % 1{23 u=3522x -
radon-plus-alpha 107 x 1.66 * 1_03(:"
* conversion to kg (1) kg =867 x 10 .
¢ Useof AE=c’Am (1) AE zig (3 x 10° )
¢ Useof16x107%° seam=> 0 m
factor @ s1)2 % 8.67 x 107
s  Answer =487 kg =7.80 x 107
MeV) 1) | AEinMeV =7.80x 1071
] J+16x1077C
=4.87 MeV
Q3.
E.ﬁ%grn Acceptable answers Additional guidance Mark
_ ) Example of calculation
Calculates change in mass @ | Am=((2.013553 + 3.015501) -
onvert: . (4.001506 + 1.008665))u
Converts from u fo kg (1) |=0.01883 x 1.66 x 10~ kg
Use of AE = c*Am =313 % 107 % kg . ‘
. Q) |AE=(300x 10 ms')y %313 x 107¥ kg
28 %1071 W |=28x10"7 4



https://stemup.co.uk

Q4.

Question - . .
Number Acceptable answers Additional guidance Mark
(i) o  (Caleulate no of muclei (1) | Example of calculation -
o Useofln2=r%x4 @§ | N Tg:gls rﬁ;g-*g.-zso g) % 6.02 x 108
=N @ |Tio0= b
* Useofd =N ) |#x(75400%3.15x 107 s=In2
* 4=397x10°Bq) 4=292x% 1078 g7
A=2092 =107 571 % 1.36 = 10%7 4
A=3097x10°Bq
(ll.i} o (Calculates de;_‘ays 111 one Ex:lmule of calculation
year ecf A from (a)
. 5 1 ar = 3. B
(ecf from (b)(@)) @ | §cays moneyear =397 10°Ba
» Useof pV=NkT @ 255 x 102
e uses I=205K e 1.00 XﬂlCIjP_a x F=125=10"2x 138 4
o F=500x% 1074 md 1 w10 TR = EQS‘K
@ F=500x 107% m’
(iii) | » UseofYam <c>=32kT Example of calculation
- r=2 - o2 Yam <ct> =32 kT
Or Use of pT —;Nm < = a o (4 % 1.6 % 107 kg) . _3p
) o ~ Y % (4 % 1.66 x 107 kg) x <c*>=3/2
(allow e_cf for N,V from (b)({it)) © 138 x 1072 TR % 205K
© wsesm=du <c%-=1840 000 o’ 5”2
* Ver==1360ms™ Q) | Y= =1360ms™!
3
(1) Accept the use of profon/neutron mass
instead of u
Q5.
Q_uestmn Answers Mark
Number
The only correct answer is C 1

A is incorrect because the energy is calculated in el
B is incorrect because the mass and energy conversions are incorrect
D is incorrect because the mass conversion is incorrect
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Mark Scheme

Q1.

Q2.

Q3.

Q_UES“M Attepr_ah]e Additional guidance Mark
Number answer
C The only correct answer is C because X is a smaller mucleus for which the
binding energy per nucleon could mcrease through a process of fusion and Y 1s
a larger nuclens for which the binding energy per nucleon could increase
through a process of fission
A Tnot correct becanse it states fission for both X and Y
B 15 not correct because the processes are reversed
D is not correct because it states fusion for both X and ¥V 1
%uesrmu 5 epr_able Addirtional guidance Mark
Number answer
D The only correct answer is D: the binding energy per nucleon curve shows an 1

increase for both processes

A 15 not correct because both processes show decreases
B is not correct because fission shows a decrease

C is not correct because firsion shows a decrease
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Question | Answer Mark
Number
@O |77 1 4
%L1+ 1X—)2>< .,He (1)
X 15 a proton [Accept X 15 hydrogen/H] (1) 2
(a)(m) Attempt at calculation of mass difference (1)
Use of 1 MeV =160 107 (1)
AE =277 10 (I) (1) 3
Example of calculation:
Am = 6533.8MeV/c® +938.3MeV/c® — (2x 3727 4MeV/c? )=17.3MeV/c?
AE=17.3MeV
AE=173MeVx160x107°TMeV™" =2.768x107"T
(h) Max 4
¢ Extremely lugh temperature and density needed (1)
¢«  High temperature because nucle1 need high energy to overcome the
(electrostatic) repulsive force (1)
¢  Since nuclel must come very close for fusion to occur
Or since nuclei must come close enough for (strong) nuclear force to act (1)
¢  Very lugh density is needed to maintain a sufficient collision rate (1)
¢ Reference to extreme conditions leading to contaimment problems (1) 4
Q4.
Question . & 3 aes . !
Number Acceptable answers Additional guidance Mark
* Fusion involves an mcrease in Accept reference to larger/smaller
binding energy (per nucleon) as the (1) ;lu:clﬂ for number of nucleons
number of nucleons increases mcreases/decreases
+ Fission involves an increase in
binding energy (per nucleon) as the )
number of nucleons decreases
+ Ifbinding energy per nucleon @
increases energy is released in the
process 3

Q5.



https://stemup.co.uk

Question
Number

Answer

Mark

Q6.
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Example of calculation

AE= 70000 kg % 3920 [ kg™ K™ x 11K = 3.07 % 107]

. ) useful power output 22x10°W
%o efficiency = I P

. = 5 x100=41.5%
total power mput (1.2 +3.1)x10°W

Question | Answer Mark
Number
(@) 17
N+ a— ;O+p

All values correct O :
(a)(ii) In nuclear fission a chain reaction can be setup

Or in a chain reaction the (total) energy released can be very large

Or heavier/larger nuclei release much more energy

Or a very high reaction rate releases much more energy 1) 1
(h) Attempt at mass deficit calculation 1)

Use of AE = ¢ Am N (Allowuse of 1 u=1.66x 107’ 1kg} 1)

Useof I MeV=16=10""17 (Allow use of 1Tu=1931.5 MeV/c) 1)

AE =174 MeV (1) 4

Example of calculation

Am = (390.29980 — 233.99404 —152.64708 — (2x 1.67493)) x lﬂ_z?kg

Am =3.0891x10 % kg

AE = (3.00x10°ms)? x3.0891x10 ® kg = 2.780x107'J

2.780x107J
= = — =173.8MeV
1.60x10 ~ITMeV

(c)(i) Same number of protons [do not accept atomic/proton number], (04]

Different numbers of neutrons [do not accept mass/nucleon/neutron number] (1 2
(c)iii) Correct calculation for o [see 6283 or 20007 or 60 000 x 21 ] (1)

60
a=(-)59x10°ms” (1) 2
Example of calculation
60000 % 21 | 5 p
= 7] x15x107 m=592x10°ms™
60s

(0)(ii) | Max 2

Stiffistiffness 1)

Strong/strength (1)

Low density (1) 2
(d) Use of AE = mcAB (1)

Rate at which energy is removed = 3.1 x 10° (W) 1)

Use of the efficiency equation [must have 2.2 x 10° (W) on top line] 1)

Efficiency = 42% [accept 0.42] 1) 4

Q7.
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Question | Answer Mark
Number
(a)(i) (Small mass) nuclei come very close together
Or strong (nuclear) force acts on nucle: (1)
Nucle1 join to form a more massive nucleus
(1) 2
(a)(n) | A very/extremely high temperature (plasma) 1s required (1)
Plasma must not touch reactor walls, so strong magnetic fields are required
Or If plasma touches the walls of the reactor 1ts temperature falls (and fusion
stops) ) P
(b) Mass of fused nucleus 15 less than sum of masses of fusing nucle: (1)
Mass difference/deficit releases energy according to AE = ¢"Am
Or Binding energy per nucleon 1s greater in the fused nucleus;
Or Strong (nuclear) force binds the nucleons, lowering total energy of system. (1) 2
Total for question 6
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Ql.
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Question | Answer Mark
Number
@O |77 1 4
L1+ X — 2x He (1)
X 15 a proton [Accept X 15 hydrogen/H] (1) 2
(a)(m) Attempt at calculation of mass difference (1)
Use of 1 MeV =160 107 (1)
AE =277 10 (I) (1) 3
Example of calculation:
Am = 6533.8MeV/c® +938.3MeV/c® — (2x 3727 4MeV/c? )=17.3MeV/c?
AE=17.3MeV
AE=173MeVx160x107°TMeV™" =2.768x107"T
(h) Max 4
¢ Extremely lugh temperature and density needed (1)
¢«  High temperature because nucle1 need high energy to overcome the
(electrostatic) repulsive force (1)
¢  Since nuclel must come very close for fusion to occur
Or since nuclei must come close enough for (strong) nuclear force to act (1)
¢  Very lugh density is needed to maintain a sufficient collision rate (1)
¢ Reference to extreme conditions leading to contaimment problems (1) 4
Q2.
Question ‘ Answer ‘ Mark ‘
Number
| | B | 1 |
Q3.
'%.':_uestinn Acceptable answers Additional guidance Mark
umber

+ High temperature so sufficient
{(kinetic) energy to overcome the
repulsion between (positively
charged) ions/muclei 1)

* High density to ensure ions close
enough to each other to maintain
collision rate to maintain fiision [1}]

(=]
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Q4.

Question
Number

Acceptable answers

Additional guidance

Mark

An explanation that makes reference to:

Identifies (very) high temperature (1)
and (very) lugh density

(Very) high temperature to provide (1)
enough energy to overcome the
(electrostatic) repulsive force

between nuclel

(Very) high density to give big @
enough collision rate to maintain
reaction

Accept pressure for density m MP1

Accept correct reference to strong force

Q5.

Question
number

Acceptable answers

Additional
guidance

Mark

An explanation that makes reference to the following points:

¢ Resonance i1s occurring. .. (1)

¢ ___when the driving frequency/forced vibration (at walking
frequency) matches the natural frequency (1)

* ___energy transfer is maximum (1)

* Supporting the observation that the amplitude rapidly increases (1)

Q6.
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Question
Number

Acceptable answers

Additional guidance

Mark

This question assesses a student’s ability to show
a coherent and logically structured answer with

The following table shows how the marks should be
awarded for structure and lines of reasoning,

linkages and tully-sustained reasoning, N‘I’- Tif 5—";}"‘5
Marks are awarded for indicative content and for ::;:j; LS,,: ;fr
how the answer is structured and shows lines of answer and
reasonmg. . .
The following table shows how the marks should suammtcd_lmc
be awarded for indicative content. of reasoning
Answer shows a coherent R
and logical structure with =
linkages and fully
sustained lines of reasoning
Number of | Number of Max Max demonstrated throughout
indicative | marks awarded | linkage | final Answer is partially structured 1
marking for indicative | mark mark with some linkages and lines
points seen | marking points | available of reasoning
in answer Answer has no linkages
between points and is 0
6 B 2 6 unstructured
Guidance on how the mark scheme should be
5 3 2 5 applied:
The mark for indicative content should be added
4 3 I 4 tothe mark for lines of reasoning. For example,
an answer with five indicative marking points
3 2 1 3 which is partially structured with some linkages
and lines of reasoning scores 4 marks (3 marks
2 2 0 2 for indicative content and 1 mark for partial
structure and some linkages and lines of
1 | 0 1 reasoning). If there are no linkages between points,
the same five indicative marking points would
vield an overall score of 3 marks (3 marks for
0 0 0 0 indicative content and no marks for linkages).

Indicative content:

# Eequires a (very) high temperature

* Nuclei all have positive charge leading to a
force between nucled

sufficient to overcome repulsion

reference to close enough for strong force)
» Requires (very) high density

fusion

» At high temperature maclet have high kinetic energy,

# Nuclei must get close enough to fuse (accept

» Collision rate must be high enough to sustain

large repulsive

Q7.
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Question | Answer Mark
Number
(a)(i) (Small mass) nuclei come very close together
Or strong (nuclear) force acts on nucle: (1)
Nucle1 join to form a more massive nucleus
(1) 2
(a)(n) | A very/extremely high temperature (plasma) 1s required (1)
Plasma must not touch reactor walls, so strong magnetic fields are required
Or If plasma touches the walls of the reactor 1ts temperature falls (and fusion
stops) ) P
(b) Mass of fused nucleus 15 less than sum of masses of fusing nucle: (1)
Mass difference/deficit releases energy according to AE = ¢"Am
Or Binding energy per nucleon 1s greater in the fused nucleus;
Or Strong (nuclear) force binds the nucleons, lowering total energy of system. (1) 2
Total for question 6
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	164. Understand the concept of nuclear binding energy and be able to use the equation...
	Mark Scheme

	165. Use the atomic mass unit (u) to express small masses and convert between this and...
	Mark Scheme

	166. Understand the processes of nuclear fusion and fission with reference to the...
	Mark Scheme

	167. Understand the mechanism of nuclear fusion and the need for very high densities...
	Mark Scheme


