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QUESTION SOURCE MARKS PAGE

29. Q14 7408/1 June 2019 1 55
30. Q24 7408/1 June 2022 1 56
31. Q25 also 3.7 7408/1 June 2022 1 57
32. Q23 7408/1 June 2023 1 58
33. Q24 also 3.5 7408/1 June 2023 1 59
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35. Q21 also 3.5 7408/1 June 2025 1 61
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36. Q22 7408/1 June 2017 1 63
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38. Q25 7408/1 November 2021 1 65
39. Q19 also 3.1 7408/1 June 2023 1 66
40. Q24 7408/1 June 2024 1 67
41. Q6 7408/1 June 2018 8 68
42. Q6 7408/1 June 2025 8 70
43. Q5 7408/1 June 2019 13 72
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44. Q18 7408/1 June 2019 1 76
45. Q27 7408/1 June 2019 1 77
46. Q6 also 3.1 7408/1 November 2020 1 78
47. Q23 7408/1 November 2020 1 79
48. Q7 also 3.1 7408/1 June 2022 1 80
49. Q9 7408/1 June 2022 1 81
50. Q26 also 3.5 7408/1 June 2022 1 82
51. Q8 also 3.6 7408/2 June 2023 1 83
52. Q11 7408/1 June 2025 1 84
53. Q6 also 3.5 7408/1 June 2017 10 85
54. Q1 also 3.5 7408/1 June 2018 12 88
55. Q4 also 3.5 7408/1 June 2019 12 91
3.4.2 MATERIALS: BULK PROPERTIES AND THE YOUNG MODULUS 13 Qs - 30 marks 94
56. Q24 7408/1 June 2017 1 95
57. Q19 7408/1 June 2019 1 96
58. Q20 7408/1 June 2019 1 97
59. Q26 also 3.1 7408/1 November 2020 1 98
60. Q26 7408/1 November 2021 1 99
61. Q27 7408/1 June 2022 1 100
62. Q28 7408/1 June 2022 1 101
63. Q26 7408/1 June 2023 1 102
64. Q25 7408/1 June 2024 1 103
65. Q26 7408/1 June 2024 1 104
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QUESTION SOURCE MARKS PAGE

66. Q31 also 3.6 7408/1 June 2025 1 105
67. Q4 also 3.1 7408/1 June 2025 9 106
68. Q5 7408/1 June 2023 10 108
3.4.5 SYNOPTIC AND CROSS-TOPIC QUESTIONS 140 Qs - 644 marks 111
69. Q12 also 3.2 7408/1 June 2017 1 112
70. Q30 also 3.6 7408/1 June 2017 1 113
71. Q31 also 3.6 7408/1 June 2017 1 114
72. Ql4 7408/2 June 2017 1 115
73. Q17 also 3.7 7408/2 June 2017 1 116
74. Q22 also 3.5 & 3.7 7408/2 June 2017 1 117
75. Q24 7408/2 June 2017 1 118
76. Q25 also 3.5 & 3.7 7408/2 June 2017 1 119
77. Q13 also 3.2 7408/1 June 2018 1 120
78. Q14 also 3.2 & 3.3 7408/1 June 2018 1 121
79. Q29 also 3.3 & 3.6 7408/1 June 2018 1 122
80. Q30 also 3.6 7408/1 June 2018 1 123
81. Q31 also 3.6 & 3.7 7408/1 June 2018 1 124
82. Q11 also 3.6 7408/2 June 2018 1 125
83. Q12 7408/2 June 2018 1 126
84. Q16 also 3.7 7408/2 June 2018 1 127
85. Q17 also 3.7 7408/2 June 2018 1 128
86. Q19 7408/2 June 2018 1 129
87. Q28 also 3.7 7408/2 June 2018 1 130
88. Q31 also 3.8 7408/2 June 2018 1 131
89. Q9 also 3.2 & 3.8 7408/1 June 2019 1 132
90. Q10 also 3.2 7408/1 June 2019 1 133
91. Q11 also 3.2 7408/1 June 2019 1 134
92. Q22 also 3.2 & 3.8 7408/1 June 2019 1 135
93. Q28 7408/1 June 2019 1 136
94. Q29 also 3.6 7408/1 June 2019 1 137
95. Q8 also 3.7 7408/2 June 2019 1 138
96. Q11 also 3.6 & 3.7 7408/2 June 2019 1 139
97. Q13 also 3.7 7408/2 June 2019 1 140
98. Q24 also 3.7 7408/2 June 2019 1 141
99. Q25 also 3.6 7408/2 June 2019 1 142
100. Q31 also 3.8 7408/2 June 2019 1 143
101. Q8 also 3.2 7408/1 November 2020 1 144
102. Q12 also 3.2 & 3.8 7408/1 November 2020 1 145
103. Q13 also 3.2 & 3.3 7408/1 November 2020 1 146
104. Q25 7408/1 November 2020 1 147
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QUESTION SOURCE MARKS PAGE

105. Q9 also 3.6 7408/2 November 2020 1 148
106. Q23 also 3.7 7408/2 November 2020 1 149
107. Q26 also 3.5 & 3.7 7408/2 November 2020 1 150
108. Q16 also 3.2 & 3.3 7408/1 November 2021 1 151
109. Q17 also 3.3 7408/1 November 2021 1 152
110. Q31 also 3.6 7408/1 November 2021 1 153
111. Q10 also 3.6 7408/2 November 2021 1 154
112. Q12 also 3.7 7408/2 November 2021 1 155
113. Q13 also 3.7 7408/2 November 2021 1 156
114. Q19 als0 3.2 & 3.7 7408/2 November 2021 1 157
115. Q25 also 3.7 7408/2 November 2021 1 158
116. Q26 also 3.8 7408/2 November 2021 1 159
117. Q31 also 3.2 & 3.8 7408/2 November 2021 1 160
118. Q14 also 3.2 7408/1 June 2022 1 161
119. Q19 also 3.3 7408/1 June 2022 1 162
120. Q8 also 3.6 7408/2 June 2022 1 163
121. Q13 also 3.7 7408/2 June 2022 1 164
122. Ql4 also 3.7 7408/2 June 2022 1 165
123. Q22 also 3.7 7408/2 June 2022 1 166
124. Q13 also 3.3 7408/1 June 2023 1 167
125. Ql4 also 3.3 7408/1 June 2023 1 168
126. Q31 also 3.6 7408/1 June 2023 1 169
127. Q19 also 3.8 7408/2 June 2023 1 170
128. Q20 also 3.7 7408/2 June 2023 1 171
129. Q21 also 3.7&3.8 7408/2 June 2023 1 172
130. Q23 also 3.5 & 3.7 7408/2 June 2023 1 173
131. Q24 also 3.5&3.6 & 3.7 7408/2 June 2023 1 174
132. Q27 also 3.7 7408/2 June 2023 1 175
133. Q9 also 3.2 7408/1 June 2024 1 176
134. Q10 also 3.2 7408/1 June 2024 1 177
135. Q29 7408/1 June 2024 1 178
136. Q8 also 3.6 7408/2 June 2024 1 179
137. Q12 also 3.7 7408/2 June 2024 1 180
138. Q15 also 3.5 7408/2 June 2024 1 181
139. Q16 also 3.6 & 3.7 7408/2 June 2024 1 182
140. Q23 also 3.7 7408/2 June 2024 1 183
141. Q24 also 3.7 7408/2 June 2024 1 184
142. Q10 also 3.2 & 3.8 7408/1 June 2025 1 185
143. Ql4 also 3.3 7408/1 June 2025 1 186
144. Q25 also 3.6 & 3.7 7408/1 June 2025 1 187
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QUESTION SOURCE MARKS PAGE

145. Q30 also 3.2 7408/1 June 2025 1 188
146. Q7 also 3.7 7408/2 June 2025 1 189
147. Q20 also 3.7 7408/2 June 2025 1 190
148. Q21 also 3.5 & 3.6 &3.7 7408/2 June 2025 1 191
149. Q22 also 3.5 & 3.7 7408/2 June 2025 1 192
150. Q23 also 3.5 & 3.7 7408/2 June 2025 1 193
151. Q28 also 3.8 7408/2 June 2025 1 194
152. Q4 also 3.8 7408/1 June 2024 4 195
153. Q2 also 3.7 7408/2 June 2017 5 196
154. Q6 also 3.6 7408/1 June 2019 5 198
155. Q1 also 3.6 7408/2 June 2023 5 200
156. Q3 also 3.6 7408/1 June 2025 5 201
157. Q3 also 3.6 & 3.7 7408/2 June 2017 6 202
158. Q5 als0 3.5 & 3.6 & 3.7 7408/2 June 2019 6 204
159. Q2 7408/1 June 2017 7 207
160. Q1 also 3.6 7408/2 June 2018 7 209
161. Q2 7408/3 Section A June 2022 7 211
162. Q3 also 3.5 & 3.7 7408/2 June 2024 7 214
163. Q4 also 3.5 & 3.6 & 3.7 7408/2 June 2018 8 216
164. Q4 also 3.5 & 3.7 7408/2 November 2021 8 219
165. Q4 also 3.7&3.8 7408/2 June 2023 8 222
166. Q5 also 3.6 & 3.7 7408/2 June 2024 8 225
167. Q7 also 3.6 7408/1 June 2025 8 228
168. Q1 also 3.3 7408/3 Section A June 2025 8 231
169. Q4 also 3.5 7408/1 June 2017 9 235
170. Q5 als03.2&3.3&3.8 7408/2 June 2017 9 238
171. Q2 also 3.7 7408/2 June 2018 9 241
172. Q1 also 3.6 7408/2 June 2019 9 244
173. Q6 also 3.6 7408/1 June 2023 9 247
174. Q2 also 3.2 7408/1 June 2024 9 252
175. Q1 als0 3.1 & 3.6 7408/2 June 2024 9 254
176. Q1 als0 3.2 &3.3&3.8 7408/2 June 2025 9 256
177. Q7 7408/1 June 2017 10 259
178. Q1 also 3.6 7408/2 June 2017 10 262
179. Q3 also 3.3 7408/1 June 2018 10 265
180. Q1 also 3.6 7408/2 November 2020 10 269
181. Q5 also 3.8 7408/2 November 2020 10 272
182. Q2 also 3.6 & 3.7 7408/2 November 2021 10 275
183. Q5 also 3.7 & 3.8 7408/2 November 2021 10 278
184. Q2 also 3.6 7408/2 June 2022 10 281
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QUESTION SOURCE MARKS PAGE

185. Q3 also 3.7 7408/2 June 2023 10 282
186. Q6 also 3.2 & 3.8 7408/2 June 2023 10 285
187. Q7 also 3.6 & 3.8 7408/2 June 2023 10 287
188. Q4 also 3.8 7408/2 June 2017 11 201
189. Q6 also 3.2 & 3.8 7408/2 June 2019 11 293
190. Q3 also 3.6 & 3.7 7408/2 November 2020 11 296
191. Q4 also 3.6 7408/1 November 2021 11 301
192. Q5 also 3.6 7408/1 June 2022 11 304
193. Q5 also 3.7 7408/2 June 2022 11 308
194. Q3 also 3.5 7408/1 June 2023 11 311
195. Q6 also 3.5 7408/1 June 2024 11 315
196. Q2 also 3.6 7408/2 June 2025 11 318
197. Q3 also 3.5 & 3.8 7408/2 June 2025 11 320
198. Q1 also 3.2 7408/1 November 2021 12 323
199. Q6 also 3.7 7408/2 June 2024 12 325
200. Q2 also 3.1 & 3.7 7408/3 Section A June 2019 13 329
201. Q6 also 3.6 & 3.7 7408/2 June 2025 13 336
202. Q3 also 3.6 7408/3 Section A June 2018 14 341
203. Q2 also 3.6 7408/2 June 2019 14 345
204. Q4 also 3.7 7408/2 June 2019 14 347
205. Q1 also3.1&3.6 7408/3 Section A November 2020 15 350
206. Q3 also 3.7 7408/3 Section A June 2024 15 356
207. Q3 als03.1&3.7 7408/3 Section A June 2023 16 362
208. Q1 also 3.7 7408/3 Section A June 2018 19 369
A
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SUB-TOPIC 3.4.1.1

SCALARS AND VECTORS

Sub-topic 3.4.1.1 - 4 questions - 15 marks - lowest tariff first




ANSWER >

Which combination of forces can never produce a resultant force of zero?

m Three coplanar forces F1, F, and F3 act on a point object.

Fi/N F2/ N Fs/N
A 3 4 5 [=]
B 8 8 8 [=]
c 2 10 10 [=]
D 3 6 10 (=]

[1 mark]

A




ANSWER >

The diagram shows a vector diagram of two forces acting on an object.
The diagram is drawn to scale.
The magnitude of the smaller force is 5.0 N.

What is the magnitude of the resultant force on the object?
[1 mark]

A 32N
B 75N
C 8.6N

D 96N

o] o] [o] [o]

INZ)
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ANSWER >

7
Which is a pair of vectors?
A weight and work El
B force and energy E|
C displacement and momentum E
D acceleration and power E
\.

[1 mark]

INZ)
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ANSWER >

A cable system is to be used to transfer supplies across a river. A model of the
proposed system is built in order to test its performance.

The model consists of a cable attached to two vertical posts A and B, as shown
in Figure 3.
A pulley P of negligible mass is attached to the cable.

In this question the length of the cable does not change and the weight of the cable
can be ignored.

Figure 3

An object O is attached to P. In one test, O and P are at rest in the position shown
in Figure 3.
The weight of O is 350 N.

Question 5 continues on the next page

@'fﬂ
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ANSWER >

4 a
El Figure 4 is a force diagram drawn to scale. It represents the magnitudes and
directions of the tensions T; and T; in the cable when O is at rest in the position
shown in Figure 3. At this position, resistive forces are zero.
Complete the force diagram.
Go on to determine, using your diagram, the magnitudes of 7| and 75.
[4 marks]
Figure 4
T, =
T,=
L J

INZ)
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ANSWER >

El In a second test, pulley P with O attached is released from A.
P and O move along the cable to B.

The change in height of the centre of mass of O between A and B is 4.5 m.
The distance travelled along the cable is 18 m.

The speed of O when it reaches B is 6.5 ms™'.

Calculate the average resistive force on O and P as they move from A to B.

average resistive force =

[5 marks]

Question 5 continues on the next page

INZ)
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ANSWER >

4 A
El O contains a fragile item packed in suitable material.
Explain how the material can prevent damage to the fragile item when O stops
suddenly at B.
[3 marks]
L J

INZ)
15



SUB-TOPIC 3.4.1.2

MOMENTS

Sub-topic 3.4.1.2 - 12 questions - 38 marks - lowest tariff first

16



ANSWER >

17

4 )
A light uniform rigid bar is pivoted at its centre. Forces act on the bar at its ends and at
the centre.
Which diagram shows the bar in equilibrium?
[1 mark]
2N 8N 8N
| ﬁ Il ﬁ ﬁ ﬁ
4N 4N 2N 4N 2N 4N
A B
Cc D
A [=]
B [=]
c [=]
D [=]
\. J
INZ)



ANSWER >

-
A non-uniform sign is 0.80 m long and has a weight of 18 N
It is suspended from two vertical springs P and Q. The springs obey Hooke’s law and the
spring constant of each spring is 240 N m*
0.65m 0.15m
v
18 N
The top end of spring P is fixed and the top end of spring Q is adjusted until the sign is
horizontal and in equilibrium.
What is the extension of spring Q?
[1 mark]
A 0.014m [=]
B 0.038m [=]
C 0.049m [=]
D 0.061m (=]
.

A
18




ANSWER >

7
Iilzl Which statement about a couple is not true?
A It must consist of coplanar forces.
B It can produce rotational motion.
C It can produce translational motion.
D It has a moment with units N m.
L

o] o] o] [o]

[1 mark]

INZ)
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ANSWER >

-
The diagram shows the forces acting on a uniform rod.
20N
. 020m ~ 030m | 020m ~ 030m
f i : gihs
I
l v J
6N 10N 4N
Which statement is correct?
A Therod is in equilibrium.
B For equilibrium, an anticlockwise moment of 1.0 N m is needed.
C For equilibrium, a clockwise moment of 1.0 N m is needed.
D For equilibrium, the 10 N force should be increased to 20 N.
\_

[1 mark]

o] o] Lo [o]

INZ)
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ANSWER >

lzlil A uniform plank weighs 1200 N and rests on two pillars P and Q.

P and Q are 1.80 m apart.
P is 0.20 m from one end of the plank. Q is 1.40 m from the other end of the plank.
A man weighs 800 N and walks along the plank away from pillar P.

b/
[

[ l
0.20 m| 1.80 m | 140m
P Q

plank

M

h 4
M
v

What is the horizontal distance between pillar P and the centre of mass of the man when
the plank starts to tip?
[1 mark]

A 045m
B 225m

C 245m

o] [o] o] [o]

D 3.15m

A
21




ANSWER >

4 a
Elzl A uniform piece of card in the shape of the letter L is suspended freely from a horizontal
pin.
A plumb line is also suspended from the pin.
The diagram shows the card in its equilibrium position.
./ A
B
D
[
What is the position of the centre of mass of the piece of card?
[1 mark]
A [=]
B [=]
c [=]
D [=]
L J

INZ)
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ANSWER >

4 a
Elzl A heavy uniform trapdoor is hinged to the floor. It is held open by a rope as shown.
floor
]
Which arrow shows the direction of the reaction force of the hinge on the trapdoor?
[1 mark]
A [=]
B [=]
c [=]
b [=]
L J

INZ)
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ANSWER >

-
The weight of a uniform bar is W.
An object also of weight W is attached to one end.
The bar is pivoted at the other end and held horizontal by a rope attached to its centre.
The tension in the rope is 4.
not to scale
9 ~
w
What is angle 6?
[1 mark]
A 41° [=]
B 45° [=]
C 60° [=]
D 71° [=]
\

INZ)
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ANSWER >

4 A
A uniform wooden rod of mass 0.55 kg and length 1.3 m is attached to a wall by a light
frictionless hinge.
A horizontal force F acts so that the rod hangs at an angle of 60.0° to the vertical.
frictionless
hinge
F
What is the magnitude of F?
[1 mark]
A09SN [=]
B1l6N [=]
C27N [=]
D47N [=]
. J

INZ)
25



ANSWER >

Figure 7 shows two of the forces acting on a uniform ladder resting against a
vertical wall. The ladder is at an angle of 60° to the ground.

Figure 7

resultant force
of wall on ladder

. |I| Explain how Figure 7 shows that the friction between the ladder and the wall is
negligible.
[1 mark]

. El The forces acting on the ladder are in equilibrium.

Draw an arrow on Figure 7 to show the direction of the resultant force from the
ground acting on the ladder. Label your arrow G.
[2 marks]

Btyfﬂ‘
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ANSWER >

. El The ladder is 8.0 m long and weighs 390 N.
Calculate the magnitude of the resultant force from the wall on the ladder.
[2 marks]
resultant force = N
. El Suggest the changes to the forces acting on the ladder that occur when someone
climbs the ladder.
[3 marks]
L J

INZ)
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ANSWER >

( )

n Figure 8 shows a side view of an act performed by two acrobats. Figure 9 shows the
view from above.

Figure 8 Figure 9

platform motor

platform

|
|
i
rope ;
[
|

The acrobats, each of mass 85 kg, are suspended from ropes attached to opposite
edges of a circular platform that is at the top of a vertical pole. The platform has a
diameter of 2.0 m

A motor rotates the platform so that the acrobats move at a constant speed in a
horizontal circle, on opposite sides of the pole.

When the period of rotation of the platform is 5.2 s, the centre of mass of each acrobat

is 5.0 m below the platform and the ropes are at an angle of 28.5° to the vertical as
shown in Figure 8.

- Show that the linear speed of the acrobats is about 4.5 ms*

[2 marks]

- Determine the tension in each rope that supports the acrobats.
[3 marks]
tension = N

- Discuss the consequences for the forces acting on the pole when one acrobat has a
much greater mass than the other.
[3 marks]

A
28



ANSWER >

Figure 3 shows a garden gate with a pulley system designed to close the gate.

Figure 3

c

The pulley system raises weight A when the gate is opened. When the gate is
released, A falls. The horizontal cable C passes over pulley R. The tension in
cable C causes the gate to close.

Weight A is a solid cylinder with the following properties:

diameter = 4.8 x 102 m
length = 0.23m
weight = 35N

Table 2 gives the density of three available materials.

Table 2
Material Density / kg m™
concrete 2.4 %103
iron 7.8 x 10°
brass 8.6 x 103
\_ )
NG

29



ANSWER >

Iil Deduce which one of the three materials is used for A.
[3 marks]

Question 3 continues on the next page

INZ)
30



ANSWER >

Figure 4 shows the pulley arrangement when the gate is closed.

Figure 4

rope— |

to the weight of A.
A weighs 35 N and the weight of moveable pulley M is negligible.

El Calculate the tension in the horizontal cable C when the gate is closed.

tension =

Pulleys P and M are frictionless so that the tension in the rope attached to A is equal

[2 marks]

El Pulley M is pulled to the left as the gate is opened.

Explain why this increases the tension in the horizontal cable C.

Question 3 continues on the next page

[2 marks]

/

Btyfﬂ‘
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ANSWER >

over pulley R and is attached to the door at D.
The angle between the door and the horizontal cable C is 12°.

The horizontal distance between the hinge and D is 0.95 m.

Figure 5

Plan view

hinge

R

The tension in the horizontal cable C is now 41 N.

Calculate the moment of the tension about the hinge.

moment =

El Figure 5 shows a plan view with the gate open. The horizontal cable C passes

[2 marks]

A
32




ANSWER >

4 a
El The same system is attached to an identical gate with stiffer hinges. Now the system
does not supply a sufficiently large moment to close the gate.
Discuss two independent changes to the design to increase the moment about the
hinges due to horizontal cable C.
[4 marks]
1
2
L J

INZ)
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SUB-TOPIC 3.4.1.3

MOTION ALONG A STRAIGHT LINE

Sub-topic 3.4.1.3 - 5 questions - 14 marks - lowest tariff first

&
RA
34



ANSWER >

~
Which row gives two features of graphs that provide the same information?
[1 mark]
Feature 1 Feature 2
Gradient of a Area under a EI
displacement—time graph velocity—time graph
Gradient of a Area under an El
displacement—time graph acceleration—time graph
Gradient of a Area under a El
velocity—time graph displacement—time graph
Gradient of a Area under an EI
velocity—time graph acceleration—time graph
.

@'fﬂ
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ANSWER >

4 a
Elzl Which graph best represents the velocity—time graph for a ball that is dropped from rest
and bounces repeatedly?
[1 mark]
velocity / . velogity / :
m SF'_I ; G/m . E‘I ﬂ
[0 time / s |0 _
rime /s
A
velocity / velocity /
|0 time / s
Cc
A [=]
B [=]
c [=]
D [=]
L J

A
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ANSWER >

-
IIIE' Two cars P and Q leave from the same point and travel in the same direction.
Q leaves at time 1 = 0 and P leaves one second later.
The figure shows the velocity—time graph for P and Q.
v/ms-! mEsEEEEEE T
What is the distance between Q and P when ¢ = 8 s?
[1 mark]
A 40m EI
B 80m [=]
C 160 m [=]
D 180m [=]
\.

INZ)
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ANSWER >

’
lzlzl An object is thrown vertically upwards at time t=0
The object reaches its maximum height when ¢ = T and reaches its terminal speed on
the way down.
The magnitude of the object’s acceleration is a.
Which graph shows the variation of a with ¢?
[1 mark]
a
A (=]
1
B (=]
t
a
c i = : [=]
|
|
i
0 I
0 o1
a
D g : (=]
|
L

INZ)
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ANSWER >

4 )
In 2021 the world land speed record was 1230 km h™'.
This was the average speed achieved by a jet-powered car in two runs. Each run was
measured over a distance of 1.61 km.
IIl The average speed for one of these runs was 343 ms .
Calculate, in s, the time taken for the car to complete the other run.
[2 marks]
time = S
Question 2 continues on the next page
L
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El Engineers are designing a new jet-powered car to break this record.

engineers.

Figure 1
S0y

Figure 1 shows the variation of speed with distance for the car, as predicted by the
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The car reaches its maximum acceleration when it is 5600 m from the start.
At this point the mass of the car is 6.50 x 10° kg.

Determine the kinetic energy of the car at its maximum acceleration.

kinetic energy =

16000

[2 marks]

INZ)
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El At any point on the graph in Figure 1, the acceleration is given by:
acceleration = speed X gradient of line

When the car is at its maximum acceleration, the power input to the jet engines
is 640 MW.

Calculate the percentage of the input power used to accelerate the car at its
maximum acceleration.

[4 marks]

percentage of input power = %

E Scientists recommend that the average deceleration of the driver of the car should be
less than 3g.

Deduce whether the average deceleration is less than 3g.

[2 marks]

A
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SUB-TOPIC 3.4.1.4

PROJECTILE MOTION

Sub-topic 3.4.1.4 - 5 questions - 18 marks - lowest tariff first
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’
|ZII| Figure 12 shows the path of a projectile launched from ground level with a speed of
25ms ' atan angle of 42° to the horizontal.
Figure 12
What is the horizontal distance from the starting point of the projectile when it hits the
ground?
[1 mark]
A 23m [=]
B 32m (=]
C 47m [=]
D 6m [=]
L

INZ)
43




ANSWER >

4 a
A projectile is launched with a speed of 25 m statan angle of 35° to the horizontal, as
shown in the diagram.
Air resistance is negligible.
What is the time taken for the projectile to return to the ground?
[1 mark]
A 15s [=]
B 21ls (=]
C 29s [=]
D 425 (=]
L J
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( )
EEI A coin is projected horizontally from the top of a desk.
The diagram shows the coin at one point in its path. The air resistance is negligible.
The arrows E, F and G represent different directions.
Which row gives the direction of the acceleration and the direction of the momentum of the
coin at this point?
[1 mark]
Acceleration Momentum
A i i =]
B F E [=]
c G F [=]
D G E [=]
. .
Qf?/@
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-
A projectile is fired from ground level over horizontal ground.
Its initial velocity is u at an angle é to the horizontal.
The range of the projectile is d.
u
< d
A second projectile is fired with a velocity 2u at the same angle.
What is the range of this projectile?
Assume that air resistance is negligible.
A 2d [=]
B 24 [=]
C 2V2d [=]
D 4d [=]
| I -
\

[1 mark]

INZ)
46




ANSWER >

Figure 8 shows the H-shaped posts used in a game of rugby.

Figure 8

|t crossbar

ground

Figure 9 shows the path of a ball that is kicked and just passes over the crossbar.
The initial velocity of the ball is 20.0 m s at an angle of 40.0° to the ground.

You should consider air resistance to be negligible and treat the ball as a simple
projectile.

Figure 9

horizontal ground

The top of the crossbar is 3.00 m above the horizontal ground.

A
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4 A
Iil Show that the minimum speed of the ball in flight is about 15 m s~
Explain your answer.
[2 marks]
El The ball just passes over the crossbar at a time ¢ after it is kicked.
Show that r must satisfy the following equation:
4912 -12.9t+3.00=0
[2 marks]
Question 5 continues on the next page
L J
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4 a
El There are two solutions to the equation
4914 -12.9¢+3.00=0
Discuss which of the two solutions is the time taken for the ball to pass over the
crossbar from when it is kicked.
In your answer you should
o state the value for ¢ given by each solution
o explain the physical significance of the other solution.
[4 marks]
solution 1 = s
solution 2 = S
L J

INZ)
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4 a
Izl Another attempt is made to kick the ball over the crossbar. The initial velocity of the

ball is the same as in the first attempt.

This kick is made from a horizontal distance of 38 m from the posts.

Deduce whether the ball can pass over the crossbar.

[1 mark]
Question 5 continues on the next page

L J

INZ)
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without air resistance.

Figure 10

*| without air resistance

~
\ e
- \‘
vertical S

velocity N

.\ time

rd

Y
~
Y b
with air resistanck_“\

s
T Y NS SR——

Discuss the features of the motion of the ball shown by the two graphs.
In your answer you should refer to

¢ the gradients of the graphs
o the area between each line and the time axis.

El Figure 10 shows the variations with time of the vertical velocity of a ball with and

[5 marks]

INZ)
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SUB-TOPIC 3.4.1.5

NEWTON'S LAWS OF MOTION

Sub-topic 3.4.1.5 - 9 questions - 9 marks - lowest tariff first
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’
A rocket of mass 12 000 kg accelerates vertically upwards from the surface of the Earth
at1.4ms™>
What is the thrust of the rocket?
[1 mark]
A 17x10'N (=]
B 1.0x10°N (=]
C 13x10°N (=]
D 16x10°N (=]
\L

INZ)
53




ANSWER >

-
Immediately after take-off from the surface of the Earth, a rocket of mass 12 000 kg
accelerates vertically upwards at 1.4 m 52
What is the thrust produced by the rocket motor?
[1 mark]
A 17x10°N [=]
B 1.0x10°N [=]
C 13x10°N [=]
D 16x10°N (=]
| I — 1
\.
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-
A 0.20 kg mass is suspended from a spring. A 0.10 kg mass is suspended from
the 0.20 kg mass using a thread of negligible mass.
The system is in equilibrium and the thread is then cut.
0.20kg
@
|0. 10 kgl
What is the upward acceleration of the 0.20 kg mass at the instant that the thread is cut?
A 33ms” E
B 49ms” E
C 65ms” E\
D 9.8ms> [=]
.

INZ)
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-
A truck of mass 2.1 x 10° kg tows a car of mass 1.3 x 10° kg along a horizontal road.
The total resistive force on the caris 1100 N.
The acceleration of the car and truck is 2.3 m s™2.
What is the tension in the tow rope?
[1 mark]
A 3000 N (=]
B 4100 N (=]
C 7800 N (=]
D 8900 N [=]
.
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EEI A parachutist descends to the ground at a constant speed with the parachute open.

Which force, together with the parachutist’s weight, makes a pair according to Newton’s
third law of motion?
[1 mark]

A the drag force on the parachutist from the air
B the tension in the strings of the parachute

C the gravitational force of the parachutist on the Earth

o] [o] o] [o]

D the lift force on the parachute from the air

INZ)
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7
IZ@ A sphere of mass m falls with speed v.
The resistive force on the sphere is kv, where k is a constant.
What is the terminal speed of the sphere?
[1 mark]
A TE [=]
k
km
B — [=]
g
C kmg [=]
k E'
D —_
mg
L
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Air resistance and friction are negligible.

Which is correct?

A The accelerating force is unchanged.
B The accelerating force is halved.
C The acceleration is unchanged.

D The acceleration is halved.

A trolley moves down a slope with constant acceleration.
The mass of the trolley is doubled and the trolley moves down the same slope again.

o] [of [o] [o

[1 mark]

INZ)
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7
E@ A man has a mass of 75.0 kg.
He stands on weighing scales in a lift that accelerates upwards at 2.60 m s 2.
What is the reading on the scales during the acceleration?
[1 mark]
A 195N [=]
B 541 N [=]
C 736N [=]
D 931N [=]
L
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Izlil A skydiver is falling at a terminal velocity v,.
When she is at a height 4, she opens her parachute.
When she is at a height 4, she reaches a new terminal velocity v,.

Which is true?
A The increased air resistance when her height is /2, causes her initially to
move upwards.

B The drag force when her velocity is v, is equal to the drag force when her
velocity is v,.

C Atv,, her weight and the drag force are an action—-reaction pair according to
Newton’s third law.

D Between /4, and 4,, the work done by the drag force is equal to the change in
the kinetic energy of the parachute and skydiver.

[1 mark]

[=]
[=]

[=]
[=]

INZ]
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SUB-TOPIC 3.4.1.6

MOMENTUM

Sub-topic 3.4.1.6 - 8 questions - 34 marks - lowest tariff first
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[2]2]

A car of mass 580 kg collides with the rear of a stationary van of mass 1200 kg.

Following the collision, the van moves with a velocity of 6.20 m s”' and the car recoils in

the opposite direction with a velocity of 1.60 m s,

What is the initial speed of the car?

A 543ms !
B 112ms'
C 128ms’!

D 144ms'

o] [o] [o] o]

[1 mark]

INZ)
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A body of constant mass falls freely due to gravity.

The rate of change of momentum of the body is equal to its

A Kinetic energy.
B mass.
C gravitational potential energy.

D weight.

o] [o] o] o]

[1 mark]
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a golf club.

force / kN

ASJ
B 501J
C 2501J

D 500)J

0-? RS RS EES SN EnENEEREREnE SR EESE

014

EEI A golf ball has a mass of 46 g and is initially stationary.
The diagram shows the variation with time of the force acting on the golf ball as it is hit with

(3 EERSEREREREsazs ans

oS L

04

(] mmananar fanan

o] o] o] [o]

8§ 10 12 14 16 18

time / ms

What is an estimate of the kinetic energy of the golf ball immediately after it is hit?

[1 mark]

INZ)
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4 )
An object is moving in a straight line. A graph is plotted to show the variation of the
momentum of the object with time.
Which quantities can be calculated from the gradient of the graph and the area under
the graph?
[1 mark]
Gradient of graph Area under graph
A power mass x displacement E
B force work done x time E
Cc power work done x time E
D force mass x displacement E\
. S
Q&'/@
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4 ™
An average force of 42 kN acts on the air passing through a jet engine. This force causes
the speed of the air to increase by 540 ms'.
What mass of air passes through the engine in one minute?
[1 mark]
A77x107%kg |[=]
B 4.7kg (=]
C 78kg [=]
D 4700 kg (=]
\. y,
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-
Figure 10 shows two railway trucks A and B travelling towards each other on the
same railway line which is straight and horizontal.
Figure 10
—_— —
The trucks are involved in an inelastic collision. They join when they collide and then
move together.
The trucks move a distance of 15 m before coming to rest.
Truck A has a total mass of 16 000 kg and truck B has a total mass of 12 000 kg
Just before the collision, truck A was moving at a speed of 2.8 m s and truck B was
moving at a speed of 3.1 ms*
- State the quantity that is not conserved in an inelastic collision.
[1 mark]
- Show that the speed of the joined trucks immediately after the collision is about
0.3ms™*
[3 marks]
.

INZ]
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- Calculate the impulse that acts on each truck during the collision.
Give an appropriate unit for your answer.

[2 marks]

impulse = unit

- Explain, without doing a calculation, how the motion of the trucks immediately after the
collision would be different for a collision that is perfectly elastic.

[2 marks]
Section B
Each of Questions 07 to 31 is followed by four responses, A, B, C and D.
For each question select the best response.
Only one answer per question is allowed. \

For each answer completely fill in the circle alongside the appropriate answer.

CORRECT METHOD E| WRONG METHODS ’ X H ® H% H dﬁ ‘

If you want to change your answer you must cross out your original answer as shown. E

If you wish to return to an answer previously crossed out, ring the answer you now wish to select as

shown. @

You may do your working in the blank space around each question but this will not be marked.
Do not use additional sheets for this working.
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4 )
A person kicks a stationary football horizontally.
During the kick, the person gives an impulse of 6.55 N s to the ball during a contact
time of 12.0 ms.
The mass of the football is 410 g.
Assume that friction forces are negligible.
II| Calculate the kinetic energy transferred to the ball during the kick.
[2 marks]
kinetic energy = J
@ Figure 8 shows how the force F acting on the ball varies with time .
Figure 8
: } i/.:I-'_ N -
FIN HHATHH L
H :/ | Hus yEEmE
I
A S
0 1 i i ¥
0 4 8 12
{/ ms
Determine the scale for the F'/ N axis and add your scale to Figure 8.
[3 marks]
\ S

A
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E A player jumps up to head a football when it is 2.0 m above the ground.
The initial velocity of the ball is 18 m s™! at an angle of 48° to the horizontal.

Figure 9 shows the path of the ball above horizontal ground.

Figure 9

not to scale

horizontal ground

Determine the time that the ball takes to reach the ground from the instant it leaves
the player’s head.

Assume that the frictional forces acting on the ball are negligible.
[3 marks]

time = S

A
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Safety barriers are used on UK motorways to prevent vehicles crossing from one
carriageway to the other carriageway. The barriers also absorb some of the kinetic
energy of a vehicle and deflect vehicles along the barrier.

The standard test of a safety barrier uses a vehicle that contains dummies. The total
mass of the vehicle and its contents is 1.5 x 10° kg and its initial speed is 110 km h™".

Iil Show that the initial kinetic energy of the test vehicle is 700 kJ.
[2 marks]

Izl The test vehicle hits a steel safety barrier at an angle of 20°, as shown in Figure 7.

Figure 7

[ 2}7}&";‘“*,w safety barrier

Calculate the component of the momentum of the test vehicle in a direction
along the line of the safety barrier.
Give an appropriate unit for your answer.
[3 marks]

momentum = unit




ANSWER >

( )

El Immediately after the collision, the test vehicle moves along the safety barrier with no
change in its momentum in this direction.

Show that the kinetic energy lost in the collision is about 80 k1.
[3 marks]

E The steel safety barrier deforms during the collision. For the barrier to pass the test,
the test vehicle should not move more than 1.5 m towards the other carriageway.

The barrier can apply an average force of 60 kN at right angles to the
carriageway.

Deduce whether the safety barrier will pass the test.
[3 marks]

Question 5 continues on the next page
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4 a
El A different safety barrier uses a solid concrete wall which does not deform.
The same standard test is carried out on a concrete wall.
Discuss which type of barrier would cause less damage to the dummies in the
test.
[2 marks]
L J
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SUB-TOPIC 3.4.1.7

WORK, ENERGY, POWER AND CONSERVATION OF ENERGY

Sub-topic 3.4.1.7 - 12 questions - 43 marks - lowest tariff first

&
RA
75



ANSWER >

’
Which is a correct statement about mechanical power?
A ltis a vector quantity.
B Itis measuredinJ.
C In fundamental units, its unit is kg m’ s>
D It can be calculated from force x distance moved.
| I ———
L

o] o] o] o]

[1 mark]

INZ)
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An electric motor lifts a load of weight I through a vertical height / in time .
The potential difference across the motor is V" and the current through it is /.

What is the efficiency of the motor?
[1 mark]

Wit
Vi

Vi

o] [o D] [o

Wht
W
Vit
Vit
Wh

INZ)
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7
Mechanical power
A is a vector quantity.
B is measured inJ.
C has base units of kg m? s>,
D can be calculated from force x distance moved.
\

o] o] o] [o]

[1 mark]

INZ)
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’
E@ An electric motor lifts a load of weight ¥ through a vertical height % in time z.
The potential difference across the motor is ¥ and the currentin it is /.
What is the efficiency of the motor?
[1 mark]
Wh
A -
o [=]
Vi
B -
o [=]
Wht
c -
o [=]
Vit
D -
T [=]
L
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-
Which two quantities have the base unit kg m? s72?
[1 mark]
A kinetic energy and momentum El
B kinetic energy and Young modulus EI
C work done and the moment of a couple El
D work done and pressure El
\.
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’
A car travels at 100 km h™' on a motorway.
What is an estimate of its kinetic energy?
[1 mark]
A 10*] (=]
B 10°] (=]
C 108 [=]
D 1017 (=]
T =1 172
.

INZ)
81




ANSWER >

A 0.040N's

B 0.075Ns

C 0.2I5Ns

D 0.614Ns

A tennis ball has a mass of 58 g.

The ball is dropped from rest from a height of 1.8 m above the ground and falls vertically.
The ball rebounds vertically to a height of 1.1 m.
The effect of air resistance is negligible.

o] [o Lof o]

What is the change in momentum of the ball during its collision with the ground?

[1 mark]

INZ)
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A 1.0kg
B 13kg

C 60kg

D 110kg

What mass of water is heated?

[=]

[=]
[=]
[=]

A 1000 W heater is 75% efficient. The heater is used to increase the temperature of some
water from 10 °C to 85 °C in 7 hours.

specific heat capacity of water = 4200 J kg ' K™!

~

INZ)
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84

-
IIlIl A force F' moves through a distance x in the direction of F.
In which row is the work done by the force 1 J?
[1 mark]
F X
A 1 mN 1 km [=]
B 100 kN 100 pm [=]
c 100 MN 100 nm [=]
D 1 GN 1 fm [=]
.
INZ)




ANSWER >

Figure 8 shows a model of a system being designed to move concrete building
blocks from an upper to a lower level.

Figure 8

The model consists of two identical trolleys of mass M on a ramp which is at 35° to
the horizontal. The trolleys are connected by a wire that passes around a pulley of
negligible mass at the top of the ramp.

Two concrete blocks each of mass m are loaded onto trolley A at the top of the
ramp. The trolley is released and accelerates to the bottom of the ramp where it is
stopped by a flexible buffer. The blocks are unloaded from trolley A and two
blocks are loaded onto trolley B that is now at the top of the ramp. The trolleys are
released and the process is repeated.

Figure 9 shows the side view of trolley A when it is moving down the ramp.

Figure 9
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-
. |I| The tension in the wire when the trolleys are moving is 7.
Draw and label arrows on Figure 9 to represent the magnitudes and directions of
any forces and components of forces that act on trolley A parallel to the ramp as it
travels down the ramp.
[1 mark]
. El Assume that no friction acts at the axle of the pulley or at the axles of the trolleys
and that air resistance is negligible.
Show that the acceleration a of trolley B along the ramp is given by
_ mgsin35°
4 M+m
[2 marks]
. El Compare the momentum of loaded trolley A as it moves downwards with the
momentum of loaded trolley B.
[2 marks]
Question 6 continues on the next page
.
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( )
. El In practice, for safety reasons there is a friction brake in the pulley that provides a
resistive force to reduce the acceleration to 25% of the maximum possible
acceleration.
The distance travelled for each journey down the ramp is 9.0 m.
The following data apply to the arrangement.
Mass of a trolley M =95kg
Mass of a concrete block m = 30 kg
Calculate the time taken for a loaded trolley to travel down the ramp.
[3 marks]
time = S
. El It takes 12 s to remove the blocks from the lower trolley and reload the upper
trolley.
Calculate the number of blocks that can be transferred to the lower level in
30 minutes.
[2 marks]
number =
L J
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( )
n Horizontal escape lanes made of loose gravel have been constructed at the side of
some roads on steep hills so that vehicles can stop safely when their brakes fail.
Figure 1 shows an engineer’s prediction of how the speed of an unpowered vehicle of
mass 1.8 x 10* kg will vary with time as the vehicle comes to rest in an escape lane.
Figure 1
20
15
speed/
ms 10
.
5 \_\
-..,______‘
— i ]
0 Zaas
i 4 5 6 7 10 112
time /s
- Determine the force decelerating the vehicle 2.0 s after entering the escape lane.
[3 marks]
force decelerating the vehicle = N
. .

A
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- Deduce whether a lane of length 85 m is long enough to stop the vehicle, assuming
that the engineer’s graph is correct.
[3 marks]

- Discuss the energy transfers that take place when a vehicle is decelerated in an
escape lane.
[2 marks]

Question 1 continues on the next page
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( )
- An alternative to an escape lane containing gravel is an escape lane that consists of a
ramp. An escape ramp is a straight road with a concrete surface that has a constant
upward gradient.
One escape ramp makes an angle of 25° to the horizontal and is 85 m long.
Deduce whether this escape ramp is sufficient to stop the vehicle.
Assume that any frictional forces and air resistance that decelerate the vehicle are
negligible.
[3 marks]
- Discuss whether an escape lane containing gravel or an escape ramp would provide
the safer experience for the driver of the vehicle as it comes to rest.
[1 mark]
. .

@'fﬂ
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Figure 5 shows a simplified catapult used to hurl projectiles a long way.

projectile

sling

Figure 5

4 .
o _ | counterweight

wooden bea consisting of a
ocen beam wooden box full
I of stones

frame

[o]a][1]

The counterweight is a wooden box full of stones attached to one end of the beam.
The projectile, usually a large rock, is in a sling hanging vertically from the other end
of the beam. The weight of the sling is negligible.

The beam is held horizontal by a rope attached to the frame.

The catapult is designed so that the weight of the beam and the weight of the empty
wooden box have no effect on the tension in the rope.

Suggest how the pivot position achieves this.

[2 marks]

Question 4 continues on the next page
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4 )
E’ The stones in the counterweight have a total mass of 610 kg and the projectile weighs
250 N.
Calculate the tension in the rope.
[5 marks]
tension = N
El When the rope is cut, the counterweight rotates clockwise. When the beam is vertical
it is prevented from rotating further. The projectile is then released horizontally with a
velocity of 18 m s!, as shown in Figure 6.
The projectile is released at a height of 7.5 m above ground level.
Figure 6
. W,
Q&'/@
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The range of the catapult is the horizontal distance between the point where the
projectile is released to the point where it lands.

Calculate the range.

Ignore air resistance.
[2 marks]

range = m

IZl In another release, the sling is adjusted so that a projectile of the same mass is
released just before the wooden beam is vertical. The projectile is not released
horizontally.

Discuss the effect this change has on the range of the catapult.

[3 marks]

A
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MATERIALS: BULK PROPERTIES AND THE YOUNG MODULUS

Sub-topic 3.4.2 - 13 questions - 30 marks - lowest tariff first
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’
A sample of wire has a Young modulus E. A second sample of wire made from an
identical material has three times the length and half the diameter of the first sample.
What is the Young modulus of the second sample of wire in terms of £E?
[1 mark]

A 025E [=]
B £ =]
C oF [=]
D 12E (=]

L

INZ)
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The stress in the wire, in Pa, is between

A 10°and 10°
B 10°and 10°
Cc 10%and 10°

D 10° and 102

o] o] [o] [o]

A load of 50 N is suspended from a wire that has an area of cross-section of 1 mm®.

[1 mark]

INZ)
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97

~ )
Which combination of properties would produce the smallest extension of a wire when the
same tensile force is applied to the wire?
[1 mark]
Cross-sectional Length Young moqulus of
area material

A X 3L E (=]

B 2X L E (=]

c X 3L AE (=]

D 2X L 4E (=]
. .
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4 )
An experiment is carried out to determine the Young modulus E of steel using a vertical
wire of initial length L and cross-sectional area 4. Various weights are suspended from
the wire. A graph of extension against weight is plotted.
extension
0
0 weight
What does the gradient of the graph represent?
[1 mark]
A E [=]
B =]
E
EA
c — [=]
L
L
D R
= [=]
\ J

INZ)
98



ANSWER >

Two wires X and Y have the same extension for the same load.
X has a diameter d and is made of a metal of density p and Young modulus E.
Y has the same mass and length as X but its diameter is 2d.

What are the density and the Young modulus of the metal from which Y is made?

[1 mark]
Density Young modulus
E
A V4 E
2 4

IR

o o] o [l

A
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4 )
A mass M is suspended from a spring. When the mass is at rest at the equilibrium
position, the elastic potential energy stored is E.
An extra mass of 2M is added to the spring and the spring extends while still obeying
Hooke’s law.
What is the total elastic energy stored when the system is at rest at the new equilibrium
position?
[1 mark]
A 2E [=]
B 3L [=]
C 4E [=]
D 9E [=]
\ J
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Two wires P and Q are made of the same material and have the same cross-sectional
area.
P has an original length L and is subject to a tensile force F. P extends a distance x.
Q has an original length 2L and is subject to a tensile force 2F.

Which statement is correct?
[1 mark]

A The stress in P and the stress in Q are the same.
B The extension of Q is 2x.

C The strain of Q is double the strain of P.

stress

D The value of for P is half that of Q.

o] L] o] [o]

strain

A
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-
A heavy cable is attached to a fixed support and carries a load at its lower end.
L
J
K
[ ]
The weight of the cable is not negligible.
The cable has constant cross-sectional area and density.
Which graph shows the variation of tensile stress o in the cable with
distance d from J to K?
[1 mark]
A B
: /
| |
| |
o | o |
| |
| |
| |
| |
0 ' 0 ’
d d
J K J K
C D
: |
| |
| |
o ' o \'
| |
| |
| |
| |
0 I 0 !
d d
J K J K
A [=]
B [=]
c [=]
b [=]
\
Q‘Q'/@
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ANSWER >

EE A uniform wire is stretched by a load F.
The elastic strain energy stored in the wire is E.

The load is increased from F to 2F.
The wire obeys Hooke’s law.

What is the increase in the elastic strain energy stored in the wire?

AFE

B 2F

D 4F

o] [o] o] [o]

[1 mark]

INZ)
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ANSWER >

4 a
A spring is compressed by a force F. The spring has stiffness £ and its length changes
by AL during the compression. When the force is removed the spring returns to its original
length in time ¢.
What is the average power developed by the spring as it returns to its original length?
[1 mark]
kAL
A -
> [=]
kAL
B —— [=]
2
c H20) =]
2t
2
p HALE =]
t
L J

INZ)
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-
Elil A spring with a spring constant of 50 N m™! is attached to a rigid horizontal bar.
An object of mass m is attached to the bottom of the spring.
When the bar is made to move vertically up and down with a frequency of 2.6 Hz, the
mass—spring system undergoes resonance.
Ignore the effects of damping.
m
What is m?
[1 mark]
A19%g [=]
B370g [=]
c4%0g [=]
D5%0g [=]
.
INZ]
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ANSWER >

( )
II| Explain why the Young modulus and the breaking stress of a wire have the same
Sl unit.
[1 mark]

Table 1 contains data about four metal wires W, X, Y and Z.

Table 1
Wire Length/m | Diameter / mm | Stiffness/ Nm™' | Density / kg m™
w 3.10 1.7 4.90 x 10* 2.71 x 103
X 2.17 1.4 5.25 x 10* 1.93 x 10*
Y 2.50 1.2 5.25 x 10* 8.91 x 10°
Y4 2.50 1.2 3.08 x 10* 2.71 x 103

@ The metal used to make wire X costs £75 per gram.

Calculate, in £, the cost of wire X.
[3 marks]

cost= £

@ State and explain which of the wires in Table 1 are made from the same material.
[1 mark]

A
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E One of the wires in Table 1 was used to obtain the stress—strain data shown
in Figure 5.

Figure 5
30

25

stress / MPa

T T 1 T | |
R 1 T A [ T SIS S S ST B e o L i I I S
— 1ot t — H i fepent

L 4ormony 4o - beod F. el g .ot

0 5 10 15 20 25 30 35 40
strain / 1073

Draw a line of best fit on Figure 5.

Go on to deduce, using your line of best fit and Table 1, whether wire W could have
been used to produce Figure 5.

[4 marks]

INZ)
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4 )
Figure 11 shows the stress—strain graph for a metal in tension up to the point at which
it fractures.
Figure 11
A
150+ T
stress / MPa i SN
5041 HH
]_ 114 [‘T'_
1Lg | 1 l 1]
0L I I i 1171
0 5 10 15
strain / 1074
|I| Determine, using Figure 11, the Young modulus of the metal.
[1 mark]
Young modulus = Pa
Izl Explain how the graph shows that this metal is brittle.
[1 mark]
Question 5 continues on the next page
. S

INZ)
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ANSWER >

~

Figure 12 shows a uniform rigid lighting beam AB suspended from a fixed horizontal
support by two identical vertical steel wires. A lamp is attached to the midpoint of AB.

Figure 12

\\\\5}/&\\\\\\t\\\\\}\\\\\\\\\\\\:\“\ NNNANNNNN

support 2.00:m not to scale

/ ‘steel wires \

A B

lighting beam < e lamp

The unloaded length of each steel wire was 1.20 m before it was attached to AB.
AB is horizontal.

mass of AB =4.4 kg

mass of lamp = 16.0 kg

distance between wires =2.00 m
diameter of each wire = 0.800 mm
Young modulus of steel =2.10 x 10! Pa

El Calculate the extension of each wire.

[3 marks]

extension = m

@'fﬂ
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ANSWER >

El The right-hand steel wire is removed and replaced

the original steel wire.

with an aluminium wire of

diameter 1.60 mm. The unloaded length of the aluminium wire is the same as that of

When the lamp is at the midpoint of AB, one of the wires extends more than the other
so that AB is not horizontal. To make AB horizontal the lamp has to be moved to a
distance x from A. Figure 13 shows the new arrangement.

Figure 13
A Y
suppor’tf 2.00m not to scale
steel wire —__ | P aluminium wire
A -] s
A / : B
lighting beam < : a lamp
The Young modulus of aluminium is 7.00 x 10'° Pa.
Deduce distance x.
[5 marks]

Btyfﬂ‘
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SUB-TOPIC 3.4.S

SYNOPTIC AND CROSS-TOPIC QUESTIONS

Sub-topic 3.4.S - 140 questions - 644 marks - lowest tariff first
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ANSWER >

a )
EIZl The diagram shows an energy level diagram for a hydrogen atom.
Electrons with energy 13.0 eV collide with atoms of hydrogen in their ground state.
What is the number of different wavelengths of electromagnetic radiation that could be
emitted when the atoms de-excite?
[1 mark]
level 4 —-0.54 eV
level 3 -0.85eV
level 2 -1.51eV
level 1 —34eV
ground state ~13.6 eV
A 0 [=]
B 3 [=]
c 6 [=]
D 7 [=]
. W,

INZ)
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ANSWER >

A bob of mass 0.50 kg is suspended from the end of a piece of string 0.45 m long.
The bob is rotated in a vertical circle at a constant rate of 120 revolutions per minute.

= —

\ 0.45m /

e

What is the tension in the string when the bob is at the bottom of the circle?

[1 mark]
A 58N [=]
B 3IN [=]
C 36N [=]
D 40N [=]

INZ)
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ANSWER >

-
EII' Which graph best shows how the kinetic energy of a simple pendulum varies with
displacement from the equilibrium position?
[1 mark]
kinetic energy kinetic energy
0 0
0 displacement 0 displacement
A B
kinetic energy kinetic energy
0
0 displacement 0 displacement
C D
A [=]
B [=]
c [=]
D [=]
.

INZ)
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ANSWER >

7
A satellite X of mass m is in a concentric circular orbit of radius R about a planet of
mass M.
What is the kinetic energy of X?
[1 mark]
GMm
A —
R [=]
J =]
R
c 2GMm E'
R
R
\.

INZ)
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ANSWER >

-
n An electron moves through a distance of 0.10 m parallel to the field lines of a uniform
electric field of strength 2.0 kN C.
What is the work done on the electron?
[1 mark]
A  zero E
B 1.6x107"7J (=]
c 32x107J [=]
D 16x102'J (=]
\.

INZ)
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( )
IZIZ' A coil with 20 circular turns each of diameter 60 mm is placed in a uniform magnetic field
of flux density 90 mT.
Initially the plane of the coil is perpendicular to the magnetic field lines as shown in
Figure X.
Figure X Figure Y
- e
The coil is rotated about a vertical axis by 90° in a time of 0.20 s so that its plane
becomes parallel to the field lines as shown in Figure Y.
Assume that the rate of change of flux linkage remains constant.
What is the emf induced in the coil?
[1 mark]
A zero E
B 13mV (=]
C  25mV [=]
D 100mV [=]
. .

@'fﬂ
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-
The National Grid is used to transfer electrical energy from power stations to
consumers.
What conditions for the transmission voltage and the transmission current give the most
efficient transfer of energy through the National Grid?
[1 mark]
Transmission voltage Transmission current
A High High [=]
B High Low [=]
c Low High [=]
D Low Low [=]
.

A
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’
IZEl A mains transformer has a primary coil of 2500 turns and a secondary coil of 130 turns.
The primary coil is connected to a mains supply where Vs is 230 V.
The secondary coil is connected to a lamp of resistance 6.0 Q.
The transformer is 100% efficient.
What is the peak power dissipated in the lamp?
[1 mark]
A 12W (=]
B 24W [=]
C 48W [=]
D 9%W (=]
L

INZ)
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ANSWER >

4 )
The diagram shows an energy-level diagram for a hydrogen atom.

-0.54 eV
-0.85eV
-1.51eV
-34eV

ground n _

state 13.6eV

Electrons, each having a kinetic energy of 2.0 x 1078 J, collide with atoms of hydrogen in
their ground state. Photons are emitted when the atoms de-excite.

How many different wavelengths can be observed with incident electrons of this energy?

[1 mark]
A 1 [=]
B 3 [=]
cC 6 [=]
D 7 [=]
. S

INZ)
120



ANSWER >

7
Photons of wavelength 290 nm are incident on a metal plate. The work function of the
metal is 4.1 eV
What is the maximum kinetic energy of the emitted electrons?
[1 mark]
A 019eV (=]
B 43eV [=]
C 69eV [=]
D 84eV (=]
L

INZ)
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ANSWER >

’
A body performs simple harmonic motion.
What is the phase difference between the variation of displacement with time and the
variation of acceleration with time for the body?
[1 mark]
A O (=]
T
B 4 rad [=]
C = rad [=]
2
D =rad E
L

INZ)
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ANSWER >

-
An object of mass 0.15 kg performs simple harmonic motion. It oscillates with amplitude
55 mm and frequency 0.80 Hz
What is the maximum value of its kinetic energy?
[1 mark]
A 57x107) [=]
B 11x107°J [=]
C 057 [=]
D 113 [=]
.

INZ)
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( )

Which graph shows how the gravitational potential energy E, of a simple pendulum varies
with displacement s from the equilibrium position?

[1 mark]
A B
E, Ep

o] [o Lof [o]

END OF QUESTIONS
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ANSWER >

-
A transparent illuminated box contains small smoke particles and air.
The smoke particles are observed to move randomly when viewed through a microscope.
What is the cause of this observation of Brownian motion?
[1 mark]
A Smoke particles gaining kinetic energy by the absorption of light [ < |
Collisions between smoke particles and air molecules E
C Smoke particles moving in convection currents caused by the air EI
being heated by the light
D  The smoke particles moving randomly due to their temperature | < |
.

A
125




ANSWER >

126

7
The diagram shows a gas particle about to collide elastically with a wall.
Which diagram shows the correct change in momentum Amv that occurs during the
collision?
[1 mark]
A B
C D
A =]
B [=]
c [=]
D [=]
- T -1 11
L
INZ)




ANSWER >

’
ﬂ Planet N has a gravitational potential -V at its surface. Planet M has double the density
and double the radius of planet N. Both planets are spherical and have uniform density.
What is the gravitational potential at the surface of planet M?
[1 mark]
A 16V (=]
B -8V [=]
c v [=]
D -02V [=]
| I — 11
L

INZ)
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ANSWER >

’
A spacecraft of mass 1.0 x 10° kg is in orbit around the Sun at a radius of 1.1 x 10 m
The spacecraft moves into a new orbit of radius 2.5 x 10" m around the Sun.
What is the total change in gravitational potential energy of the spacecraft?
[1 mark]
A -676x10"] (=]
B -3.38x10%) [=]
C  3.38x10%) [=]
D 6.76x10% [=]
L

INZ)
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ANSWER >

7
ﬂ The Earth can be assumed to be a uniform sphere of radius R.
What is the mean density of the Earth?
A 39
47RG
B 3RG
4ng
c 3G
4mRg
D 3Rg
4nG
\

o] D] [ [

[1 mark]

INZ)
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ANSWER >

-
A transformer has an efficiency of 80%
It has 7000 turns on its primary coil and 175 turns on its secondary coil. When the primary
of the transformer is connected to a 240 V ac supply, the secondary current is 8.0 A
What are the primary current and secondary voltage?
[1 mark]
Primary Secondary
current/ mA | voltage/V
A 250 6.0 [=]
B 160 6.0 [=]
c 250 9600 [=]
D 160 9600 [=]
-
INZ)
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~ \
During a single fission event of uranium-235 in a nuclear reactor the total mass lost is
0.23 u. The reactor is 25% efficient.
How many events per second are required to generate 900 MW of power?
[1 mark]
A 11x10% [=]
B 6.6x10" [=]
c 11x10% [=]
D 44x10% [=]
\. J

INZ)
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4 )
An electron collides with an isolated atom and raises an orbiting electron to a higher
energy level.
Which statement is correct?
[1 mark]
A The colliding electron is captured by the nucleus of the atom. E
B A photon is emitted when the electron rises to the higher energy [ < |
level.
C An electron is emitted when the excited electron returns to the El
ground state.
D Energy is transferred from the colliding electron to the orbiting [=]
electron.
T =1 12
\_ J

INZ)
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~ ~
Light of frequency 2.0 x 10'° Hz is incident on a metal surface. The work function of the
metal is 4.6 x 107 J.
Which statement is correct?
[1 mark]
A No photoelectrons are released. E
B Photoelectrons are released with a maximum kinetic energy of [=]
3.1x1077 7.
C Photoelectrons are released with a maximum kinetic energy of [=]
8.7x10"7.
D Photoelectrons are released with a maximum kinetic energy of [=]
18x 1077 7J.
| I 1z
\_ .

INZ)
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ANSWER >

lilil A photon of ultraviolet radiation has a frequency of 1.5 x 10" Hz.

What is the momentum of the photon?

A33x10"kgms"'
B 13x10* kgms"
C 33x10* kgms"

D 13x10*°kgms

o] [o] o] o]

[1 mark]

INZ)
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4 a
lzlzl Charged plates X and Y have a potential difference 1.5 V between them.
X Y
ov +15V
Which particle gains 3.0 eV of kinetic energy when moving from Y to X?
[1 mark]

A proton El

B positron El

C electron E

D alpha particle El
L J

INZ)
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What is the kinetic energy of the object?

mn*r’
8’

2.2
mnr

47’

(o] 2mmtn*?

D 4mn’n’s

o] Lo o [o

An object of mass m moves in a circle of radius ». It completes n revolutions every second.

[1 mark]

\

INZ)
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~ N
The graph shows the variation of displacement d with time ¢ for a particle moving with

simple harmonic motion of period T.

d
T
0
0 !
Which graph shows the variation of kinetic energy E of the particle with time?
[1 mark]
A B
Ey Ey
0 : 0 i
0 T 1 0 i 1
C D
Ly Ly
0 . 0 :
0 T 1 0 7 t

A =]

B [=]

c [=]

b [=]

\ S
Q‘Q'/@
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’
Which row shows two scalar quantities?
[1 mark]
A gravitational potential gravitational field strength E
B mass gravitational potential E
C | gravitational field strength weight E
D weight gravitational potential E
L
INZ)
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The orbital radius of F is greater than that of N.

Which is greater for F than for N?

A gravitational force on the satellite
B angular speed

C kinetic energy

D orbital period

o] [o] o] [o]

Iilil Satellites N and F have the same mass and are in circular orbits about the same planet.

[1 mark]

INZ)
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4 a
lilzl When an electron is moving at a speed v perpendicular to a uniform magnetic field of flux
density B, it follows a path of radius R.
A second electron moves at a speed % perpendicular to a uniform magnetic field of flux
density 45.
What is the radius of the path of the second electron?
[1 mark]
R
A [=]
R
B [=]
4
¢ 2% =]
D 8R [=]
L J

INZ)
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4 A
A horizontal wire of length 0.50 m and weight 1.0 N is placed in a uniform horizontal
magnetic field of flux density 1.5 T directed at 90° to the wire.
What is the current that just supports the wire?
[1 mark]
A 033 A [=]
B 0.75 A [=]
C13A [=]
D 30A (=]
. J

INZ)
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Iz@ Which is not an assumption about gas particles in the kinetic theory model for a gas?
[1 mark]

A They collide elastically with the container walls.

B They have negligible size compared to the distance between the
container walls.

C They travel between the container walls in negligibly short times.

o] [of [ [of

D They collide with the container walls in negligibly short times.

INZ)
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r
Em What effect are the control rods intended to have on the average kinetic energy and
number of fission neutrons in a thermal nuclear reactor?
[1 mark]
Avera_ge_klnetlc energy of Number of fission neutrons
fission neutrons

unchanged unchanged El

reduced unchanged E

unchanged reduced E

increased reduced El

END OF QUESTIONS
.
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ANSWER >

’
A photon has energy of 1 x 10'® eV.
An object of mass 0.03 kg has kinetic energy equal to the energy of the photon.
What is the speed of the object?
[1 mark]
A lms! (=]
B 3ms’! [=]
C 10ms (=]
D 30ms! (=]
.

INZ)
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4 )
IIIZI An electron collides with an isolated atom and raises an atomic electron to a higher energy
level.
Which statement is correct?
[1 mark]
A The colliding electron is captured by the nucleus of the atom. E
B A photon is emitted when the electron rises to the higher energy level. E
C An electron is emitted when the excited electron returns to the ground state. E
D The colliding electron transfers energy to the atomic electron. E
\ J
5\%
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4 A
II@ Which graph shows the variation of momentum p with wavelength /4 of a photon?
[1 mark]
A B
p P
0 0
0 A 0 A
C D
p P
0 0
0 A 0 A
A [=]
B [=]
c [=]
D [=]
L J
INZ)
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4 ™
EEl A mass of 0.90 kg is suspended from the lower end of a light spring of stiffness 80 N m .
When the mass is displaced vertically and released, it undergoes vertical oscillations of
small amplitude.
What is the frequency of the oscillations?
[1 mark]
A 0.071 Hz (=]
B 0.67 Hz [=]
C 1.50 Hz (=]
D 14 Hz [=]
\. y,

INZ)
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’
A sample P of an ideal gas contains 1 mol at an absolute temperature T.
2
A second sample Q of an ideal gas contains E mol at an absolute temperature 27.
The total molecular kinetic energy of P is E.
What is the total molecular kinetic energy of Q?
[1 mark]
2
Az =]
3
8 2k =]
4
c 1 =]
3
D& [=]
L

INZ)
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( )
lz@ The diagram shows a current / in a vertical square coil.
The coil can rotate about an axis OO'.
The plane of the coil is at right angles to a uniform horizontal magnetic field of flux
density B.
@)
Which statement is correct?
[1 mark]
A The forces on the vertical sides of the coil are equal in magnitude [ = |
and opposite in direction.
B A non-zero couple acts on the coil. [=]
C No forces act on the horizontal sides of the coil. [=]
D The forces on all sides of the coil act toward the centre of the coil. [ = |
L J
INZ]
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-
The diagram shows the variation with time ¢ of the magnetic flux density B of the field
linking a caoil.
B ' N
|
|
|
|
|
|
0 — ¢
4l
Which graph shows the variation of induced emf ¢ in the coil during this time interval?
[1 mark]
A
& A E A
|
i
|
| h b
0 : >/ 0 >/
I n
C
E A & 4
ot ot
l I
: S
|
|
A =]
B [=]
c [=]
b [=]
\
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a )
A muon and an electron are travelling at the same speed.
Which row gives the particle with the greater kinetic energy and the particle with the
longer de Broglie wavelength?
[1 mark]
Greater kinetic energy Longer de Broglie wavelength
A muon muon E
B muon electron E\
(o electron muon E
D electron electron E
\ S
M
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-
n The diagrams show the displacement—distance graph for a wave and the
displacement—time graph for a point in the wave.
displacemen; /m displacemen; /m
Y 1 F il /r\
A\ [ |\ JAREAN /
0(') 20 40 60 0() 2 4 0 8
\ | / distance / m \ / time/s
-1 -1 A4
N
-2 -2
Which is correct for this wave?
[1 mark]
A The amplitude is 3.0 m. E
B The wavelength is 6 m. E
C The speedis 8.3 ms. [=]
D The frequency is 0.17 Hz. E
\_

INZ)
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7
Elil A particle of mass m is oscillating with simple harmonic motion.
The period of the oscillation is 7 and the amplitude is 4.
What is the maximum kinetic energy of the particle?
[1 mark]
mA’
A
2T2 EI
2 2
T mA
B ———_
7 (=]
2mA’
c 2 =]
2n°mA’
JEl (=]
END OF QUESTIONS
L
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’
Three particles are travelling in the same plane with velocities as shown in the vector
diagram.
4ms-!
2ms! *
«—O
6ms-!
v
What is the root mean square speed of the particles?
[1 mark]
A 43ms’! [=]
B 7.5ms™ [=]
C 19ms™ [=]
D S6ms! [=]
L

INZ)
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E@ A planet has radius R and density p. The gravitational field strength at the surface is g.

What is the gravitational field strength at the surface of a planet of radius 2R and
density 2p?
[1 mark]

A 2g
B 4g

C 8¢

o] [o Lof [o]

D l6g

INZ)
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-
IIE The diagram shows equipotential lines for a uniform gravitational field. The lines are
separated by 20 m.
gravitational
potential
= (V+3)Jkg!
equipotentials 20m
12m
= (NJkg!
An object of mass 4 kg is moved from P to Q.
What is the work done against gravity to move the object?
A72] (=]
B 7.8] (=]
C 1027 [=]
D 36 [=]
.
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O is the centre of a negatively charged sphere.

—
\
\
A\
A\

K and L are two points at a distance r, from O.
M and N are two points at a distance 2 from O.

Which statement is true?

The work done moving an electron from M to K is the same as that done
moving an electron from K to L.

B The work done moving a positron from K to M is the same as that done
moving an electron from K to M.

C No work is done moving an electron from M to N.

D No work is done moving a positron from L to N.

[1 mark]

]

o] o] [o

A
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( )
IZE’ The primary winding of a transformer has 200 turns and the secondary winding has
1600 turns.
A root mean square (rms) alternating voltage of 25 V is applied to the primary winding
causing a primary rms current of 4.0 A. The transformer is 90% efficient.
What are the rms values of the secondary voltage and the secondary current?
[1 mark]
Secondary voltage / V Secondary current/ A
A 200 0.50 (=]
B 200 0.45 (=]
c 180 0.50 (=]
D 3.1 29.0 (=]
. .
Qf?/@
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-
The diagram shows the path of a proton being deflected by the nucleus of an atom.
Point P is the position of the proton when it is closest to the nucleus.
proton path of proton
‘nucleus
What is not true about the proton along its path at P?
[1 mark]
A lts rate of change of momentum is at a minimum. El
B Its kinetic energy is at a minimum. EI
C lts potential energy is at a maximum. E
D Its acceleration is at a maximum. El
| — ~
.

INZ)
159




ANSWER >

( )
El] %g Mg can decay by beta minus emission to one of two possible excited states of g Al
Both excited states decay by the emission of a gamma photon directly to the ground state.
ground state of 7] Mg energy/ 10_13 J
———————————————————— 4.18
beta decay
FoNeS not to scale
1.63
1.33
= 0.00
energy levels of 3 Al
The diagram shows the energy levels and two routes for the beta decay.
One route results in the emission of a gamma photon with a higher frequency than the
other photon.
What is the maximum possible kinetic energy for the beta particle emitted in this route?
[1 mark]
A 133x1073] [=]
B 1.63x1073] [=]
C 255x1083] [=]
D 2.85x 1073 [=]
END OF QUESTIONS
. .
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In photoelectricity, Vs is the stopping potential.

What quantity is eVs?

A energy of an incident photon
B maximum kinetic energy of a photoelectron
C threshold frequency x the Planck constant

D work function

o] [o] o] [o]

[1 mark]

INZ)
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The frequency of the first harmonic of a standing wave on a string is f.
The tension in the string is 7.
The tension is increased to 4T without changing the length or mass of the string.

Which harmonic has a frequency 2f after this change?

A first
B second

C third

o] [o] o] [o]

D fourth

[1 mark]

INZ)
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-
A fixed volume of an ideal gas is heated.
Which row gives quantities that double when the kelvin temperature of the gas doubles?
[1 mark]
A rms speed of the molecules pressure of the gas El
B density of the gas rms speed of the molecules EI
C internal energy of the gas density of the gas El
D pressure of the gas internal energy of the gas El
.
INZ)
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The orbital radius of N is less than that of F.

Which is smaller for N than for F?

A the gravitational force on the satellite
B the speed of the satellite
C the kinetic energy of the satellite

D the orbital period of the satellite

o] [o] o] [o]

IIEI Satellites N and F have the same mass and move in circular orbits about the same planet.

[1 mark]

~
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When an electron moves at a speed v perpendicular to a uniform magnetic field of flux
density B, the radius of its path is R.

v

3 perpendicular to a uniform magnetic field of

A second electron moves at a speed

flux density 4B.

What is the radius of the path of the second electron?
[1 mark]

[=]

oo| =

A=

] D] [
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EIZI A horizontal wire of length 0.25 m carrying a current of 3.0 A is perpendicular to a
magnetic field. The mass of the wire is 3.0 x 107 kg and the weight of the wire is
supported in equilibrium by the magnetic field.

What is the flux density of the magnetic field?

A26T
B 39x10°T

C22x1072T

o] [o] Lof [o]

D 40x10°T

[1 mark]
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EEI Electrons with a certain kinetic energy pass through a powdered crystalline sample
and are incident on a fluorescent screen.
The diagram shows a sketch of the diffraction pattern produced.

A change is made and this second pattern is produced.

©

Which change could produce the second pattern?

[1 mark]
A decreasing the kinetic energy of the electrons E
B replacing the electrons with protons with the same kinetic energy El
C using a crystalline sample with a wider spacing between its atoms El
D moving the screen closer to the crystalline sample EI
. .
@%
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168

-
A string with a length of 1.2 m vibrates at its second harmonic.
The diagram shows the displacement-time graph for a point on the string.
2.0 |
1.5 .
0.514— /
displacement /cm 0.0 .
0 - N 6
0.5 time /msY,_ |
-1.0
L5
-2.0- -
What are the wavelength and frequency of the wave on the string?
[1 mark]
Wavelength / m Frequency / kHz
A 0.6 0.17 [=]
B 0.6 0.34 [=]
c 1.2 0.17 [=]
D 1.2 0.34 [=]
\
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Elil A mass, attached to two springs, oscillates horizontally between P and Q. The motion of

the system is simple harmonic.
i 0
| mass |
7% | U | ?

N

smooth surface

Which quantity has its magnitude at a minimum value when the mass is at Q?
[1 mark]

A the acceleration of the mass E
B the kinetic energy of the mass El
C the potential energy of the mass—spring system EI

D the resultant force of the springs on the mass E

END OF QUESTIONS

~
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kinetic energy of 9.0 x 107!% J when it is a large distance from the gold nucleus.
The gold nucleus contains 79 protons.

A 25x10"%m
B 20x10"“m

C 40x10"¥m

o] [o Lof o]

D 2.0x107m

An alpha particle is moving towards a stationary gold nucleus. The alpha particle has a

What is the closest possible distance of approach of the alpha particle to the gold nucleus?

[1 mark]
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’
A wire is at right angles to a uniform magnetic field and carries an electric current.
The wire is 150 mm in length.
When the current in the wire is increased by 4.0 A, the force acting on the wire increases
by 3.6 x 107 N.
What is the magnetic flux density of the field?
[1 mark]
A60x106T (=]
B 6.0x107T [=]
C 1.7x10°T (=]
D 1.7x10°T (=]
L
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EIII A beam consists of ionised atoms of two isotopes of an element.
When the beam enters a uniform magnetic field, the ions move in circular paths.
The ions have the same charge and travel at the same speed when they enter the
magnetic field.

Which statement is true?

A The force acting on an ion is different for each isotope. EI

B The radius of the path followed by an ion is different for each isotope. El

[1 mark]

C The kinetic energy of an ion increases for both isotopes. El
D The acceleration of an ion is the same for both isotopes. EI
Q\'/@
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E@ The distance between the wing tips of a metal aircraft is 30 m.
The aircraft flies horizontally at a steady speed of 100 m s .
The aircraft passes through a vertical magnetic field of flux density 2.0 x 1077 T.

What is the emf induced between its wing tips?

A 02uV [=]

B 20 uV

[=]
C 300 pV (=]
[=]

D 600 pV

[1 mark]
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’
A circular coil with a radius of 0.10 m has 200 turns.
The coil rotates at 50 revolutions per second about an axis which is perpendicular to
a uniform magnetic field and in the plane of the coil.
The magnetic flux density of the field is 0.20 T.
What is the maximum emf induced in the coil?
[1 mark]
A 63V (=]
B 126V [=]
C 195V (=]
D 395V [=]
L
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’
A transformer for use in a 230 V ac supply is 90% efficient.
The transformer provides a current of 3.00 A at 12.0 V.
What is the current in the primary coil?
[1 mark]
A 0.141 A (=]
B 0.156 A [=]
C 0.174 A [=]
D 5.75A (=]
L
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( )
In two separate experiments, electromagnetic radiation of variable frequency f'is incident
on the surfaces of plates made from metals X and Y.
The work function of X is greater than the work function of Y.
Which graph shows how the maximum kinetic energy Ekmax) of photoelectrons emitted
from the surfaces of the plates varies with /2
[1 mark]
A B
Ek(max) Ek(max)
Y X Y X
0 0
0 f 0 s
C D
Ek(max) Ek(max)
X Y X Y
0 0
0 f 0 f

A [=]

B [=]

c [=]

b [=]

. .
@'fﬂ
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( )
Monochromatic light is incident on a metal surface in a vacuum and photoelectrons are
emitted from the surface. The photoelectric current / is the rate of flow of charge from the
surface.
The maximum kinetic energy of the photoelectrons is Ek(max).
Exmax) and [ are measured.
The frequency of the light is then increased. There is no change to the rate at which
energy is incident on the surface.
What happens to Ekmax) and / when the frequency is increased?
[1 mark]
Ek(max) 1
A increases decreases El
B increases no change E
Cc no change no change E
D no change decreases El
. .
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A particle of mass m moves in a circle of radius . The number of revolutions completed
per second is f.

What is the kinetic energy of the particle?
[1 mark]

A 4752mf 27 El
B 2n2mf %7

mf’r’
4r’

2.2
Dmfr
2

ol [ o]
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[=]
[=]

[=]

’
In which process is work done by an ideal gas?
A doubling the pressure at constant volume
B doubling the volume at constant pressure
C doubling the absolute temperature at constant volume E
D doubling the pressure at constant temperature
L

[1 mark]
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-
E@ Which change will increase the efficiency of a transformer?
[1 mark]
A increasing the thickness of the iron layers in the laminated core El
B decreasing the frequency of the ac input voltage E
C decreasing the diameter of the copper wire in the primary coil E
D increasing the distance between the primary coil and the secondary coil El
\.

INZ)
180




ANSWER >

EE A transmission cable consists of many strands of wire. Electrical energy is transmitted
along the cable at a frequency of 50 Hz.

Which change gives the largest increase in the efficiency of the electrical energy transfer
along the cable?
[1 mark]

A doubling the transmission voltage of the cable
B doubling the current in the cable

C halving the resistivity of the material of the wires

o] [o] [o] o]

D halving the number of wires in the cable

INZ)
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’
An electron enters a uniform magnetic field at right angles to the field.
The flux density of the field is B.
The electron moves with a non-relativistic speed v in a circular path of radius r.
What is the number of circuits completed by the electron in one second?
[1 mark]
2nm
A <
5 =
27
B = [=]
v
v
c -
L [=]
Be
D
o L=
L
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( )
E@ The diagram shows the gravitational field for a binary star system consisting of two stars
X and Y of equal mass.
Equipotential lines are shown as solid lines.
Gravitational field lines are shown as dashed lines.
Which statement is correct?
[1 mark]
A More work is done moving from Q to S to R than moving directly from Q to R. E|
B No work is done moving from Q to R. E
C The gravitational field strength is the same at R and S. E
D The work done moving from Q to R and moving from Q to S is the same. E|
. .
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Which is equal to ¢,?

[1 mark]
A the relative permittivity of a vacuum El

B the charge stored on a capacitor consisting of two parallel plates of area 1 m? El
separated by 1 m when the potential difference between the platesis 1 V

C the work done when moving a 2 C charge from infinity to a distance of m m from El
the centre of a metal sphere that carries 2 C of charge

D the charge on a metal sphere which experiences a force of 1 N when its centre El
is placed 1 m from the centre of a metal sphere that carries 1 C of charge

A
184



ANSWER >

’
In B~ decay:
A energy is conserved.
B an up quark changes into a down quark.
C the interaction occurs outside the nucleus of an atom.
D momentum is not conserved.
.

o] [o] o] [o]

[1 mark]
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-
In an investigation of stationary waves on different wires, the frequency f'of the
first harmonic is measured.
Which quantity produces a straight-line graph through the origin when plotted against f/7?
In each case all other variables are kept constant.
[1 mark]
; [=]
diameter of the wire
B (mass per unit length of the wire)? E
C length of the wire E
D (tension in the wire)* (=]
\_
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-
EE' A pendulum is oscillating with simple harmonic motion.
Which row gives the momentum of the pendulum bob and its gravitational potential energy
(GPE) when the acceleration of the pendulum bob is zero?
[1 mark]
Momentum GPE
A zero maximum El
B maximum minimum \El
C maximum maximum El
D zero minimum El
\
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In a photoelectric experiment, the maximum kinetic energy £y, of the emitted electrons
and the frequency f of the incident radiation are measured.

A graph of the variation of £, ,,,, with f'has:
e agradientp

e an intercept —g on the E,,,,,, axis

¢ an intercept r on the f'axis.

Ey(max) ' 4

of .7 f/Hz

What is the value of the Planck constant?

[1 mark]

AL =]
B I

. =]
c =]

q
K (=]

\_ )
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density p and radius R.

A%v B

o] [ [of

An object on the surface of a moon has an escape velocity v. The moon has a

R
Another moon X has a density 2p and radius 3

What is the escape velocity for an object on the surface of X?

[1 mark]

INZ)
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A horizontal wire is perpendicular to a horizontal uniform magnetic field of flux density 5.

The wire has length L and diameter d. The current in the wire is 1.

The magnetic force acting on the wire is equal in magnitude and opposite in direction to
the weight of the wire so that the wire is supported.

wire endicular to field
electrica_l /; >
connections » uniform magnetic field
to wire not / ]
shown

7/

v

The wire is replaced with a second wire in the same orientation and position.

The second wire is made of the same material and has length % and diameter 24.

What current is required to support the second wire?
[1 mark]

o] o] [o] [o]

~
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-
Elil A coil rotates at a constant angular speed in a uniform horizontal magnetic field.
The diagram shows the instant when the plane of the coil is horizontal.
\ % \ g uniform
\ . \ > magnetic field
coil \\
cross-sectional area of coil =20 x 107> m?
number of turns in coil =500 turns
magnetic flux density =50mT
frequency of rotation =50Hz
What is the mean induced emf, in V, as the coil rotates through = rad from the position
shown?
[1 mark]
A0 [=]
B 0.50 (=]
C 100 [=]
D 157 (=]
.
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-
lzlzl A metal block has dimensions 30.0 cm x 10.0 cm x 5.0 cm as shown.
50cms!
10.0 cm g
1/510 cm
30.0 cm
The block is moved at a constant horizontal velocity of 5.0 cm s™! through a uniform
vertical magnetic field so that an emf is induced across the block.
The magnetic field has a magnetic flux density of 2.5 mT.
What is the induced emf?
[1 mark]
Alsopv  [=]
B 375,V [=]
cC 125V [ =]
D625,V [ =]
\_
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EEI A transformer is used to connect an ac power supply to a 100 W filament lamp.

difference of 50 V and supplies a peak current of 5.0 A.

What is the efficiency of the transformer?

A 80%
B 57%

C 40%

o] [o] o] [o]

D 28%

When the lamp is operating at its rated power, the power supply has a peak potential

[1 mark]
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-
Polonium-210 decays into lead-206 by emitting an alpha particle.
mass of nucleus of polonium-210 =209.983 u
mass of nucleus of lead-206 =205975u
mass of alpha particle =4.003u
Assume that the recoil speed of the lead nucleus is negligible.
What is the kinetic energy of the emitted alpha particle?
[1 mark]
A 5.0 meV [=]
B 4.0 MeV [=]
C 4.7 MeV [=]
D 3.7 GeV [=]
.
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( )
The deuterium—tritium (D-T) reaction is a nuclear reaction between two isotopes
of hydrogen.
The D-T reaction is
2 3 4
1 H+ lH - 2He +n

The energy from this reaction is transferred to the kinetic energy of the helium nucleus
and the kinetic energy of the neutron.

Assume that the kinetic energies of the hydrogen nuclei are zero just before the
reaction occurs.

Iil Show that the kinetic energy of the neutron represents approximately 80% of the

total energy transferred.
[2 marks]

@ The combined kinetic energy of the helium nucleus and the neutron is 2.82 x 10712 J.

Calculate the initial speed of the neutron.
[2 marks]

initial speed = ms-

Btyfﬂ‘
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( )
Figure 2 shows two magnets, supported on a yoke, placed on an electronic
balance.
Figure 2
copper wire

The magnets produce a uniform horizontal magnetic field in the region between
them. A copper wire DE is connected in the circuit shown in Figure 2 and is
clamped horizontally at right angles to the magnetic field.

Figure 3 shows a simplified plan view of the copper wire and magnets.

Figure 3
copper wire
PP \D
plan view
—————————————\‘\, ~
3_ ™~ _
iy
I'-"H. i)
"~ uniform magnetic field
E
magnets

When the apparatus is assembled with the switch open, the reading on the
electronic balance is set to 0.000 g. This reading changes to a positive value
when the switch is closed.

£%A
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( )

. |I| Which of the following correctly describes the direction of the force acting on the
wire DE due to the magnetic field when the switch is closed?

Tick (v) the correct box.
[1 mark]

towards the left magnet in Figure 3

towards the right magnet in Figure 3

vertically up

vertically down

. El Label the poles of the magnets by putting N or S on each of the two dashed lines
in Figure 3.

. El Define the tesla.

[1 mark]

[1 mark]

. El The magnets are 5.00 cm long. When the current in the wire is 3.43 A the reading
on the electronic balance is 0.620 g.

Assume the field is uniform and is zero beyond the length of the magnets.

Calculate the magnetic flux density between the magnets.
[2 marks]

magnetic flux density = T

A
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A loudspeaker cone is driven by a signal generator (oscillator).
Figure 8 shows the variation of displacement with time ¢ for a point P at the centre of
the cone. P is oscillating with simple harmonic motion.

Figure 8

displacement 0
[ mm

|
eI SELIE

EI State the time, in milliseconds, when P is moving at its maximum positive velocity.

[1 mark]
time = ms
Izl Calculate the maximum acceleration of P.
[3 marks]
acceleration = ms*
Question 6 continues on the next page
. .
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4 A
E The loudspeaker creates variations in pressure and produces a sound wave in the air
around it.
State the type of wave produced and describe the motion of the particles in this type
of wave.
[1 mark]
L J
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Iil State what is meant by the internal energy of an ideal gas.
[1 mark]

Figure 1 shows a single gas particle P of an ideal gas inside a hollow cube.

Figure 1

The cube has side length / and volume V.
P has mass m and is travelling at a velocity ¢ perpendicular to side W.

Izl Explain why P has a change in momentum of —2mc¢ during one collision with W.
[1 mark]

El P collides repeatedly with W.

Show that the frequency f of collisions is % .

[1 mark]

E Deduce an expression, in terms of m, ¢ and V, for the contribution of P to the
pressure exerted on W.
Refer to appropriate Newton’s laws of motion.
[2 marks]

A
200




ANSWER >

A mass—spring system is undergoing simple harmonic motion (SHM).
The maximum velocity of the mass is 0.39 m s™' and the period of oscillation is 0.81 s.

III Draw, on Figure 4, a graph of acceleration against displacement for the system.

Label each axis with a suitable unit and scale.

@ Label, with a P, a point on your graph where the mass has 50% of its maximum

kinetic energy.
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[o[3].[1]

A cyclotron has two D-shaped regions where the magnetic flux density is constant.
The D-shaped regions are separated by a small gap.

An alternating electric field between the D-shaped regions accelerates charged
particles. The magnetic field causes the charged particles to follow a circular path.

Figure 4 shows the path followed by a proton that starts from O.

Figure 4

path of proton

magnetic field
into the page _

Explain why it is not possible for the magnetic field to alter the speed of a proton
while it is in one of the D-shaped regions.

[1 mark]

INZ)
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4 )
. El Derive an expression to show that the time taken by a proton to travel round one
semi-circular path is independent of the radius of the path.
[3 marks]
. El The maximum radius of the path followed by the proton is 0.55 m and the
magnetic flux density of the uniform field is 0.44 T.
Ignore any relativistic effects.
Calculate the maximum speed of a proton when it leaves the cyclotron.
[2 marks]
maximum speed = ms
\ S
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A square coil of wire is rotating at a constant angular speed about a horizontal axis.
Figure 4 shows the coil at one instant when the normal to the plane of the coil is at
30° to a magnetic field.

Figure 4

Valy S

/ uniform magnetic field
»
J30°
horizontal axis of rotation s 3
square coil — side view
»

The area of the coil is 5.0 x 10 m* and the flux density of the uniform magnetic field
is2.5% 107 T.

A
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4 a
Iil The maximum flux linkage of the coil during its rotation is 1.5 x 10° Wb turns.
Calculate the number of turns in the coil.
[2 marks]
number of turns =
@ Calculate the flux linkage of the coil at the instant shown in Figure 4.
[1 mark]
flux linkage = Wb turns
Question 5 continues on the next page
L J
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4 )
E’ The coil forms part of an electrical generator. Figure 5 shows the emf generated by
the coil.
Figure 5
S aaiinoi
0 .50

e
W

time /s

Calculate the peak value of the emf generated.
[2 marks]

emf= Vv

E Sketch on Figure 6 the variation with time of flux linkage for the same time interval as
Figure 5.
[1 mark]

Figure 6

INZ)
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Figure 1 shows an arrangement used by a student to investigate vibrations in a
stretched nylon string of fixed length /. He measures how the frequency f of
first-harmonic vibrations for the string varies with the mass m suspended from it.

Figure 1

movable bridge

_pulley

string

mass

Table 1 shows the results of the experiment.

Table 1
mlkg fIHz
0.50 110
0.80 140
1.20 170

. |I| Show that the data in Table 1 are consistent with the relationship
foeNT

where T is the tension in the nylon string.
[2 marks]

INZ)
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4 )
. El The nylon string used has a density of 1150 kg m™ and a uniform diameter of
5.0 % 10~ m.
Determine the length / of the string used.
[3 marks]
l = m
. El The student uses the relationship in question 02.1 to predict frequencies for
tensions that are much larger than those used in the original experiment.
Explain how the actual frequencies produced would be different from those that
the student predicts.
[2 marks]
\ S
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- Explain what is meant by specific latent heat of fusion.

[2 marks]

- Figure 1 shows how the temperature of the water is maintained in a hot tub.

Figure 1

The hot tub system has a volume of 4.5 m®and is filled with water at a temperature of
28 °C

The heater transfers thermal energy to the water at a rate of 2.7 KW while a pump
circulates the water.

Assume that no heat is transferred to the surroundings.

INZ)
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Calculate the rise in water temperature that the heater could produce in 1.0 hour.
density of water = 1000 kg m™

specific heat capacity of water = 4200 J kg™ K™
[3 marks]

temperature rise = K

- The pump can circulate the water at different speeds.

When working at higher speeds the rise in temperature is greater.

Explain why.
Again assume that no heat is transferred to the surroundings.

[2 marks]

INZ)
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” )
Figure 5 shows a strip of steel of rectangular cross-section clamped at one end.
The strip extends horizontally over the edge of a bench.
Figure 5
\. y,
INZ)
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( )
Iil A mass m is suspended from the free end of the strip.
This produces a vertical displacement y.
A student intends to measure y with the aid of a horizontal pin fixed to the free end of
the steel strip.
She positions a clamped vertical ruler behind the pin, as shown in Figure 6.
Figure 6
plan view
ruler pin
«— direction that
«— student views
«—— apparatus
- 30
A
) pin — 30—
view seen by student Y
Explain a procedure to avoid parallax error when judging the reading indicated by the
position of the pin on the ruler.
You may add detail to Figure 6 to illustrate your answer.
[2 marks]
Question 2 continues on the next page
. .
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EI It can be shown that

_ 4dmgl’
Ewt’

where:

L is the distance between the free end of the unloaded strip and the blocks
w is the width of the strip and is approximately 1 cm

t is the thickness of the strip and is approximately 1 mm

E is the Young modulus of the steel.

A student is asked to determine E using the arrangement shown in Figure 5 with the
following restrictions:

o only one steel strip of approximate length 30 cm is available

e m must be made using a 50 g mass hanger and up to four additional 50 g
slotted masses

o the experimental procedure must involve only one independent variable

e a graphical method must be used to get the result for E.

Explain what the student must do to determine E.
[5 marks]
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north
-

A conducting rod is held horizontally in an east—west direction.

The magnetic flux density of the Earth’s magnetic field is 4.9 x 107 T and is directed
at an angle of 68° to the ground.

|I| Figure 5 shows the arrangement. The rod has a length of 2.0 m.

Figure 5

Earth's magnetic field

'ﬁmd

/

horizontal ground

The rod is released and falls 8.0 m to the ground. It remains in a horizontal
east—west direction as it falls.

Determine the average emf across the rod during its fall to the ground.
Assume that air resistance is negligible.

[3 marks]

average emf = \%

Btyfﬂ‘
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EI The rod is returned to its original position. It is now supported by a non-conducting
pole that is hinged on the ground as shown in Figure 6.
The pole is initially vertical and is then released.
The rod and pole can fall to the ground to the left or to the right.

Figure 6

Earth's magnetic field

north
—

pole

-
horizontal ground hinge

During each fall there are changes in the magnitude and direction of the induced emf.
These changes differ depending on whether the rod falls to the left or to the right.

Explain any changes in the magnitude and direction of the induced emf as the rod
falls:
o to the left
¢ to the right.
[4 marks]

left

right

~
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- State Lenz’s law.

[1 mark]

- Lenz's law can be demonstrated using a bar magnet and a coil of wire connected to a
sensitive ammeter as shown in Figure 6.

Figure 6

The bar magnet is moved towards the coil and is then brought to a halt.

State how the reading on the ammeter changes during this process.
[1 mark]

- During the demonstration an induced current is detected by the ammeter. The
induced current is in the direction E to F.

Explain how this demonstrates Lenz’s law.

[2 marks]
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- Figure 7 shows an arrangement for investigating induced emf.

Figure 7

As shown, the uniform vertical magnetic field is confined to the gap between the poles
of the magnet. The plane of the square coil is horizontal and is made of conducting
wire. The coil consists of a single turn and is attached by flexible wire to an
oscilloscope.

The oscilloscope gives a reading of 2.9 x 10" V when the coil is moved at uniform

speed from position G outside the field to position H inside the field, as shown in
Figure 8.

Figure 8

Length of side of square coil = 32 mm
Magnetic flux density of uniform magnetic field =0.38 T

Calculate the time taken to move the coil from position G to position H.
[2 marks]

time = S

Question 4 continues on the next page
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4 a
- The square coil is rotated through 360° at a constant angular speed about the
horizontal axis shown in Figure 9.
Figure 9
Calculate the angular speed of the coil when the maximum reading on the
oscilloscope is 5.1 mV
[2 marks]
angular speed = rad s
L J
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Figure 7 shows a search coil positioned on the axis of an electromagnet, with the
plane of the search coil perpendicular to the axis. A magnetic field is produced by a

constant current in the electromagnet.
Assume that the magnetic flux density inside the search coil is uniform.

Figure 7

electromagnet
search
coil

[~

leads

The distance between the search coil and the end of the electromagnet is x.
Figure 8 shows how the magnetic flux density B of the field varies with x.

Figure 8

INZ]
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4 A
The search coil has 200 turns and a cross-sectional area of 3.5 x 10> m>.
Iil The search caoil is placed at x = 0.070 m.
Show that the magnetic flux linkage through the search coil is about 5 x 10 Whb.
[2 marks]
Question 4 continues on the next page
L J
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The search coil is now moved at a constant speed of 0.80 m s™! along the axis so that
x is increasing. An emf is induced across the terminals of the search coil.

lzl Explain what happens to the value of the emf as the search coil moves.
[2 marks]

El The search coil passes through the position where x = 0.10 m.

Deduce whether the emf can exceed 5 mV for values of x greater than 0.10 m.
[4 marks]

INZ)
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-
Figure 4 shows a spark detector used to detect alpha particles.
Figure 4
alpha source
A==
wire
The detector consists of a metal mesh placed 5.0 mm above a wire.
A potential difference of 4000 V is applied between the mesh and the wire.
Molecules in the air between the mesh and the wire are ionised by an alpha particle
and a spark is produced.
Figure 5 shows equipotentials between the mesh and the wire.
Figure 5
.
Q‘Q'/@
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Iil Figure 5 shows a dashed line between the mesh and the wire.

Sketch on Figure 6 a graph to show how the magnitude E of the electric field strength
varies with the distance d from the mesh along this dashed line.

No values are required on the E axis.
[2 marks]

Figure 6

0 d / mm 5
(mesh) (wire)

An alpha particle passes through the mesh.

The alpha particle ionises an argon atom at P on Figure 5, releasing one electron.
The electron and the argon ion have no kinetic energy at P.

The electron then travels to the wire and the argon ion travels to the mesh.

El . speed of electron whenit reaches the wire
. Calculate the ratio - - .
speed of argon ion when it reaches the mesh

Assume that the air has no effect on the motion of the electron or on the motion of
the argon ion.

mass of argon ion = 6.64 x 1026 kg
[2 marks]

ratio =

Question 4 continues on the next page
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-
EI In practice, the air does affect the motion of the electron and the motion of the
argon ion.
Suggest how the presence of air between the mesh and the wire changes the ratio in
Question 04.2.
No numerical detail is required.
[1 mark]
lzl The alpha source in Figure 4 is moved to different heights /# above the mesh.
Figure 7 shows how the number of sparks N produced in 10 minutes varies with 4.
No sparks are produced when the source is not present.
Figure 7
Student A suggests that the spark rate obeys an inverse-square law.
Student B suggests that the spark rate decreases exponentially with 4.
Determine whether either student is correct.
[3 marks]
L
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A satellite S, is placed in a circular orbit around the Earth so that observations of
the far side of the Moon can be made continuously.

S, has the same angular speed as the Moon so that the centres of the Earth,
the Moon and S, are always in a straight line.

Figure 7 shows two positions of the Moon and S, as they orbit the Earth.

Figure 7

INZ)
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|I| The resultant force on S, is due to the gravitational forces from the Earth and
the Moon.
The magnitude of the Earth’s gravitational field strength at the orbital radius
of 8;is 1.98 x 10 N kg .
The magnitude of the Moon’s gravitational field strength at the orbital radius
of §; is gy

Show that g,, is approximately 1.2 x 107 N kg .

period of the Moon’s orbit = 27.3 days
orbital radius of S, = 4.489 x 10° km

[3 marks]
El Calculate the distance from §; to the centre of the Moon.
mass of the Moon = 7.35 x 102 kg
[2 marks]
distance = m

Question 5 continues on the next page
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E Another satellite S, is placed in a circular orbit between the Earth and the Moon.

S, always views the near side of the Moon.

S, also has the same angular speed as the Moon so that the centres of the Earth,
the Moon and S, are always in a straight line.

Figure 8 shows two positions of the Moon and S, as they orbit the Earth.

Figure 8

-

e ————
=

not to scale

Explain how the resultant force on S, due to the gravitational fields of the Earth
and the Moon causes S, to orbit with the same angular speed as the Moon.
No calculations are required.

[3 marks]
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n A racing car of mass m travels around a horizontal oval track. The curved sections of
the track are semicircles.

II| At the instant shown in Figure 10 the car is moving with constant speed v in a circle

of radius R.

Figure 10

not to scale
The car has kinetic energy E,.
The resultant force acting on the car is F.
Show that R = ﬂ
F
[2 marks]

The maximum centripetal force that can be produced between the car’s tyres and the
track is 24 kN.
The minimum value of R is 230 m.

m = 1600 kg

@ The car just starts to slip when it travels on the track in a circular path of radius 230 m.

Deduce the speed of the car.
[1 mark]

speed = ms!
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( )
E The driver wishes to drive this car around the curved section of the track, without

slipping, at a speed greater than your answer to Question 07.2.

Suggest one way in which the driver can achieve this.

[1 mark]

Figure 11 shows the car on the curved section of a different oval track.

The curved section of this track is a slope. This means that cars can travel at greater
speeds than on the track shown in Figure 10.

Figure 11
not to scale
horizontal
E The car in Figure 11 stays at the same height on the curved section of the track.
There is no tendency for the car to slip up or down the track and therefore there is no
sideways friction on the tyres.
Draw and label, on Figure 11, arrows to show the direction of each force that acts on
the car as it travels around the curved section of the track.
[2 marks]
Question 7 continues on the next page
g J
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” )
E A car has a greater maximum speed on a sloped track than on a horizontal track of
the same radius.
Explain why.
[2 marks]
\. y,
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( )

This question is based on an investigation into how the frequency of the first-harmonic
stationary wave on a string varies with tension (required practical activity 1).

Figure 1 shows the arrangement for this investigation.

Figure 1

/strlng culley

== T ~vibration generator

hanger and slotted
masses of total mass m

@] :' variable-frequency ac supply

oscilloscope

The tension in the string is equal to the weight mg of the total mass m tied to
the string.

The frequency is changed until the first-harmonic stationary wave appears on the
string. This frequency f'is determined using the oscilloscope.

The process is repeated for different values of m.
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Lo[1}[2]

m Identify two control variables for the arrangement shown in Figure 1.

You may annotate Figure 1 as part of your answer.
[2 marks]

The total mass m is made from a mass hanger and up to three slotted masses.

One 20 g, one 50 g and one 100 g slotted mass are provided.
The hanger has a mass of 100 g.

The hanger must not be removed from the string.
Which statement is correct?

Tick (v') one box.
[1 mark]

m has a maximum range of 170 g.

m has a maximum of 7 different values.

m values are evenly distributed across the range.

Question 1 continues on the next page
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The frequency f'is calculated using the waveform displayed on the oscilloscope.

Figure 2 shows the waveforms displayed on the oscilloscope when m = 100 g and

=200 g.

when m

100 g
200 g

m

R /]

voltage gain setting is 5 V div .

The time-base setting is 20 ms div .

The y-

A
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’
El Determine V., the root mean square voltage of the ac supply.
[2 marks]
Vims \Y
E Determine the period of the waveform on Figure 2 when m = 100 g.
[1 mark]
period = ms
El Deduce whether Figure 2 shows the expected result of doubling m from
100 g to 200 g.
[2 marks]
\.
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An engineer wants to use solar cells to provide energy for a filament lamp in a
road sign.

The engineer first investigates the emf and internal resistance of a solar cell under
typical operating conditions.

The engineer determines how the potential difference across the solar cell varies
with current. The results are shown in the graph in Figure 4.

Figure 4
08— T T

0.7 i

0.6

pd/V 0.4

(] EEEEEESEE SUEEHEEEEEAEEE SEE

0.2

0.0 e

0 10 20 30 40 50 60 70 80 90
current / mA

The engineer uses the graph to deduce that when operating in typical conditions
a single solar cell produces an emf of 0.70 V and has an internal resistance of
8.0 Q.

. |I| Explain how the engineer uses the graph to obtain the values for the emf and
internal resistance of the solar cell.

[2 marks]

Question 4 continues on the next page
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4 a
To operate effectively the lamp in the road sign needs a minimum current of
75 mA. At this current the resistance of the filament lamp is 6.0 Q.
The engineer proposes to try the two circuits shown in Figure 5 and Figure 6.
Figure 5
road sign
resistance
6.0 Q
+C>‘{/
Figure 6
L J
INZ)
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r
. El Deduce, using calculations, whether the circuits in Figure 5 and Figure 6 are
suitable for this application.
[4 marks]
. El Solar cells convert solar energy to useful electrical energy in the road sign with an
efficiency of 4.0%.
The solar-cell supply used by the engineer has a total surface area of 32 cm®.
Calculate the minimum intensity, in W m 2, of the sunlight needed to provide the
minimum current of 75 mA to the road sign when it has a resistance of 6.0 Q.
[3 marks]
intensity = W m™
.
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4 a
. |I| Calculate the binding energy, in MeV, of a nucleus of 32 Co.
nuclear mass of 57 Co = 58.93320 u
[3 marks]
binding energy = MeV
Question 5 continues on the next page
L J
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[o]5].[2]

A nucleus of iron Fe-59 decays into a stable nucleus of cobalt Co-59. It decays
by B emission followed by the emission of y-radiation as the Co-59 nucleus
de-excites into its ground state.

The total energy released when the Fe-59 nucleus decays is 2.52 x 1077
The Fe-59 nucleus can decay to one of three excited states of the cobalt-59

nucleus as shown in Figure 5. The energies of the excited states are shown
relative to the ground state.

Figure 5

Fe-39

N pow 2.29 x 10-13]

P “a 2.06 % 10-13J

A 1.76 = 10-13]

= 0
Co-59 ground state

Calculate the maximum possible kinetic energy, in MeV, of the B particle
emitted when the Fe-59 nucleus decays into an excited state that has energy
above the ground state.

[2 marks]

maximum Kinetic energy = MeV
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’
. El Following the production of excited states of 35 Co, y-radiation of discrete
wavelengths is emitted.
State the maximum number of discrete wavelengths that could be emitted.
[1 mark]
maximum number =
. IZ' Calculate the longest wavelength of the emitted y-radiation.
[3 marks]
longest wavelength = m
L
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- Define the electric field strength at a point in an electric field.
[2 marks]

- Figure 2 shows a point charge of +46 nC placed 120 mm from a point charge Q.

Figure 2

Position P is on the line joining the charges at a distance 66 mm from charge Q.
The resultant electric field strength at position P is zero.

Calculate the charge Q.
[3 marks]
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4 a
- Explain, without calculation, whether net work must be done in moving a proton from
infinity to position P in Figure 2.
[2 marks]
Question 2 continues on the next page
L J
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- A small rubber ball coated with a conducting paint carries a positive charge.
The ball is suspended in equilibrium from a vertical wall by an uncharged
non-conducting thread of negligible mass. The wall is positively charged and
produces a horizontal uniform electric field perpendicular to the wall along the whole
of its length.
Figure 3 shows that the thread makes an angle of 30° to the wall.

Figure 3

The thread breaks.

Explain the motion of the ball.

[2 marks]
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Figure 1 shows a perfectly insulated cylinder containing 0.050 kg of liquid nitrogen at

a temperature of 70 K.
A heater transfers energy at a constant rate of 12 W to the nitrogen.

A piston maintains the pressure at 1.0 x 10° Pa during the heating process.

Figure 1

A
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II| The nitrogen is heated from 70 K and is completely turned into a gas after 890 s.

Calculate the specific heat capacity of liquid nitrogen.
Give an appropriate unit for your answer.

specific latent heat of vaporisation of nitrogen = 2.0 x 10°J kg_1

boiling point of nitrogen =77 K
[5 marks]

specific heat capacity = unit =

Question 1 continues on the next page
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4 a
IZ| The work done by the nitrogen in the cylinder when expanding due to a change of
state is X.
The energy required to change the state of the nitrogen from a liquid to agas is Y.
Deduce which is greater, X or Y.
density of liquid nitrogen at its boiling temperature = 810 kg m’
density of nitrogen gas at its boiling temperature = 3.8 kg m?
[4 marks]
L J
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( )
A pencil is weighted with a thin coil of wire. The volume of the wire is negligible.
Figure 14 shows the pencil and wire floating in equilibrium in water.
Figure 14 Figure 15
pencil —__ [ A
N |
/
.V

'
|
|
i
|
|
|
|
|
|

=
|
|
|
[

(A

- —Oi

In Figure 14 the combined weight of the pencil and wire is equal to an upwards force
called the buoyancy force. The length of the pencil that is submerged is /.

A student pushes the pencil down through a displacement y as shown in Figure 15.
The buoyancy force is now greater than the weight.

There is a resultant upward force F acting on the pencil when the student releases it.
The magnitude of F for any value of y is given by

F=Apgy

where A is the cross-sectional area of the pencil
p is the density of water
g is the acceleration due to gravity.

The pencil is pushed down and released. The pencil then oscillates vertically about
the equilibrium position.
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4 )
El Show that the pencil moves with simple harmonic motion.
[2 marks]
@ The time period T of the vertical oscillations is given by
T=2n \/z
g
The measured value of /in Figure 15 is 85 mm.
The pencil is pushed down 5.0 mm and released.
Calculate the maximum acceleration of the pencil.
[2 marks]
maximum acceleration = ms?
Question 6 continues on the next page
\_ J
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A ship floating in the sea can be modelled by the pencil floating in water.
The ship can oscillate vertically. These oscillations are called heave oscillations.

Wave motion causes forced oscillations of the ship. Under certain conditions, heave
resonance may then occur.

E Explain what is meant by resonance.

[2 marks]

E Figure 16 shows a ship moving through continuous waves of wavelength 118 m
and velocity 14.2 ms".

The ship is moving steadily at 8.0 m s~ relative to the seabed in the same direction as
the waves.

Figure 16

A
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The natural frequency of heave oscillations of the ship is 0.13 Hz.

she can do the operation if the ship remains fairly steady.
There are two options:

o stop the ship’s motors and loosely anchor the ship to the seabed
e continue to sail the ship at 8.0 m s™' in the same direction.

Deduce which is the better option.
Support your answer with a calculation.

A crew member needs an emergency operation. The ship’s doctor is confident that

[3 marks]

END OF SECTION A
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Section B
Each of Questions 07 to 31 is followed by four responses, A, B, C and D.

For each question select the best response.

Only one answer per question is allowed. \
For each question, completely fill in the circle alongside the appropriate answer.

CORRECT METHOD IZI WRONG METHODS ‘ ® H ® Hé H dﬁ ‘

If you want to change your answer you must cross out your original answer as shown. IE

If you wish to return to an answer previously crossed out, ring the answer you now wish to select

as shown. @

You may do your working in the blank space around each question but this will not be marked.
Do not use additional sheets for this working.
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-
A positive pion collides with a neutron and the following interaction is observed:
m+n— K'+2°
¥ is a neutral sigma particle with a strangeness of —1
The interaction can be used to deduce the classifications of the X°.
El Identify the classifications of each particle in Table 1.
Tick (v') the appropriate boxes for each particle.
[2 marks]
Table 1
Particle Baryon Hadron Lepton Meson
7[+
n
K+
20
El A conservation rule predicts that the following interaction cannot occur:
T+n—> K+3°
State the conservation rule.
Go on to explain your answer.
[3 marks]
Question 2 continues on the next page
g
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One way in which neutral pions decay is
e +e+y

El Compare the rest energies of the particles involved in this decay.
[2 marks]

El The decay of the neutral pion leads to the production of further gamma photons.

Explain why.
[1 mark]

El The Standard Model is a theory that classifies elementary particles.
Evidence for the theory has been collected since about 1950. However, the term
Standard Model has only been used since 1973.

Suggest why progress in particle physics is slow.

[1 mark]
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A room contains dry air at a temperature of 20.0 °C and a pressure of 105 kPa.
Iil Show that the amount of air in each cubic metre is about 40 mol.
[1 mark]
[0]1].[2] The density of the dry airis 1.25 kg m>.
Calculate c,,,, for the air molecules.
Give your answer to an appropriate number of significant figures.
[3 marks]
Crms = m S_1

El Calculate, in K, the change of temperature that will double ¢, for the air molecules.
[2 marks]

change of temperature = K
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Izl A room contains moist air at a temperature of 20 °C.

A dehumidifier cools and then condenses water vapour from the moist air.
The final temperature of the liquid water that collects in the dehumidifier is 10 °C.
Drier air leaves the dehumidifier at a temperature of 20 °C.

Table 1 compares the air flowing into and out from the dehumidifier.

Table 1
mass of water
mass of air
moist air flowing in 0.0057
drier air flowing out 0.0037

In one hour, a volume of 960 m? of air flows through the dehumidifier.
Assume that the density of the air remains constant at 1.25 kg m™>.

Determine how much heat energy is removed in one hour from the water vapour by
the dehumidifier.

specific heat capacity of water vapour = 1860 J kg ! K!

specific latent heat of vaporisation of water = 2.3 x 10° J kg™!
[3 marks]

heat energy removed = J
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4 )
Information about the radius of a nucleus can be deduced from the closest approach
of alpha particles and from electron diffraction.
IIl Alpha particles, each with a kinetic energy of 5.59 MeV, are fired at a thin foil made of
gold (I%Au) atoms.
Some of the alpha particles are scattered through an angle of 180°.
Estimate the radius of a I%Au nucleus from this information.
[3 marks]
radius of nucleus = m
El Explain why your answer to Question 01.1 is an estimate.
[2 marks]
\ S
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( )
@ Electron diffraction gives a more precise value for the radius of the nucleus.
Sketch, on Figure 1, a graph of intensity against angle for electron diffraction by
a nucleus.
Go on to state the feature of this graph that is used to determine the radius of
the nucleus.
[2 marks]
Figure 1
intensity
0
0 angle
Question 1 continues on the next page
E Results from electron-diffraction experiments lead to the equation:
1
R=R A3
Show that the equation provides evidence for the constant density of nuclear material.
[2 marks]
. .
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T 1
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n A student is investigating forced vertical oscillations in springs.
Two springs, A and B, are suspended from a horizontal metal rod that is attached
to a vibration generator. The stiffness of A is k, and the stiffness of B is 3k.
Two equal masses are suspended from the springs as shown in Figure 10.

Figure 10

vibration generator

to signal generator

metal rod

spring A~ =3 : spring B
_

=

The vibration generator is connected to a signal generator. The signal generator
is used to vary the frequency of vibration of the metal rod. When the signal
generator is set at 2.0 Hz, the mass attached to spring A oscillates with a
maximum amplitude of 2.5 x 107> m and has a maximum kinetic energy of 54 mJ.

(07| |I| Deduce the spring constant & for spring A and the mass m suspended from it.

[4 marks]
k= Nm'
m= kg

g J
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-
n . El Calculate the frequency at which the mass attached to spring B oscillates with
maximum amplitude.
[2 marks]
frequency = Hz
n . Izl Figure 11 shows how the amplitude of the oscillations of the mass varies with
frequency for spring A.
Figure 11
amplitude |
E
|
I
|
|
|
|
I
|
|
|
|
|
I
|
|
20Hz  frequency/Hz
The investigation is repeated with the mass attached to spring B immersed in a
beaker of oil.
A graph of the variation of the amplitude with frequency for spring B is different
from the graph in Figure 11.
Explain two differences in the graph for spring B.
[4 marks]
Difference 1
Difference 2
END OF SECTION A
.
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Section B

Each of Questions 8 to 32 is followed by four responses, A, B, C and D.
For each question select the best response.

Only one answer per question is allowed. \
For each answer completely fill in the circle alongside the appropriate answer.

CORRECT METHOD EWRONG METHODS ‘ ® H ®@ H = H @ ‘

If you want to change your answer you must cross out your original answer as shown. IE

If you wish to return to an answer previously crossed out, ring the answer you now wish to select

as shown. @

You may do your working in the blank space around each question but this will not be marked.
Do not use additional sheets for this working.
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. |I| A number of assumptions are made when explaining the behaviour of a gas using
the molecular kinetic theory model.

State one assumption about the size of molecules.
[1 mark]

Figure 1 shows how the pressure changes with volume for a fixed mass of an
ideal gas.

At A the temperature of the gas is 27 °C. The gas then undergoes two changes,
one from A to B and then one from B to C.

Figure 1

~
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( )

. El Calculate the number of gas molecules trapped in the cylinder using information
from the initial situation at A.

[2 marks]

number of molecules =

. El Calculate, in K, the change in temperature of the gas during the compression that
occurs between A and B.
[2 marks]

change in temperature = K

. El Deduce whether the temperature of the gas changes during the compression from
Bto C.
[2 marks]

Question 1 continues on the next page

A
263



ANSWER >

from B to C on Figure 1.

7
. El Compare the work done on the gas during the change from A to B with that
[3 marks]
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( )
n Figure 4 shows the structure of a violin and Figure 5 shows a close-up image of the
tuning pegs.
Figure 4 Figure 5

peg box
tuning peg
bridge
fixed

end A

The strings are fixed at end A. The strings pass over a bridge and the other ends of
the strings are wound around tuning pegs that have a circular cross-section. The
tension in the strings can be increased or decreased by rotating the tuning pegs.
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-
- Explain how a stationary wave is produced when a stretched string is plucked.
[3 marks]
- The vibrating length of one of the strings of a violin is 0.33 m
When the tension in the string is 25 N, the string vibrates with a first-harmonic
frequency of 370 Hz
Show that the mass of a 1.0 m length of the string is about 4 x 10™ kg
[2 marks]
- Determine the speed at which waves travel along the string in question 03.2 when it
vibrates with a first-harmonic frequency of 370 Hz
[1 mark]
speed of waves = ms?t
Question 3 continues on the next page
. .
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[0]3].[4] Figure 6 shows how the tension in the string in question 03.2 varies with the
extension of the string.

Figure 6

4517— e

£} sumun nwmnsRuTuY sETNB ERSET ERERR BEN ’/

tension / N //
il puamn rasea suznmsERaRy Gt sanmn axaw

o /
e

0 2 4 6 8 10 12 14 16 18
extension / mm

The string with its initial tension of 25 N is vibrating at a frequency of 370 Hz
The diameter of the circular peg is 7.02 mm
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4 a
Determine the higher frequency that is produced when the string is stretched by
rotating the tuning peg through an angle of 75°
Assume that there is no change in the diameter of the string.
[4 marks]
frequency = Hz
L J
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Figure 1 shows how the temperature of the sample changes when energy is
transferred to it at a constant rate of 35 W.

Figure 1

120 5 G 1 R T R Y VA

804

0 B .5 i 2
temperature L l o e e
e el

20 h"';

0{/

2005 4 6 8 10 12 14 16

S /
time/min  "® ¢

Iil State the melting temperature of M.

temperature =

A perfectly insulated flask contains a sample of metal M at a temperature of —

10 °C.

[1 mark]

°C
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@ Explain how the energy transferred to the sample changes the arrangement of the
atoms during the time interval ¢a to 7s.
[1 mark]

El State what happens to the potential energy of the atoms and to the kinetic energy of
the atoms during the time interval ¢a to s.
[2 marks]

lzl Describe how the motion of the atoms changes during the time interval s to zc.
[1 mark]

Question 1 continues on the next page
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r
El The sample has a mass of 0.25 kg.
Determine the specific heat capacity of M when in the liquid state.
State an appropriate S| unit for your answer.
specific heat capacity = unit =
El Table 1 shows the specific latent heats of fusion / for elements that are liquid at
similar temperatures to M.
Table 1
Element Caesium Gallium Mercury Rubidium
I/ kJkg™! 16 80 11 26
M is known to be one of the elements in Table 1.
Identify M.
M
L

A
271




ANSWER >

( )
Figure 11 shows alpha particles all travelling in the same direction at the same speed.
The alpha particles are scattered by a gold (I%Au) nucleus.
The path of alpha particle 1 is shown.
Figure 11
pafh of alpha
particle |
A
! upward
20— direction
3 e—r gold nucleus
4 — ———————
5 o—>
6 — downward
7 o direction
8 e—> w
9 ¢—>
alpha
particles
Iil State the fundamental force involved when alpha particle 1 is scattered by the nucleus
in Figure 11.
[1 mark]
El Draw an arrow at position X on Figure 11 to show the direction of the rate of change
in momentum of alpha particle 1
[1 mark]
. .
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( )
El Suggest one of the alpha particles in Figure 11 which may be deflected downwards
with a scattering angle of 90°
Justify your answer.
[2 marks]
alpha particle number =
Izl Alpha particle 4 comes to rest at a distance of 5.5 x 10™'* m from the centre of the
1%Au nucleus.
Calculate the speed of alpha particle 4 when it is at a large distance from the nucleus.
Ignore relativistic effects.
mass of alpha particle = 6.8 x 10" kg
[3 marks]
speed = ms!
Question 5 continues on the next page
L J
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[015].05] The nuclear radius of B7Auis 6.98 x 10715 m.
Calculate the nuclear radius of 1%Ag.
[2 marks]
radius = m
El All nuclei have approximately the same density.
State one conclusion about the nucleons in a nucleus that can be deduced from this
fact.
[1 mark]
L J
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4 )
The Global Positioning System (GPS) uses satellites to support navigation on Earth.
lil One GPS satellite is in a circular orbit at a height # above the surface of the Earth.

The Earth has mass M and radius R.
Show that the angular speed @ of the satellite is given by
GM
W= 3
(R+h)
[2 marks]
[0]2].[2] calculate the orbital period of the satellite when / equals 2.02 x 107 m.
[2 marks]
orbital period = S
\_ J
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( )
E Figure 3 shows the orbital plane of the satellite inclined at an angle to the equator.

X, Y and Z are locations on the Earth.
X is at the North Pole, Y is on a high mountain and Z is on the equator.

Figure 3

orbit of satellite

equator

The satellite is to be launched from one of the locations.

State and explain which launch site X, Y or Z minimises the amount of fuel required
to send the satellite into its orbit.
[2 marks]

Question 2 continues on the next page
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lzl The satellite has a mass of 1630 kg.

Calculate the gravitational potential energy of the satellite when in the orbit in
Question 02.2.
[2 marks]

gravitational potential energy = J

El A different satellite is in a higher circular orbit.

Explain how the linear speed of this satellite compares with the linear speed of the
satellite in Question 02.1.
[2 marks]
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-
Figure 9 shows a cyclotron. A proton is released from rest and is accelerated each
time it reaches the gap between two horizontal ‘dees’ D; and D,. Between these
accelerations the proton moves at constant speed. A vertical magnetic field of flux
density B acts over the dees so that the proton follows a semicircular path in each
dee.
The dees are connected to an alternating potential difference (pd).
This pd is adjusted so that the proton is always accelerated by the peak electric field
as it crosses the gap between the dees.
Figure 9
plan view side view
protan
source
| | | | | | |
| | 1 1 1 | |
1
Dy i L il LD
T | I
| | 1 1 i | |
| | ] ] ] | i
| | 1 L} i | |
| | 1 1 i | I
| | | | ] | |
proton T T
source magnetic field
N
ac supply
lIl Explain why the proton travels in a semicircular path in a dee.
[2 marks]
Question 5 continues on the next page
g
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lzl The peak pd of the alternating supply is 10.0 kV. The proton leaves the cyclotron with
kinetic energy of 14 MeV.

Determine the number of times the proton moves across the gap before it leaves the
cyclotron.
[1 mark]

number of times =

The radius of the outermost semicircular path of the proton is R and the proton leaves
with a maximum kinetic energy Fx.

El Show that Ek is given by

~

2 p2p2
E - e"B°R
2mp
[3 marks]
J
INZ)
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( )
Izl A hospital decides to purchase a cyclotron in order to manufacture its own radioactive
isotopes using high-speed protons.
The required minimum kinetic energy of the emerging protons is 11 MeV.
The cost of a cyclotron is approximately proportional to Ex'-.
The cost of a 10 MeV cyclotron is about £2.3 million.
Table 1 gives information for three cyclotrons X, Y and Z.
Table 1
Cyclotron BIT R/m
X 1.3 0.38
Y 1.1 0.50
z 0.5 0.60
Deduce which cyclotron X, Y or Z will satisfy the energy requirement for the lowest
cost.
Go on to determine the approximate cost of this cyclotron.
[4 marks]
cyclotron =
cost =
. .

A
280



ANSWER >

-
IIl In the kinetic theory model, it is assumed that there are many identical particles
moving at random.
1
State two other assumptions made in deriving the equation pV = §Nm (Crms)?.
[2 marks]
1
2
El Explain why molecules of a gas exert a force on the walls of a container.
Refer to Newton’s laws of motion in your answer.
[3 marks]
El A sealed flask of volume 0.35 m? contains an ideal gas at a pressure of 220 kPa.
The mean kinetic energy of the gas molecules is 6.7 x 107! J.
Calculate the amount of gas in the container.
[3 marks]
amount of gas = mol
E Figure 2 shows the variation of pressure with volume for a fixed mass of an ideal gas
at constant absolute temperature 7.
Draw, on Figure 2, the graph for the same gas at temperature 27.
[2 marks]
Figure 2
g
£
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[10° N

|I| Describe two properties of a radial gravitational field.

[2 marks]

A space probe is launched from the Earth’s surface.

Figure 3 shows how the gravitational force acting on the space probe varies with

height above the Earth’s surface.

Figure 3
5.0
s\
\\
3.0 : \
gravitational force N

o 1 2 3 4 5

height above Earth’s surface / 106 m

IZl State the physical significance of the shaded area in Figure 3.

10

[1 mark]
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~ N
At the Earth’s surface,
e the gravitational field strength of the Sun is g
» the gravitational field strength of the Earth is g_.
El Calculate 55 .
8e
distance from the Earth to the Sun=1.50 x 10"' m
[2 marks]
8s
8 ~
E Explain why g is more important than g_ in predicting the motion of the space probe
as it escapes from the Solar System.
[1 mark]
Question 3 continues on the next page
\ J
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EI The space probe eventually reaches a point where the gravitational influence of
the Solar System is negligible.
The probe is unpowered as it approaches an isolated interstellar body X.
The gravitational field of X changes the kinetic energy of the space probe.

Table 2 shows the distance of the space probe from the centre of mass of X and the
speed for two positions A and B of the space probe.

Table 2

Distance of space probe from

3 -1
centre of mass of X/ 10° m Speed of space probe / 10" m s

A 6.0 1.1

B 0.17 1.3

The space probe has a mass of 4.9 x 10 kg.

Calculate the mass of X.
[4 marks]

mass of X = kg
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IIl Nuclear radii can be estimated using either alpha particles or high-energy electrons.

State two advantages of using high-energy electrons rather than alpha particles
for this estimate.

[2 marks]

Question 6 continues on the next page

IZl Figure 11 shows a beam of electrons, each with the same high energy, incident on
a target gas.

The electrons are diffracted by the nuclei in the gas.

The intensities of these diffracted electrons are measured at various angles 0.

The data are used to determine the nuclear radius R of the atoms in the gas.

Figure 11

A
’ \

! \
i target gas %
‘f
']

1
|

electron beam

/
[ &L}————

evacuated chamber

detector

Sketch on Figure 12 a graph showing how the electron intensity varies with 6.
[2 marks]

Figure 12
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~
1
El The radius R of a nucleus is related to its nucleon number by R = R 4.
Show that this equation is consistent with the idea that all nuclei have the same
density.
[2 marks]
1
lzl The equation R = R A* is derived from experimental data.
Suggest one reason why the constant density of nuclear material derived from this
equation is only approximate.
[1 mark]
[0]6].[5] The measured radius R of f; Cl is 4.02 x 10" m.
Calculate an estimate of
¢ the constant R,
¢ the density of nuclear material.
[3 marks]
Ry= m  density = kgm™
.
Q\'/@
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IIl Carbon is used as the moderator in some thermal nuclear reactors.

Identify one other material commonly used as a moderator.
[1 mark]

Izl State two benefits of slowing down the neutrons released during fission.
[2 marks]

El The collision of a neutron with the nucleus of a moderator atom is modelled using two
gliders on a horizontal frictionless air track.

In Figures 13 and 14 the glider N of mass my represents the neutron and the
glider M of mass m,, represents the moderator nucleus.

Figure 13 shows glider N travelling with initial speed u towards the stationary

glider M.
Figure 13
M
N
before miy—» U ha
collision

frictionless air track

The gliders collide. N rebounds with speed v as shown in Figure 14.

Figure 14

A
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Figure 15 shows the variation of the ratio v with the ratio m—M.
u my

Figure 15
0.9
0.8 //ALA—
0.7 "/

0.5

0.4 /
0.3

02 /

0.1 I
0- ;
0 2 4 6 g8 10 12 14 16
my
2N

=)=

Show that when M. s 12, N loses about 30% of its initial kinetic energy
my

in the collision.
[2 marks]

Question 7 continues on the next page
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collisions with carbon-12 nuclei.
The final kinetic energy E; of the neutron is
Ef = Eoe_by

where E|, is the initial kinetic energy of the neutron and b =0.73

ideal gas with a temperature of 350 K.

One neutron has an initial kinetic energy of 1.0 MeV.

neutron.

Izl In a reactor, the speed of a fast-moving neutron is reduced by a series of y random

A thermal neutron has kinetic energy equivalent to that of the average particle of an

Calculate the minimum value of y required so that this neutron becomes a thermal

[3 marks]
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( )
El Explain, with reference to Figure 15, why elements with a small nucleon number are
preferred as moderator materials.
[2 marks]
END OF SECTION A
Section B
Each of Questions 08 to 32 is followed by four responses, A, B, C and D.
For each question select the best response.
Only one answer per question is allowed. \
For each question, completely fill in the circle alongside the appropriate answer.
CORRECT METHOD E‘ WRONG METHODS ‘ &® H @ H@ H dﬁ ‘
If you want to change your answer you must cross out your original answer as shown. JE
If you wish to return to an answer previously crossed out, ring the answer you now wish to select
as shown. @
You may do your working in the blank space around each question but this will not be marked.
Do not use additional sheets for this working.
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-
The core of a thermal nuclear reactor contains a number of components that are
exposed to moving neutrons.
. |I| State what happens to a neutron that is incident on the moderator.
[1 mark]
. IZl State what happens to a neutron that is incident on a control rod.
[1 mark]
. El A slow-moving neutron is in collision with a nucleus of an atom of the fuel which
causes fission.
Describe what happens in the process.
[3 marks]
.
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[0]4].[4]

A thermal nuclear reactor produces radioactive waste.

State the source of this waste and discuss some of the problems faced in dealing

with the waste at various stages of its treatment.
Your answer should include:

¢ the main source of the most dangerous waste
¢ a brief outline of how waste is treated

e problems faced in dealing with the waste, with suggestions for overcoming

these problems.

[6 marks]

Extra space is available on the next page if needed

£n
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( )
A thermal nuclear reactor uses a moderator to lower the kinetic energy of fast-moving
neutrons.
|I| Explain why the kinetic energy of neutrons must be reduced in a thermal nuclear
reactor.
[1 mark]
El As a result of a collision with an atom of a particular moderator, a neutron loses 63%
of its kinetic energy.
A neutron has an initial kinetic energy of 2.0 MeV.
Calculate the kinetic energy of the neutron after five collisions.
[2 marks]
kinetic energy = eV
Question 6 continues on the next page
El The kinetic energy of a neutron in a thermal nuclear reactor is reduced from about
2 MeV to about 1 eV.
Explain why the number of collisions needed to do this depends on the nucleon
number of the moderator atoms.
[2 marks]
g J
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E One fission process which can occur in a thermal nuclear reactor is represented by
the equation

%33U + on = '53Xe + 3§Sr + 44n
Calculate in MeV the energy released in this fission process.

mass of ;U =235.044u
mass of ', Xe =141.930u
mass of %St =89.908 u

mass of ;n  =1.0087 u
[3 marks]

energy released = MeV

Question 6 continues on the next page
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( )
El Many magazine and newspaper articles focus on the risks of using nuclear power.
State three benefits of using nuclear power.
[3 marks]

1

2

3

END OF SECTION A
Section B
Each of Questions 07 to 31 is followed by four responses, A, B, C and D.
For each question select the best response.
Only one answer per question is allowed. \
For each question completely fill in the circle alongside the appropriate answer.
CORRECT METHOD IZI WRONG METHODS ‘ ® H [O) H% H dﬁ ‘
If you want to change your answer you must cross out your original answer as shown. IE
If you wish to return to an answer previously crossed out, ring the answer you now wish to select
as shown. @
You may do your working in the blank space around each question but this will not be marked.
Do not use additional sheets for this working.
g J
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Mass spectrometers are used to measure the masses of ions.

Figure 3 shows one part of a mass spectrometer.

Figure 3
uniform electric field of strength £
» 3 v small aperture
narrow beam of ‘ / lithium ions all
positive lithium ions - # with the same
A l speed
x x x

uniform magnetic field
of flux density [
Into the paper

A narrow beam consists of positive lithium ions travelling at different speeds.

The beam enters a region where there is an electric field and a magnetic field.

The directions of the uniform electric field of strength £ and the uniform magnetic field
of flux density B are shown on Figure 3.

Most ions are deflected from their original path.
Lithium ions that travel at one particular speed are not deflected, and pass through the
small aperture.

El The positive lithium ion A in Figure 3 moves at a speed v.

Draw two labelled arrows on Figure 3 to show the directions of the electric force FE
and the magnetic force F'm acting on A.
[1 mark]

.},5‘
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Izl Lithium ions travelling at 1.5 x 10°m s™! pass through the small aperture.

Calculate E.

B=0.12T
[2 marks]

Question 3 continues on the next page

El lons that pass through the small aperture enter a second uniform magnetic field of flux

density B.
lons of different mass are separated because they follow different paths as shown
in Figure 4.

Figure 4

INZ)
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( )

lons of mass m and charge ¢ travelling at speed v follow a circular path in the uniform
magnetic field.

Show that the radius r of the circular path is given by

[1 mark]

Izl The ions of different mass are deflected and strike the detector surface at different
distances from the small aperture as shown in Figure 4.

A singly-charged lithium ion (gLi+) passes through the small aperture.

Calculate the distance between the small aperture and the point where this ion strikes
the detector surface.

v=15%x10°ms"!
B=0.12T

mass of SLi* ion=1.0 x 102 kg
[2 marks]

distance = m

Question 3 continues on the next page
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EI Figure 5 shows a different type of mass spectrometer working with lithium ions.

Figure 5
oV 6000V
aperture P
/ detector

_ lithium ions }

\

lithium

sample
evacuated
vessel

N\ /s
electrodes

A stationary ZLiJr ion in the lithium sample is at the mid-point between the parallel
electrodes. The ZLi+ ion accelerates towards aperture P.

Determine the speed of the ion when it emerges through aperture P.

mass of JLi" ion = 1.2 x 102 kg

[3 marks]

speed = ms
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4 A

El gLi+ and ZLi* ions are produced in the sample simultaneously and travel a distance L
from aperture P to the detector.
For each type of ion, the time interval between production and detection is measured.
Discuss how the masses of the ions can be deduced from the measurement of these
time intervals.

[2 marks]
L

INZ)
300



ANSWER >

[o[4][1]

Figure 6 shows a rotating spacecraft that is proposed to carry astronauts to Mars.
Figure 6

direction of rotation

floor

s
B

astronaut

The spacecraft consists of two parts A and B connected by a rigid cylindrical rod.
When the spacecraft is travelling, A and B rotate at a constant angular speed about
their common centre of mass O.

L is the distance between the centre of mass of A and the centre of mass of B.
7, is the distance from O to the centre of mass of A.

As the spacecraft rotates, a force that imitates the effect of gravity acts on an
astronaut who is in contact with the floor.

Explain why.
[2 marks]

INZ]
301




ANSWER >

El The forces exerted on A and B by the connecting rod have the same magnitude.

m, is the mass of A
myg is the mass of B

Show, by considering the centripetal forces acting on A and B, that r, is given by

. mgL
A
my +mg

[2 marks]

El In this spacecraft m, < ms,.

Deduce whether the centre of mass of A or the centre of mass of B rotates with a
greater linear speed.
[2 marks]

Question 4 continues on the next page
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The astronauts live in A and the cargo is stored in B.
When loaded,
my=1.32 % 10°kg
mg = 3.30 x 10° kg.
The spacecraft imitates the gravity of Mars where g=3.7 ms 2.

Figure 7 shows a stress—strain curve for the metal used for the rigid rod.

Figure 7

IZl Suggest a suitable diameter for the rod.

Justify your answer.
[5 marks]

diameter = m
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4 )
A teacher sets up a demonstration to show the relationship between circular motion
and simple harmonic motion (SHM).
She places a block on a turntable at a point 0.25 m from its centre, as shown
in Figure 9.
Figure 9
L 025m 4
]
]
|
— turntable
The turntable rotates with an angular speed of 1.8 rad s™' and the block does not slip.
|I| Calculate the time taken for the turntable to complete one revolution.
[2 marks]
time = S
\ J
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4 )
El Figure 10 shows a plan view of the turntable and block.
The turntable rotates in a clockwise direction.
Draw an arrow on Figure 10 to show the direction of the resultant force on the block.
[1 mark]
Figure 10
block
El The mass of the block is 0.12 kg.
Calculate the magnitude of the resultant force on the block.
[2 marks]
magnitude of force = N
Question 5 continues on the next page
\ S
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4 )
El Describe, with reference to one of Newton’s laws of motion, the evidence that a
resultant force is acting on the block.
[2 marks]
El The teacher adjusts the angular speed of the turntable so that the block completes
one rotation every 2.50 s.
She sets up a simple pendulum above the centre of the turntable so that it swings in
phase with the movement of the block.
Calculate the length of the simple pendulum.
[2 marks]
length = m
\ S
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Figure 11

shadow
of bob

shadow

l/ of block

|_—screen

amplitude

Air resistance affects the motion of the pendulum.

Initially the shadows move in phase with the same amplitude.

El A lamp is used to project shadow images of the block and pendulum bob on a screen.
Both shadows appear to move with SHM across the screen.
Figure 11 shows the images on the screen at one instant.

Suggest the effect this has on the amplitude relationship and the phase relationship
between the moving shadows.

[2 marks]

phase

~
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4 a
Figure 7 shows a transformer.
Figure 7
core
primary coil - \,\
: za. ' >
9 D S JJ
g IS %ﬁ_ >
5 1 b o
A e
A _
Iil Explain the functions of the core and the secondary coil.
[3 marks]
core
secondary coll
L J
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~
IZl Figure 8 shows a cross-section through the transformer core. Thin iron sheets are
separated by material M.
Explain how the efficiency of the transformer is increased by constructing the core in
this way.
[3 marks]
Figure 8
~—iron
M
Figure 9 shows a schematic diagram of a power transmission system.
Figure 9
: long-distance
| | transmission line
. — e —_ »
25 kV 132 kV 1KV
power fransformer transf;}nnar industrial
station ] 2 consumers
El Voltages between 33 kV and 400 kV are used for long-distance transmission.
Suggest why engineers have chosen 132 kV for this system.
[2 marks]

Question 5 continues on the next page
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’
Izl The industrial consumers use 72 MW of power.
Transformers 1 and 2 each have an efficiency of 98% and the transmission line has
an efficiency of 94%.
Calculate the current in the 25 kV line from the power station.
[3 marks]
current = A
L
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lil In Figure 2 the cell has emf ¢ and internal resistance r.

Figure 2

&

The current in the circuit is 1.
The potential difference (pd) across R, is V| and the pd across R, is V.
Explain how the law of conservation of energy applies in this circuit.

You should consider the movement of one coulomb of charge around the circuit.
[2 marks]

Question 3 continues on the next page
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Figure 3 shows a variable resistor made with a thin conducting layer on an
insulating base.

Figure 3

conducting layer

insulating base

The conducting layer has constant width and thickness and has connections at the
ends A and B.

C is a sliding contact that can move along the surface of the conducting layer between
A and B.

Figure 4 shows a circuit that uses the variable resistor as a potential divider.

Figure 4
B
emf3.00 V T
internal resistance r || C
A

The variable resistor is connected to a battery of emf 3.00 V and internal resistance r.
The resistance of the conducting layer between A and B is 125 Q.
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a4 )

El The sliding contact C is moved to end B of the variable resistor. The switch is closed.
The digital voltmeter reads 2.89 V.

Show that » is approximately 4.8 Q.
[3 marks]

1
El Cis set at 3 of the distance between A and B. The thickness of the conducting layer

is uniform so the resistance between A and C is 25.0 Q.

Determine the voltmeter reading at this setting.
[2 marks]

voltmeter reading = A\

Question 3 continues on the next page
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( )
El Figure 5 shows a variable resistor similar to the one shown in Figure 3 but with the
following three manufacturing faults:

o at P the conducting layer changes in thickness so that AP is thinner than PB

¢ at Q there is a scratch into the surface of the conducting layer and across its full
width

¢ from R to B the conducting connector is laid over the conducting layer.

The width of the conducting layer is constant.

A pd of 3.0 V is applied across A and B.
C is moved from A to B.

Figure 5

oV 30V

Sketch, on the axes in Figure 6, a graph to show how the pd between A and C varies

as C is moved from A to B.
[4 marks]

Figure 6
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-
The circuit in Figure 5 is used as part of a temperature sensor.
The battery has an emf of 6.5 V and negligible internal resistance.
Figure 5
=l
lb—ii & #ﬂ
X Y z
The initial temperature of the thermistor is 22 °C.
At this temperature the resistance of the thermistor is 350 Q and the circuit current
is 12 mA.
El Calculate the resistance of the variable resistor.
resistance =
Question 6 continues on the next page
\
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El The resistance R of the thermistor at temperature 6 in K is given by:

where R, is the resistance at the initial temperature ¢, in K, and B is a constant.

The temperature of the thermistor is increased to 318 K.
The variable resistor is adjusted so that the circuit current is again 12 mA.
The potential difference across the thermistor is now 3.2 V.

Determine B.

State an appropriate unit for your answer.
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4 a
El Explain why the current in the thermistor needs to be controlled.
[2 marks]
Izl Explain how ammeters and voltmeters can be used in the circuit in Figure 5 to
demonstrate the conservation of charge and the conservation of energy.
Refer to points X, Y and Z in your answer.
[2 marks]
L J
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1
The derivation of the equation pV = EN m (crms)2 is based on several assumptions.

lIl One of these assumptions is that particle motion is random.

State what is meant by random particle motion.
[2 marks]

El State two other assumptions required for this derivation.
[2 marks]

Question 2 continues on the next page

El When the temperature of a fixed mass of an ideal gas increases at constant pressure,
the gas must expand.

Explain this expansion using the kinetic theory model.
[3 marks]

Btyfﬂ‘
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[0]2][4]

[0]2][5]

3
The average kinetic energy of the particles of an ideal gas is equal to EkT'

This is not true for a real gas.

Helium behaves as an ideal gas.
The temperature of a sample of helium gas is increased from 27 °C to 77 °C.

Calculate the change in the average kinetic energy of a helium atom in the sample.
[1 mark]

change in average kinetic energy = J

When an ideal gas is heated at constant volume, all of the energy supplied by heating
is used to increase the average kinetic energy of the particles.

When water vapour is heated at constant volume, its specific heat capacity
is 1400 J kg ' KL

Deduce whether water vapour behaves as an ideal gas when heated at
constant volume.

mass of a water molecule =3.0 x 102° kg
[3 marks]

A
319



ANSWER >

4 a
A radioisotope thermoelectric generator (RTG) uses radioactive decay to generate
electrical energy.
A vehicle that is used to examine the surface of Mars includes an RTG that initially
contains 3.23 x 10** atoms of plutonium-238 (28§Pu).
[0]3].[1] Determine the initial mass of plutonium-238 in the RTG.
[2 marks]
initial mass = kg
L J
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-
El The plutonium-238 undergoes alpha decay.
The energy released by this decay is converted into electrical energy with an
efficiency of 4.58%.
The power provided by the RTG decreases over time as the plutonium-238 decays.
The vehicle requires a minimum electrical power of 29.6 W to operate.
Calculate the initial activity of the plutonium-238.
Go on to determine, in Earth years, the time for which the RTG can provide sufficient
power for the vehicle to operate.
decay constant of plutonium-238 =2.51x10710g!
energy of alpha particle emitted by plutonium-238 =8.94 x 10713 J
[5 marks]
initial activity = Bq
time = Earth years
Question 3 continues on the next page
.
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@ The vehicle has a battery-powered laser that is used to vaporise small samples of ice.
On Mars, ice changes directly from solid to vapour at a temperature of 0 °C.
The ice does not form a liquid.

The energy required to vaporise 1.0 g of solid ice directly into water vapour is the
same as the total energy required to melt 1.0 g of ice and then to vaporise the
melted ice.

The laser produces an output power of 1.0 kW for a maximum time of 3.0 s before its
battery needs to be recharged.

The laser heats the ice from an initial temperature of —25 °C to a temperature
of 0.0 °C. The laser then transfers energy to vaporise the ice at 0.0 °C.

Determine whether the laser is able to vaporise 1.0 g of the ice that is initially
at —25 °C before the battery needs to be recharged.

specific heat capacity of ice =2.1klkg'K!
specific latent heat of fusion of ice = 334 kJ kg ™!
specific latent heat of vaporisation = 2500 kJ kg™
[4 marks]
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Cosmic rays are high-energy particles that come from space. Most of these particles
are protons. There are other particles in cosmic rays, including atomic nuclei.
Table 1 gives the data for one particular nucleus X.
Table 1
Mass / kg 8.02 x 1072
Specific charge / C kg ! 4.39 x 107
Kinetic energy / MeV 215
El Determine the number of neutrons in nucleus X.
[3 marks]
number of neutrons =
El Calculate the speed of X.
Ignore relativistic effects.
[3 marks]
speed = ms!
. .
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~ N
A pion (1) and a kaon (K*) are produced when cosmic rays interact with the upper
atmosphere.

E The n" decays to produce a positron and an electron neutrino.
Show how the conservation laws apply to this decay.
[2 marks]
E The K" decays to produce an anti-muon and a muon neutrino.
Explain how strangeness applies in this decay.
[2 marks]
El Write an equation for a K™ decay that involves only hadrons.
[2 marks]
L J
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4 a
Iil The electric potential at a point in an electric field is —4.0 V.
Explain what is meant by this statement.
[3 marks]
Question 6 continues on the next page
L J
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Figure 9 shows an arrangement for confining groups of electrons to small regions
inside a block of gallium arsenide.

Figure 9
electrodes
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Electrons can only move along the line PQ in the block.

When a suitable electric potential is applied to the electrodes, the electrons are
confined to the regions shown in Figure 9.

The graph in Figure 9 shows how the electric potential 7 varies with
distance x along PQ.
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a4 )

@ Determine, using the graph in Figure 9, the maximum magnitude of the electric field.
State an appropriate unit for your answer.
[4 marks]

maximum magnitude = unit

El An electron at rest at x = 300 nm gains kinetic energy and moves to x = 800 nm.

Determine the minimum kinetic energy required by the electron.
[2 marks]

minimum Kinetic energy = J

Question 6 continues on the next page
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4 A
Izl One of the confined electrons is at x = 350 nm.
Discuss the subsequent motion of this electron due to the variation in electric potential
shown in Figure 9.
Assume that the electron starts from rest.
[3 marks]
L J

INZ)
328



ANSWER >

water
flowing in

Figure 7 shows apparatus used to investigate the rate at which water flows through a
horizontal cylindrical tube T of internal diameter d and length L.

Figure 7

can |
[

water flowing
out through D

water flowing out of
T at a steady rate *

The apparatus ensures that the water level in the can is at a constant height / above
the centre of T.

Water flows out of T at a steady rate.

EI The volume flow rate through T is O, where Q is in m's™.

A student wants to measure Q as water flows through T.

Outline a procedure the student should follow to measure Q.
Include in your answer

the measuring instruments used
how uncertainty in the measurements can be reduced.

[4 marks]

~
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’
El It can be shown that
npghd*
0= PE
128Ln
where pis the density of water
g is the gravitational field strength
nis a property of the water called the coefficient of viscosity.
What is the Sl unit for n ?
Tick (v') one box.
[1 mark]
Nm's
Nm?s
Nm's™
Nm?s™
Question 2 continues on the next page
L
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E’ An experiment is carried out to determine 77 by a graphical method.

The rate at which water flows out of T is varied by adjusting the height of the drain
tube as shown in Figure 8.

Figure 8

During the experiment the temperature is kept constant.

Q is found for different values of # and a graph of these data is plotted, with QO on the
vertical axis.

The percentage uncertainty in the gradient of the graph is 6.4%.

The dimensions of tube T are measured and the uncertainties in these data are
calculated.

The percentage uncertainty
e indis2.9%
e inLis 1.8%.

The percentage uncertainties in p and g are negligible.

Deduce the percentage uncertainty in the result for 7.
[2 marks]

percentage uncertainty in 77 =
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( )
IZl In a different experiment, the horizontal tube T is connected to a vertical glass tube.
Marks have been made at regular intervals on the glass tube.
The student measures and records the vertical distance y between each of the marks
and the centre of T.

She seals the open end of T and fills the glass tube with water, as shown in Figure 9.

Figure 9

||~ level of water above the
highest mark on the tube

T

vertical glass tube with
y L~ marks at regular intervals

i finger over the
openendof T

T clamped horizontally
(clamp not shown)
beaker to
collect water

T is opened and water flows into a beaker.
When the water level falls to the highest mark on the tube, she starts a stopwatch.
She records the time ¢ for the water to reach each of the other marks.

Explain how the student could check that the glass tube was vertical.
You may wish to add detail to Figure 9 to illustrate your answer.
[1 mark]

Question 2 continues on the next page
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El Figure 10 shows part of the graph drawn from the student’s data.

Figure 10

62

60 .

58 f———7xc

e N T s e

Y R

50

20 30 40 50 60 70
tis

It can be shown that y decreases exponentially with ¢.

Show that 4, the decay constant for this process, is about 4.5 x 1073 s7L
[2 marks]
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El Tv/, is the time for y to decrease by 50%, as shown in Figure 11.

Figure 11

B level of water at
the highest mark
on the tube

v when

Determine T1/,.
[1 mark]

Question 2 continues on the next page
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( )
- The apparatus is adjusted so that the glass tube is inclined at 30° to the horizontal
tube T, as shown in Figure 12.

Figure 12

glass tube inclined at
30° to the horizontal

The student measures and records the new values of y, the mean vertical distance
between each of the marks and the centre of T.

She then carries out the experiment as before, recording new values of ¢
corresponding to each new value of y.

Draw a line on Figure 13 to show the graph produced using the modified apparatus.

The dashed line is the original graph when the glass tube was vertical as shown in
Figure 9.

[2 marks]

Figure 13
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( )
lons orbit Jupiter in a ring called a plasma torus as shown in Figure 6.
This question is about applying gravitational, magnetic and electric fields to a particle
in the plasma.
Figure 6
plasma torus
o=

' 4
|
| N

An ion travels in a circular path at a speed of 74.2 km s™! and at a distance of
4.22 x 10® m from the centre of Jupiter.

|I| Student A suggests that the gravitational force acting on the ion due to Jupiter
provides the centripetal acceleration of the ion.

Deduce whether this suggestion is correct.

mass of Jupiter = 1.90 x 10*” kg
[3 marks]

Question 6 continues on the next page
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Student B suggests that the magnetic field of Jupiter alone can cause the ion to move
in the circular path.

Figure 7 shows the direction of the velocity v of the ion in the plasma torus.
v is tangential to the plasma torus.

Figure 7

plasma torus Pa——

\gf o

((' [V

A =f;9)),
%—: __f}é‘;

The ion has a positive charge.
Student B’s suggestion requires a magnetic field to act at the position of the ion.

El Draw an arrow on Figure 7 to show the direction of this magnetic field.

[1 mark]
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The ion has a charge of +3.20 x 107" C and a mass of 5.31 x 102¢ kg.

El The ion moves with a speed of 74.2 km s! in a circle of radius 4.22 x 10® m.
Calculate the magnitude of the magnetic flux density required for this motion

State, in fundamental (base) units, the unit for your answer.
Ignore any contribution from the gravitational field.

magnetic flux density = unit =

[3 marks]

El An electric field of strength 371 uV m™! can also accelerate the ion.

Calculate the acceleration of the ion due to this electric field.

acceleration =

[3 marks]

Question 6 continues on the next page
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@ The plasma torus contains two ions X and Y as shown in Figure 8.
X has a charge of +2e.
Y has a charge of +1e.
Assume that each ion acts as a point charge.

Figure 8

2.0cm

2.0cm

due to the two ions.

resultant electric field strength =

Calculate the magnitude of the resultant electric field strength at point P in Figure 8

[3 marks]

END OF SECTION A

INZ)
339




ANSWER >

Section B
Each of Questions 07 to 31 is followed by four responses, A, B, C and D.

For each question select the best response.

Only one answer per question is allowed. \
For each question, completely fill in the circle alongside the appropriate answer.

CORRECT METHOD E WRONG METHODS ‘ & H @ Hé H @5 ‘

If you want to change your answer you must cross out your original answer as shown. IE

If you wish to return to an answer previously crossed out, ring the answer you now wish to select

as shown. @

You may do your working in the blank space around each question but this will not be marked.
Do not use additional sheets for this working.
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n This question is about an experiment to estimate absolute zero.
Figures 9a to 9d show the stages in the procedure carried out by a student.
An empty flask fitted with a tube and an open valve is placed in water bath H containing
hot water. The air inside the flask is allowed to come into thermal equilibrium with the
water.

The valve is then closed, trapping a certain volume of air, as shown in Figure 9a.

Figure 9a

valve closed

_ | water bath H
(hot water)

The flask is inverted and placed in water bath C in which the water is at room
temperature.

The air inside the flask is again allowed to come into thermal equilibrium with the water,
as shown in Figure 9b.

Figure 9b

-

——water bath C
(room temperature)

Question 3 continues on the next page
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The valve is opened and some water enters the flask, as shown in Figure 9c.

Figure 9c

—+—water bath C

-

The depth of the inverted flask is adjusted until the level of water inside the flask is the
same as the level in the water bath.

The valve is then closed, trapping the air and the water inside the flask, as shown in
Figure 9d.

Figure 9d

— 1 water bath C

- Explain why the volume of the air in the flask in Figure 9c is less than the volume of
the air in the flask in Figure 9d.
[2 marks]
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( )

. Explain why Charles’s Law can be applied to compare the air in the flask in Figure 9a
with the air in the flask in Figure 9d.
[2 marks]

. The flask is removed from water bath C and the valve and stopper are removed.
The volume of the water in the flask is V1
The flask is then completely refilled with water and the valve and stopper replaced.
The volume of the water now in the flask is V»
The volumes V; and V; are shown by the shaded parts in Figure 10.

Figure 10

volume I/, volume 1/,

Explain how Vi and V; can be determined.
In your answer you should
¢ identify a suitable measuring instrument

e explain a suitable procedure to eliminate possible systematic error.
[3 marks]

Question 3 continues on the next page




ANSWER >

( )
- Plot on Figure 11 points to show the volume V and the temperature 6 of the air in the
flask when
o the flask is as shown in Figure 9a
e the flask is as shown in Figure 9d.
The temperature of the hot water bath is 86 °C
Room temperature is 19 °C
V; =48 cm?
V, = 255 cm®
[3 marks]
Figure 11
- Add a best fit line to your graph in Figure 11 to show how V should vary with 6
according to Charles’s Law.
[1 mark]
El Determine the value of absolute zero in °C using your graph in Figure 11.
[3 marks]
value of absolute zero = °C
END OF QUESTIONS
. .
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~ )
II\ State what is meant by the internal energy of a gas.
[2 marks]
@ Absolute zero of temperature can be interpreted in terms of the ideal gas laws or the
kinetic energy of particles in an ideal gas.
Describe these two interpretations of absolute zero of temperature.
[2 marks]
Question 2 continues on the next page
. .
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~
El A mixture of argon atoms and helium atoms is in a cylinder enclosed with a piston.
The mixture is at a temperature of 310 K.
Calculate the root mean square speed (cms) of the argon atoms in the mixture.
molar mass of argon =4.0 x 10 kg mol™’
[3 marks]
— -1
Crms = ms
E Compare the mean kinetic energy of the argon atoms and the helium atoms in the
mixture.
[1 mark]

@ Explain, in terms of the kinetic theory model, why a pressure is exerted by the gas on

the piston.
[3 marks]

@ The mixture of gases in the cylinder stays the same.

Explain, using the kinetic theory model, two changes that can be made independently

to reduce the pressure exerted by the gas.
[3 marks]
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( )

Figure 3 shows an arrangement used to investigate the repulsive forces between two
identical charged conducting spheres.
The spheres are suspended by non-conducting thread.

Figure 3

support
LA S

not to scale

q
|
|
|
|
i
non-conducting thread :
:
|
i

conducting sphere

I

]
I
f
I
[
|
i
i
I
'

=~
R

Each sphere has a mass of 3.2 x 10~ kg and a radius of 20 mm.
The distance d is 40 mm.

The capacitance of a sphere of radius r is 4neyr.
Each sphere is charged by connecting it briefly to the positive terminal of a

high-voltage supply, the other terminal of which is at 0 V.
After this has been done the charge on each sphere is 52 nC.
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m Calculate the potential of one of the spheres.

[3 marks]
potential = A\
@ The charged spheres in Figure 3 are at equilibrium.
Draw labelled arrows on Figure 3 to show the forces on sphere B.
[2 marks]

E Suggest a solution to one problem involved in the measurement of d in Figure 3.
[2 marks]

Question 4 continues on the next page
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( )

E Show that the magnitude of the electrostatic force on each sphere is about 4 x 107 N.
[3 marks]

E A student measures the angle 6 when the apparatus in Figure 3 is at equilibrium.
The student records 6 as 7°.

Discuss whether this measurement is consistent with the other data in this

investigation.
[2 marks]

El The student says that the gravitational force between the two spheres has no
significant effect on the angle at which the spheres are in equilibrium.

Deduce with a calculation whether this statement is valid.

[2 marks]
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~
A simple pendulum performs oscillations of period 7 in a vertical plane.

Figure 1 shows views of the pendulum at the equilibrium position and at the instant of
release. Figure 1 also shows a rectangular card marked with a vertical line.

Figure 1

A AP AP P IO L7 P 7

pendulum at the

pendulum at the
equilibrium position

instant of release

T card marked with
a vertical line

Iil The card can be used as a fiducial mark to reduce uncertainty in the measurement
of T.

Annotate Figure 1 to show a suitable position for the fiducial mark.
Explain why you chose this position.

[2 marks]
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EI The period of the pendulum is constant for small-amplitude oscillations.
Figure 2 shows an arrangement used to determine the maximum amplitude that can
be considered to be small, by investigating how T varies with amplitude.

Figure 2

Pl P

=7
horizontal floor

Describe a suitable procedure to determine Ar, the amplitude of the pendulum as it is
released.
You may add detail to Figure 2 to illustrate your answer.

[2 marks]
Question 1 continues on the next page
El Figure 3 shows some of the results of the experiment.
Figure 3
. .
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4 a
Estimate, using Figure 3, the expected percentage increase in 7'when Ar increases
from 0.35 m to 0.70 m.
Show your working.

[3 marks]
percentage increase = %
Question 1 continues on the next page
L J
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In another experiment the pendulum is released from a fixed amplitude.
The amplitudes A4, of successive oscillations are recorded, where n=1, 2, 3,4, 5... .

Table 1 shows six sets of readings for the amplitude A4s.

Table 1

As/m 0.217 0.247 0.225 0.223 0.218 0.224

E Determine the result that should be recorded for As.
Go on to calculate the percentage uncertainty in this result.

[3 marks]
As = m
percentage uncertainty = %

El Table 2 shows results for A, and the corresponding value of In(4» / m) for certain

values of n.
Table 2
n Ay / m In(4, / m)
2 0.238 —1.435
4 0.225
7 0.212 —1.551
10 0.194 —1.640
13 0.183 —1.698
Complete Table 2.
[1 mark]
L J
£
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El Plot on Figure 4 a graph of In(4. / m) against n.
[2 marks]
Figure 4
In(4,, / m) ------ : . i :
0 2 4 fa 8 10 12 14
I
Question 1 continues on the next page
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. It can be shown that
An = AO 5_"

where Ao is the amplitude of release of the pendulum
0 is a constant called the damping factor.

Explain how to find ¢ from your graph.
You are not required to determine o.

[2 marks]
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This question is about a method to investigate how the force on a conductor varies
with flux density and current (required practical activity 10).

Figure 10 shows a copper rod clamped above a horizontal bench.

Figure 10
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4 a
II| Describe a method to show that the copper rod is horizontal.
Your method must include the use of a metre ruler.
You may annotate Figure 10.
[3 marks]
Question 3 continues on the next page
L J
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Figure 11 shows the copper rod positioned above a digital balance.

Two identical magnets are mounted on a steel yoke with their opposite poles facing
each other.

The balance is zeroed.

The yoke is then placed on the balance so that a horizontal uniform magnetic field is
applied perpendicular to the copper rod.

The ends of the rod are connected as shown.

Figure 11

steel yoke

®

e

@ When the switch is open, the reading on the balance shows the mass of the yoke and
the two magnets.
When the switch is closed, the reading on the balance decreases.

Explain, with reference to Figure 11, the direction of the horizontal magnetic field.
[3 marks]
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The current / in the rod is varied.
The balance reading M, is recorded for different values of /.

The switch is now opened.
Two additional magnets, identical to those used before, are attached to the yoke.

Figure 12 shows how this new arrangement compares with the arrangement

in Figure 11.
Figure 12
magnet \ copper rod
steel yoke
- ! :
use of two magnets for the new arrangement
arrangement in Figure 11 using four magnets

The balance reading with four magnets attached to the yoke is M,.
With the switch open, M, is the mass of the yoke and the four magnets.

The switch is now closed.
M, is recorded for different values of /.

Question 3 continues on the next page

Figure 13 shows data from both experiments.
Values of M, and M, are plotted using different vertical axes.

Figure 13
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It can be shown that
M=kBI+nZ+Y

where

M = balance reading when the current is /

B = magnetic flux density of the horizontal uniform magnetic field
n = number of magnets attached to the yoke

Z =mass, in g, of each magnet

Y =mass, in g, of the yoke

k is a constant.

E Deduce the fundamental base units for .

fundamental base units =

[3 marks]

E Determine Y.

Y:

[3 marks]

Question 3 continues on the next page
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E A student sets up the apparatus with the copper rod positioned incorrectly.

arrangement.
Figure 14

copper rod copper rod

Iy

student’s arrangement correct arrangement

The student produces a graph of M, against /.

Compare the student’s graph with the graph of M, against / (the solid line)
in Figure 13.
Explain your answer.

Figure 14 shows how the student’s arrangement compares with the correct

[3 marks]

END OF QUESTIONS
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Figure 7a shows the front view of a vertical coil mounted on a circular frame.

Figure 7b is a side view showing a section through the frame and coil.
A constant direct current in the coil produces magnetic flux represented by the
magnetic field lines on this diagram.

Figure 7a Figure 7b
circular
frame PO
VR ¥
WO % -
e
NN
coil :
front view side view

Point Q is at the centre of the caoil.
A sensor placed at Q detects By, the horizontal component of the magnetic flux

density.
The effect of the Earth’s magnetic field at Q is negligible.

El Discuss whether a search coil is a suitable sensor to detect By;.
[2 marks]

Question 3 continues on the next page
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By is measured at Q with the coil vertical.

The coil is now rotated about Q through 25° as shown in Figure 8.
The current in the coil does not change.

Figure 8

A new measurement of By is made with the coil fixed in this new position.

Izl Determine the percentage change in By; produced by this rotation of the coil.

Show your working.
[2 marks]

percentage change = %
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a4 )

El Figure 9 shows a protractor being used to measure the angle through which the coil
is rotated.

Figure 9

enlarged view of divisions
on protractor scale

shaded area shows
the position of the frame

Estimate the percentage uncertainty in this result.
Justify your answer.
[3 marks]

percentage uncertainty = %

Question 3 continues on the next page
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Figure 10 shows an arrangement of two vertical coils.
Four experiments are done using this arrangement.

Figure 10

new position
of the sensor

P > R

Coil 1 and coil 2 are identical and have a radius r.

The coils are separated by a distance » and have a common axis PR.
Q is at the centre of coil 1.

The four different experiments investigate how By varies with x, the displacement of
the sensor from Q along PR.

In experiment 1, the current in coil 1 is 225 mA and the current in coil 2 is zero.

In experiment 2, the current in coil 1 is zero and the current in coil 2 is 225 mA.
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’
Figure 11 shows the results of experiment 1 and experiment 2.
Figure 11
: ; ' expenment 1
----= @XpEriment 2
By ! mT
u.ﬂ * =& ; "1 CRERE M i =t E== === 1
=20 0 20 40 () B0 100
X mm
IZl During experiment 1, By is measured with the sensor at Q.
The sensor is then moved along PR until the value of By; is halved.
The distance from Q to the sensor is x 5
Determine Xos
r
[2 marks]
Yos —
r
L
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4 )
In experiment 3, the current in both coils is 225 mA so that the magnetic fields
produced by coil 1 and coil 2 are combined.
The resultant By; has a constant maximum value in the region between x = % and
3r
x = —
4
El Deduce, in mT, the value of By; in this region.
[2 marks]
By = mT
El State two characteristics of the magnetic field lines in this region.
[2 marks]
1
2
\ J
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-
. In experiment 4, the current in coil 2 is reversed so that the direction of the magnetic
field produced by coil 2 is also reversed.
The magnitudes of the currents in coil 1 and coil 2 are still 225 mA.
Sketch a graph to show how By; varies between x = 0 and x = r.
The x-axis has been provided for you.
Your graph should include numerical values on your By axis that correspond
tox=0andx=r.
[3 marks]
| f {
0 r
X/ mm
END OF QUESTIONS
\
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( )
ﬂ This question is about using a digital balance to investigate the force on a wire placed
in a magnetic field when there is an electric current in the wire.
A student carries out the procedure shown in Figure 1 and Figure 2.
A metre ruler is pivoted at the 1.0 cm mark and a prism is placed on a digital balance.
The free end of the ruler is raised and the balance is turned on and then set to zero,
as shown in Figure 1.
Figure 1
free end of metre
#(__ ; ruler raised
digital balance
: _| (tumed on and then set to zero)
The ruler is then supported by the prism with the apex of the prism at the 30.0 cm
mark as shown in Figure 2. The height of the pivot is adjusted so that the ruler is
horizontal.
Figure 2
. .
Btyfﬂ‘
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4 a
- Deduce the mass of the ruler.
State one assumption you make.
[3 marks]
mass of ruler = g
assumption
Question 1 continues on the next page
L J
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. The student attaches a uniform wire to the upper edge of the ruler, as shown in
Figure 3.

The ends of the wire are connected to terminal blocks P and Q which are fixed firmly
to the bench. A power supply and an ammeter are connected between P and Q.

These modifications cause the balance reading to increase slightly.

A horizontal uniform magnetic field is applied, perpendicular to the wire, between the
85 cm and 90 cm marks, as shown in the close-up diagram in Figure 3.

Figure 3

shaded area shows & .

the extent of the.
magnetic field : "\.

terminal
block @

®

The balance reading M is recorded for increasing values of current I.
A graph of these data is shown in Figure 4.
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Figure 4

23851

2383

233‘2_.....--;... ...

238.1
Mig

238.01

2379

237.8

237.7

2376

2315
1.0

ITA

State and explain the direction of the horizontal uniform magnetic field.

[3 marks]

Question 1 continues on the next page
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4 a
- It can be shown that B, the magnitude of the magnetic flux density of the horizontal

uniform magnetic field, is given by

B=2

3L
where o= change in force acting on the prism per unit current in the wire
L = length of the region where the magnetic field cuts through the wire.
Determine B.
[3 marks]
B= T
L J
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- The experiment is repeated with the ruler pivoted at the 99.0 cm mark.
Nothing else is changed from Figure 3.

This arrangement is shown in Figure 5.

Figure 5

harizontal uniform
magnetic field

harizantal pivet moved
= - to 99.0 cm mark.

—

terminal
block Q

terminal
block P

® A1

Tick (v') one box in row 1 and one box in row 2 of Table 1 to identify the effect, if any,
on the magnitude of the forces acting on the apparatus as a certain current is passed
through the wire.

Tick (v') one box in row 3 and one box in row 4 of Table 1 to identify the effect, if any,
on the graph produced for this modified experiment compared with the graph in
Figure 4.

[3 marks]

Table 1

Reduced No effect | Increased

Force acting on the current-carrying wire
due to the horizontal uniform magnetic field

Force acting on the prism due to the
pivoted ruler

3 | Gradient of the graph

4 | Vertical intercept of the graph

Question 1 continues on the next page
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- Figure 6 shows the balance being used to measure the forces between two wires.
The connections joining these wires to the power supply are not shown.

The pan of the balance moves a negligible amount during use and it supports a
straight conducting wire X of horizontal length L.

Terminal blocks are used to connect X into the circuit. The weight of these does not
affect the balance reading.

A second conducting wire Y is firmly supported a distance d above X.

Show, by adding detail to Figure 6, the wire connections that complete the circuit.
The currents in X and Y must have the same magnitude and be in the directions
indicated.

[2 marks]

Figure 6

El The vertical force F on wire X due to the magnetic field produced by wire Y is given by

where K is a constant
d is the perpendicular distance between X and Y
| is the current in the wires

and L is the horizontal length of wire X.

A student wants to measure k using the arrangement in Figure 6.
The student is told that the following restrictions must apply:

L is fixed

I must not exceed 5.0 A

the result for k must be obtained using a graphical method

the experimental procedure must involve only one independent variable.

Explain what the student could do to find k.
[5 marks]
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< QUESTION

05.1

Formation of a parallelogram OR triangle to draw W v/

Use of their ¥ to obtain the scale at which force diagram is
drawn 2v'

Use of their scale to obtain 77 and 7> ;v
T1 =480 N AND 7> =400 N 4v

Alternative Approach 1
Formation of a parallelogram OR triangle to draw W v/

Both angles measured correctly/evaluated to be (34 — 35)°
and (11 — 12)° v

T1sin 34 + T2 sin 11 =350 AND Ticos 34 = T2 cos 113V

T1 =480 N AND 7> =400 N 4v

Correct by eye.

If a hybrid approach is used, note that MP2 is
given for a measurement of their I/ used to
determine a scale OR for the measurement of
the two angles within range.

If correct values in range seen for MP4, then
it can be assumed that a scale was used to
obtain T1 and T2, MP3 can be awarded

Expect to see:%mm =10 N mm™!

T1=48mm x 10 72=40 mm x 10

Range: allow 71 470 — 490 N and 72 390 —
410N

Allow complementary angles where quoted.

In MP3 allow their angle values OR angle
symbols consistent with labels on their
diagram.

Allow correct application of sine or cosine
rules.

Range: allow 71 470 — 490 N and 72 390 —
410 N

4

AO3

16
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
05.2 Max 4 from: Expect to see 36 kg 5 AO2
o m=22y Expect to see 754 J
g

their m to give KE with v=6.5m s at B v Expect to see 1575 J

L[]
e 350N and 4.5 m in GPE equationv’
evidence of their AGPE — their AKE to give work
done against friction v/

. .. thei kd
« evidence of friction force = W v

Expect to see 821 J

Alternative for first four marks. Must see a
labelled diagram indicating use of this
approach:

18 m

4.5m

If the diagram is not seen, mark according to
the main scheme (in the ‘Answers’ column).
Max 4 from:

e m=—V

e Use of suvat to obtaina =1.17 m s>V

e Uses F =ma to obtain their effective
resultant forcev’

e Uses 350 x (4.5+18) or equivalent to
obtain their effective component of
weightv’

e Subtracts their resultant force from
their component of weightv’

Accept answers that round to 46 N.
Calculates average force =46 N v/

17
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
05.3 !d(_aa that contact time or distance travelled during contact Momentum approach (time increased) 3 AO3
is increased v’ .
¢ reference to Force is rate of change of
momentum

Generic mark scheme for MP2 and MP3 « change in momentum/impulse/ FxAt

« reference to physical principle v’ constant therefore force decreased

o o . . v
o application of principle to explain why force is reduced Energy approach (distance increased)

o reference to force x distance = change in
KE/work done

¢ change in KE/work done/Fxs constant so
force reduced

Newton 2 approach (time/distance

increased)

e reference to Force = mass X acceleration

¢ change in velocity constant, so acceleration
reduced so force reduced

Total 12

18

Question Answers ‘ Additional comments/Guidelines Mark ‘ AO ‘
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< QUESTION

A

N
383



< QUESTION

D

N
384



< QUESTION

N
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< QUESTION

| 20 | ¢ |

N
386



< QUESTION

21 B 2.25m

N
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< QUESTION

|2 | ¢ [ 1% |

N
388



< QUESTION

oz | & | i |

26

mg
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< QUESTION

‘19|A‘ 41° |A02|

N
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< QUESTION

‘ 24 ‘ D ‘ 47N |A02‘

N
391



< QUESTION

05.1

force is at right angles/horizontal to wall (and so no
component along the wall)v’

1

05.2

arrow drawn upwards from point of contact with groundv’
between ladder and vertical which when extended would
pass through ‘on ladder’ part of labelv’

Must be vertical or pointing to right for first mark

[EEY

05.3

(use of sum of clockwise moments = sum of anticlockwise
moments)

EITHER

F x 8.0sin 60

OR

390 x 4.0 cos60 v

F =390 x 4.0 cos60/8.0sin 60= 110 (113) Nv’

Either moment correct gets first mark (does not have to be
evaluated)

[EEY

05.4

ANY 3

(vertical reaction) force from ground increasesv’

direction of arrow of resultant force from ground changes (as
ladder is ascended)v’

friction force/horizontal component of G between ladder and
ground would increasev’

the (reaction) force from the wall increasesv’

weight (of system)/load on ladder increasesv’

as person climbs they exert a force along the ladderv’

MAX 3

Total

13

| Question |

Answers

Additional Comments/Guidelines

Mark |
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< QUESTION

05.1 Forglets to add 1 giving radius 2.71 and speed 3.27
ms-

17

N
393



< QUESTION

05.2

Centripetal force = 85 x 4.49%3.71= 460N v
Centripetal force = T sin 28.5v

T=0950-970 Nv

OR

Weight = 85 x 9.8(1) Or 834 N seenv

Weight =T cos 28.5 v/

T =950 (949) (N) v/

OR

Centripetal force = 85 x 4.5%/3.71 = 464 Nv
Weight = 834 Nv/

T =V4642 + 8342 = 950 - 970 Nv'

Allow ecf for incorrect weight or centripetal force

470 N if using 4.5 m s *leads to 1000 N

Allow the following as ecf:

forgetting to add the 1 m (‘using r = 2.71 m) leads
to centripetal force = 630 N T = 1300 N)

Using r =3.39 m as ecf from 5.1 which leads to
Centripetal force = 510 N giving T = 1070 N

Allow the following as ecf:

forgetting to add the 1 m (using r = 2.71 m) leads to
centripetal force = 630 N, T =1050 N

using r =3.39 m leads to

Centripetal force = 510 N giving T = 980N

18
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< QUESTION

Vertical (compressive) force on the pole increasesv’ Max 3
. . S 1
Increases mass increases weight and hence tension in the rope(for
the same angle) v’
1
Centripetal Force
on the acrobats/masses would be different/not equal 1
Or
would be greater on the more massive acrobat(travelling at the same
05.3 -
speed/same angle to vertical) v’
Unbalanced (horizontal) forces/resultant force exists (on the pole) v/
or
Unbalanced moments acting (on pole)/resultant torque acting (on
pole)v’
Causing the pole to sway/bend/move/ or tilt/topple the platform_toward
more massive acrobatv’
Total 8

19

INZ
395



< QUESTION

06. (Total) kinetic energy v/ 1
Attempt to apply conservation of momentum v NB This is a ‘show that’ so all stages must be seen 1
Miist cpe alihatitiitinn 1

N
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< QUESTION

03.1 Volume of A = area x length = 4.16 x 10* m® “ondone FUT efrorin ML

OR
Mass of A=W/g=3.6 kg v

3 3 xAO3

Use density equation v/ Do not allow use of weight in density equation

Compares

a calculated property of brass (e.g. weight, length or
diameter) with A

OR
. _ ) Do not accept 8.3 x 102 for density of A .
the calculated density of A with density of brass
OR
the calculated mass of A with the calculated mass
of brass Award zero marks for an unsupported answer
“Brass”

and therefore brass v Only award MP3 if answer “brass” given.

Example:

Volume of A = area x length = 4.16 x 107 m3v'
Mass if brass = density x volume = 3.58 kgv’

Weight = 3.58 x 9.81 = 35 N (which is weight of A)
and therefore brass is correct. v/

11
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO

03.2 Use of T = (35) cos 55 v/ 2 2 x AO2
2 x their T (=40 N) v

Question Answers Additional comments/Guidelines Mark AO

Angle (to horizontal) decreases v/ 2 2 x AO2
(Weight/tension in rope remains constant at 35 N)

So horizontal components (from tension in rope) increase
v

03.3

Do not award MP2 if answer suggests that
tension in rope increases.

_ . Do not allow “tension increases” for credit.
(Therefore tension in cable must increase)

Question Answers Additional comments/Guidelines Mark AO
03.4 Component of the force at right angle to door Alternative: 2 2 x AO2
=41 cos (90-12) / 41 sin (12) Perpendicular distance = 0.95 sin (12)
=85NV =0.198m v

= = v
Moment = 8.5 x 0.95 = 8.1 (N m) Moment = 41 x 0,168 = 8.1 v

Allow ecf from their value of perpendicular
distance.

(Calculator value is 8.098 160 3)

Allow ecf from their value of weight component .

Award zero marks for simply multiplying 41 N
x 0.95m.

12
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO

03.5 ALTERNATIVE 1
Increase weight / density / mass / volume of A v/
Increases tension (and therefore moment) v/

4 4 x AO3

ALTERNATIVE 2

Position pulley R further (out) from gate hinges / increase
diameter of pulley R v/

Increases angle and therefore bigger perpendicular )
component (and therefore moment). v Any 2 alternatives

ALTERNATIVE 3

Decrease angle of rope eg by putting P and fixed point If more than two answers given, mark first
closer together / further to right v’ two. Ignore the 1 and 2 in answer lines.

Increases tension (and therefore moment) v/

ALTERNATIVE 4
Move D further from hinge/R OR make C longer v/

Increases perpendicular distance (and therefore moment)
v

Total 13

13
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< QUESTION

|Question| Answers ‘ Additional comments/Guidelines | Mark ‘ AO |

[ [ [ FAnAAna 1ica Af \A fAr D I I |
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< QUESTION

B

N
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< QUESTION

B

N
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< QUESTION

N
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< QUESTION
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< QUESTION

02.1 Conversion of 1230 kmh ' tom s™* Expect to see 342 m s (341.7) 2 AO1
OR AO2
Calculates time for 343 ms™ run Expect to see 4.69 s
OR

Calculates total time (using total distance, 3.22 km, and Expect to see 9.42 s

speed record)
OR

Expect to see -1
Calculates unknown speed v/ P 3403 ms

Answer that rounds to 4.73 (s) v/ Do not accept 2sf for final answer.
Question Answers Additional comments/Guidelines Mark AO
02.2 speed from graph; 450 m s_l v Accept 445 - 455 m s 2 AO3
AO2
Use of their speed and KE equation to give consistent
answer v’ Expect to see 6.6 x 108 (J)
9
YA
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
02.3 MAX three from: v'v'v’ Expect to see 450 m s™' for their speed 4 AO1
AO2

Evidence for gradient may be on figure 2% AO3
Allow ECF from 02.2
e Use of graph to determine gradient o % =0.080(4)
e Uses (thglr) speed and (their) gradient to give e Expect to see 450 x 0.08
acceleration o
. : =36(.2)ms
e Use of F=m x (their a) to give resultant force

) ) e Expecttosee2.35x10°N
e Use of P = (their F)x (their speed) e Expect to see 450 x 2.35 x 10°
=106 MW

i 0 o
Final answer between 16% and 17% Reject power that is calculated assuming a

constant speed.

10
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
02.4 Identifies distance decelerating allow 7000 m to 7600 m 2 AO3
AND
max velocity = (470 +5) m s ' v/ allow answer consistent with their distance

that rounds to 15 or 16
Uses suvat equation(s)
give full credit to calculations that show that
an acceleration of 3g would stop the carin a
(much) shorter distance, with a statement that
this means that the actual acceleration must
be (much) less than 3g.

to get a = (—) 15 m s 2 which is less than 3g (so yes). v’

For MP2 allow calculation of

gradient x average speed to give

a=(—) 15 ms 2 which is less than 3g (so yes)

Total 10

1"

Question Answers Additional comments/Guidelines Mark ‘ AO ‘

YA
407



< QUESTION

D
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< QUESTION
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< QUESTION

| 23 | C | G F |

N
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< QUESTION

‘20|D‘ 4d |A02|

N
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< QUESTION

05.1 horizontal velocity = 20 cos 40°=15.3 v"(ms™!) Needs minimum 3 sf 2 AO2
For MP1 it must be clear that the horizontal L2 Maths
velocity has been determined. 1

horizontal velocity (is constant) / minimum when vertical
velocity =0 v~

Question Answers Additional comments/Guidelines Mark AO
05.2 (vertical velocity) v=20sin40° (= 12.9) v (ms™!) For second mark both suvat equation and 2 AO1
substitution must be shown. Equation may be AO2
S=ut+ 1 al? rearranged before substitution
2 L2 Maths
-3 =—12.9t+% x 9.81¢# or3=12.9t—% x9.812v 2

4.912 — 12.9¢+3.00 = 0)

15
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
05.3 Use of quadratic formulae with +, — or + v/ eg 1= 12.94/(=12.92—4 x 4.91 x 3.00 4 AO1
0.258 s and 2.37 sV )
Two correct answers alone scores first 2 L2 Maths
Time to reach 3 m once on the way up and once on the marks. 2
way down (OWTTE)v’ AO2
ecf available for last 2 marks AO3
Larger value v/
Question Answers Additional comments/Guidelines Mark AO
05.4 s=vt=20cos40°x2.37=36.3 m so nov ecf from 05.3 1 AO3
Calculation must be seen

16
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
05.5 Gradient is the acceleration AND 5 AO1
For each comment on the graph a reason
area under graph = vertical distance travelledv', must be given not just a description. AO2
e.g for v AO2
Without air resistance: ' 2 .
‘ e constant gradient = g or 9.81 ms~! AO3
comment about gradientv’, AO3
comment about areav’s e.g. for v,

e initially steeper gradient since air
resistance in same direction as weight

With air resistance (soa>g)

¢ when line crosses time axis, gradient
= ¢ /9.81 / gradient without air

comment about areav’s resistance as air resistance = 0 when
v=0/

e After crossing time axis, gradient
decreases as air resistance increases
with speed

comment about gradientv',

E.g. for visor vs
e total area under graph = 0 since ball
starts and finishes on ground
e area between graph and axis is max
height/vertical distance
e without air resistance reaches a
higher height as area greater

statement referring to area under both graphs
gains vzand v's

Total 14

17
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< QUESTION

C
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< QUESTION

C
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< QUESTION
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< QUESTION

| 24 | B (AO2) | 4100 N |

N
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< QUESTION

| 25 | C (AO1) | the gravitational force of the parachutist on the Earth |

N
419



< QUESTION

R * |

N
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< QUESTION

‘ 24 ‘ C | The acceleration is unchanged. ‘
| | [ . |

N
421



< QUESTION

‘23|D‘ 931N |A02|

N
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< QUESTION

‘ 21 ‘ B ‘ The drag force when her velocity is v, is equal to the drag force when her velocity is v,. AO2 ‘

N
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< QUESTION

B

N
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< QUESTION
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< QUESTION

25 C 250J
n F
£%
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< QUESTION

‘ 19 ‘ D | force mass x displacement ‘

N
427



< QUESTION

‘ 24 | D ‘ 4700 kg | AO2 |

N
428



< QUESTION

06.2 16 000 x 2.8 — 12 000 x 3.1 =28 000 v v/ IVIUSL SEE SUUSULULUII 1
o Correct equation (watch signs) gets first and 1
v=0.27(1) (ms™) v second marks
-1 . . 4
Impulse = 16 000(2.8 — 0.271) or 12 000(3.1 + 0.271) = 4.0(5) x 10* v | 103 m s~ used then impulse will be 4.0 x 10" or 1
4.08(4.1) x 10
06.3
Ns orkgms™v
1
Trucks move in opposite directions/rebound v/
velocity of B is greater than that of A because total momentum is to 1
06.4 the right OR B has lower_ mass v
or 1
Momentum of B after collision is same as that of A before the collision
(and vice versa)
Total 8

20

INZ
429



< QUESTION

Keys to Objective Test Questions (each correct answer is worth 1 mark)
Q 7 8 9 10 11 12 13 14 15 16 17 18 19
A B B C C A B B A C D B D D

Q 20 21 22 23 24 25 26 27 28 29 30 31

21
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< QUESTION

06.1 Max 1 from: For1v expect to see 2 1 x AO1
Calculation of Ay Ft=mAvandu=0 1 x AO2

6.55
y= 0410 = 159756 m s™!

Condone POT error in 1V

Calculation of E, using their Av 1v/

1 1
52(3) T v Ex=Zpv =% 6.55 x 15.9756
=52.320 (J)

Do not allow rounding error.

If no other mark given, award max 1 for a
combination of ke and momentum equations
1 (mv)> seen in numbers or symbols

Ek
2 m

18

N2

431



< QUESTION

Question Answers Additional comments/Guidance Mark AO
06.2 Area under graph = 8.5 large squares Allow 8 to 9 or (small [J) 200 to 225 3 1 x AO2
OR Accept attempt to calculate area using y-axis 2 x AO3

212 small squares 1v interval as unknown quantity

Area = 6.55 N s on its own is insufficent for 2v'
uses area of graph = impulse 2v'

Allow evaluation of impulse = their number of
squares

Onesquare =F x2 x 1073 =
6.55
their number of squares

And F = their area of one square =2 x 1073 s

1600 R maRmmnsaan
judges that the interval is 400 N 1900 AR
AND F/N 800 FHHH
annotates y-axis with 400 N intervals 3v’ N

0./.. H S
0 4 8 12
t/ ms

3v": minimum 3, non-zero, major grid lines
labelled

19
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< QUESTION

Question Answers Additional comments/Guidance Mark AO
06.3 Any two from: 1v v’ 18sin48 seen or inferred from use of 3 1 x AO1
e resolve 18 m s™! vertically (to obtain u) (5)13.37(7) 2 x AO2

_ P _ 1 5
« use of SUVAT with their 1 eg s = (their u)x  + % af? useofv=utatwithv=0ands=u+ = at

¢ evidence of consistent sign for s, u and a with u =0
~2.0 = (18sin48)r + % (~9.8)22
OR

2.0 = (—18sin48): + % (9.8)22

Do not award MP3 if negative solution

t=2.87(s)3v quoted.
Allow 2.86 or 2.9
Allow any correct alternative route
Total 8
20
Question Answers Additional comments/Guidance Mark ‘ AO ‘
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< QUESTION

EXpect answer 10 pe Caiculatea correcuy ana 10 £+

05.1 (= 7(.2) x 10°) sf. ?
Accept 700 kJ as 2 sf
Component of velocity = 31 x cos (20) Allow ecf for speed from 05.1
OR
05.2 evidence of using momentum = mass x velocity (eg 1.5 x 10° x a Accept 4.65 x 10" kg m s™ for max 2 3
. velocity) v Use of 30.6 m s™ gives 43 kN s
=44x10"v
For unit only acceptkgms™ ORN s v/
(KE before collision = 700 kJ) Allow ecf for speed from 05.1
Speed (parallel to barrier) after (= 31 x cos 20) =28.7ms* v Use of KE = p?/2m can gain full credit.
05.3 KE after( =% x 1.5 x 10° x 28.7%) = 618 k] v/ Allow ecf for momentum in 05.2 3
Change = 700 — 618 v (= 82 kJ) Final answer depends on extent to which candidate
has rounded in earlier parts. Allow correctly
OR evaluated solutions for full credit.
16
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< QUESTION

— | Speed-{perpendicularto-barrier)-after =31 x-sin20-{=10-5-ms— | Inthis-question,do-netinsist on final answer to 2+
sf.

Loss of KE (=% x 1.5 x 10° x 10.5?) = 82 kJ v/

Justification that total KE = KE due to speed parallel to barrier + KE

due to speed perpendicular to barrier v/

If there is a suggestion that KE is a vector or can
be resolved, do not award MP3.

17

N2
435



< QUESTION

Evidence of work done = force x distance
Eg Force = 82 000 / 1.5 OR their value for 05.3+1.5v Allow 80 kJ for energy
=55x10* Nv

This is less than braking force — so yes. v/

OR energy approach
e work done by barrier =60 kN x 1.5 mv’
e 90kIV

e which is > Ey of vehicle, so yes v

05.4 . 3
General scheme for alternatives and reverse
OR impulse argument arguments is:
e evaluate time taken to stop, 0.26 s v/ o first step calculation
e impulse value leading to distance or forcev’ e subsequent calculation(s) leading to
e conclusion consistent with correct method of calculation v/ comparative value. Allow ecf for error in first
step.

e conclusion consistent with correct method
of calculation

OR use of F=ma and suvat :

e F=maleading to a = (-)40 m s2v Alternative suvat method:

e suvatleadsto 1.37 mv’ e usessuvattogeta=365ms™?
e whichis <1.5m, soyes v e uses F=ma
e which is <60 kN, so yes

18
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< QUESTION

(Steal harrier is hetter hecause)
oteetparHeHsSoe Becatse)

et

Increase time of contact as material deforms v/ Allow correct discussion leading to concrete barrier
Reference to impulse (= change in momentum = Ft) implies smaller is worse.
force (on dummy) v/

05.5 2
OR
Increasing stopping distance as material deforms v* Alternative second mark for either alternative can

Reference to work done (= Fs) implies smaller force (on dummy) v/ be awarded for correct reference to F=ma

Total 13

19
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< QUESTION

‘ Question ‘ Answers ‘ Additional Comments/Guidelines ‘ Mark ‘

| [ae i l l |
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< QUESTION

N
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< QUESTION

Cc
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< QUESTION

| o | ¢ |
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< QUESTION

28 | A |
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< QUESTION

| 07 | C (AO1) | work done and the moment of a couple |

N
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< QUESTION

’ 09 ‘ B (AO1) | 106 J |
i | i - _ |

N
444



< QUESTION

| 26 | D (AO2) | 0.614N's |

N
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< QUESTION

‘ 8 ‘ C ‘ 60 kg ‘

N
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< QUESTION

‘11‘A‘| 1 mN ‘ 1 km ||AO1‘

N
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< QUESTION

06.1 arrow parallel to slope labelled (M+2m)gsin35 and label Ignore arrows not parallel to ground e.g. weight 1
parallel to slope labelled tension OR Tv Ignore friction
W not acceptable for (M +2m)g

06.2 T — Mgsin35 = Ma 1
AND (M+2m)gsin35 - T = (M+2m)a v/

add two equations
(M + 2m)gsin35 — Mg sin35 = Ma + (M +2m)a v/ 1

HENCE
(a= mgsin35/(M+m))

OR
(M +2m)gsin35 — Mgsin35v" (= (2M+2m)a)

a = 2mgsin35 /(2M +2m) v’

HENCE
(a= mgsin35/(M+m))

06.3 SECOND MARK CONDITIONAL ON FIRST SECOND MARK CONDITIONAL ON FIRST
mass/impulse/acceleration (of trollies) is the samev’ both have same speed / magnitude of velocity but different 1
14
YA
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< QUESTION

momenta (trolley A and B) the same massesv’ 1
(hence)momentum of A is greater/momenta in opposite
directionsv’

06.4 o1 30 x 9.81 xsin35° _ 1

acceleration = 7 X 30795 =0.338 Vv

(use of v* =2as) L

v =(2x0.338%9.0) = 2.47 v CE from acceleration calculation
If used g for acceleration then no marks awarded

1
_ 247 _

t=5335~ 73sv

OR

(use of s =1/2at?)

9 =1 x 0.338% t*v

t=73sv

06.5 Allow CE from 06.4 1

number of journeys = (1800/(12 + 7.3) = 93 or 94v Allow between 93 to 94 1

number of blocks =2 x 93 = 186 or 2 x 94 = 188V Allow CE from incorrect number of journeys
Allow 186 to 188

Total 10

15
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< QUESTION

| Question | Answers | Additional Comments/Guidelines | Mark |

N
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< QUESTION

011

(CUITECL AV @llU Al) dlu alswer I range (-)£.9 W (-)2.y (iIns ) v

Use of F = ma using their a with answer

i.e Force =1. 8 x 10* x their a from an attempt at a tangent or trying
to use suvat equationv’

TAVIIY T L \\l} LR RS

Allow if answer rounds to these values

answers from best attempts at tangent in range 4.7
to 4.9 x 10N

01.2

Attempt to estimate area under the graph. v/

Correct square count 21 to 23 10 mm squares
(525-575 small squares)

OR

distance per square =2.5m or 0.1 mv’

Value in range 50 m to 60 m and conclusion
that escape lane would be long enoughv’

Use of suvat equation =0

For attempt to find area using trapezium rule
expect use of 1 s intervals for this mark.

A
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< QUESTION

| KE of lorry -

fgnore fosses due to friction
‘ to KE of gravel (as it is pushed aside/moved)v’ Not KE of the ground
OR

PE of gravel (as it may be ejected upwards)v’ Max 2

01.3
transfer to thermal energy /internal energy/heating of gravel 1
/ground/lorry Must refer to what is heated

OR

work done on the gravel/vehicle increasing internal energy/raising
temperaturev’

N2
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< QUESTION

Appreciates that KE converted into PE 1
or
May be stated or by attempt to use of mgh = % mv?
or
Calculates initial KE of lorry %1.8 X 10% x 17.52 = 2.76 x 106 (J) ¥

1
Height needed in escape lane = 2.76 x 106/(1.8 x 10* x 9.81) = 15.6 m Allow max 2 if height = 85 tan 25
or or length of lane = 15.6/tan 25
Length of lane required =15.6/sin25 = 37 m (compare with 85 m) I.e allow these incorrect values when drawing

conclusion
or
vertical height of ramp = 35.9 m (compare with height needed 15.6 m)
or
1.4 maximum change in PE possible = 85 sin 25 x 9.81 x 1,8 x 10*= 6.3 x 10° (J)

(compare with initial KE) v/

1

Comparison and conclusion that escape lane would be long
enough.This must follow from correct workingv’

Deceleration produced by slope = 9.8(1) sin 25 or
4.15 (4.1 or 4.2) m s seenv’

. ) . ) Arriving at 37 m gets first two marks
Distance to stop from v = 2as give s = 37 m (compare with 85 m)v’

Or

Minimum deceleration needed = 17.5%/2 x 85 = 1.8 m s (compare
with 4.15 m s?)

YA
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< QUESTION

Comparison and conclusion that escape lane would be long
enough This must follow from correct workingv’

The straight road of uniform gradient because:
The deceleration (condone acceleration) is uniform v/

with the gravel the initial deceleration is larger/may vary Do not allow deceleration less when on gravel( It is

Travelling through gravel could make the vehicle unstable/bounce greater initially)

erratically(owtte) v/ .
01.5 Do not allow answers that (average) force using Max 1

gravel lane is less than decelerating force on the

Gravel because: ramp (due to increased stopping distance or

On the ramp the lorry would roll backwards after stopping (as it has stopping time)

no brakes) Or because stopping time is longer
Total 12
10
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< QUESTION

Clear indication of correct process Condone no or misuse of powers of 10

two correct values for Av from working plus conclusion Allow use of v alue of h as the constant to show 1
that v values in table are consistent with the 4

(7.35; 7.25; 7.35)v values

N2
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< QUESTION

04.1 moment (of weight of the box) v/ 2

Links pivot position to a consideration of moments v/ Award 2 for
1.25 x weight of beam = 1.5 x weight of empty box

Confusion of moments with eg work done/forces =
max 1

Clockwise moment = 610 x 9.81 x 1.5 (=8976 N m) v/ Credit any evidence to work out a moment with one

mark

. , _ . v

Anticlockwise moment = 250 x 4 + T sin 50 x 4.0 (N m) Condone cos 50 in MP2.

Use of clockwise = anticlockwisev’

Use of T sin 50° seen / relates vertical component to tensionv’ .
Allow ecf for clockwise moment

04.2 T (= 1994/sin 50° ) = 2600 (N)v Allow ecf for anticlockwise moment

Use of g = 10 N kg™ gives 2990 N
Omission of 4.0 m (g = 9.8) gives 10410 N.
Use of cos 50 (g = 9.8) gives 3100 N

12

A
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< QUESTION

Allow max 4 for use of g = 10 N kg™.

13

N
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< QUESTION

75=1gf v Allow ecf from incorrect t for MP2

04.3 (t=1.2 S)
(calculate distance)
s(=ut=18x1.2) =22 (m)v

14

N
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< QUESTION

(Range will be greater:)
component of velocity upwards v/
rock will spend longer in the air v/
greatert v’

therefore_the range is greater v/
OR

Candidates can argue from both lists to reach a
balanced view suggesting that there is no change.
Full credit can be obtained from

2 deductions from one list v'v'+ consistent
conclusionv’

1 deduction from each list v'v'+ consistent
conclusion v/

Do not allow an unsupported conclusion.

04.4 (Range will be smaller) Max 3
Counterweight will fall less far before projectile released v/ Conclusion must be consistent with correct
statements.
Less energy transferred to rock v Treat incorrect statements as neutral.
Initial speed of rock less/horizontal velocity reduced v/
. Do not reward arguments based on a longer time of
therefore_the range is smaller v/ .
flight.
OR
(balanced arguments)
therefore the range is unchanged / answer is indeterminatev’
Total 12

YA
459

15




< QUESTION

Question Answers Additional Comments/Guidelines Mark

Conversion of 110 kmh™*to 31 ms*v Allow ecf for incorrect or failure to carry out speed

. . ) . conversion
=1 x 1.5 x 10° x their conversion? with a consistent answerv’

Fvnart ancwiar tn ha ralrinilatad ~rarracths and tn 24

N2
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< QUESTION

B

N
461



< QUESTION

N
462



< QUESTION

D

N
463



< QUESTION

| 2 | D |

N
464



< QUESTION

| ® | ¢ | T |

N
465



< QUESTION

| 27 |D(A01)| 9E |

N
466



< QUESTION

| 28 | C (AO3) | The strain of Q is double the strain of P. |
[ | [ - |

N
467



< QUESTION

A | h |

N
468



< QUESTION

‘25|C‘ 3E |A02|
I k(ALY ]

N
469



< QUESTION

‘ZS‘C‘ —— ‘AOZ‘
2t

N
470



< QUESTION

‘ 31 ‘ A ‘ 190 g |A02‘

N
471



< QUESTION

04.1 _ (tensile) stress . . 1 AO1
Idea that YM = (tensile) strain and (tensile) strain has no
units v/
Question Answers Additional comments/Guidance Mark AO
04.2 Evidence of determination of volume of one wire 1v' When X is used in MP1, condone the use of 3 AO3
diameter for radius of X.
Expect V=3.3 x 10®m> Condone PoT error
Uses relationship between density of X Expect M =64 g or 65 g Condone PoT error
OR
the density of the wire used in MP1
and their volume to determine their mass 2v'
75 x 64 or 75 x 65
Answer between £4800 and £4900 3v’
Question Answers Additional comments/Guidance Mark AO
04.3 W and Z, as their densities are the same (and density is Allow suggestion that the Young modulus is 1 AO1
the only one that is a property of the material) v/ the same provided there is evidence of its
determination for both.

14
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< QUESTION

Question Answers Additional comments/Guidance Mark AO

04.4 Draws best-fit line 1v/ For 1v" look for an equal scatter of points either 4 AO3
side of the line.

Uses pair of values of stress and strain from point on line
more than halfway along the line

OR Allow half square tolerance on graph read-offs.
uses a difference in two pairs that is more than half the Condone PoT error
line 2v/

Copy of W data from table 1

Wire Length/m | Diameter /mm | Stiffness/Nm™ | Density / kg m™

w 3.10 1.7 4.90 % 10* 2.71 x10°

Evidence of attempt to use equation(s) to determine F, &,
l,Aord

from graph OR for W (for use in a comparison). 3v/

eg cross-sectional area of W =2.27 x 107 m?
Condone PoT error

Compares E for W with value from Figure 5
OR E=6.8x10""(Nm?)
Accept answers that round in the range

compares k, [, A or d for Figure 5 with value for w
6.7 x 10'% to 6.9 x 10'° for E from graph.

With answer yes 4v'

Total 9

15

Question Answers ‘ Additional comments/Guidance Mark ‘ AO ‘

Bﬁ@/ﬂ'
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< QUESTION

05.1 Evidence of appropriate use of Figure 11 e.g. Some evidence that Figure 11 is used: 1 AO1

105 x 106+7.5 x 10°* calculation based on a point on line between
75 MPa and 125 MPa

OR calculation from point on straight line
extended

OR

Use of triangle from more than half of the
linear section.

leading to an answer in the range 1.38 to 1.42 x 10'! Pa

v Allow 2 sf answer 1.4 x 10'! (Pa).
Question Answers Additional comments/Guidelines Mark AO
05.2 Idea that wire undergoes only (very) small (increase in) Reject idea that there is no increase in strain. 1 AO1 x 1

strain beyond the linear section before fracture v

Condone ‘extension’ or ‘(plastic) deformation
for ‘strain’.

Condone ‘shortly after’ for ‘beyond’

Accept: does not show 'necking' before
fracture

Accept: fracture occurs very near the limit of
proportionality (condone ‘elastic limit’).

Accept references to a particular value of
straine.g. 9x 10%to 12.7 x 10*

20
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
05.3 Evidence of determination of total load or load on one wire | Total load = (4.4 + 16.0) x 9.8(1) =200(.1) N 3 AO1x 1
v
Allow ‘g’ for 9.8(1) AO2x 2
(halves load)
Use OfE:(their F)xL v Expect to see F =100 N and

Ax AL A=5.03 x 107 m?. Condone use of 4 in
calculation of cross-sectional area 4 in MP2.

Or separate calculations using o = F=-4,
E = g+strain, strain = AL+L

Condone POT error in MP2.

AL=1.1(4) x 1073 (m) v

21
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
05.4 Evidence of extension/strain in each wire is the same v’ AL = {FL+AE} steel = {FL+AE} aluminium 8] AO3x 5
Substitutes data leading to Fa = 1.33 Fs »v {F+d’E} steel = {F+d’E} aluminium 1v'
F, F,

S a

08x210 1.6 x70

Fa=133 FsOR Fs=0.752 Fa v
133 Fs+Fs:200N

Calculates Fs or Fa 3v Fe=86N, Fa=114 N 3v

Attempt to take moments about A or B or
other suitable point, expect to see
16.0gx =228 —4.4g v,

Evidence of an attempt at a moment equation 4v

Note that an answer of 1.14 m comes from
not taking into account the weight of the
beam

Award max 4 for this approach.

ECF for MP2 and MP3 in MP4

Distance =1.18 m v5

Total 10

22

Question Answers ‘ Additional comments/Guidelines Mark ‘ AO ‘

Bﬁ@/ﬂ'
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< QUESTION

C

N
477



< QUESTION

D

N
478



< QUESTION

D

N
479



< QUESTION

A

N
480



< QUESTION

C

N
481



< QUESTION

C

N
482



< QUESTION

B

N
483



< QUESTION

C

N
484



< QUESTION

B

N
485



< QUESTION

A

N
486



< QUESTION

D

N
487



< QUESTION

A

N
488



< QUESTION

D

N
489



< QUESTION

B

N
490



< QUESTION

B

N
491



< QUESTION

B

N
492



< QUESTION

D

N
493



< QUESTION

A

N
494



< QUESTION

A

N
495



< QUESTION

C

N
496



< QUESTION

N
497



< QUESTION

N
498



< QUESTION

N
499



< QUESTION

D

N
500



< QUESTION

C

N
501



< QUESTION

D

N
502



< QUESTION

B

N
503



< QUESTION

D

N
504



< QUESTION

A

N
505



< QUESTION

C

N
506



< QUESTION

C

N
507



< QUESTION

C

N
508



< QUESTION

| o | B |

N
509



< QUESTION

| 12 | D |

N
510



< QUESTION

1’ | A |

N
511



< QUESTION

25 | c |

N
512



< QUESTION

C

N
513



< QUESTION

A

N
514



< QUESTION

C

N
515



< QUESTION

| 16 | B | muon electron |

N
516



< QUESTION

| 17 | D | The frequency is 0.17 Hz. |

N
517



< QUESTION

‘ ZIL 1A ‘

’ 31 ‘ D =

20
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< QUESTION

| 0 | A | 43mst |

N
519



< QUESTION

12 [ B ] 4g |

N
520



< QUESTION

13 | A ] 7.2 I

N
521



< QUESTION

| 19 | ¢ | No work is done moving an electron from M to N. |

22

N
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< QUESTION

25 | B | 200 0.45 i

N
523



< QUESTION

| 26 | A | Its rate of change of momentum is at a minimum. |

N
524



< QUESTION

| 31 | Cc | 2.55 x 10 %] |

23

N
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< QUESTION

| 14 | B (AO2) | maximum kinetic energy of a photoelectron |

N
526



< QUESTION

19 A (AO1) first
| |aeon . |

N
527



< QUESTION

| 08 | D (AO2) | pressure of the gas internal energy of the gas |

N
528



< QUESTION

| 13 | D (AO2) | the orbital period of the satellite |

N
529



< QUESTION

| 14 | Apo) | R |

N
530



< QUESTION

| 22 | B (AO2) | 39%x102T |

N
531



< QUESTION

‘ 13 ‘ A | decreasing the kinetic energy of the electrons ‘

N
532



< QUESTION

‘ 14 ‘ C | 1.2 0.17 ‘

N
533



< QUESTION

‘ 31 ‘ B | the kinetic energy of the mass |

28

N
534



< QUESTION

| 19 | C ‘ 4.0%x10"%m |
| — I ; |

N
535



< QUESTION

| 20 | B | 6.0x 103 T |

N
536



< QUESTION

| 21 | B ‘ The radius of the path followed by an ion is different for each isotope. |

N
537



< QUESTION

om0 |

N
538



< QUESTION

|24|D\ 395V |

N
539



< QUESTION

] 27 \ C \ 0.174 A |

31

N
540



< QUESTION

e | oA -/ | |

N
541



< QUESTION

10 A increases decreases AO2
| | | | |

N
542



< QUESTION

‘ 29 | B ‘ 2w mf | AO1 |

24

N
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< QUESTION

‘ 8 | B | doubling the volume at constant pressure |

N
544



< QUESTION

‘ 12 | B | decreasing the frequency of the ac input voltage |
I I I . I

N
545



< QUESTION

‘ 15 | A | doubling the transmission voltage of the cable |

b Be |

N
546



16 D —
| . |

N
547



< QUESTION

‘ 23 | D | The work done moving from Q to R and moving from Q to S is the same. ‘

‘ o | _ | the charge stored on a capacitor consisting of two parallel plates of area 1 m? ‘

N
548



< QUESTION

‘ B it e ] R e e R e ‘

‘ 24 ‘ B separated by 1 m when the potential dlfference between the platesis 1 V

N
549



< QUESTION

‘ 10 ‘ A ‘ energy is conserved. | AO1 ‘

N
550



< QUESTION

1

14 A - - AO1
diameter of the wire

N
551



< QUESTION

‘ 25 ‘ B ‘ | maximum ‘ minimum | | AO1 ‘

N
552



< QUESTION

‘30‘0‘ z ‘AO1‘
r

N
553



< QUESTION

I > |

N
554



< QUESTION

‘20‘0‘ 41 ‘AOZ‘

N
555



< QUESTION

‘21‘A‘ 0 ‘AOZ‘

N
556



< QUESTION

‘ 22 ‘ D ‘ 6.25 uV ‘AOZ ‘

N
557



< QUESTION

‘23‘A‘ 80% ‘AOZ‘

N
558



< QUESTION

‘ 28 ‘ C ‘ 4.7 MeV ‘ AO2 ‘

N
559



< QUESTION

04.1 Either appreciation of mass of He = 4 x mass of neutron 2 AO3
OR idea that n and He have equal (and opposite) momenta
v
2
)4
Combination of momentum and KE equations (to give idea | Expect to see KE = —
. . ) 2m
that KE is inversely proportional to m with same p) and
therefore KE of neutron = 4 x KE of He v/
Question Answers Additional comments/Guidelines Mark AO
04.2 calculates KE of neutron 80% x 2.82 x 10712=2.26 x 10712 (J) 2 AQO2
OR -12 ;
uses mass of neutron from data booklet with their Do not allow use of 2.82 x 10"~ as their
calculated KE in a KE equationv’ calculated KE.
vy=52x10"ms'v mn=1.67(5) x 10?7 kg
Accept answers of 5.18 x 107 or
5.19%x 10" ms’!
Calculator values:
5.1823878 x 107; (using 1.68)
5.1901169 x 107; (using 1.675)
5.1978807 x 107 (using 1.67)
Total 4
15
Question Answers Additional comments/Guidelines Mark ‘ AO ‘

Bﬁ}*@:
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< QUESTION

02.1 Vertically up (third row of table) v/ 1
02.2 (Using Flemings LHR) the configuration of the letters is Answer must be near/on the dashed lines. 1
S N v
02.3 The tesla is the (strength) of the magnetic field/flux density that For mark a reference to 1N, 1A and 1m must be
produces a force of 1 newton in a wire of length 1m with 1 ampere seen. However the word ‘unit’ is equivalent to ‘1°. 1
(flowing perpendicular to the field). v/ E.g. unit force = 1N.
(owtte but must contain 1N, 1A and 1m) Do not allow definitions based on F = Bqv.
02.4 Useof (B=F/Il)=mg/Ilv (mark may come from substitution as in | Treat power of 10 error as an AE so lose one mark
next line) only. 2
B = 0.620 x 10° x 9.81 / (3.43 x 0.0500) = 0.035 or 0.036 (T) v Lack of use of ‘g’ is a PE and scores zero.
Total 5
10
| Question Answers Additional Comments/Guidelines | Mark |
YA
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< QUESTION

06.1 1.5 (mS) v 1
A = 4.2 (mm) read from graph v/ Condone power of ten error in A and/or T but not in
final answer.
= v
T =2.0 (ms) read from graph Evidence for T might be seen in equation, as 500
06.2 B s . 3
(Bmax = 4.2 107 x (2 x /(2 x 107)) Only allowed ecf for max 2 is use of 4.1 mm for A,
4.1(5) x 10* (m s v (Do not allow 4.2) giving 4.0 x 10* (m s79)
longitudinal Both required for 1 mark
06.3 (they) oscillate along direction of energy transfer v Condone “wbrat,e" for oscillate. 1
Condone ‘travel’ for transfer
Total 5

20

INZ
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< QUESTION

Question Answers Additional Comments/Guidelines Mark
Mention of increase in lost volts/ pd across internal resistance (in Accept reverse arguments
cell)v
(because) Do not accept terminal pd has decreased
current has increased Treat comments about resistance of lamp as
Qk'f‘ﬂ

563



< QUESTION

011 Condone “molecules” or “atoms” for 1 AO1
“particles”

Kinetic energy will be taken to mean total
total kinetic energy of the particles v/ kinetic energy but do not accept use of mean
kinetic energy or reference to kinetic energy
of a single particle.

Do not allow any reference that implies there
is potential energy or any other energy added
to the kinetic energy.

Question Answers Additional comments/Guidelines Mark AO
01.2 (the speed before and after a collision is the same in the Use of subscripts i and f or before and after 1 AO1
elastic collision) do not need explanation.

= pr—pi) = — mc — me = — v . o
Ap (Zpr=pi) me —me = =2me A will be assumed to mean (final — initial).
Either the initial momentum or the final
momentum must be described clearly enough
to justify the negative final answer

VA
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
01.3 Time between colliding with W (= S )= 21 Mgst sr)ow evidence of a time calculation 1 AO1
c c using distance and speed
T\ 2! Do not allow any attempted use of v =12
7
Q%W‘ﬂ
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
014 F The reference to Newton law could be a 2 AO1
Reference to a Newton law AND P = ) Y1 simple link between Newton’s name and an x2
equation.
2 2
pl= £ _ me XLZ _me
A / / V
Total 5
8
Question Answers ‘ Additional comments/Guidelines | Mark ‘ AO ‘
Q&'/@
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< QUESTION

. X
031 Evidence of w = 2—nOR 0.05 m seen Expect to see: 4 2% A0t
g I ::l..”;H.: I 2 x AO2
OR it I B
e T
1Y PSR T
A= V “\.-acceleration{—
their @ NG/ ms 2o
N
. O U IO T
Use of a = —w?x OR 3.0 m s seen »v 0 O .OTWisplacement.—‘.o_os
N !
T :::"\.., W
= (B "\.‘ e
Straight line through origin with negative gradient featuring Il I = \\
all four quadrants 3v/ R A O B
Single straight line ends at (0.05,-3.0) Condone axes either way round
OR Award 4 for correct graph with correct values
: : . v
Single straight line ends at (0.05, 3.0) 4 Evidence for v and »v' can be seen on the
graph.
In 3v" (0,0) must be in centre of line.
4v'there is no ecf from 1v" or »v'.
12

INZ
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< QUESTION

Question Answers Additional comments/Guidance Mark AO
03.2 their max displacement _ Accept on either quadrant 1 AO1
P at \/E (judge by eye)
Expect to see 3.54 x 102 m AND 2.1 m s2

Total 5

13

Question Answers ‘ Additional comments/Guidance Mark | AO ‘

INZ)
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< QUESTION

03.1 It is not possible as the force (due to the magnetic field) is The main part being examined is the reference to
perpendicular to the motion/direction of travel/velocity v (it can only the force being perpendicular to the motion.
change the charged particle’s direction or alternatively no work is 1
done on the proton)

Or
No component of force in the direction of motion.

03.2 BQv=mV?/rv Accept ‘e’ if used instead of ‘Q’
tsemi-circle (= distance / speed ) =nr /v
Or use of e (= distance / speed ) = 2 n r /v ¥/(this mark can only be | Alternatives can be given for the first two marks.
awarded if it follows an attempt to answer the first mark) 1* needs a centripetal force term. 3
combining gives 2" is a circular motion expression to enable r to be
(terce = 27m / B Q s0) removed.
tsemi-cice = 7M /B Q

(which does not contain r / is independent of r) v/

03.3 (rearranging first equation in 03. 2 or from data booklet v=B Qr/ m) | Correct answer scores both marks.
v=0.44x1.6x10"x055/1.67 x 107 v 2
v=23x10"(ms?') v

Total 6

11
| Question | Answers | Additional Comments/Guidelines | Mark |

| | frmAadaratary  tha nAanitran 1indaranne an Alactin Aallicinn/hAailinanc AfF | Niict hava tha idaa that tha nainitran clawn haralica | |
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< QUESTION

np Z.0 X1V A DU X1V vV 2 A LUILITULL AlIDVWTIT yallid wuLll HHairno. 1
05.1 2 AO2-1f-1
N = 120 (turns) v, If no mark is awarded a single mark can be Math2-1
given for ® = BAN cos 30° being used to find
N =139.
— — -3 o
®(= NABcosf = 1.5 x 107 cos 30°) AO2-1f-1
05.2 1 Math2-1
Flux linkage = 1.3 x 107 (Wb turns) v
v, Condone using 1 sig fig for f but not o or T.
_1__1 _ - -1 ! AO1l-la-
f=1=55"40H)0or0=2510r8r(rads ) vy The mark can be gained from seeing f or o or 1
05.3 T given explicitly or from a substitution in the )

. 3 peak emf equation in the second mark. -1h-
Peak emf (= BAN 2= 1.5 x 107 x 20 Aoz
=0.038 (volt) v, (0.0377 volt) v, A correct answer gains both marks. Math2-2

2.0 The mark is dependent on the exact crossing
flulinkage 15 of the time axis which has a tolerance of + 1
b AN Fi TN small square.
0.0 / : —4 1A
05.4 osP—N—— /1 e NSRS ps0 The vertical axis figures is not expected. 1 Aoi la
. -1.0—
ok Also ignore errors in height and the exact Math2-1
positions of the peaks.
Either solid or dashed line gains mark v Only a rough sinusoidal shape is expected. A

Bﬁ@/ﬂ'
570
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< QUESTION

triangular shape with very slightly rounded
edges would-beacceptabte:

Total 6
Question Answers Additional Comments/Guidance Mark deltzils
Condone because thermal/slow moving
To increase the probability/chance of fission (when neutron heutrons are needed for fission to take place
collides with fissile material/ U-235) ‘fuel’ but not ‘fuel rod’ to be used in the AAD 1a.
Ql'/‘@
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< QUESTION

02.1 EITHER need to see table to look for any working 2
calculate value for constant using two calculationsv’
calculate value for constant using three calculations and
make a comment that they have same valuev’
OR e.g. 0.5/0.8 = V¥110/N140
calculate ratio between masses and VT for one pair of
valuesv’
calculate ratio between masses and VT for two pair of values
and make comment about same valuev’
OR no comment needed with this alternative
work out constant and use to predict one other frequency or
massv’
work out constant and use to predict two other frequencies
or massv’
02.2 = pA = 1150 x 1(5.0 x 10%/2)? 3
p=2.258x 10" (kg m*)v
. . . 1 |T. .
use of consistent m and f Substituted in f = EJ% including g | Award second mark if T and f substituted correctly (ignore 1)
but condone powers of 10 errorv’
0.67 mv If used diameter for radius incorrectly then lose first mark but
can get third mark (answer 0.335 m)
02.3 appreciation of reducing diameter when string is stretched.v’ 2

YA
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< QUESTION

lower mass per unit length so (constant of proportionality
and hence) frequency is higher (than would be predicted)v’

Total 7

N2
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< QUESTION

| Question | Answers | Additional Comments/Guidelines | Mark |

N
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< QUESTION

YUY Stdte Ui v iviuow State (If energy 1o cnange IS given inen

01.1 required or needed is implied) 2 ACL
Without a change of temperature or at the freezing/melting 4
temperature/point v 2n mark stands alone.
(Dividing both sides of the equation AQ = m ¢ A@by At gives Working must be seen as there is a self-
AQ/At =m c AGAt or cancelling error with two 1000 factors.
AB = (AQI/At) x At/m c where m = pV ) So answer alone gains the 3 mark only.
A6 = 2700 x (60 x 60) / (4.5 x 1000 x 4200) v Firs mark can be gained if (60x 60) is absent
even if not re-arranged.
Full substitution correctv’ The change of temperature may be written as
a difference between 28 °C and an unknown
temperature (allow in kelvin written either way
01.2 temperature rise = A9 =0.51 (K) v' (= 0.514 K) round ie with incorrect sign) 3 AO2

1 sig fig is not acceptable.

Useful numbers:

4.5 x 1000 x 4200 = 1.89 x 10’
2700/(4500x4200) = 1.4 x 10™
Max 2 if:

Omits (60 x 60) giving 1.43 x 10* K
Omits 60 giving 8.57 x 107

YA
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< QUESTION

(When the pump is working at speed) the pump is doing work
(on the water) v/

(Lenient mark — a reference to random motion
or more collisions may gain this mark but a
simple increase in kinetic energy is not

work (and heat both) can raise the temperature of a body (as | enough)

stated in the 1° Law of thermodynamics) (this may be

01.3 expressed as work is converted to thermal energy) OWTTE 2 2 A03
OR Do not penalise answers that go nowhere
The pump increases the randomness / turbulence of the unless they directly contradict a marked
water/molecules answer.
OR
The mean square speed/mean kinetic energy is proportional to
the (absolute) temperature. v (this may be given in the form
on an equation) OWTTE

Total ‘ 7

Question Answers Additional Comments/Guidance Mark deltgils

An equation is not sufficient unless the
symbols are defined. Unit charge can be
replaced by coulomb.

(The electric field strength at a point) is the force per unit (Reference to a point is not needed as it is in

rharna v

Bﬁ@/ﬂ'
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< QUESTION

02.1 give credit for any relevant annotation to 2x A03
Figure 6 or in additional sketch

place mirror behind ruler ;v for 1v do not insist on contact between mirror 1
and ruler

adjust position (of eye / head) until pin hides / lines up with | condone use of (non-hypotenuse) edge of 1

its own reflection / image »v’ set-square to define horizontal plane 1v/

adjust position until horizontal edge of set
square meets/is touching pin or wtte v’

if no other mark given award 1.v'= 1 max for
‘read value at eye level’ OR move (clamped)
ruler closer to pin

INZ)
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO

02.2 valid strategy using apparatus in Figure 5: for 1v" must refer to variables only using the 1 2xA01

y (as the dependent variable) measured (or wtte) for symbols and/or terms given on page 8;

different values of one independent variable (only L or m accept ‘weight’ / mg as independent variable

v . .
are acceptable) 1 condone mock table as intent / y = ‘extension’

identifies the correct control variable (besides w and t) v/ for »v' L = control variable if m = independent 1

variable OR m = control variable if L =
independent variable;

if L is being varied and m = 250 g is stated,
this can be taken as m = control variable and
therefore known;

take a similar approach if m is being varied
but in this case L must have a quoted value
that is < 30 cm;

for more than one independent variable,
eg variation of both m and L 1,%x but allow
ECF for 4v" as long as plot is valid, eg y
against mL3

suitable measuring instruments for L OR w OR t 3v/ ANY ONE of the following (for more than one 1 AO1
response mark as LIST)

for L: use ruler;

for w: use (any type of vernier) callipers;
accept micrometer (screw gauge);

for t: use micrometer (screw gauge);
accept digital / electronic (vernier) callipers

Qﬁ}*@:
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
02.2 analysis: for 4v plot must involve y [by itself or 1 2 x AO3
continued combined with another factor] on one axis

i v
suggests valid plot 4 and their independent variable [by itself or

identifies correctly how E can be found from a valid plot sv* | combined with another factor] on the other
axis; do not insist on y as ordinate

for sv' E must be the subject; some examples 1
include:
ordinate | abscissa E=
4x13xg
y m wxt3xgradien
y 4x 13 xgradient
m a2 2Y e
g wxt3
L3 4xmxg
y wxt xgradien
43 mxg
y Wt | gradien
lo logm 4xgx U
gy 9 Wxt3 ><:I_Ointercepl
| log L 4xmxg
0gy 09 wxt3 1 gntercep
Total 7
10
Question Answers ‘ Additional comments/Guidelines Mark AO
A
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< QUESTION

03.1 X;;rz;t(i)\l;; ‘;”e route vy Marks can only be awarded from one route. 3 1%
e ®=BAcosH =49x%x 107> x (2x8.0)x mp1 and 2 the mark can be awarded from ACTa
cos 68° = 2.9(4) x 10™* (Wb) seeing a substitution. 1x
OR For mp1 condone sin 68° in both routes AO2a
®=BA=49x1075x (2 x 8.0) = 7.84 x 10~* 1 1 1 x
(Wb) o 252 (2x8.0)2 108 AQO3-1a
e Time to fall to the ground = 1.3 (1.28) (s) La) Losg1 ) =

ABcos 6

AB
In 3 bullet do not allow ¢ = L ore=—r0o

but condone any value for A.

e &= %with their Ad and t

Alternative 2

e &= Blvore = Blvcos#f seen
e v=,2gAhOR+2as = 12.5 (ms?)

OR

Time to fall to the ground = 1.3 (1.28) (s)
® Vg = gwith their v

OR

Vavg = %for their t

£=23%x107* v (V)

12

YA
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MARK SCHEME - 7408/2 - June 2024 - Q3

3.4.S Synoptic and Cross-Topic Questions

< QUESTION

- Additionat
Question Answers comments/Guidelines Mark AO
03.2 Max 4v'v'v'v All marking points are to be 4 2 %
Fall to the left OWTTE. AO2g
- Ignore comments about 2x
Statement Explanation different direction falling left AO3-1a
the direction of the emf the rod cuts across the magnetic field in and right.
changes both directions / passes parallel point Statement and explanation are
the emf goes through a momentarily the rod travels parallel to the || separate marking points.
zero (when 68° to the ﬁ(hﬂd or d,O?CIS not cut lines of flux / 0 Explanation must not contradict
vertical) change in flux statement to be awarded.
emf reduces (and then as (direction of) velocity or motion gets Cond fi
increases) closer to being parallel to field / same on ;n(fafelrln. Increases als
direction as field / cuts less flux per unit speed ot fa mcrAed?ses (Blv) or
time smaller time (N A—t)‘/ v for
Fall to the right either direction but not both.
Allow the following statement
Statement EXp|anati0n and exp|anation as an
the direction of the emf the rod cuts across the magnetic field alternative to either a fall to the
stays the same always in the same direction left or to the right but not both:
Idea that the emf goes the rod cuts across the magnetic field at Statement — when falling left
through a maximum (when | right angles or the cutting of field line is a | | the average emf is less than
22° to the vertical) maximum falling to the right.
emf increases (and then as (direction of) velocity or motion gets Er)]( pIana_tioH N 73 thebt otalf fl
decreases . , change in flux / number of flux
) 1i,;lo)iser ’;o ;:]ﬁrﬁrindlcular to field / cuts more lines cut is less than when
uxperu © falling to the right.
Total 7
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< QUESTION

|Question‘ Answers ‘ Additional comments/Guidelines | Mark | AO |

N
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< QUESTION

Inaucea current as mnis 1s aepenaent on a

04.1 flux linkage) is such that it will (try) to oppose the change (of L . . 1 AO1
’ S circuit. Ignore reference to current if emf is
flux) that is producing it v' owtte .
given.
11
A
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MARK SCHEME - 7408/2 - June 2018 - Q4

3.4.S Synoptic and Cross-Topic Questions

< QUESTION

The reading does not have to be steady. So
04.2 (Thereading showsadc)current ftowwhichthenmbecomes readingincreasing or putsing up beforefatting AO2
' zero (when the magnet stops moving) v/ to zero is okay. There should be no hint that
the reading changes direction.
The polarity of the coil may be shown on the
diagram.
(The induced current produces) a north pole on the right hand
side of the coil. v’ The two marks are independent but the second
mark does not stand completely alone as it has
which opposes the motion of the bar magnet to be said in context. EG ‘Two North poles
04.3 OR repel’ on its own will not gain a mark. AO1
' and the two north poles repel each other AO2
OR
to try to maintain the (small) magnetic field as the magnet
approaches the coil (without this the magnet would increase
the magnetic field beside the coil) v/
(Use of £= Blv as the straight leading edge of the coil is the
gr)lg conductor that cuts the magnetic flux lines. Also using v = Useful numbers BA = 3.89 x 10
t = Bls/e v Although the first mark can come from
substituting numbers the equation mark may
(There must be some evidence of use for the mark but the be(jIOStt'f |td|sbotz\r/]|ous that éh(ite?_uatlon IS no;[j
mark can come from substituting numbers, eg t = 0.38 x 0.032 understood by the way substitutions are made
% 0.032 /2.9 x 1041) (this does not include a simple AE slip). This
04.4 ' ' loss of a mark is directed at the candidate who AO2
_ v guotes several equations and happens to hit
t=13(4) () on the correct equation but fails to use it
OR properly.
Failure to square the side length is a PE.
ftisgg/j; (N Ag/AL then At = A(BA)/) Answer only gains 2 marks.
(There must be some evidence of use for the mark but the

12
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< QUESTION

Tmark car corme front substituting mumbers,
eg.t=0.38 x .032%/2.9 x 10°%

t=1.3(4) (s) v

(using e = BANw sin et which give a maximum value of & =
BAN®)

ous © (= £ JBAN) = 5.1 x 102 (0.38 x (0.032)2 v Candidates who cannot maximise/remove sin

wt gain no marks. 2 AO2
{may see w=5.1x10°%/3.9 x 10}
o=13(.1) (rad s™) v

Total 8

13

INZ
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< QUESTION

Question Answers Additional Comments/Guidance Mark delt[;ils

}(/)Isdlatlon because it is very / the most penetrating The quoted radiation must be gamma only and

iati iti i P n mixture.
y radiation because it is penetrating enough to irradiate all ota mixture

cidac nf tha inctriimante

N2
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< QUESTION

04.1 Magnetic flux density at 0.070 m=0.07 £ 0.005 T v 2 3.75.3
AO2 1d
(use of flux linkage N = BAN x2

= 0.07 x 3.5 x 105 x 200)

Flux linkage = 4.9 + 0.2 x 10 (Wh-turns) v shown calculated to at least 2 sig figs

Question Answers Additional comments/Guidelines Mark AO
04.2 (As the coil moves) there is a rate of change of flux through | v'; The first part ie the induced emf is 2 3.754
the coil v'1 (owtte) proportional to the rate of change of flux AO1 1b
linkage may be given in a number of ways eg AO2 1c
The induced emf is proportional to the rate of change of emf=N22 or N4 or simply savin
flux (linkage) so the (magnitude) of the emf decreases v ) At At ) Py saying
(owtte) because of Faraday’s law’.

Ignore the sign of the emf
v It's not enough to say the emf decreases

Connection between rate of change of flux
and change of flux with distance must be
made

15

YA
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
04.3 Finding a gradient from a tangent v v'1 This can be calculated at any x 4 3.7.5.4
eg atx = 0.10 m gives 22 = (332)=0.69(3) AO2 1d
Attempting to use Faraday’s law (T m ' x2
A(BA) AO3 la
emf = NA_ x2
OR ‘ v’ The mark is given for an attempt to use

Faraday’s law. Allow errors provided the

incorporating velocity into Faraday’s law " X
form of the equation remains correct.

wa(2)v <
s v’3 The expected value is 3.8(8) x 1073V
emf = (200 x 3.5 x 107(0.693) x 0.80) {range to be decided at standardisation}
emf=3.6t04.2x 107> (V) v
v’4 No and an indication that the emf at X =
The maximum emf (in the range considered) is the greatest | 0.10 m is the maximum available. This could
at X = 0.10 m (as the gradient is the greatest) come earlier in the answer and can be

So No v, owtte inferred by a reference to the maximum
gradient in the range considered. No ecf.

If no marks are awarded allow 1 mark if
candidate states that the largest emf is
expected at x =0.10 m

If only the second mark is awarded allow a
mark for finding AA—I: or N% between x = 0.07

s
and 0.10 m (e.g. 200><3.5x1(:)03§(;.07 0.024) )

Total 8

16

Question Answers ‘ Additional comments/Guidelines Mark | AO |
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< QUESTION

04.1 Horizontal line above zero for > half the distance v/ 2 AO2

x2
(then) curves upwards v/ /

0 d/mm 5
(mesh) (wire)

Marks are independent.

Question Answers Additional comments/Guidelines Mark AO
04.2 statement that (kinetic) energy is the same 2 AO3
OR x2

Some factors (e.g. V%) that cancel may be
correct substitution of data into equation/ratio v’ absent.

/6.64 10
ratio (= WJ=270 v

15
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
04.3 Due to collisions argon loses more energy / speed / Mark is for the explanation 1 AO3
momentum (than electron) Do not allow explanations that suggests the
OR particles have different distances to travel.
Electron is less ionising (than argon) / Do not allow references to air resistance.

A i ionising (th lect
rgon is more ionising (than electron) Accept idea that “argon has higher probability

of collision (than electron)”

so ratio is larger. v/
Accept reverse arguments

16

N
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MARK SCHEME - 7408/2 - June 2023 - Q4

Question

Answers

3.4.S Synoptic and Cross-Topic Questions

Additional comments/Guidelines

Mark

AO

04.4

Evidence of suitable test for student A suggestion involving
2+ data points v’

Evidence of suitable test for student B suggestion involving
2+ sets of data v,

Both tests performed AND rejects both suggestions v'3

v'1 test inverse square:
e.g. Nh? = constant

v/, test exponential:

e.g. N should decrease by half in equal
intervals of /

OR test N = ke : show that N e” is not
constant

Accept log/In interpretations of the test.

V3

Expect to see for student A 10 x 1.02=10
and 4 x 1.34?> =7.18 or similar

Expect to see for student BN=10to N=5
changes by 0.25and N=5to N=2.5
changes £ by 0.31 or similar

reject both students’ suggestions with
reasons eg NA? is not constant and N does
not fall by the same fraction in equal intervals
of h

Allow answer accepting B if a reference to
experimental error is made and the difference
is small.

AO3
x3

Total

< QUESTION

Question

Answers

‘ Additional comments/Guidelines

I

RA
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< QUESTION

05.1 Wiax e ¥ ¥ MP1 may be part of MP2 3 AO2f
21 21 - -
S W= = e ores = 2064 %10 ®(rads™) Ignore PoT, rounding errors and minor copy
2mr _ 2mXx4.489x108 -1 errors for MP1 and MP2
——————=1196 (ms™")

orv=—=
T 27.3X24X60X60

Substitution or value

2..3
A substitution into T2 = 47;—1\; or equivalent is

o ) ) not accepted for the first bullet.
o |dea (resultant) gravitational field strength is equal

to Centripeta| acceleration e.g. In the second bullet point do not allow Im

gr = @orgg=rw?orgg = ”r—z(= 3.19%x 10 ms3?) MP3 must follow from correct working
e Ideathat g,,= g — 9¢

1.21 x 107* > 3 SF from correct working v (N kg™1)

Question Answers Additional comments/Guidelines Mark AO

05.2 GM /6 67 ™ 10—11 > 7 35 % 1022 A"OW eCf fl’0m 05.1 2 AOZb

r= =,— - v

Vew Vo 121x107
6.37 x 107 (m) v

Allow 6.38 x 107 or 6.39 x 107 or 6.4 x 10’
(m)

16
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MARK SCHEME - 7408/2 - June 2024 - Q5

3.4.S Synoptic and Cross-Topic Questions

< QUESTION

Question Answers Additional comments/Guidelines Mark AO
05.3 Idea that the force from the Moon is in the v'1 Allow gravitational field strength from the Moon is in 3 AO2e
) opposite direction to the force from the Earth v/ the opposite direction to the gravitational field strength
from the Earth.
Condone balanced forces for v'1 but not v's.

An expression of why S; can’t orbit Earth at v'2 Alternatives
this w and r without the moon. (Without the Moon's gravitational influence)
Idea that the Earth’s gravitational force is too e the force or gravitational field (strength) from
great or that it causes an angular velocity that is the Earth is too large
too great (without the presence of the Moon) ! ) g' o .

e the force or gravitational field is larger as it is
OR closer to the Earth (than S1 or the moon)
Application of the idea that orbital period e the required centripetal force is smaller as it
decreases with radius v closer to the Earth (than Si or the moon, at the

same angular velocity)
e satellite’s angular velocity is greater than the
Moon

e satellite’s period is less than the moons

e satellite’s angular velocity would be too large.
An expression of how the moon enables S; to | v; The resultant/total centripetal force/centripetal
orbit Earth with this w and r. acceleration/gravitational field strength is less (because
Idea that the Moon and the Earth reduce the of the Moon’s presence and so orbits at the same
resultant or centripetal force (causes the angular | angular velocity as the Moon).
%psed of 8; and the Moon to be the same) Reject the idea that the centripetal force on the moon
Effect of the moon’s gravitational force or field is and S; are the same.
to reduce the (angular) speed or increase period | Do not credit arguments based around being closer to
V3 moon

Total 8
17
Question Answers ‘ Additional comments/Guidelines Mark ‘ AO ‘
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< QUESTION

07.1 E=Lm? ANDF="V_ v In MP1 do not condone use of » for R unless 2 AO2
2 R explicitly equated. E.g.r =R
Combines two equations correctly v/ Do not allow use of r for R in MP2.
In MP2 allow r becoming R without
explanation.
(To give R=2Ex P
4 Eg for MP2: F = m2E, (need to see m or )
mR
OR mv’=FR=2E,
Question Answers Additional comments/Guidance Mark AO
07.2 y=587 (ms ") v Calculator value: 58.73670062 1 AO2
Accept 59
Do not accept rounding error.

N
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< QUESTION

Question Answers Additional comments/Guidance Mark AO

07.3 Idea that the radius of the path of the car can be increased | eg Start at the outside of the track and drive 1 AQO3
to the inside of the curve
OR . ,
Condone ‘reduce mass of car

Idea that friction between tyres and track can be increased | Treat banking answer as neutral.
v

Question Answers Additional comments/Guidance Mark AO

07.4 W must be straight and vertically downwards 2 1 x AO1
with a line of action that passess 1 x AO2
approximately through the centre of mass

Normal reaction forces with lines of action
through tyres at right angles to slope

Condone any symbols for W, N, and N,

Award max 1 if centripetal force appears.

Treat components as neutral

wWv
N,and N, v

22
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< QUESTION

Question Answers Additional comments/Guidance Mark AO

07.5 (with the slope) there is a (horizontal) component of the 2 AO3
normal reaction force that increases the (maximum)
centripetal force v/

Idea that v can be greater (for same R) when centripetal
force greater v/

Total 8

23

Question Answers I Additional comments/Guidance Mark I AO I

I I 1 I I I I

N2
596



MARK SCHEME - 7408/3 Section A - June 2025 - Q1

3.4.S Synoptic and Cross-Topic Questions

< QUESTION

01.1 mass per unit length of string OWTTE 1v/ quantitative properties only 2 AO1
answers may be in either order
for 1v" condone minor slip ‘wire’;
condone ‘i’ of string;
‘type of string’ / ‘same string’ are neutral
length (of string) between vibration generator and pulley 2v' | for »v" accept ‘distance between vibration
t d pulley’ / ‘length of horizontal
acceptable limits for defining L in Figure 1: ?;:r?';)ogtﬁzg;pu ey / length of horizonta
o allow clear annotation to Figure 1 to
hmlts for .y correctly identify dimension (correct by eye):
maximum L allow use of a symbol, eg L
limits for condone ‘amplitude of supply output voltage’ /
minimum L ‘output voltage’ or WTTE
Y ‘ac frequency’ (or WTTE) / ‘total (suspended)
e mass’ / ‘length of vibrating section (of string)’ /
| ‘diameter of string’ (or WTTE) / ‘amount of
string between generator and pulley’/
‘temperature of string’ / ‘positions of
generator etc’ are neutral
Question Answers Additional comments/Guidance Mark AO
01.2 m has a maximum range of 170 g. v/ CAO 1 AO3
6
KA
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< QUESTION

Question Answers Additional comments/Guidance Mark AO
01.3 Vpeak in range 18(.0) to 19(.0) (V) for 1v" allow Vims = 0.71 x their Vpeak etc; 2 AO2
allow Vpeak to peak in range 36(.0) to
OR 38(.0) (V)
their V. OR
. peak
calculates Vims usmgT v B their ¥, ey o pesk
Vrms— - -
22
+
allow Vims correct in cm, ie 37%01 OR
V2
7.4+0.2
202
Vims in range 13.0 to 13.2 (V) ov for v/ max 4 sf;
condone 4 sf rounding to 3 sf in range
do not accept 2 sf 13 (V)
Question Answers Additional comments/Guidance Mark AO
01.4 Thoo in range 104 to 107 (ms) v/ period must be expressed in units of time; 1 AO3
allow 0.104 to 0.107 s if answer line amended

YA
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< QUESTION

Question Answers Additional comments/Guidance Mark AO
01.5 determines 7200 OR f200 for 1v" their T200 in range 73.5 to 75.6 ms OR 2 AQ3
AND J200inrange 13.2 to 13.6 Hz;

attempts to compare T200 with T100 (their 01.4) OR condone use of 7o and 70 in cm OR in div;

ignore POT but must be consistent between

attempts to compare with based on their 01.4) 1v
P pare fooo Jioo ( )1 values for T100/200 OF f100/200;

allow any quantitative comparison;

expected pairs of values: o ,
condone a qualitative comparison

Tio0=105.4ms | Tz0=74.5ms

fi00=949Hz | fw00=13.4Hz award »v" as follows:
states Figure 2 is the expected result with
Thwo=3530cm | T200=3.73 cm heir T,

D T 51 34 AND <1.48 (OR 1.4) etc

their 75,

OR

their T their /. states Figure 2 is not the expected result
compares 190 oR 200 15 /2 OWTTE with

their 7, their £}y their 7}y,
AND their 75,

makes a reasoned judgement (to show if their evidence is
consistent with doubling m) 2v/

<1.13 OR>1.69;

otherwise accept either conclusion

OR ‘cannot tell’

Total 8

8

Question Answers ‘ Additional comments/Guidance Mark ‘ AO ‘
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MARK SCHEME - 7408/1 - June 2017 - Q4 3.4.S Synoptic and Cross-Topic Questions < QUESTION

04.1 emf is the intercept on the pd/y axisv’
gradient of the graph is —r /internal resistance is minus the
gradient of the graph/modulus of gradient is r/absolute value
of gradient is r/magnitude of gradient is rv’

04.2 figure 5 circuit supplies 50 mA v/ Can use different routes independently for fig 5 and fig 6
figure 6 circuit has emfof 1.4V v If candidates calculated current is not 50 mA or 75 mA allow
and internal resistance of 12 Q v/ CE for correct conclusion relating to 75 mA
hence current of 78 mA which is >75 mA v/ Must explain which circuit is suitable. If their calculation

shows neither circuit suitable must explain why both circuits
OR not suitable
calculate required pd is 0.45 V (0.075 x 6.0)v
show pd for cell in fig. 5is 0.1V v/ from graph for current for current of 75 mA
show pd across parallel cells in fig. 6 is 0.4 Vv _from graph for current of 2 of 75 mA i.er. 37.5 mA
show total pd in fig 6 is 0.5 VV which is greater than 0.45 Vv | I-€: 0.1V from single cell and 0.4 V from parallel cells
OR
calculate emf needed for 75 mA in fig 5 (1.05)v
calculate emf needed in fig 6 (1.35)v
comment on emf needed in fig. 5 is larger than cell
providesv’
comment on emf in fig. 6 being close to what is requiredv’
04.3 useful power dissipated = (75 x 10°%)? x 6+ (= 0.03375 (W)) | Condone use of 78 mA gives answer of 285 W
If use resistance of 18 Q then lose first mark but CE to give
answer of 791 W
input power (at the cells) = 0.03375/.04 = (W) CE from power calculation but not from % calculation
if incorrect % calculation at any stage only qualify for useful
solar power =0.8437 /(32 x 10™)=260 (263.7 or 264) W m2v | power mark
11
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< QUESTION

‘ Total ’ ’ | 9 |

12

| Question | Answers Additional Comments/Guidelines | Mark |

N
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MARK SCHEME - 7408/2 - June 2017 - Q5 3.4.S Synoptic and Cross-Topic Questions < QUESTION

05.1 (using mass defect = Am = Z my + N m, — Mc,) Look at use of first equation and if electrons are
Am =27 x 1.00728 + 32 x 1.00867 — 58.93320 (u) v/ used or mass of proton and neutron confused
Am =0.5408 (u) v score = 0.
Binding Energy = 0.5408 x 931.5 = 503.8 (MeV) v (CE this mark If subtraction is the wrong way round lose 1 mark.
stands alone for the correct energy conversion even if more circular Data may come from rest mass eg m, =939.551
routes are followed. MeV or 1.675 x10% kg or 1.00867 u. 3

So if kg route used Am = 8.83 x 10%® kg BE = 7.95
x 1028 J and 497 Mev.

Conversion mark (2"%) may come from a wrong
value worked through. 0.47(5)

05.2 (252 -1.76)x 10 =76 x10J v Correct answer scores both marks.
2
7.6 x10™/1.60 x 102 = 0.47 or 0.48 MeV v/(0.475 MeV)
05.3 6 (specific wavelengths) ¥ y ¥ 1
05.4 (longest wavelength = lowest frequency = smallest energy) Allow a CE in the second mark only if the energy
(2.29 x 10" - 2.06 x 10) = 2.3 x 10™ (J) v corresponds to an energy gap including those to
A(=hc/E)=6.63 x 10> x 3.00 x10%/ 2.3 x 10 v/ the ground state.
1=8.6-87x 1012 (m) v (8.6478 x 1012 m) The allowed energy gaps for CE are:
2.29, 2.06, 1.76, 0.53, 0.30 all x 10™J 3
Note substitution rather than calculation gains
mark.
The final mark must be as shown here and not
from a CE above.
Total 9
16
| Question Answers Additional Comments/Guidelines | Mark |
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< QUESTION

02.1 cnarge v

On a (small) positive charge (at that point) v'(only given if an :)heetv(vl::r? tloor;nkiz to? ;T:gf n(c):i(:ltt;) é:?,vg;?,cd a ? Aot
attempt is made at the first mark) mark.) P P

If “mass” appears in the answer, it must be a
synonym for “object”.

N2
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< QUESTION

This first mark may be inferred from the
(At R) tha (mannitude) of tha alactrie fiald ctranath dua ta O = " R " r . PSS TS
U By tRe g o d Sy o tie-Sie oo neiaStuengiruut oY equation putmustTerer to am elfectric ela.
the magnitude of the electric field strength due to the 46 uC
charge v (Note: the answer 5.6 x 10° shows that an
inverse square has not been used)
46 105 A correct answer gains full marks.
ool = 7 (‘)2066 5 Allow first and second marks even with
02.2 meo(0.054) m0(0.066) arithmetic errors ie 10 ® missing, distances in 3 AO2
mm and the constant 4me, not present
s (0.066\2 Award one mark if they use the inverse square
(Q =46 x10 (m) ) coulomb law equation to correctly calculate
. . 46 x 10°°
" . one side of the equation (———— =) 1.4 x
Q =6.9x 10 (C) v (68.7 uC rounding must be correct) . q (4”80(0-054)2 )
10°
Work must be done on the positive proton because P is at a
positive potential
OR
02.3 Work must be done (on the positive proton) due to the > AO3
: repulsive forces / because like charges repel. OWTTE v/ AO1
The potential at infinity is zero. v/
8
YA
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< QUESTION

(As the ball falls) it experiences both vertical and horizontal ‘Horizontal’ needs to be accompanied by some
forces/accelerations v implication that it is away from the wall. This
may be by some reference to repulsion from
The ball is given a constant acceleration the wall.
OR Moves diagonally can imply straight
02.4 The motion is in a straight line “Moving away and downwards” does not imply 2 2 A03
OR straight.
The motion is at 30° to the vertical (away from the wall) v/ Do not credit “horizontal straight line” or
“vertical straight line”
In this 2" mark a wrong answer will gain zero marks even if ‘gravity ‘ on its own is not a force whereas
accompanied by a correct answer. weight is.
Total 9
9
A
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< QUESTION

1D
details

Question Answers Additional Comments/Guidance Mark

“Unit of pd” is no substitute for using volt and
“unit of charge” is no substitute for coulomb.

However the alternative marking could give a
single mark for 370 x 10°® units of charge per
unit of pd.

(refers to a capacitor that)
stores/holds/changes by 370 uC of charge v/
for every (1) volt/volt change (of pd across its plates) v

N2
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< QUESTION

01.1 Attempt to use ¢ = (7575 ) = (osoxar—70) ¥ 3 v’y Allow 1 sig fig due to the small 5 Huglu'
temperature difference. No ecf — correct
. . L Math2-4
specific heat capacity of liquid nitrogen = answer only.
c=19x10°v, (allow 1 sig fig due to the small temperature
difference) v's Correct answer Consistent with 4™ mark
and only in the form shown ie no double or
Jkgt Kt orJ kg™ °C? v {taken from the answer line but if | single solidus/oblique lines.
not present can come from the body of the answer space} Only penalise the kelvin unit if it has an
obvious loop at the top — allow if simply small.
(Use of volume = %)
0.050 V', Substitution or answer and can be seen
nitrogen gas = el 0.013 (m3) v', {if both given both must be | without label or explanation.
correct} AO1-1a-
v', Substitution or answer or words. 1
. .. 0.050 3 4 AO2-1f-1
nitrogen liquid = —— = 0.000062 (m . o
012 9 q 810 (m?) V'3 Evidence of AV or calculation introduced AO3-1b-
ORf h | bei liaible v with ‘work done =’ is required for the mark. 2
a reference to the volume being negligible v For an ecf the product must be shown in full Math2-1
Work done in expanding (= X = pAV) with the substitution of the ecf being clear.
=1.0x10°x0.013=1.3x 10° I vs
v'4 Allow ecf from 01.1 for this mark provided

Bﬁ}*@:
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< QUESTION

which is Tess than 1.0 x 10" J/the energy o change state =y | tNe Statelment iS ConsiStent with the figures:
(ie X<Y) v, OR

If the ecf comes from the 3" mark above then
the work done in expanding must be clearly
labelled for the comparison or have units of J
i.e it cannot be compared with a number that
just happens to be on the page.

Total 9
Question Answers Additional Comments/Guidance Mark deltzils
v’y Cannot be an average or a rms energy. Nor
_ o ) ) a vague reference to an energy of or in the
Itis the sum/total of the (kinetic and potential) energies of the | gas.
particles/atoms/molecules (that move at random in the aas) v AOl-la-
YA

608



< QUESTION

06.1 Equates resultant force to ma In MP1: 2 AO1x 1
and shows a proportional to y, as Apmg are all constantv’ Condone upthrust/buoyancy force for AO2x 1
resultant force
F=ma=—-Apyg
__Apyg
m
Condone missing minus signs in MP1.
Minus sign included and explained: In MP2:
(restoring) force/acceleration directed to centre of Minus because force/acceleration is in
oscillation v/ o
opposite direction to y OWTTE
(hence SHM) PP Y
Question Answers Additional comments/Guidelines Mark AO
06.2 (T=21/w) s0 @ =\/§\/ (=10.74 rads™) Alternative for MP1: 2 AO1 x 1
l calculates time (0.58(5) s) AND then uses @ AO2 x1
from this time
(Clmax = wzymax = % X Ymax = (981—0085) x 0.005 )
0.58 (ms2) v' from some correct working MP2 for correct calculation of acceleration.

YA
609
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
06.3 Idea that (at resonance) frequency of forced vibrations Accept fully labelled graph of amplitude vs 2 AO1 x 2
equals natural/resonant frequency v/ driving frequency with resonance frequency

clearly labelledv" and an amplitude peak. »v'
Condone ‘wave frequency’ for ‘driving
Idea that amplitude (of vibrations/oscillations) is at a frequency’

maximum v’
Ignore references to phase

24
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MARK SCHEME - 7408/1 - June 2023 - Q6

Question

Answers

3.4.S Synoptic and Cross-Topic Questions

Additional comments/Guidelines

Mark

AO

06.4

stopped: wave frequency (= %)= 0.12 Hz v

moving: when ship continues at 8 m s™!, forcing frequency
will be further from resonant frequency 2v'

Moving option is better with reason,

eg for stopped option wave/forcing frequency very close to
natural frequency, (so amplitude of oscillations will be high)

OR

for moving option resonance does not occur 3v'

1v'is for calculation of (driving) frequency
when stopped. Condone reference to
‘frequency of waves'.

If no reference to ship being stopped,
evidence can come from the substitution.
Reject simple “0.12 (Hz)”

>v' is for a relevant comment about the
moving situation

OR

calculation of forcing frequency with the ship
moving (giving 0.05 Hz)

For »v" accept incorrect calculation from
adding speeds provided comment that this
frequency is further from resonant frequency.

3 is for statement of why moving is the
better option

Allow answer for 3v" that mentions that
damping will be highly likely, so amplitudes
may not reach high enough values to prevent
operation

AO3x 3

Total

< QUESTION

611
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< QUESTION

Question Key Answer
07 A 10pums™'  100s
08 B 4ms!
09 B 8 7
10 D They decay into electrons.
11 B down quark  upquark p~
12 C 2.8x10°ms™!
13 A decreasing the kinetic energy of the electrons
14 C 1.2 0.17
15 B They have a constant phase relationship.
16 A 0.22s 0.661
17 C decreases increases
18 C 45 m
19 D force mass X displacement
20 C displacement and momentum
21 B A current in it causes no heating effect.
22 B B

26

YA
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< QUESTION

mg
23 A X
24 C The acceleration is unchanged.
25 C 7.50 ms!
|
|
o \i
26 D |
|
0 "
d
J K
*o— o0
27 D
O———=0O
28 A 19
27
Q%’f‘ﬂ
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< QUESTION

29 B 36
V2
30 D —
rg
31 B the kinetic energy of the mass

28

N
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< QUESTION

02.1 2 1 x AO1
Particle Baryon Hadron Lepton Meson

All four rows correct ,v/,v’ 1 x AO2
2 v v

Any two rows correct v/
n v v
K* v v
=0 v v

Accept any reasonable notation for v/

Question Answers Additional comments/Guidelines Mark AO
02.2 Identifies strangeness as the consideration as interaction Do not award MP1 for suggestion that any 3 AO3
would beostrong/not weak v’ other quantum number is not conserved.
K" and X" have same strangeness of -1v/ Evidence for MP2 and MP3 can be seenin a

Demonstration that LHS and RHS strangeness not equal correct use of strangeness values 6.g.

AND that the LHS is zero v/ 0+0—-1-1

YA
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO

02.3 . 2 AO1
Electron AND positron rest energy =

0.510999 MeV
n° rest energy = 134.972 MeV
Gammal/photon rest mass = 0

clear assignment of each particle to its correct rest mass
including the photon v/

idea that LHS mass > RHS massv’

Allow rounded values for rest mass.

Question Answers Additional comments/Guidelines Mark AO

02.4 annihilation of the positron with an electron v/ 1 AO1

Do not allow answers such as ‘elimination’

YA
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
02.5 Idea that international collaboration/co- Accgpt idea th?t (people with) 1 AO1
operation/verification is required partlcular/spemallst. .
talents/technology/infrastructure must be in
OR place.
(investment in) expensive equipment/hardware/ Ignore references to peer review or vague
infrastructure is required v/ statements such as ‘it takes a long time’ or
‘it/the research is expensive’.
Total 9
Question Answers Additional comments/Guidelines Mark AO

A
617



< QUESTION

011 n=43.1v (=2 SF) - 105x10° x1 1 AO1
8.31x(273+20.0)
Question Answers Additional comments/Guidelines Mark AO
pV
01.2 Use of m = N, ORm = pV Allow ecf for incorrect T and/or n in 1.1 3 AQ2

OR use of Mmolecule =

my,

Ng

3 .
OR (¢ype)? = 7” seen in any form

= ORN = nNA

OR use of their mass with pV = éNm(crms)2

OR use Of M (Crms)? = KT ¥

Correct answer see table v,

Several approaches are possible

v 1.25x1.00 _
m=2L— =200 482 x 10726
nN,y  43.1x6.02x1023

(5.1 x 10726 if 40 used)

BKT  [3x1.38x10™ %293
¢ .= - 22 - 502
\' m 4.82%10

OR
Correct SF see table v'3
n \/2 \/3 l 2 Nm _ 1 2
V ==N —=—Nm(c
Crms I Ms™! SF p 3 m(Cms)” P p 3 (Cms)
Without n 500 — 503 3 SF (501 —503)
n more than 3SF | 500 — 503 | 3 SF (501 — 503) () :3_17(: w _ apcr)
43.1 500 — 503 3 SF (501 — 503) ms Nm o p
43 500 — 503 2 SF (500)
40 _ /3><105x103
(no evidence of 482 — 484 2 or 1 SF (480 or 500) Cms = az— =202
. or 500 1.25
n=43in1.1)
40
(evidence of 4802r g04084 1 SF (500)
n=43in1.1)

Bﬁ}*@:
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO

rms

01.3 T =4 x 293 or 4 times the starting temperature in K v/ mp1 Using %m(crms)2 :%kT so (¢, ) ocT 2 AO2f

change in temperature = 879 (K) v' (correct answer gains > 2
both marks) (crms) — ( ><crms)

Alternative

293 T
T = m(2¢rms)? T=293x4=1172 K

3k mp2 change in temperature = 1172 — 293 =
Their calculated T — 293 v* 7709 879 K

correctly calculated for their m, ¢,

Allow answer that rounds to 880 (K)

If no other marks awarded award max 1 when
T is 4 times original and A8 = 60

Question Answers Additional comments/Guidelines Mark AO
01.4 Max 2 from: v'v/ 3 2 x
AO2.2f

e Calculation of mass of water condensed in one
hour 1.25 x 960 x (0.0057 — 0.0037) = 2.4 (kg) 1 x

e use of their mass with mcA8 (expect 4.5 x 10* (1)) AO3.1a
e use of their mass with mL (expect 5.5(2) x 10° (J))
heat energy removed = 5.6 x 10° (J) v
Total 9
7
Question Answers Additional comments/Guidelines Mark | AO |
I . [ _. . . . I N AN I B I . I
.B’}/.
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< QUESTION

01.1 Any one from: v/ MP1 may be seen in substitution for » 3 AO2
e (A)E, = (A)E, seen Condone PoT error in MP1 and MP2.
k= P
o Ex=1.60x107" %559 x10°0r 894 x 10713 seen
e Q,=2eand QAu = 79e
An energy = %l goen in any form v/ In MP2: 0
Ameor Allow use of E = QV and V = .—— with
0
Q. and Q4 in either order.
Condone use of k for — unless
4mEQ
contradicted by use of 1.38 x 1072
Condone use of Ej in MeV.
e 2x1.60x10™" x 79 x1.6 x 107" Condone 107 if supported by some correct
4m x 8.85x 107 x 5.59 x 10° x 1.60 x 107" substitution.
(<) 4.1 x 107 (m) v (allow 1 sf) cao Correct answer to at least 1 SF gains all 3
marks.
6
Ql'/‘@
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< QUESTION

Question Answers Additional comments/Guidance Mark AO

01.2 Any two from: v'v' Ignore references to shape of nucleus. 2 AO1

o Idea that alpha particles give an upper limit on size | bullet 1: condone idea that it does not hit the
of the nucleus / estimate is larger than nuclear nucleus.

radius Referencing the distance of closest approach

is not enough.

« Idea that (distance of closest approach) depends on | bullet 2: is for the idea that the closest

the energy of the alpha particle approach method does not give a single
value

¢ Idea that recoil of nucleus is ignored

¢ |dea that alpha particle has finite size

¢ Condone does not take into account
neutrons / only considers charge /
only considers number of protons.

If no other mark awarded allow max 1 for
reference to not taking into account the effect
of the strong nuclear force.

YA
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< QUESTION

Question Answers Additional comments/Guidance Mark AO

01.3 When angle = 0 there is a maximum 2 AO1
and first minimum is not zero

and at least one subsequent smaller maximum v/
intensity

0

0 angle
Allow subsequent peaks

Condone the line meeting the intensity axis at
non-zero but negative gradient.

Do not allow double slit (even superposed
with single slit) or diffraction grating (light-like)
patterns.

Idea that nuclear radius is determined from (first diffraction) Allow suitable annotation of diagram for
minimum v’ answer

Ignore any equation given.

YA
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< QUESTION

Question Answers Additional comments/Guidance Mark AO

01.4 Any one of: v/ Do NOT accept bullets 3, 4,5 or 6 when A is 2 AO1
referred to as area, activity or any other

I f leus i imatel herical . .
e volume of a nucleus is (approximately) spherica incorrect quantity.

vV =2mR® orV =mR3A )
volume is proportional to A4 R o A3 or R® « A is not enough.

[ )
¢ mass =4 x mass of nucleon Accept alternative values or u in bullet 5
e mass (/kg) =4 x 1.661 x 10727
e mass is proportional to 4
. m Am, m
Density | =— |= W _—__—® AND
y ( V) 4 4

g T[RO3A g 7[R03

where all are constants / equation is independent of A.

OR
Combining of two proportional statements and cancelling of
AV
Total 9
9
Question Answers ‘ Additional comments/Guidance Mark ‘ AO ‘

| [ [ Arv clinnactinn that narticlac An nat fallAas | | |

Bﬁ@/ﬂ'
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< QUESTION

07.1 (use of v = 2mfVa? — x2)
Vina=2T1%2.0%2.5x107 Can
Vma= 0.314 m s-v/
(use of E, = ¥amv?)

54 x 107= 15m x (0.314)? 1
m=1.1 (kg) v

1 [k
f_an

16

A
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< QUESTION

2.0 x 2m=\(k/1.1) v 1
(k = (41)? x 1.1)
k=173 (172.8) v(Nm™) 1

OR

5.4 x 10% =15k (2.5 x 10%)*v If use either these method can then find mass from
k=173 (172.8) Nm™v frequency formula or from kinetic energy

OR
54 x 10° =% F x 2.5 x 10?
F=4.32

432 =kx25x 107
k=173 (Nm™) Accept 170 and172.8 to 174

07.2 1 |k
(useoff—zﬁ)

same mass so f « vk

thus frequency = 2.0 x V3v' Allow CE from 07.1 for k or m 1
frequency = 3.5 (3.46) (Hz) v 1
07.3 Two from: First mark in each case for effect
Second mark for reason 1
(resonance) peak/maximum amplitude is at a higher 2 marks max for effects 1
frequencyv’ 2 marks max for reason

due to higher spring constantv’

[EEY

Cannot award from sketch graph unless explained
(resonant) peak would be broader v/ 1
due to dampingv’ First mark in each pair stand alone

Second mark conditional on first in each pair
amplitude would be lower (at all frequencies)v’
due to energy losses from the systemv’

17
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< QUESTION

| | [ 10 |

| Total

Keys to Objective Test Questions (each correct answer is worth 1 mark)
Q 8 9 10 11 12 13 14 15 16 17 18 19 20
A B A C D C B C C C A A B C

Q 21 22 23 24 25 26 27 28 29 30 31 32

18

N2
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< QUESTION

01.1

The volume/size of the gas molecules is negligible/point mass or point
molecule

Or molecules are point masses

Or small compared to the volume/size occupied by of the gas v owtte

No mark for all the same size or spherical.

Without the comparison the word used must
suggest extremely small.
Zero volume is wrong.

01.2

(using N = PV/KT)

N = (1.0 x 10° x 0.70 x 10%/(1.38 x10 x 300) v (first mark is for
converting the temperature to kelvin and using it in a valid equation)

N = 1.7 x 10?* molecules v (1.69 x 10?? molecules)
Alternatively (using n = PV/RT)

n = (1.0 x 10° x 0.70 x 10/ 8.31 x 300) = 0.028 mol v (first mark is
for converting the temperature to kelvin and using it in a valid
equation)

N (= n Na = 0.028 x 6.02 x 10%) = 1.7 x 10* molecules v (1.69 x 10
molecules)

Correct answer scores both marks.
Power of 10 issue = AE

Temperature conversion = PE

01.3

(using Tg = Ta Ve / Va)
Tg =300 x 0.50/0.70 = 214 (K) v
Change in temperature (= 214 — 300) = (-) 86 (K)v’

Or
Ts (= PV/INK) = 1.0 x 10° x 0.50 x 10°%/(1.38 x10% x 1.69 x 10%)
=214 (K) v

Change in temperature (= 214 — 300) = (-) 86 (K)v' (+ 1 K)
Or

Ts = (PV/NR) = 1.0 x 10° x 0.50 x 10 /(0.028 x 8.31)
=215 (K) v

Correct answer scores both marks.

Let the last mark stand-alone provided an attempt
at calculating Tg is made.

Also allow working in Celsius for this last stand-
alone mark.

Qﬁ}*@:
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< QUESTION

Change in temperature (= 215 — 300) = (-) 85 (K)v’

N
628



< QUESTION

| Question | Answers | Additional Comments/Guidelines | Mark |
01.4 An appropriate calculation might be: On its own higher temperature scores 0.
_ Additionally there must be a reference to a
(If the temperature remained constant Pc = Pg Vg / V¢ ) correct calculation to obtain the last mark.

— 5 -3 -3 — 5
Pc=1.0x10°x0.50 x 107/0.30 x 107 = 1.7 x 10° (Pa) ¥/ The question only requires the candidate to spot a

(but the pressure at C is higher than this so) the temperature at C is change. The two marks are for each side of a

different / higher / not constant v comparison. _
Complete figures are not always required. For
Or example in the last alternative the common factor

10° could be missing.
(If the temperature remained constant Pc V¢ would equal Pg Vg )

— 5 -3 —
Pg Ve =1.0 x 10" x 0.50 x 10™ = 50 2" alternative may come from a ratio.
Pc Ve =2.05 x 10° x 0.30 x 10° =61 v/
(P V is not equal) the temperature at C is different / higher / not

constant v’ Depending on the sig figs used in the substitution
of data the temperature has a range 256 — 270 K

PV = NKT may be used as another alternative.
Or a full calculation can be given using P V / T = constant.

PsVe/Tg=1.0x 10° x 0.5 x 10°/ 214 = (0.234 J K™)
Tc = Pc Ve / constant = 2.05 x 10° x 0.30 x 102/ 0.234
Tc=263KV

the temperature at C is different / higher / not constant v/ On a few occasions the full paper may be required
to view.

Qﬁ}*@:
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< QUESTION

| Question | Answers | Additional Comments/Guidelines | Mark |
015 work done on gas from A to B (using W = PAV or W = area under the
graph = 1.0 x (0.70 — 0.50) x 10°) =20 (J) v
giving a reference to the work done being the area under the graph v/
This second mark can be obtained from an attempt
The third mark can be obtained in the following ways: at an area calculation that involves the curved
section of the graph.
calculating the area indicated corresponds to the additional work done
on the gas from B to C
: NB ‘additional work’ must be quoted to give mark
for 8 — 10 J.
3
(166 mm? where 1 mm? = 0.05 J) = 8.3 J ¥ (allow 8.0 — 10.0 J)
Or
The total work done (566 mm? where 1 mm? = 0.05 J) = 28.3 (J) v/
(allow 28.0 — 30.0 J) This 3" mark is for a correct evaluation and not for
details of the process.
Total 10

YA
630



< QUESTION

| Question | Answers | Additional Comments/Guidelines | Mark |

N
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< QUESTION

VT LU T IV MU U U BT L I M T R T ~

03.1
In some positions the waves always cancel /interfere destructively to 1
give zero amplitude/no vibration/nodes)
OR
interfere constructively to produce positions of maximum
amplitude/maximum vibration/antinodes v/
1 |7 Either rearranges for p without substitution or 1
Useof f== |— substitutes correctly in the formula
03.2 21
4.2 (4.19)x 10* (kg) v 1
03.3 | 240 (244) (ms™) 1

13

INZ
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< QUESTION

. Or Reads increase In tension produced by the extra
= v
1 rotation of the peg = 22 mm extension (about 10 N) from graph and adds to 25 i
_ nd x 75/360 not evaluated =1
extra extension = 22 x 75/360 = 4.6 mm
(ecf for incorrect circumference)v’ 1
Inspect their length and their tension in the
Total extension = 11 + 4.6 (15.6 mm) so tension 35 - 36N v/ substitution 1
03.4 T must be greater than the original 25N
Calculates frequency for their tension Condone adding or subtracting extra extension to
0.33m
If 4.0 x 10 kg used then answer will be in range
448 Hz to 455 Hz
If 4.19 x 10* used 438 to 444 Hz
Total 10
Length of resistance wire =50 x 2 x 3.14 x 4 x 10 ° = 1.26 mv’ or50x3.14 x8x 1073 1
Sithstitition of data in recistance formiila ecf for incorrect lenath from attempt at a calculation 1

YA
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< QUESTION

01.1  |28(¢C)v 1

01.2 First alternative must not imply total loss of 1
intermolecular forces or neighbours.

A reference to ‘breaking the bonds’ implies all
the bonds and does not gain the mark.

No mark for saying bonds weaken.

The energy transferred However these errors in discussing the bonds

reduces the number of nearest atomic neighbours does not prevent a mark coming from another
point

OR

allows atoms to move their centre of vibration
Last alternative might be expressed as

OR ‘atoms change from fixed positions to them
breaks some of the (atomic) bonds being able to slide around each other’.
OR Ignore any references to changes in

crystalline to amorphous v (owtte) separation.

An explanation that involves increasing the
kinetic energy will lose the mark.

So will any description that implies it
becomes a gas.

The (total or mean) kinetic energy remains constant. v* >

013 The (total or mean) potential energy increases. v’

YA
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< QUESTION

igllun: referencesto ialgCl Sepatl ation
(because it's not always true): collisions (as it
is not a gas) or measures of randomness
(which are usually too vague).

D
e
S
H

The mean speed/mean kinetic energy increases v/ Condone use of average for mean.
Don’t allow velocity instead of speed.
During this time interval the atoms are all in

the liquid form so no credit for references that
indicate a change of state.

01.5 First mark can be given by seeing the 3
substitution which may have some errors for
. _ example not using exactly 28. These will be
= = v

Using both AQ = mcAf and AQ = PA penalised in the second mark.

Correct answer gains first two marks
NB 400 J kgt K™ shows candidate has
wrongly made calculations for the solid.

_ PAr_ 35X (148-112)x60 o
T mre T T 025x(110-28)

¢ =370 v (allow 365-375) No mark for the unit if a solidus is used
L N because of the uncertainty of whether the K is
JKkg*K* v (orJkg™C™) on the top or bottom line. (which is correct

J/kg/KorlJ/kg K?)
However allow a prefix if kilojoules are used for
example.

Bﬁ@/ﬂ'
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
01.6 (Using both AQ =ml and AQ = PAY) The calculation yields1.3 kJ kg if the 60 2
_PAr\ _35x((112-18) x60) _ » seconds is omitted.
l(_ m)_ 025 =79kikg™ v
Interim stage heat supplied = 19.7 kJ
hence M = gallium v (condone an ecf consistent with the A valid calculation must be shown to gain this
calculation provided a comment is made if the value falls second mark 9
outside the range of the table) '
Total 10
8
Question Answers | Additional comments/Guidelines Mark ‘ AO |

INZ
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< QUESTION

05.1 Electromagnetic v Reject electrostatic as it is not one of the 1 AOl.1a
fundamental forces.

05.2 Arrow drawn at X in a direction radially away from the 1 AO1.1b
centre of the gold nucleus v

05.3 Answer number 5 or 6 plus one consistent justification v’ First mark must come with at least one 2 AO1.1b
justification. AO3.1b
One more consistent justification v/
List of justifications: The second mark is possible to obtain with
Cannot be 1, 2, or 3 as these s alpha’s deflect up Or must | two consistent justifications even if the first
be 5 to 9 as these all alpha’s deflect down. mark is missed.

E.g. if an answer 7 is given then quoting the

Cannot be 4 as this would backscatter or is scattered at first two justifications gains a mark.

180°

Cannot be 7, 8 or 9 as the deflection would be too small Or
must be 2, 3, 5, 6 as these have a greater deflection than
alphal.

19
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
05.4 3 AO1.1b
_ _ 0g AO2.1h
(Using of potential energy = ) x2
4ne,r
M2 x2

Substituting the values of the two charges multiplied
together into an equation (2 x 1.6 x 10'19)(79 x 1.6 x

_19\2 2 The substitution may be inferred at the next
= ZX79X(1_'162’<1° ) - 0r6.58 x 103 (J) > stage of the calculation that uses
4mx8.9x10™ “x5.5%10 1 _
KE =;mv* = PE

(loss of KE = %mv2 = gain in PE}

1
2% 6.58 x 1073\ 2
v= 27
6.8 x 10

v=14x10" (ms?t)vs

20
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< QUESTION

1
Using by substitution or rearrangement R = r,4 %%

D
)]
a
_—
=
&
Il
=
>
c
X
ﬂ
N
& 12
SN——
S——
N
»
0]
H
[«

1
107\ /3 M2 x2
(RAg =6.98x 107 x () )
197
Rag=5.7x 105 (m) v

The use of the equation must involve both nuclei.

05.6 Nucleons are incompressible / Nucleons have a constant A mark can be given for ‘nucleons touch’ but 1 AO3.1a
separation / Neutrons and protons have similar masses / it must be implied that this is with all 12
Neutrons and protons have similar volumes v/ neighbours’.
Total 10
21
Ql'/@
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< QUESTION

iQuestionI Answers ‘ Additional comments/Guidelines | Mark | AO |

N
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< QUESTION

02.1 Relating the gravitational force to mass x acceleration with | ,  GMm _ _m? 2 2 3.7.24
the acceleration being centripetal in any form v'; v (ma) ;o mrwormyve and AO2 le
r can be replaced by R + h x2
. . GM
show the working leading to answer w = @ 2
Question Answers Additional comments/Guidelines Mark AO
02.2 ) ” v'1 A full substitution in the equation can gain 2 3.7.24
w= , O |e67x 10 x397x 07 this mark even if w is incorrectly calculated AO2 1b
(R+h) (2.02x 107+ 6.37 x 10°) x2
=1.45%x107* (rad s} v _ .
( ) A final correct answer for T gains both marks
T=2=_—2 _=43(1)x10*(s) >
o 145x107% T

N
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
02.3 Launch from Z with some speed or energy argument v, v'1 Condone ref. to equator rather than Z 2 3.7.2.4
. . AO1 1b

. . . A Consider answer Y only if extremely well
At this p_osn_lon the satellite has the I,argest_lnltlal explained in terms of different potentials and AO3 1b
speed/kinetic energy from the Earth’s rotation. v, fuel use

Question Answers Additional comments/Guidelines Mark AO

02.4 gravitational potential energy v', for the equation or substitution without the 2 3.7.2.3
x 10~ x x 1024 x i i

- ) % OR (=) 6.67x 10 2.665;910710 1630 /i need for the negative sign on121b

gravitational potential energy = —2.44 x 10'° ) 2

only allow ecf for r = 6.37 x 10°
giving gpe = —1.02 x 10*'J

v, the minus is necessary for the mark

Correct answer gains both marks

10

A
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
025 In a higher orbit the linear speed is smaller using > 3724
v= /ﬂl or v —=v AO2 le
r VT x2
Suitable justification of v o % v, v’z example
o GM  IGM  |GM
N [ ERR (O RN I
Or derivation from basics
Total 10
11
| Question | Answers Additional comments/Guidelines ‘ Mark | AO ‘

[ [ [ Thara mitet ha ecama indiratinn Af a2 ~rhanAa Af | [ [

INZ)
643



< QUESTION

05.1 Force due to uniform_magnetic field (is constant and 2 AO1 1a
always) at 90° to direction of travel v’ Reference to velocity will be taken as the x2
Identifies this force as the centripetal force for velocity of the proton

circular/semicircular motion v

Question Answers Additional comments/Guidelines Mark AO
05.2 (1 electron through 10 kV = 10000 eV 1 AO2 1f x
14 MeV by 10000 eV) 1

=1400 (times) v

Question Answers Additional comments/Guidelines Mark AO
05.3 F=Bev AND F=mp?R v 1st mark for either or both 3 AO2 1d
x3

o 2nd mark for expression for v
Equates forces giving v = eBR/mp v/ o
3rd mark for substituting in ¥2mpv?

Ex = %mpv? = Y%mp(eBR/mp)? v/
k = Yampv 2Mp( p) Condone use of Q or g for e

Ex = e?B?R?/ 2mp

17
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
05.4 Uses = e?B°R? For X Ex= (1.6 x 107%%)% x 1.3? x 0.382 4 AO2 1h
2Mmp 2% 1.67%x107 x1
to calculate Ek for any one cyclotron in J or eV v/ AOX331a
Calculates Ex for 3 cyclotrons or argues that as X is just =187x10"Jor11.7 MeV
OK, Y will be greater and Z will be less than 11 MeV v/ ForY Ex=2.32x102Jor 145 MeV or Y
So reasoned choice of X v/ must have higher energy because BR and
hence B?R? must be greater
cost/11.7+°= £2.3 million/10'° For Z Ex=6.89 x 1023 J 4.3 MeV or by
cost = £2.9 million v inspection B?R? will be too low to give 11
MeV
Or other appropriate method
Total 10
18
Question Answers ‘ Additional comments/Guidelines Mark | AO |
YA
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< QUESTION

02.1 Any two from v'v' Reference to the volume occupied by the gas 2 2xA01
¢ Volume of molecules/particles is negligible/small must be clear for the first point. So ‘volume of
compared to the volume of the container gas’ is not enough. 3.6.2.3

o Collision time is negligible/small compared to the time
between collisions

e Collisions are elastic or kinetic energy is conserved

e There are negligible/no forces between Condone “Newtonian mechanics apply”
molecules/particles except during collisions

Condone missing reference to “except during
collisions” in bullet 4.

INZ)
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
02.2 The essence of the Newton law must be 3 3 x AO2
given in the context of the gas.
There is a change in velocity/momentum for the molecules | Just quoting a Newton law is not enough for a 3.6.23
(at the wall) because the direction has changed v'; mark. e
Relates MP1 to Newton | OR Il v,
Do not accept “rate of change of momentum”
(Uses Newton lll to) link the force on the wall and the force | in MP1.
on the molecule v3
Condone “bounces from wall” for “changes
direction”.
Collision is not a change in direction.
Accept reference to changing
velocity/momentum/direction in MP2.
Question Answers Additional comments/Guidelines Mark AO
Use of Ex = kT to find 2x 6.7x 10721 _
02.3 se of Ex = 7kT'to find a temperature ViT="2"——=324K 3 1xAO1
Using
PV = 2 N1 (Crms)? With Eic =2 (c,5)? t0 find N 3 5622
3.6.2.3
Correct substitution into PV = nRT to find n )
v/, for use of the equation.
_ (PV _ 220x10°x0.35 _ 3 _ 220x10°x0.35
OR o 3PV L n_(R_T_ 8.31x324 >°rN_EX 6.7x 10721
Correct substitution into N = 35, to find N (= 1.7 x10%)v,
k

10



< QUESTION

amount of gas = 29 (mol) v’ (28.6 mol) V'3 10 ecf, correct answer only

If no other marks are awarded, award one
mark:

for an unsupported final answer of 1.7 x 10?5
which is the number of molecules.

OR

for converting a number of molecules into
. . N
moles using theirn = —
Ng

11

N2
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
02.4 Drawn graph with concave shape always above existing Drawn line must be + 1 small square (2 mm) 2 2 xAO2
graph passing through at least one of the data points. (data | of a data point to count.
points are shown as crosses on the graph) v/
3.6.2.2
Passing through coordinates (2,8), (4,4) and (8,2) v/ \ \
(coordinates refer to cm intervals on the graph) pressure \
N N
—
’ 0 volume
Condone a poor quality line.
Total 10
12
Question Answers Additional comments/Guidelines Mark ‘ AO ‘
Ql'/‘@
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MARK SCHEME - 7408/2 - June 2023 - Q3

3.4.S Synoptic and Cross-Topic Questions

03.1 Any one from: v/ v'4 is a general point about gravitational fields 2 AO1
. . . x2
e region in which a mass experiences force due to another | , . o . I )
mass 2 is specific to a radial gravitational field
* (the field is conservative so) any Chang_e N pote_r)tlal The ‘force is attractive’ is insufficient
energy only depends on the initial and final positions and
not on path taken OWTTE : « »
o the force is always attractive OR field lines point to the \r/;/thhzr: ,:ﬁg:: |\r5 grégeiit((aerlf:gé?? p n:;att b”eetssed
(centre of) mass OR the equipotential surfaces are 9 y ’
sphe_rlc_al about thg (centre of ) mass When required the word ‘mass’ must be used
o gravitational force is a non-contact force rather than object or similar.terms
The field strength/force has an inverse-square variation Condone reference to “circular” for “spherical®
(with distance). "2 in describing an equipotential surface
Question Answers Additional comments/Guidelines Mark AO
03.2 The shaded area corresponds to: 1 AO2
the (minimum) energy needed/work done to launch the
space probe to a height of 8 x 10° m
OR
the change in GPE of the probe when moved from Earth's
surface to a height of 8 x 10°m v/

< QUESTION

650
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Additional comments/Guidelines Mark AO

Question Answers
03.3 Evaluates the gravitational field strength due to the Sun=" | g =G5 _ 667x 10" x 1.99 x 10% 2 AO2
590 x10° (Nkg ) s (150x 10'")° x2
OR shows substitution into a valid equation v'4 v'1 ALTERNATIVE
The Universal gravitational equation for both
bodies may be used:
2
8sun _ Msun {rEarth ]
8eatr  Mean  \ Tsun
v2 Answer needed to at least 2 sf. If 3+ sf are
Evaluates é( _ 590x 10’3: ) 6.0x10or 0.060% "> seen, the answer must round to (6.01 or
g 981 6.02)x10*.
12
Ql'/‘@
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO

Condone reference to “edge of Solar System”

03.4 The force from Earth because of its smaller mass, is less . . "
as “a similar distance”.

than the force from the Sun at a similar distance.

1 AO2

OR

The total work done in moving a long way from the Sun is
much greater than that in moving a long way from the Earth
because my < ms,

13
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
03.5 change in kinetic energy or kinetic energy per unit mass 1 ) 5 0 4 AO1
formulated v'; allow 2 sf Vi Em(" 5=V A)OR 1.18 x 1077 (J) OR 2O
AB =1—(sz —V?,) ORm x 2.40 x 10° J AO2
m 2 x2
vy AE. = GMm ! !
change in gravitational potential energy / potential 255 1.7x10°  6.0x10°

formulated v,
= GMm % 5.72 x 10

AEp 1 1
OR =GM = 3
m 1.7x10° 6.0x10

Loss and gain may be replaced with change
or A’s for this mark.

evidence of intention to equate their AE« and AEp (even if
not carried through; allow ecf) v3 1/, ) -GM  -GM
)

= and
ry s

substitution of data into working equation.

This can be seen anywhere in the solution.

mass of X = 6.3 x 10* kg v4

Total 10

14

Question Answers ‘ Additional comments/Guidelines Mark ‘ AO ‘
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< QUESTION

06.1 Any two from: ¥V 2 AO1

e using electrons gives greater resolution (as the AO2
wavelength can be made very small)

e electrons can get closer to the nuclei (as there is no
electrostatic repulsion)

® electrons have less recoil (as their mass is small
compared to the nucleus) OWTTE on each advantage

* free electrons are easier to accelerate Allow reverse arguments
OR give energy to (as charge-to-mass ratio is higher)

® ¢lectrons are easier to produce

e scattering distributions are easier to interpret
OR strong nuclear interaction is not involved

¢ using alpha particles only gives the distance of closest
approach/upper limit to the radius.

21
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
06.2 A curved line showing an decrease in intensity with Do not allow U-shaped graphs. 2 AO1
increase in 0.V The initial part of the curve may be absent. x2

There is a single non-zero minimum. ¥
Award MAX 1 for a line that covers less than
half the 6 axis.

~
EN

\\
electron \

intensity \
\/"‘-\\
\\-
0
0 0
22
N2

655



< QUESTION

Question Answers Additional comments/Guidelines Mark AO
06.3 ) Ampycleon v1 Do not accept M unlabelled. 2 AO1
Density (= mass+volume) = ——— V4 )
EnR3 Accept m (ie lowercase) unlabelled. AO2
Am i
(substituting density = nuc|eon3 ) Condone m, (mass of neutron in Data sheet)
4 R A% for muucteon-
3\ 0 Accept only 1.67 x10-%7 (kg) for mass of
nucleon (ie to 3 sf).
3Mnucleon Allow ecf to MP2 for any misrepresentation of

Density = 4n(Ry)> (in which) all (terms are) constant OR | m; provided it is clear that it signifies mass of

the expression does not depend on A v a single nucleon.

v, If the constants are identified the equation
may be converted into a ratio. The equation
may be rearranged to have Ry as the subject
with work to show that this is a constant when
the density is constant.

23
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
06.4 Any one of: v’ 1 AO3
The mass of the nucleus is not exactly 4 X mnycieon Do not accept “density of individual nucleons
(because this ignores the binding energy) can be different from each other”. It is not
allowed as it does not occur in the working
OR equation.

The volume equation assumes that the nucleus is a perfect
sphere (which is not true) OWTTE

OR

The density equation that uses the nuclear radius formula
implies that the density is uniform within a nucleus which is
not true. OWTTE

OR
Protons have a slightly different mass to a neutron

24
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
06.5 ) 3 hoz
R 4.02x10° _
Ro=| —=—"—7—|=1203)x10 P (m) v
A3 (35)3
, Density= mass _ Am | _
Substitutes values into density equation v, 2€.g. bensity= volume gﬂR3 —
35x1.67x107%7
3
2n(4.02x1071%)
) . ;4 v'3 Evidence of a calculation must be given to
DenSIty = 2.1 X 10 (kg m ) ‘/3 gain th|s mark
Accept 2.15 but not 2.2
Total 10
25
Question Answers Additional comments/Guidelines Mark ‘ AO ‘
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< QUESTION

07.1 Heavy water 1 AO1
OR
Beryllium / Be Accept D20 and H20
OR

(normal) Water ¥

Question Answers Additional comments/Guidelines Mark AO
07.2 Any two points from: ¥'¥’ Condone the answer: 2 AO1
e U-235/Uranium fuel will (be more likely to) absorb the As an alternative to the first point AO2

neutron Fission of U-236 is much more likely.

o slow neutrons are less damaging OR cause less fatigue | Condone the answer:
to the structure of the reactor/shielding/etc Absorption by U-238 is less likely.

o slow neutrons (spend longer within the fissionable
material and) increase the chance of causing fission

¢ slowing neutrons transfers heat energy to the moderator
(which can make heat easier to extract)
all points OWTTE

26
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< QUESTION

1,
X . . —myv 2
.flrnélklhetllc energy _| 2 _(Y —0.85% = 72% v/,
initial kinetic energy 1 2

(Hence) proportion of kinetic energy lost = 28% Y2

v'2 can be an ecf but only for an arithmetic
error.

Question Answers Additional comments/Guidelines Mark AO
07.3 v'1 can be for any of the terms shown 2 AO2
equating to the kinetic energy ratio. AO3

INZ
660
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
07.4 final kinetic energy = (3 kT =)7.2 x 10721 (J) V1 v'1+2 Both marks must come from the same 3 AO2
2 alternative route and have consistent units x3
initial kinetic energy = (W= QV)=1.6 x 10713 (J) V2 (which may not be seen).
OR v1 Initial kinetic energy =
3 23 — 21
final kinetic energy = 0.045 (eV) ¥'1 2 $ 138107350 =7.245 10
s T . 6 v -21
initial kinetic energy = 1.0 x 10 (eV) V2 _ 7.245><1({13 — 0.045 eV
1.60x10
. . 1n £, v'2 Using the eV unit alternative the second
(Rearranging equation y = E )) mark cannot be given without an attempt at
b the first mark.
The 1.0 x 10%eV can be seen in a later
substitution provided eV is used throughout.
1.0x10°
s ™ o045
y=23.2)"3 =—~ " 7-9232
YT o
Condone answer 24 provided it is given as an
integer.
28
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
07.5 Idea that the model/Figure 15 shows that low nucleon Condone the use of nuclear mass instead of 2 AO2
number (and so low mass) gives a greater mass number. x2

change/reduction in speed/KE (in a collision) v

Idea that fewer collisions needed (with a low mass number
so moderator can be thinner) ¥

Total 10

29
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< QUESTION

Question Key Answer
8 C 60 kg
9 Cc Charles’s Law
10 C 10%
11 B ( M ji
R
12 B M
(R+h)
13 D Signals from the satellite can be sent to at any point on the Earth's
surface during one orbit.
14 c 20
ne,d’
15 A 20 uN
16 A vertically down the plane.
17 C the electric potential of the sphere.

30
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< QUESTION

18 A
\ N @ v 4
19 C 4.0x10%m
20 B 6.0x10°T
21 B The radius of the path followed by an ion is different for each isotope.
22 A §
0 N h 1
23 D 600 pvV
24 D 395V
25 D gamma radiation from nuclides with a small decay constant.
26 C The number of alpha particles deflected backwards is greater than the
number that pass straight through the foil.
27 C 0.174 A

31
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< QUESTION

28 A when a particular nucleus will decay.
29 B B

30 C 16 MBq

31 B 1.0 x 10° W

32 D 6.1 x 10°

32
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MARK SCHEME - 7408/2 -

June 2017 - Q4

(moaerator) - tne neutron unaergoes an elastc collision/bounces omn

3.4.S Synoptic and Cross-Topic Questions

IMIUST nave tne 1aea tnat tne neutron siIow pecause

< QUESTION

All three bullet points must be addressed. The source must be
identified and two stages in the treatment sequence must be given.
Finally three problems encountered in the treatment of waste and
how the problems are overcome should be stated. (Note discussion
of a problem will often cover a stage of the treatment).

The information presented as a whole should be well organised using
appropriate specialist vocabulary. There should only be one or two
spelling or grammatical errors for this mark.

three of the bullet point headings.

(note some written points may count as answers to
bullet point headings 2 and 3)

5 marks = 5 points made coming from all three of
the bullet point headings.

To be in this top band communication skills must
be good and the ideas easy to follow.

04.1 with less speed/kinetic energy v (Any reference to absorption loses of collisions 1
the mark)
04.2 (control rod) — the neutron is absorbed v ‘stopped’ will not get the mark.
’ If alternatives are given all must be correct to gain 1
mark.
04.3 the neutron is absorbed/U-236 is formed v/ 1% mark can use words like absorbed/takes in/
' (causing) the nucleus (of fuel/uranium) to split into (two smaller) 2" mark: alternative words for nuclei are not
daughter nuclei / nuclei / fragmentsv’ acceptable (eg daughterpreduets) 3
releasing (several fast-moving) neutrons v’
3" mark ‘neutrons’ must be plural.
04.4 Descriptor (Bullet point headings are detailed at the Mark
' bottom end of the table)
High Level — Good to Excellent 6 marks = At least 6 points made coming from all 5-6

666
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MARK SCHEME - 7408/2 - June 2017 - Q4

3.4.S Synoptic and Cross-Topic Questions

< QUESTION

Intermediate Level — Modest to Adequate 4 marks = 4 points made coming from at least 2 bullet 3-4
_ . - point headings.
All three bullet points must be addressed. The source must be identified
as well a stage in the treatment along with a problem encountered in the
treatment of waste and how it is dealt with. One additional piece of
information must be made from any of the bullet points listed below to be
at the top of this band.
The grammar and spelling may have a few shortcomings but the ideas 3 marks = 3 points made coming from at least 2 bullet
must be clear. point headings.
To be in this moderate band communication skills
must good enough to understand the ideas easily
even if the order is a little unclear.
Low Level — Poor to Limited 2 marks = 1-2

To be at the top of this band two bullet points must be addressed which
must include a problem encountered in the treatment of waste and how it
is dealt with.

A single mark is awarded if any of the information given in the bullet
points listed below is given.

There may be many grammatical and spelling errors and the information
may be poorly organised.

Two points made from any bullet point heading.

1 mark = any point made coming from any bullet
point heading. Or the script as a whole shows some
basic understanding of the issues.

The description expected in a competent answer should include:
1% bullet point

The (highly radioactive/ most dangerous) waste are the fission fragments
from the fission of uranium-235 or from (spent) fuel rods.

2" pullet point

The waste is initially placed in cooling ponds/water (close to the reactor
for a number of years)

667
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< QUESTION

plutonium/uranium is separated to be recycled

high level waste is vitrified/made solid into (pyrex) glass

then placed in (stainless) steel/lead/concrete
cylinders/containers/bunkers

to be stored deep underground (simply stating buried/underground is not
enough)

3" pullet point

(the problem and its solution must both be given, some examples are
given below)

the waste is (initially) is very hot/generates heat so has to be placed in
water/cooling ponds (to remove the heat)

the waste (initially) is highly radioactive and needs to be screened in
water/cooling ponds (to absorb the radiation)

the waste (initially) is highly radioactive and needs to be remotely
handled (to avoid human contact with the waste).

In liquid form the (high level) waste may leak hence the need to vitrify
(and barrel in steel)

The waste will be radioactive for hundreds/thousands of years so storage
needs to be stable in a container hence the need to vitrify (and barrel in
stainless steel)

The waste will be radioactive for hundreds/thousands of years so long
term storage needs to be in geologically stable areas (deep
underground).

Transporting waste presents a potential danger to the public so waste is
transported enclosed in impact/crash resistant/extra thick and strong
casings Or processed onsite or nearby.

14
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< QUESTION

| Total | | | 11 ‘

15

N
669



< QUESTION

| Question | Answers | Additional Comments/Guidelines | Mark |

N
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< QUESTION

. : AUZ-1a-
06.1 or alternative. 1 1
To allow the neutron to be absorbed by the fuel/U-235 v/ Reject inaccurate descriptions for example
ones that imply the neutrons are undergoing
fission.
EfinaI = (1_ 063) Eincident or Efinal =0.37 Eincidem ‘/1
(continuing this idea, E; = (1- 0.63) Eo If no marks are scored a single mark can be
E, = (1-0.63) E;so E, = (1 - 0.63)? E, given: AO2-1b-
and Es = (1- 0.63)° E, if the final answer that has a power of 10 error 1
06.2 Es = (1- 0.63)° x 2.0 x 108 )) possibly by not using the M in the eV. 2
=14 x10*eV v, (1.39 x 10* eV) OR AO2-1f-1
using 0.63 rather than (1 — 0.63) in the Math2-2
calculation giving the answer 2(.0) x 10° (eV)
v, A correct final answer gains full marks
06.3 ) o v'1 Ref. to mass is needed. 2 AO2-1g-
. A link made between the change in kinetic energy or {Essence of marking point: The mass 1
18
A
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< QUESTION

Momentum to the masses of the (two) particles invotved im the | determines how much KE/momentum 1S fost} AO3-1a-
collision. v; 1

v, Ref to nucleon number or equivalent
needed but mass is not.

{Essence of marking point: If N is high then not
much KE is lost so more collisions are needed}

A consistent argument that results in a statement ‘as nucleon
number/number of nucleons in the nucleus increases more
collisions are required. v,

An example of an argument could be:

More (kinetic) energy is lost when the mass of
the moderator atom/nucleus is closer to the
mass of the neutron

So the number of collisions needed increases
with nucleon number

19
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MARK SCHEME - 7408/2 - June 2019 - Q6

3.4.S Synoptic and Cross-Topic Questions

Question Answers Additional Comments/Guidance Mark deltla?lils
Mass difference
= (massy + mass,) — (massye + masss; + 4 mass,) . .
- (235.044 + 1.0087) — (141.930 + 89.908 + 4 x 1.0087) v, v’y Mark for word equation or substitution, one
neutron may be cancelled from both parts of
the subtraction. Condone any simple slip in
transferring the numbers.
Also the mark can be awarded for giving or
=0.180 u v/, {if no unit present take u as the default unit} comparing the mass on the LHS with the RHS. AC2-1f.3
06.4 v, Only allow correct answer 8 Math2-1
(= 0.180 x 931.5) 2 nly '
=168 (MeV) v, v'3 This mark can stand alone for the
conversion of any number of u converted to
MeV. 2 sig figs is acceptable.
The conversion mark can come from any part
of this question not just the final line.
{1 kg = 6.02 x 10%%}
A correct answer gains all 3 marks.
Just one of the examples may be from the
1. (Small amounts of fossil fuel used) so little greenhouse gas | following:
emissions/less global warming/less CO,/less climate At present nuclear fuel is obtained from stable
change. {not no greenhouse gas} allied countries (as opposed to oil/gas).
2. (Less fossil fuel used) so cleaner air. Facilitates nuclear weapon production. AO1-1a-
3. Small amounts of fuel consumed to get the same/large (Less fuel used) so less transportation needed. 1
06.5 amount of power/energy. . 3 AO3-1a-
' 4. Nuclear power can be produced continuously{condone use | Examples of rejected ideas because they are >
of constant} (whereas renewables are dependent on incomplete or wrong:
sunlight/wind etc). Produces more energy.
5. Some (but not all) nuclear power stations can adjust their There is more uranium than fossil fuel.
output quickly. Damages the environment less.
6. Benefit of producing medical isotopes. Provides jobs.
More efficient than others.

< QUESTION

20
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< QUESTION

Reference to cost.
It's a renewable source.

v'v'vany three points

Total 11

21

N2
674



< QUESTION

Keys to Objective Test Questions (each correct answer is worth 1 mark)
10 11 12 13 14 15 16 17 18 19
C A B D D D D A

Qu 07 08 09
Ans C B B C D

Qu 20 21 22 23 24 25 26 27 28 29 30 31
Ans C C B B Cc C D A B D B C

22
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< QUESTION

03.1 Arrow pointing up labelled magnetic force or Fpm and arrow | As location A is given in the question the base of 1 AO1.1b

pointing down labelled electric force or Fg v/ the arrows do not need to sit exactly on A but
arrows, if extended, should pass through A.
Care —in some cases A can look like an arrow
head.

03.2 Statement that electric and magnetic forces balance 2 AO1l.1b
OR AO2.1b
gE = Bqgv
OR A correct final answer gains both marks M2
E=vB
OR
15x10°x0.12 v
electric field strength = E=1.8 x 10* (V m?) v

. . V2 .
033 (centripetal force or Fe zmT , equals force due to the Condone use of F to represent both F¢c and Fr, 1 AG2.1c
magnetic field or Fm = Bqv) Allow an interchange between use of g and Q.
Note F = is required
F= ﬂ=qu and hence r==-v' a
r Bq
-26 5
03.4 - <=ﬂ= 1.0x10 x1.52<1190 ) =0.078(1) v ecf on second mark. 2 AO1.1b
Bq 0.12x1.6x10 x2
distance (= 2r) = 0.16 (m) v" (0.156 m) second mark given only if mv/Bq used.in an M2
calculation.
13
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
03.5 (using an energy approach) 3 AO1.1b
work done by field equals gain in KE gV = %mv2 v1a A(?(Zz.lf

1
2qv 2x1.6x107" %0 /2 M2 x2
(sov=[—> =|—F—==] )
m 1.2x10

1a in words or equation which can be awarded

mark for using the V/2 either in an equation or via a even if the ion is not singly charged
substitution v2a (candidates can wrongly think it has a charge
of 3e)

=2.8(3) x10° (M s™?) vaa
OR

. 2a for making use of half the pd ie 3000 V
(using a force approach)

3a Only allow ecf using 6000V giving

Force onion =ma = qE v'1p
v=40x10°ms?

(E=V/d
6000 x 1.6 x 107"
a= — =8.0x10"/d
1.2x10 " xd

Using v?= u?+2as)

Mark for using equation for E and equation of motion either
in symbols or via a substitution vz,

v=2.8x10°(ms?) v

14
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< QUESTION

A smaller mass gives a smaller time interval v’y

D
P
P
(OV]
N
»
)
w
H
O

(The explanation can come from a Force or a Work done
approach)

The ions are given the same force vz,

(so) smaller mass has higher acceleration and smaller time
interval v'3a

OR condone use of ‘lighter’ for ‘smaller mass’

Work done on ions or kinetic energy gained is the same
Vb

(so) smaller mass is given greater speed and smaller time
interval v'sp

Award any two of the three marks

Total 11

15
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< QUESTION

|Question| Answers ‘ Additional comments/Guidelines | Mark | AO |

N
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< QUESTION

04.1 Centripetal force acts inwards / towards the centre of 2 AO2
rotation v’
Links reaction force to centripetal force v/
Question Answers Additional comments/Guidelines Mark AO
04.2 Equates forces AND states either centripetal force with E.g. ) 2 AO2
correct symbolsv’ F=mpro )
F=mg(—r)o L2 Maths
. Y In MP1 condone: equations containing v; use 2
cancelling o of w, and wg for the angular velocities.
mare® = mg(L — r)e>
r= mgL In MP2 it must be clear that the angular
mp + mg velocity and not the velocity.
Question Answers Additional comments/Guidelines Mark AO
04.3 The angular speed is the same for A & B or Alternative for MP2: 2 AO3
Rotational radius for B less than that for A v/ Both of points in MP1 AND
Both of these points AND v =rw so velocity of A is A travels greater distance in the same time.
greater.v’

YA
680
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
. Alternative for MP1: they can work through
. v . A
04.4 Use of safety factor e.g. maximum stress << 0.300 GPa for a stress of 0.3 GPa and then increase the 5 03
o ma—132 % 105 x3.9¢ (=4.9 % 10° N diameter, if justified as a safety factor. Do not L2 Maths
—ma=t T =4 ) allow use of stress =0.3 GPa for full marks. 2
Foo o
A=~ valid substitution v Allow ecf for stress and force
44
d =\/; v’ (expect > 0.144 m)
Valid justification for selection of maximum stress used e.g.
using a stress that is from the linear / elastic section of the
graph or reference to either safety factor or trying to limit
weight of cable. v/
Total 11
14
Question Answers Additional comments/Guidelines Mark ‘ AO ‘
YA
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< QUESTION

05.1 Alternative for MP1: Accept distance+speed 2 2 xAO1

Use of time = angle + angular speed v
9 g P when circumference has been calculated.

Toget3.5(s) ¥ Accept answers that round to 3.49

17
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
05.2 Arrow towards centre of turntable . v/ 1 AO1

Question Answers Additional comments/Guidelines Mark AO
05.3 Shown by substitution. 2 2 x AO2

_ 2
Use of F = mrw Condone use of diameter or radius halved in

OR MP1.
determination of centripetal acceleration and then F=ma v* | Accept negative answer.
To give 0.097 N v Calculator value: 0.0972
18
Ql'/‘@
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
05.4 States block is (constantly) changing direction v/ 2 2xA01
Uses appropriate Newton law of motion to link evidence (to | Reference can be to the name of the law or to
show that a force acts) v a description of what the law says.
Condone lack of “resultant force” in N1 and
N2.
Use of “changing velocity” without reference
Alternative 1 to direction is not enough for MP1.
Block constantly changing direction (at constant speed) v/
Uses N1 to show that a force must apply v
Alternative 2
Changing direction shows (centripetal) acceleration v/
Uses N2 to show that a force must apply v/
Question Answers Additional comments/Guidelines Mark AO
05.5 Allow 2+ sf 2 2xA01

Use of pendulum equation by substitution
or manipulation v/

To give 1.55m v/

Allow answer that rounds to 1.55

Use of g = 10 N kg™ gives 1.58 — do not allow
for MP2

YA
684
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
05.6 2 2 x AO3
Must see a comparison for MP1
Amplitude — the pendulum shadow amplitude becomes
less than the block shadow amplitude v/
. . Condone:
Phase — time period decreases/changes OR frequency ] _ ) o
increases/changes (as pendulum amplitude gets less) ﬂ:‘e t"f"e p‘;”Odﬁ/ ;requenme_s rgmarlln identical
therefore phase changes v therefore the shadows remain in phase
Total 11
Question Answers Additional comments/Guidelines Mark AO
[ [ Ae annla nf rafrantinn Araatar than annla ~f inrcidanca with I I [ |
Q%'/‘@
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< QUESTION

05.1 v'1 This can be expressed using terms such as 3 3xAO01

“channels/directs/concentrates/focuses/funnels”.

In MP1 the reference to an air core can be 3.7.5.6

inferred.

(;ore —idea that it.providc'es greater Iinkage/increa_ses Condone “ links all/most flux”.
e v o e " | < vaning i mporan for s mar
Secondary coil — (a conductor) has a v'3 errors may cancel this mark eg ‘this

varying/alternating/changing magnetic flux/field passing increases the power output’, will not gain this
through/linking with it v, OWTTE mark.

Producing an induced emf / induces an emf that is Do not allow reference to “induced voltage™ or
determined by the number of turns in (the primary and) the | “induced current” in MP3.
secondary coils v’ OWTTE

When no other mark awarded, MAX 1 for “this is
a step-up transformer/the voltage is less on the
primary than on the secondary because there
are more secondary turns than primary turns”

23
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< QUESTION

Question | Answers ‘ Additional comments/Guidelines ‘ Mark ‘ AO
05.2 | MAX3 For each example v’y is contingent on v, 3 1x
Example A max | AOL
v'a The (sheets) of material M / laminations are made from 2x
Design feature 1v'1a insulator/high resistivity material AO3
Link to efficiency v'1p v, reduces/limits (eddy) currents or charge flowing in the
core. 3.7.5.6

Design feature 2/,
Link to efficiency vz, Example B:

v’ thin sheets/ laminations of iron are used
Award v, only once for "thin sheets/ laminations of iron

» v’y so smaller emf’s are induced in the core
are used”.

Example C
v'4 thin sheets/ laminations of iron are used
v'» S0 resistance is high causing lower (eddy) currents

If no other marks awarded, give 1 MAX for
v" Iron is used which magnetises and demagnetises easily
OR

v Eddy currents produce a magnetic field that opposes the
magnetic field supplied to the core

24
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
05.3 If the voltage is lower/33 kV then power is transmitted at These two points can be expressed the other 2 1xAO01
high current. So energy/power is wasted/lost in the cable way round. They could state why the voltage 1x AO3
by needs to be high and then why it should not
(*R ) heating. v; OWTTE be low. 3.7.5.6

Do not accept ‘changes affect the resistance

(of the cable)’.
If the voltage is made too high this will create major

insulation/isolation difficulties. v, OWTTE

In v'; accept “taller pylons”, “transformers that
have better insulation against spark/flash

over’, “more expensive equipment”

25
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
05.4 Correct use of efflc|ency n = % once /1 ‘/1 examp|eS could be: 3 3 x AO2
POWefin power at 132 kV =72/0.98 = 73.5 MW
OR 3.7.5.6
Correct use of | = P/V with their values once at any point at transmission line start = 73.5/ 0.94 = 78.2
Y2 MW
OR
1 =3200 (A) (correct answer only, no ecf) v3 at25kV =78.2/0.98 =79.8 MW
OR

in single stage
Power at 25 kV =72/ (0.94 x 0.98?%) = 79.8
MW)

v'; eg at consumers | =72 x 10%/11 x 10% =
6545 A

(Calculator value: 3190.16 A)

Total 11

26

Question Answers ‘ Additional comments/Guidelines Mark AO
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< QUESTION

03.1 _ _ If no other mark awarded, allow one mark for 2 AO1
(1 C of) the charge gains ¢ J on passing through cell definition of emf in terms of energy transfer.
OR
energy transferred (by 1 C) in Ry is V1 (J) accept: ‘dissipated’
OR accept ‘lost volts’ for Ir but reject ‘voltage

across r
energy transferred (by 1 C) in Rz is 12 (J)

OR
energy transferred (by 1 C)inris Ir (J) v

accept ‘work done’ for ‘energy transferred’

Alternative for MP2

(for conservation of energy)
e=Vi+T"+lIr

e=IRi+IRx+1Ir v
provided that MP1 is awarded.

12
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO

03.2 Equates emf to Ir +2.89 in some formv' If no other mark awarded, award one mark for 3 AO2 x 3
use of emf value in MP2.

Allow in MP1 (their current/A) x125Q for 2.89 V

Calculates 7 from 2.89+125 (=0.02312 A) ¥ Allow alternative routes for s and 2. E.g.
‘Lost volts’'=0.11 V v/

Applies potential-divider equation e.g.
0.11+2.89 =r+125 v,

OR

3+(125 + 1) =2.89+125v4v,

Giving r =4.76 (Q) v'3 Must see at least 3 sf answer

Answer must round to 4.76(Q)

13
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO

03.3 Accept other routes for MP1 e.g. 2 AO2x 2

using ¥ = IR, with 25 Q and their current, for
example from

(Resistance splits 25 Q and 104.8 Q) « 1-0.023 A (from Q03.2)

Applies potential divider formula eg 1 25 v emf 3

3.00 129.8

o - total resistance 12547

o [= terminal pd
125
OR

usingV = % with an identification of 2.89 V
as the terminal pd.

V'=0.58 (V) v
If no other mark awarded, allow one mark for

using 29.8 Q instead of 129.8 Q for total
resistance giving 2.5(2) V.

14
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
03.4 Any four from: ; : P Max 4 AO3 x 4
Straight line 0 VA to P 30V s
pd/V

Short steep increase at Q 3¥

|

4

|

1

l

Less steep non-zero gradient from P to Q ¥ !
|

|

Q to R about same non-zero gradient as P to Q 4¥ i
|

|

|

i

:

|

)

|

I

|

I

OVA P Q
position of C

Horizontal line from Rto B at 3.0 V 5*

For ;v allow range no greater than width of
“Q” label on horizontal axis.

If graph sketched from 3 V (at A) to OV (at B)
award max 2 (based on ¥ and 4¥).

If a single diagonal straight line from 0 V (at
A) to B, award 1Y only.

If a single diagonal straight line from 0 V (at
A) to R and then horizontal to B, award only
17 and 5V if scored (ie max 2).

Total 11

15

Question Answers Additional comments/Guidelines Mark ‘ AO ‘

| I | I leac | | . | - |
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< QUESTION

3.2
12x1073

Determines R OR % OR

Evidence of use of ln(:;o) with their valuesv’

B=1110vKv

Expect to see 267 Q

Condone use of Rg =190 Q in MP3

Accept 1100
Accept answers that round to 1110 or 1120

Allow ecf only from temperature conversion.

Do not accept k for K

06.1 Appropriate use of V'=IR v e.g. for MP1: 2 AQO2
e determines total circuit resistance
e determines pd across thermistor
e use of = I(Rxy*tRyz)vY
Condone POT error in MP1
Variable resistor resistance = 190 (Q) v/ Expect to see total circuit resistance of 542
Q)
Expect to see pd across resistor of 2.3 V.
Condone POT error in MP1
Calculator value: 191.67 Q
Question Answers Additional comments/Guidelines Mark AO
06.2 Evidence of 22 °C converted to K v/ Allow ecf from MP1. Expect 295 K 5 AO2

Bﬁ@/ﬂ'
694
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
i v
06.3 Current causes thermistor temperature to change Allow a clear description of thermal runaway 2 AO3
Thermistor resistance decreases as temperature for both marks.
increasesv’
Question Answers Additional comments/Guidelines Mark AO
06.4 Uses ammeter(s) (in series) to show current at X = current 2 AO1
atY =currentat Z Do not allow ‘currents across’.
OR . , .
D t t ‘batt d’ unl t is clearl
Uses voltmeter(s) to show that emf/terminal pd / 6.5 V = pd b:ir?or::::l?reda ory pd uniess ILis ciearly
across XY + pd across YZV 9 '
If points XYZ are not referred it must be clear
where the meters are attached.
Links current readings to (conservation of) charge
AND
Links pd readings to (conservation of) energyv’
Total 11
20
Question Answers Additional comments/Guidelines AO

Qﬁ}*@:
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< QUESTION

ANy suggesuon tnat partcies ao not Tollow 5 AO1
Newton'’s laws, are not deterministic, or the
motion is unpredictable, is incorrect and
restricts to MAX 1.

Ignore references to Brownian motion and
collisions.

02.1 There is a range of speeds / kinetic energies v’

Allow velocity for speed in MP1.

A reference to average speed is not enough
for MP1.

Idea of no preferred direction v/ Must express the idea that all directions are
equally likely not just that there is a range of
directions.

Allow v, =v =V, or similar for MP2

10
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< QUESTION

Question Answers Additional comments/Guidance Mark AO

02.2 Any two from: v'v/ Mark using list principle 2 AO1

¢ particle volume << gas volume / particle volume is
negligible / point masses

« time for collisions << time between collisions / collisions | Time for collisions is (very) short/small is
are instantaneous insufficient

¢ no non-contact / intermolecular forces between the
particles

e all collisions (between particles / between particles and . . . . .

X Ignore (as included in assumption given in

wall) are elastic 02.1):

¢ the particles follow Newton’s laws / have no wave o
behaviour o there is no preferred direction

o there is a range of speeds

Particles are (very) small is insufficient

1"
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MARK SCHEME - 7408/2 - June 2025 - Q2

3.4.S Synoptic and Cross-Topic Questions

Question Answers Additional comments/Guidance Mark AO
02.3 Any two from vV Ignore reference to equations of state. 3 AO1
e greater mean speed / c / mean kinetic energy Do not allow greater mean velocity in bullet
. - point 1. Other marks can be awarded.
e (mean) change in momentum / Amv (per collision)
increases
e more frequent collisions (with walls, for the same
volume) ) o ]
« force increases because force is the rate of change | !gnore references to particles colliding with
A(mv) each other.
of momentum/F = ——
(]
Larger volume increases the (surface) area and Alternative route
force . ] (all marks must come from same route)
pressure = (if the force increases so must the area
area (Increase in temperature means) crms
to keep pressure the same) increases v’
1 -
OR Use of pV = gNm(crms)2 to justify increase
Larger volume increases the (mean) time between fVy
collisions or decreases the number of collisions per second 0
/ frequency of collisions v/ p N and m named and stated as constant v
(decreasing the total rate of change of momentum and
hence force)
Question Answers Additional comments/Guidance Mark AO
02.4 3 1 AO2

AE, (:EkAT :%x1.38x1023 ><(77—27)j =1.035)x102 ()

v

< QUESTION

12
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< QUESTION

Question Answers Additional comments/Guidance Mark AO
02.5 Calculation of number N of water molecules in 1 kg or N = _ 3 AQO3
3 3 3.0x107°
2 h ' N
use of 2 kT or use of 3 RT for their AT v/ Allow N = A
0.018

Allow MP1 for quoting their answer to 02.4 if
A6 =50 K in MP2,

Use of mcA#@ for their A0V AIIov;/ for MP2: 3
c =EkAT><N =E><l.38><10’23 x1x their N
Max 1 when different AT and A8 used for
MP1 and MP2.

Valid comparison of quantities leading to no v/ e.9. ¢ =690 (J kg ! K1) # 1400 so no, water
vapour does not behave as an ideal gas
e.g. for change in temperature of 50 K:
Q =2.1x10721(J)
and AE, = 1.0(35) x 10721(])
Condone comparison involving 1 sf
Alternative method
mcA@ = %kAT v

3k \3x1.38x107*
c e B \/
2m ) 2x3.0x107%
Comparison of quantities leading to no v/
Total 1

13
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< QUESTION

|Question| Answers ‘ Additional comments/Guidance | Mark | AO ‘

N
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< QUESTION

03.1

238 x 1.661 x 10727 or 3.953 x 10723 seen
OR

their mass x 3.23 x 10** v/

1.28 (kg) v

Alternative method”

~3.23x10*

n=
6.02x10*
OR

or 5.37 mol seen

their number of moles x 238 v/
1.28 (kg) v

Allow use of 1.67 x 107" kg
Allow inclusion of electron masses.

Allow use of 1.673 x 102" and 1.675 x 10?7
leading to 1.29

2

AO2

14
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< QUESTION

Question

Answers

Additional comments/Guidance

Mark

AO

03.2

Ao (=AN)=8.11 x 10'* (Bq) v

Any three from: v'v'v'

dividing an output power / A/ N / m by 0.0458 or
multiplying an input power / « energy / Ay / N, / my by
0.0458

any power
8.94x10713x0.0458

any power

8.94x107"
calculate P or 4

Use of 4 =

use of t = —=

convert time to years (divide a time by 365 x 24 x 60 x
60) or decay constant to yr'.

Time = 14.5 (Earth years) v/

Condone small rounding errors.

29.6
0.0458

=646 W

646

W =7.23x% 1014Bq
. X

ln7'—23

8.11

=W=4.58x1088

t
Allow use of 0.5 and ty5 = lnTZ instead of

et

Allow conversion of half-life to years.

Allow ecf for their 4

Accept answers that round to 14 or 15 years
based on working seen.
Missing efficiency results in 404 y.

AO2

YA
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< QUESTION

Question Answers Additional comments/Guidance Mark AO
03.3 Any three from: vv'v' Ignore PoT in bullet points 4 AO3
e valid QO = mcAf substitution or answer Heat ice to 0.0 °C:

1073 x2100x25=525]
e valid O = mL substitution or answer Melt ice at 0.0 °C:
1073 x 334 x103=334]

Vaporise water at 0.0 °C:
1073 x 2500 x 10° = 2500 J

« 3valid O calculations Allow (Ls+ Lyv) in Q = mL as two calculations.

e energy provided by laser between charges (= 1000 x 3)
=3000 (J) OR a valid power calculation for their O

Total energy required = 2900 (J) < 3000 (J) so yes v/ Allow any correct comparison for MP4 e.g.

Energy required 2887 | < 3000 | J
Powers 962 | < 1000 | W
Mass of ice 0.00104 | > 0.001 | kg
time 2.8865 | < 3|s
AB 79.0 | > 25 | K

Allow other valid comparisons.

Total 11

16

Question Answers ‘ Additional comments/Guidance Mark ‘ AO ‘
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< QUESTION

01.1 MP1 is for evidence of determining the charge on the Charge = 4.39 x 107 x 8.02 x 107%° kg 3 3xA02.1f
nucleus. v/ (=3.52x108C)
Number of protons = charge/1.6 x 107° (=

MP?2 is for evidence of determining either the number of

protons OR the number of nucleons. v/ 22)

OR
Number of nucleons
=8.02 x 10726/ 1.67 x 107% (= 48)

MP3 is for determining number of neutrons. v/

Number of neutrons = 48 — 22 = 26

Note use of 1.7 gives 27 neutrons and loses

MP3
Question Answers Additional comments/Guidelines Mark AO
01.2 Evidence of conversion of MeV to J v/ Energy = 2.15 x 108 x 1.6 x 107%° (= 3.44 x 3 1xAO1.1b

10711)) - allow POT error in MP1

Substitution into KE equation v/ V2 = 2E/m = 8.58 x 101 X ACAf

Correct final answer v/ v=29(3)x10"ms?

6
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
01.3 et +v, 2 2xA01.1b
OR
charge:1=1+0v
B:0=0+0
AND
LL0=-1+1v
(S:0=0+0)
Question Answers Additional comments/Guidelines Mark AO
01.4 (K0t +v,) 2 2xA01.1b

Correct strangeness
+1=0+0Vv

Weak interaction so strangeness can change
(by 0, +1or-1) v

INZ
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
01.5 Decay consistent with Q B L conservationv’ 2 1xAO1.1a
1xAO1.1b
Equation involving pions v/ e.g.
KO nt+nt+ 1
K*O wt + nO

Total 12

Question Answers Additional comments/Guidelines Mark AO
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< QUESTION

06.1 (-)4 J of work done per unit charge v/ Do not allow 4V for 4J in mp1 only 3 AO1a
moving from infinity to the point / point to infinityv' Condone answer in terms of eV and electron
or proton.

correctly linking direction of movement and sign of charge
to gain or loss of energy / sign of energyv’ Do not consider the sign of the charge or
work in mp1 and mp2

Allow ideas in terms of energy transfer from
kinetic to potential (or vice versa).

It is insufficient for mp1 to only refer to
potential energy.

Example 3 mark answers

—4 ] of work is done in moving (+) 1 C
charge from infinity to the point.

4 ] of work is done in moving a -1 C charge
from infinity to the point.

—4 ] of work is done in moving a —1 C charge
from the point to infinity.

4 ] of work is done in moving (+)1 C charge
from the point to infinity.

18
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MARK SCHEME - 7408/2 - June 2024 - Q6

3.4.S Synoptic and Cross-Topic Questions

Question Answers Additional comments/Guidelines Mark AO
06.2 Appreciation that the electric field is the potential gradient | Ajjow v4 for use of Egpg = AV ot from a 4 2 %
Ad
OR identify highest electric field occurs in the straight tangent (outside of straight section) AO1b
section v'4 AV . AV 1x
Just stating E = — (or E) is not sufficient for AO2b
mp1. 1 %
Straight section of line AO3-1a
Tangent drawn along the straight section and used for _
gradient or straight section used with triangle of sufficient | X =110 10230, 350 to 480, 610 to 730, 850 to
size (AV > 1.5V) v 980
No credit for vy, v, or v'3 attempt to find Q
from a V, d pair then use of E = <
4TEGT
Value between 1.8 and 2.2 x 107 (or 2.0 x 10”) when Expected value 2.01 x 10’ Vm™!
v
rounded to 2 SFv5 v/4 is standalone mark with some working
UnitVm ' orNC' v, Lo ,
Do not accept a unit given in base units.
Allow unit consistent with their value in mp3
and mp4.
Question Answers Additional comments/Guidelines Mark AO
06.3 (Loss in) kinetic energy = (Gain in) potential energy mp1 can be from an attempt to calculate 2 AO2f
OR use of W = QVY potential energy even with a mistake in data
values.
Ex (= e % (Vpeak — Virough) = 1.60 x 1071? (=0.20 — -3.40)) =
512x 1072 J) v

< QUESTION
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MARK SCHEME - 7408/2 - June 2024 - Q6

3.4.S Synoptic and Cross-Topic Questions

< QUESTION

Question Answers Additional comments/Guidelines Mark AO
06.4 Initial direction of motion e.g. electron initially moves Max 3 3 AO3-1b
left/towards x=0/x = 300/P v, Do not accept electron is repelled by negative
, L i o electrode unless no other marks are
Explanation for motion in terms of field e.g. electric field is | ./ arded.
to the right but electron charge is negative v, Allow ¥t for oscillations about the wrong point
Linking the gradient of the electrical potential/graph to the or if it is unclear where it oscillates about.
magnitude of the acceleration of the electron v’
Explanation for motion in terms of potential/energy eg
electron moves towards higher potential (due to negative
charge) / lower potential energy v'q
Electrical potential energy is converted into kinetic energy
Ve Accept acceleration is 0 at e.g. 300 nm for V¢
Recognition that the electron oscillates (about x = 300 nm) Condone reference to SHM for oscillate.
v Reject vibration for v’
Explanation for oscillation in terms of potential / field v'4
Condone Ep — Ek —» Ep — Ek without
reference to oscillation in v
Total 12
20
Question Answers Additional comments/Guidelines AO
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< QUESTION

TUJULL vUIyl g vwiyglivu

02.1

method to reduce uncertainty in volume ;v read water level at bottom of the meniscus (or wtte
or allow sketch); don’t penalise further use of
‘beaker’ treat as neutral: ‘dry cylinder before use’
OR

procedure to avoid systematic error in determining
mass, eg tare / reset / zero the balance with empty
beaker on pan / find mass of beaker empty and

subtract from mass of beaker plus water; AO2-1c =
don’t penalise further use of ‘weigh’/ ‘scales’ MAX 2
allow ‘use balance on a horizontal surface’

method to reduce uncertainty in time ;v ensure stopwatch is zeroed / reset before use

added detail 5v'¢v'7v collect large(r) volume / for long(er) time / > 60 s 5v/

this reduces percentage / fractional uncertainty v’

read at eye level or wtte, to reduce parallax ;v

12
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< QUESTION

02.2 sensible mark identifying second box indicating (N m™s) only auto marked question AC3-1a=

19.8% (from 4 x 2.9% + 1.8% + 6.4%) earns both marks v'v/ don't insist on seeing ‘%’ unless 0.198 etc
allow final answer rounded to 20%

allow 1 mark for 0.198 or 0.20 but reject 1 sf 0.2

for incorrect answer the following can earn one
mark:

(percentage uncertainty in d =) 4 x 2.9% / 11.6% / 1k =
_ _ . AO3-1b
02.3 12% seen in working but wrong final answer >

OR missing x 4 eg 2.9% + 1.8% + 6.4% = 11(.1)%
OR incorrect multiplier applied to 2.9 eg 2 x 2.9%
OR with x 4 applied wrongly eg
29+(1.8x4)+6.4=165%o0r17 %/

29+ 1.8+ (6.4x4)=30(.3)%

appropriate use (ie close to and parallel with the vertical side of the the mark can be awarded for a convincing sketch,
tube, but not necessarily in contact with the tube) of: eg use of a very large set square without ruler
a metre ruler made vertical using a set-square in contact with the accept ‘tri-square’ for set square

bench / floor / (flat) surface

the only acceptable horizontal reference is the

02.4 OR bench: don't allow use of horizontal T, eg set AOZ:‘ng =
a plumb line / weight on vertical string (reject ‘pendulum’) square placed on T even if sketch looks convincing
OR no credit for attempt to show graduations on tube
are horizontal / use of ‘protractor’ for set-square /
a spirit level v/ ‘each side of meniscus at same level' / use of

clamp stand rod or wall as vertical reference

13
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< QUESTION

02.5

attempted use of y =y, e
obtained directly from Figure 10 / plausible values obtained from
Figure 13

OR

tangent drawn on Figure 10 to find %;

d «
use of d—{ = (—)ﬂ x y and y* is where tangent meets the curve v/

valid calculation seen leading to a result for A that rounds to 3 sf in
range 4.45 to 4.55 x 107 (s7%);

award if seen in body of answer ,v’

with substitution of values of y, yo and At

variation on use of use of y =y, e for v

A can be found if points t;, y; and t,, y, are used and the values

Y1 Yo

TS

substituted into

if this approach is used substitute the data into A4 = Ex In ( Yo J
y

confirm that the result for 1 is correct before awarding ,v'

for ;v do not penalise y / y, interchanged, read off

errors, manipulation errors / At =t/ 1ty / ti or use of
0
incorrect symbols eg A, N for y;

no ecf for ,v’

allow use of Figure 13

Yo =60.0 cm, y:522cm'At=60—29:31s
522=60e"" ~1=4.49x10°s"

if the intermediate step is seen, eg

2=l =ix|n(ﬂ)
Aty ) T3 (522

accept ‘log’ for ‘In’

no credit allowed for reverse-working method in a
‘Show that’ problem

no credit for assuming straight line and y = mx + c,
measuring the gradient then by determining the

equation of the line or by using m = Y2~ :/1
-4
i P In 2
determines the half life; finds A from .
half life

no credit for common error A = gradient x 2

for ,v* look for any answer in the body that
deserves credit (for a ‘Show that’ we can overlook
truncation in the value given on the answer line)

AO2-1h =

AO3-1b =

14
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< QUESTION

In2 In0.5 . o ) calculation can have any subject;
use of T, =——OR with substitution of recognisable 4; 3 AO3-1a =
02.6 * A - accept use of 2 sf 1= 4.5 x 107° usually leading to 1
evaluated to > 2 sf in range 140s to 170s v 154 but allow correctly truncated to 150 or 1.5 x 10
(mostly) continuous line drawn on Figure 13; 20
below dashed line and with negative gradient betweent=0and t =
120;
do not penalise linear line or shaky / thick / hairy line or slight
discontinuities; accept ~ horizontal after 100 s ;v 60 un
-~
line passes through: =
t/s ylem ylem 40
min  max AO2-1d =
02.7 2
0 33 35 ~
——
20
AND through EITHER of
t/s . ylem
min  max
60 24 28 0
4 40 80 120
120 | 17 23 tfs
Total 13

A
713
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< QUESTION

Question Answers Additional Comments/Guidelines Mark
1. for 1v',v require > 2 sf that rounds to not less than
= Vo
f (from T )inrange 61 +1Hz,v> 60 and not more than 62
OR for 1,v require > 2 sf that rounds to not less than
58 but less than 60
61+ 3 Hz v
OR

maximum 1 mark for POT error OR incorrect rounding

£ /ovmmiiiva N N Af bt vmiinAa A mmava taam 20 AN2A_1a —

N2
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< QUESTION

06.1

v (74.2x10%)
T 422x10°
OR
13.0 (m s7?) seen v/

CGM_6.67x107" x1.90x10”
P (422x10°)?

OR
0.712 (m s72) seen v/

(for ballistic objects ma = mg so a = g and)

0.71 ms 2 # 13 m s 2 so the suggestion is not correct v

POT must be correct in MP1 and MP2

If no working, correct units must be seen
somewhere for MP3

Allow calculation and comparison of
centripetal force and weight if consistent
mass used.

Condone 1SF answers.

Correct answers to calculations required for

MP3.

Alternative

2.3
Evidence of T? =

or 2 — GM

r3
Calculation of any relevant quantity or
combination of quantities

eg.v=173kms!'v

Comparison of a relevant quantity to
conclude that suggestion is not correct v/

3

AO3

YA
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< QUESTION

Question Answers Additional comments/Guidance Mark AO

06.2 Arrow starting at dot, pointing vertically down the page v/ Condone a downwards vertical arrow where 1 AO2
the line of action passes through the point.

The line of action of the arrow must travel
through the plasma torus near to the ion.
Ignore arrows that are outside this area.

When more than one arrow is drawn within
the scoring area, then which arrow is B must
be indicated unambiguously.

Allow a line that looks vertical taking into
account the 3D nature of the diagram.

24
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< QUESTION

Question Answers Additional comments/Guidance Mark AO
06.3 BOv = my® v Evidence for MP1 can come from substitution 3 1 x AO1
7 of candidates centripetal force as their 2 x AO2

magnetic force in second equation.

Do not accept e for Q in MP1 when correct
answer not seen.

Allow ecf for use of their centripetal
acceleration (expect 13.0) from question 06.1
e.g. BQV =ma

531x10% x74.2x10°
3.2x107"9 x4.22x10°

B( )=2.9x10" v

MP3 can be awarded with no working.

kg Al's2v

25

N
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< QUESTION

Question Answers Additional comments/Guidance Mark AO
06.4 Use of F=ma/ q = ¥’ OR use of F = OE v Ignore PoT in MP1 and MP2 3 AO2
" Condone in MP1 and MP2 the use of one of
either

e efor3.2x107 Cor
e me/ mpfor mass

OE\ 3.2x107"x371x10°° .
al| == |= v Allow use of F' = QF and F' = ma with same F’

m 5.31x107%

224 % 103 (ms2) v

26
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< QUESTION

Question Answers Additional comments/Guidance Mark AO
06.5 Any two from: v'v/ 3 AO2
e Correct charges for both ions Do not condone POT error in MP1.
2x1.60%x1071%(=3.2x10719) (C)
and 1.60 x 10~*° (C)
. Useof E= © for either charge Ex=72x10°Vm™
4mé, r E,=3.6%x106Vm!
Condone use of +1 or +2 for Q in bullet 2
Correct values seen for Ey and Ey gains bullets 1
and 2
o use of Pythagoras with their £ values Allow appropriate trigonometry with 63° or 27°
or Ep = m for bullet 3.
Do not allow use of Pythagoras with distances.
8.00r81x10°(Vm')v
Total 13

YA
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< QUESTION

Question Key Answer AO
7 B év AO2
3
8 C 16 cm? AO2
9 C is constant as the pressure increases. AO2
6,-6
10 B 6-p (#J AO2
Pr— P
11 B +0 —q AO2
12 A 4F AO2
13 A qV AO1
28
Q%'/‘@
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—< QUESTION

AO1
14
+10V
A B C D
o - x x - x
15 Q q AO2
E
16 05 < AO1
17 600 pF AO2
18 233 Q AO2
29
NG
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< QUESTION

19 B ‘ R ‘ Q ‘ AO2
20 D 4] AO2
21 A 0 AO2
22 D 6.25 uV AO2
23 A 80% AO2
24 A 34 kHz AO2
25 D 64 cm AO2
26 C 0.103 MeV AO2
27 D Br+e - 1Pre+y, AO1
28 C 4.7 MeV AO2
29 A to absorb neutrons released from fission AO1
30 D slow neutrons to thermal speeds. AO1
31 D R only AO1

Total: 25 marks

30
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< QUESTION

03.1 UK reject ‘pressure released (in 9d)’ 2
Boyle’s Law applies
OR

PV = constant; ,v’

for ,v* allow mean KE of molecules is the same

1.
any suggestion that pressure is constant OR the volume is constant accept P oc V&

OR the temperature changes OR the amount of air in the flask
increases as flask is raised loses both marks allow nRT = constant;

reject PV =k (unless k = constant is also seen)

same (air) pressure v/ for ;v and ,v" accept constant/unchanged = same
and condone ‘assume same pressure/mass of gas

same mass of air ,v’

. . . v
any suggestion that temperature is constant OR that volume is for v accept same (number of) moles or same

03.2 constant OR that pressure has changed OR the amount of air in the | 270Ut of gas 2
flask decreases as flask is moved from H to C loses both marks no credit for stating ‘volume increases as
temperature increases’
‘temperature is in equilibrium’ is neutral
14
YA
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MARK SCHEME - 7408/3 Section A - June 2018 - Q3

3.4.S Synoptic and Cross-Topic Questions

Question Answers Additional Comments/Guidelines Mark
relevant quantity and instrument seen: alternative
volume(s) (of liquid) measured using a measuring cylinder OR for ;v"/mass (of liquid/flask) measured using a
graduated beaker ;v balance
reject ‘measuring beaker’ and ‘burette’ reject ‘scales’ and reject ‘weigh/find weight/weigh
eye level with the bottom of the meniscus (allow suitable sketch the mass
showing eye) ,v' for ,v'valid method to account for the mass of flask
‘ ) ‘ . C . eg tare/zero balance (ECF ‘scales’) with (same)
03.3 measure at eye level’ OR ‘eye level with graduation’ OR ‘eye om 3
; o pty flask on balance and then measure mass of
perpendicular to graduation’ are not enough flask with liquid OR
i v
to avoid parallax error 3 subtract mass of empty flask from mass of flask
containing liquid; don’t penalise ‘weigh’ twice OR
see alternative opposite; if both approaches are given record the ensure the balance is on a horizontal surface
mark to whichever scores most _ .
for sv/find volume(s) using V = %; V must be
subject
suitable vertical scale for their data points covering at least half the for 1" the two correct data points a suitable scale is
grid: 10 cm” for each major division
false origin on the vertical scale correctly marked; an unmarked origin is be assumed to be (0, 0); if a
broken scale symbol is not used and the V scale
03.4 vertical scale marked at sensible intervals, based around intervals of | becomes non-linear, withhold the mark 3
1, 2, 4 or 5 etc; graduations no further than 2 major divisions apart ;v award v = 1 MAX for thick or poorly-marked
19, 207 plotted to nearest ¥ grid square v’ points eg thicker than half a grid square;
86, 255 plotted to nearest ¥z grid square ;v reject blobs, dots and circles
continuous ruled best-fit line of positive gradient through intersection | apply same criteria for judging line quality as in
03.5 of cross-hairs of their points v/ 02.3; don’t penalise thick line if thick points are 1
penalised in 03.4

< QUESTION

724
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< QUESTION

Question Answers Additional Comments/Guidelines Mark
legitimate method to calculate horizontal intercept 280 —
eg gradient calculated from AV divided by A@ ie numerical evidence y =0.7164x + 193.39
of 2 steps required; don’t penalise read off errors or small steps 260
reads (to within 1 grid square) OR uses a point on the line to calculate HHH
(with correct use of y = mx + ¢) the vertical intercept; sensible values
are shown on the right ;v 240
correct use of their vertical intercept and their gradient to calculate the Viem?
horizontal intercept using —1 x vertical intercept divided by gradient ,v' 220
OR
o A
similar triangles, eg 200
255-207 207-0 -
= or similar seen ;v
03.6 86-19 19-60 180 3
minimum A@= 86 — 19 (= 67as in example above) v 0 20 406/°C60 80 100

result in range —260°C to —285°C ;v

withhold mark for missing sign; no credit for unsupported answer in v condone V changed to m® when calculating
gradient and finding intercept values

for a graph with a negative gradient allow credit for
1v only = 1 MAX

no credit for non-linear graph = 0 MAX
data which may be seen in working include

V =193 cm?®, 6=0°C; V =265cm’, #= 100 °C;
V =207 cm®, =19 °C; V =255cm°, #=86° C

Total 14

16
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< QUESTION

U UUIC O ALV TIDNTTIVILUUIL D \(LHTUL THTIUVL UL TUHTUUTTT T UL Yuo) 7 ]

021 v, This is independent of the first mark 2 2

For reference to kinetic energy of the gas or molecules v/, provided energy of the gas is given in some
form. So here an average kinetic energy would
be acceptable.

v 11irst COndone ‘becomes/is zero’ or phrases

Using) the gas laws it is the temperature at which the
( 9) g b like ‘said to be zero’ or ‘thought to be zero’.

volume/pressure of a gas extrapolates to zero

OR v'1secona JUst quoting Charles’ law or the AOL-1a-
022 | (Using pV = nRT or pV = NRT) it is the temperature when pv | Pressure law is not enough. 5 5

or Vorpis zero

OR

v 1irg Allow the information in the form of a

Plotting data of volume (or pressure) against temperature the | sketch.
plot extrapolates and crosses the temperature axis at absolute

YA
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< QUESTION

(whereas) using the kinetic energy it is the temperature at
which the (random) motion stops or can be extrapolated to
stop or the kinetic energy (of the particles) is zero. v/,

v The zeromust bevery explicitesg- ot just
very very small.

Allow reference to zero point energy/residual
kinetic energy at 0 K/uncertainty at 0 K

Alternative 1

M(Crms)? __ (3kT\ _ 3RT
-y or (Ek)average “\Z )7 zn, Y 1A

3RT )1/2 _ (3><8.31><310)1/2

v R can be in form of a
40x1072 2n {

Crms = (
symbol}

mNa

=440 (M SY) Yaau

v'1ar1 The Mark is for introducing —: in the
A
mean energy equation.

voarr The mark is for the use of the molar
mass.

¢rms Must be the only unknown in the
equation, data and constants to be shown.

v3ar. Only allow a correct answer so no ecf

Question Answers Additional Comments/Guidance Mark deItZiIs
molar mass v'1 Substitution of the molar mass or the
Mass of argon atom = TNa answer gains the mark. Also the numbers may
40%x1072  40x1072 6 be seen in the equation of the second mark.
= :A - 6.02x>< 0= 6.6(4) x 10 (kg)
v, Give a mark for this rearrangement and
3kTN /2 substitution even if the mass is incorrect.
Crms = (T) Crms Must be the only unknown in the
” / equation, data and constants to be shown.
= w v, {k can be in form of a symbol}
6.64x10 v’3 Only allow a correct answer so no ecf from
9 the second mark. AO1-1b-
=440 (ms ) V3 A correct answer gains all three marks 1
02.3 3 AO2-1f-2
Math2-3

@*@'
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< QUESTION

from the second mark:

A correct answer gains all three marks

{On most occasions answer 5.7 x 10%ms™
yields 2 marks as the wrong mass has been
used}

Alternative 2

v'1a2 The mark can be given for evaluatin
3KT 3% 1.38x 107 x 310 the . .

(B _ — 6.42 x 10721 (]) either the average or the total kinetic energy.

average — 2 - 2 - Y

OR v,ar2 Give a mark for this rearrangement and
o 93 substitution even if the energy is incorrect.

(BEtotar = (Eidaverage X Na = 6.42 X 107" X 6.02 X 10 Ccrms Must be the only unknown in the

(B toral = 3.86 X 103 (3) Y1412 equation, data and constants to be shown.

v3a2 Only allow a correct answer so no ecf
. y 1 from the second mark.
2 2 .
Crms = <2 X (their energy )> = (M) A correct answer gains all three marks
molar mass molar mass {On most occasions answer 5.7 x 10 1 m s
yields 2 marks as the wrong mass has been

2x3.86x10% /2 used}
- ( 40% 1072 ) 2An2
4 Note the slightly different answers for the third
=439 (Ms™) Yaar mark which depends on the route taken.

Allow ‘they are the same’ as a bold statement.

04 (In equilibrium at the same temperature) both gases have the | However if this is not an opening statement 1 A021-1d-
02. same mean or average kinetic energy v’ following the question then ‘mean or average’
Math2-1
must be used.

Particles/atoms/molecules collide with the piston/walls and v/, Ignore any reference to particles colliding AO1-1b-

025 change momentum v'; with each other. 3 2
' . _ AO2-1b-

(The piston provides the) force = rate of change of momentum 1

.X’}/.
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< QUESTION

(The particles give a force on the piston producing a pressure)
A relevant reference to pressure = force divided by/over area | v'; Relevant = reference to Piston or arising
or FIA V3 from the particles. (ie where or what)

If no mark is scored give a mark for P = F/A
alone

N2
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< QUESTION

Question Answers Additional Comments/Guidance Mark deltgils
change
the volume could be increased o )
An explanation in terms of the gas laws is not
explanation acceptable.
which increases the time between collisions OR results in less
frequent collisions (with the piston/wall so reducing the rate of | 3 marks '
change of momentum) for 2 changes and 2 explanations
OR
which increases the area of the piston/wall (and so reduces 2 marks _ AO2-1h-
the pressure) for 2 changes and 1 explanation 2
02.6 3 AO3-1a-
change 1 mark 1
the temperature could be reduced for 1 change with corresponding explanation
OR
explanation 2 changes with no adequate explanation
which reduces the momentum (change at the wall)
OR If a wrong change is given, eg. reduce the
(and) increases the time between collisions or reduces the mass, then only one mark is available for one
frequency of collisions (reducing the rate of change of change with corresponding explanation.
momentum)
vV
Total | 14
9
Bﬁ@/ﬂ'
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< QUESTION

. -, . ID
Question Answers Additional Comments/Guidance Mark details
’ tha wnrle Adnnalanarons raniiirad in hrinnina 1 ka/iinit mace from A test mass should not be taken to be a unit AN1_1a_

N2
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< QUESTION

04.1 V(= QIC) =52 x 10°%/2.22 x 10 2 v, answer 12000 or 11700 (V) 3 AO2-1d-
A correct answer gains all 3 marks. 1
Math2-1
V = 23000 (V) V5 (23 400 V) Commonly 23000 V gives 3 marks

11700 V gives 2 marks

Also a power of 10 error in the final answer
gives 2 marks.

For any other final answer the only possibility
is to get one mark for use of V = Q/C when C

is clearly given or V = ¢ s uses with an
4TELT

incorrect value of r.

12
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MARK SCHEME - 7408/2 - June 2019 - Q4

3.4.S Synoptic and Cross-Topic Questions

< QUESTION

Labelled arrows on B
e Tension or T parallel to thread and upwards
¢ weight or mg or W starting from sphere centre vertically

For the electrostatic force label also allow Fgjec

A travelling telescope on a vernier scale could be used (at a
distance)

Other examples of problems

Physically touching the spheres may alter the reading.
Difficulty of measuring distance between curved objects.

A measuring instrument can have a dielectric
constant/permittivity, which will affect the separation/disrupt
the field.

Reading a ruler behind the spheres will give rise to a parallax
error.

Other examples of solutions.

Ruler and set square set up parallel to the line
joining the centres of the spheres.

Measure (beforehand) the length of thread y
and measure the angle with a protractor and
calculate distance x using trig’.

down _ _ _ _ or ‘force between charges. F etc. AO1-1c-
04.2 e electrostatic force or repulsion to right and starting from the 2
inside or edge of the sphere vV’ Ignore gravity between spheres.
If a reaction force given — max 1 mark.
2 marks for all 3 arrows and labels
1 mark for 2 arrows and labels
1 mark for 3 arrows, no or incomplete labels
One mark for stating the problem. v';
One mark for giving a corresponding solution. v,
For example ¥'1 The problem must be explicitly stated but
) o not much detail is needed. EG Anything used
Metallic or conducting instruments placed between the between the spheres my disrupt the field.
spheres will affect the separation (because of the movement
of c_harge/ellectrons within the instrument) . o v, The solution must be detailed enough to
(Inside) calipers made from a non-conduction material in convey what must happen
conjunction with a ruler could be used ' AO2-1c-
043 | O 2

733
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< QUESTION

Question Answers Additional Comments/Guidance Mark , ID..
aetals

(L;?mg distance = 80 mm (mark given even in a wrong formula) v, Power of 10 errors are condoned and so is

Stating that the charge can be considered to be in the centre theengﬁzee%f itrrl]?hvgrorr;?/isc‘)igarrnaa?r?(r)] (as this was AO1-1a-

of each sphere v'; P P ' 1
04.4 s 3 AO2-1f-1

F(=-2%, = (s2x107) v'3 No ecf for this final mark. Math2-2

4ATTE T2 41e,(0.080)2 2

F =3.8 x 103 (N) v; (Showing at least 2 sig figs)

(As each sphere is in equilibrium then tan @ =Fe‘%°g“a“c a

mark is given for a reference and substitution into this

equation in any configuration. The second mark is for an

evaluation that is said to be consistent. Use of 4 x 10° N

given in 04.4 gains full credit.)

1 3.8x103 A0t . ) Y

0 = tan PP v'=6.9° which is consistent v’ using 4 x 10~ N gives 7.3°

or ; .

Felectrostatic = £3-2 x 1073 x 9.8 x tan 70} v AO2-1f-2
04.5 = 3.8(5) x 10 (N) which is consistent v/ More circular routes using Pythagoras are 2 Math2-2

possible but they end in the same calculated
or X results.
= 13809 1 = 31(6) x 10 (kg) which is consistent v’
9.8tan7° ’
Alternatively using 4 x 10~ N gives 3.3(2) x 10~ kg
-3
T = 3.2):)(; 7O><9.8 =0.032 ‘/1A|t
and T = 3;’;_170;3 = 0.031, the same value so consistent v,a: | ¥ 1ar ANy equation that results in the calculation

14
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< QUESTION

of thetensiom.

v',ait A second calculation of the tension which
is stated to be consistent with the first.

15
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< QUESTION

ID
details

Question Answers Additional Comments/Guidance Mark

(In the following calculations condone the use of 1 sig fig for all

data)
_ GMm, _ 101! (3.2x1073)° v
Fgrav(_ r_z) =6.67x10" " X Too080Z

Fgrap =11 % 107" (N) which is small/negligible compared to

la

Foloet (R 4 % 107 N) so statement is valid v'»,

Alternative

(find the ratio between the forces) v'1a It is the use of the formula that is important

for the mark. Giving the equation in symbols
- 4?,15332 followed by an answer gains the mark. AO3-1a-

04.6 Fgrav GMzm v'»a No ecf for the second mark in order to 2 M atiz-z
keep the same level of difficulty as in the
Fetec _ (%) 1 alternative.

Mm /J G4rme,

F grav

(mark given for this ratio or the substitution below)

2
Felec (52x1077) 1

= 32 | X T —3) V1
Fgrav (32)(10_ ) 6.67x10 X4XTx8.85%10

Folec is 3.6 x 10% times Fy,q,
OR
Or Fgrqy is 2.8 x 10 times F e Va0

Total 14

16
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< QUESTION

Question Answers Additional Comments/Guidance Mark delt[;ils
v'; N must be the subject of the equation for
the mark.
@ 15x 1073 AO1-1a-
N AB Or N 25x102x50x10% 1 v, A correct answer aains both marks. 1
A
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< QUESTION

01.1 annotates Figure 1 to identify equilibrium position; for 1v" condone a poorly-annotated sketch if 2 AO1-1b

some (or all) of the mark should be below the bob intention is clarified in 2v"; do not allow talkout
or do not insist on seeing the outline of the card as
long as the vertical line is seen;

i v
(bottom of mark) should be level with bottom of bob 1 condone arrows 1 ¢ etc: blobs @4 are neutral
allow vertical line of the mark to be aligned with
either edge of the bob in the left-hand view or
marked directly below point of suspension (within
one-quarter of bob radius) in the right-hand view,

€g

this is where (the pendulum / bob) is moving fastest /
(pendulum has) maximum kinetic energy

or
this is where the transit time is least 2v’ T T
"\

Vl
o o\
1

o

¢ o

if marks are shown on each view of the
pendulum, then each separately must satisfy the
criteria for 1v’

2¥'is contingent on award of 1v/

for 2v"’comments about why the mark is not
aligned with bob in right-hand view are neutral

(at equilibrium) ‘acceleration is zero’ is neutral

VA

738



< QUESTION

Question Answers Additional comments/Guidelines Mark AO

01.2 use of appropriate horizontal scale or wtte 1v' any of 1v'2v'or sv'can be earned by suitable MAX 2 A03.2b
annotation to Figure 2

. . . v ' ’ :
use of set-square with edge made vertical or other suitable for 1v/ruler or ‘mm scale’ only;

equipment to eliminate parallax error in Ar 2v/ ‘measuring with a ruler between points marked
on the floor’ is acceptable (see A below) or use
of a ‘ruler placed on floor’ (see B)

point on
fI?

point A B
on floor

measures Ar from (either) edge of displaced bob 3v'

ruler

for 2v'allow use of plumb line, spirit level, video
or photographic equipment; reject clamp stand

any use of the fiducial mark or the idea that the
supporting beam is horizontal are neutral

withhold sv'unless candidates explains that
allowance is being made for radius / diameter of
bob (see C and D below)

YA
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< QUESTION

average As > 3 sf (that rounds to) 0.221 (s) 1v'

correct uncertainty calculation or 0.004(0) (s) seen 2v’
or

does not reject 0.247;

average As = (rounds to) 0.226 (s);

correct uncertainty calculation or 0.015 (s) seen 12v/

their half range

. x100 > 2 sf 3v
their average

correct % uncertainty from

1v" (0.247 rejected) full answer 0.2214 (s)

2v' from half range; can be inferred from
working

3v' if 2v'vVfull answer 1.81 %:; allow 1.8 % or 1
sf2 %

when 0.247 is not rejected
12v'full answer 0.2257 (S)

3v full answer 6.647 %; allow 6.64 / 6.65 %
or2sf6.6/6.7%

for sv allow ECF only if uncertainty is from half
range

Question Answers Additional comments/Guidelines Mark AO
01.3 extrapolation of curve to (at least) x = 0.70 m 1v for 1v'extrapolation must be continuous and AO3.1a
smooth; allow (ruled) straight line; AO2.1h
. , reject hairy, thick or dashed lines
consistently-recorded min 3 dp values for To3zsand To.70 2v J y
for 2v'allow values seen in working;
. . . . To.ssmust round to 2.322; condone To.70 by eye
evidence of valid calculation (check denominator correct); os5Mu ! 0.70DY €Y
. . don’t insist on horizontal or vertical lines
percentage increase in range 1.4(0) % to 1.8(0) % sv’ between curve and vertical axis on Figure 3
for sv’expected answer is 1.51%
01.4 rejects anomalous 0.247; 0.221 and 1.8 % on answer lines earn 123v'v'v’ 3 AO2.1h

Qﬁ}*@:
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
01.5 IN(As/ m) =-1.492 v CAO 3 dp only 1 AO1.1b
01.6 vertical scale with one major (cm) grid square = 0.02 or withhold both marks for false plot 2 AO2.1h

0.025;

for 1v'scale might go (down page) from —1.40

maximum spacing of values marked on the scale =5 cm1v | to =1.72 (1 square = 0.02) or from —1.30 to
—-1.70 (1 square = 0.025);

scale must cover range of plotted points;

points plotted for n =2, 4, 7, 10 and 13; do not insist on use of broken scale

suitable continuous ruled line of negative gradient from convention

n=2to(atleast)n=13; no credit for reversed values leading to graph
line must pass above n =4 and n = 10 points with ‘positive’ gradient;

and must pass below n = 7 point 2v/ no credit for missing / inconsistent minus signs

or for inconsistent dp in labelled values

for 2v'allow ECF acceptable line based on
accurate plot of incorrect n = 4 point

allow ECF for graph with ‘positive’ gradient
due to reversed scale, eg line must pass
below n =4 and n = 10 points and must pass
above n =7 point

accept only 4 points if n = 4 is not tabulated;
line must pass between n=7 and n =10

ignore any plot of In(As / m) based on 01.4
data;

withhold mark for poor points eg blobs or for
thick / faint / non-continuous line

@*@'
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< QUESTION

-1.35

-1.40

-1.45 ]

-1.50

In(A,/ m) -155 ¢

-1.60 ™

-1.65

-1.70 C

-1.75

10

N
742



< QUESTION

Question Answers Additional comments/Guidelines Mark AO

01.7 (any) correct expression with In A, as subject 1v/ for 1v'y = mx + ¢ idea is required 2 AO3.2a
either INAn=-nInod+InAg (y=mx+c¢)
S =e9aden or wite v’ or INAr=InAo—nin g (y=c+mx)

not NA=InAg—Ins"

treat ‘Ilg A’ as a slip

allow use of ‘log A’ for 1v" but no ECF in 2v’

for 2v/

omust be the subject, reject In 6 =— gradient
etc

allow ECF if 1v'is withheld for missing — sign;

if gradient is evaluated accept & = e(*)0024

or 6 =1.02(4) etc

an explanation that 6 can be found using

An = Ao 6 " must rely on values of A, Agand n
that are determined using the line in Figure 4

Total 15

11

Question Answers | Additional comments/Guidelines Mark AO
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3.4.S Synoptic and Cross-Topic Questions

< QUESTION

03.1 (use of a ruler to) measure height from bench to rod at for 4+v' points may be anywhere along rod; AO1

(minimum of two) different points 1v/ .
allow ‘measure height of rod at each end’ / ‘at
both clamps’/ ‘measure height from ground’
do not allow ‘find height’ / ‘measure on both
sides of the rod / wire’

explains how the ruler is made vertical ,v’
for .v" expect to see a set-square in contact
with the bench AND in contact with the
upright ruler;

checks heights are the same ;v (contingent on ¢v') ”’.‘”OW use of a spirit level / T-square / le_me
line / large protractor to make ruler vertical;
use of set-square between the ruler and the
rod OR between stand and rod is neutral;

OR for 1v" and »v" allow annotation to Figure 10

¢ ¢ ler blaced on the rod with irit level allow 12v" for use of a set-square in contact

use ot a metre ru e.r placed on the rod with a spirit leve with the bench that reaches the rod (ie no

pliced on the ruler; check no gap between ruler and rod ruler mentioned) as long as measuring is

12 being done with it

check bubble is at centre 3v* (contingent on 12v')
for 3v allow ‘compare heights to check rod is

OR parallel to bench / level’

use of metre ruler placed with no gap on top of nested set- | allow ‘measurements match’ / ‘contingent’ etc

squares so the metre ruler can be compared with rod 12v' ‘straight' for horizontal or for vertical / ‘heights

lower set-square in contact with the bench (no gaps) 3v' are constant’ is neutral

(contingent on 12v)

20

744



< QUESTION

Question Answers Additional comments/Guidelines Mark AO
03.2 ‘force down’ & ‘current to right’ & ‘field out of 3 1 x
page by left-hand rule’ earns v'v'v' = 3/3; AO1
force on rod is down(wards) 1v' for 4+v" allow use of F' { for force on rod down;

may be indicated on Figure 11 5

X
allow unqualified ‘force’;

w unqualifi AO3

condone force = ‘motion’ / rod = ‘wire’

‘force on balance / yoke is up’ is neutral

the current (in rod) is from left / to right / rightwards »v' for ov" allow 7 — for current from left / to right;
may be indicated on Figure 11
condone ‘current clockwise’;

‘from positive to negative’ is neutral

predicts direction of field based on their force and their 3v' is contingent on seeing v force up or
current using valid (left-hand) rule or WTTE 3v down and on seeing »v current left or right
etc;

for 3v” allow use of B for field and LHR for left-
hand rule;

allow B © by LHR;

for reversed F OR for reversed 7 allow ® by
LHR, eg ‘force upwards’ / ‘current to right’ /
‘field into page’ etc earns xv'v' =2/3

21
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
03.3 correct units for £ earns 3 marks unless 3 1 x
evidence of incorrect working seen
MAX 2 from: g AO1
) ) ) for av" and gv" allow any valid expression or

¢ any valid expression to demonstrate homogeneity of statement that contains both units AND
term;A/ p quantities 2 x
* B= EORBI ZIB‘/ for ov’ idea that k B I has units of mass AO3

e identifies the base units of Fas kg m s ¢v’ any subject eg k=kg T! A~

allow ‘M ORmassOR g=k B I’
condone words for units, eg ‘amps’ / ‘tesla’;

accept use of dimensional analysis, M

the units for k are s* 3v’ (mass), L (length) and T (time)
for g allow T (OR B) = = NS
Am Cm
N
for gv" allow TA (OR B 1) =—
m

for asv'v allow k = kg % (A7)

2
for scv'v allow T (OR B) E% = é_g
m s

kg (m)s™

for gcv'v allow TA (OR B /) = @
m

22
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< QUESTION

Bﬁ}*@:

747

Question Answers Additional comments/Guidelines Mark AO
03.4 records two vertical intercepts to 2 dp with at least one M intercept = 134.85 + 0.05 (g) 3 AO2
intercept correct to £ 0.05
mercep ) Ma intercept = 181.85 + 0.05 (g)
OR
allow either value seen in working
M and M- read off to 2 dp for the same value of I with at
least one read off correct to = 0.05 (g)}1v
derives two valid equations using their M1 and M that can | for ,v' mark is for method OR for their Y
be solved to determine Y equations [A] and [B] seen:
OR 134.85=(04)2Z+ Y oovvvovoon) [A]
their Y min 1 dp, consistent with their intercepts to £+ 0.1(0) 181.85=(0+)4Z+ Y [B]
(8) 2v
OR
Y =2 X M: intercept — M, intercept;
2¥" not contingent on ¢v" so allow their Y
correctly deduced using two incorrect
intercepts including intercepts rounded to 1
dp
Y=87.85%0.1(0 CAO v
0@ ’ 3v is contingent on 1v'
for 3v" min 1 dp;
only allow 1 dp 87.8 OR 87.9
23
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3.4.S Synoptic and Cross-Topic Questions

Question Answers Additional comments/Guidelines Mark AO
03.5 identifies that B is less v/ for 4v allow ‘field’ / ‘(magnetic) flux density’ 3 1 x
for B; AO2
allow ‘B weaker’ / ‘less field lines through the
rod’ / ‘(rod) not affected by field as much’;
2
‘B is not uniform’ / ‘(rod) cuts less flux’ / *
‘cutting less field lines’ are neutral 1v/ AO3
states and explains why the intercept is the same »v' for v allow intercept is the same because
‘intercept is the mass of yoke and magnets’ /
‘intercept=2Z AND Y’/ *Z AND Y don't
change’ / ‘there is the same initial mass’
states and explains why the line is less steep v for 3v allow ‘gradient is smaller’ / ‘gradient is
less negative’ / ‘line is flatter’ because
allow ;v for stating that the line is less steep AND that change in M1/ balance rea7d|ng / force is
the intercept is the same without a valid explanation for less for each (change in) /" OR ,
either statement force won’t change as much with current
OR ‘less force per unit current’ OR
gradient is kB / gradient «c B
allow 13v" for B =0 or WTTE (reject ‘rod not in field’); ‘less force for same current’ is neutral
intercept same as in Figure 13 AND gradient = 0 or WTTE; | take account any sketch graph that correctly
compares the new graph of M1 against / with
then mark »v" as above Figure 13
Total 15

< QUESTION
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< QUESTION

03.1

search coil is not suitable or wtte:

no emf (would be induced in a search coil) 1V

a search coil needs (to be cut by) changing flux
OR

search coil is not cut by changing flux

OR

flux (cutting coil) is constant or wite v’

1¥'and »v' can be earned independently but
are contingent on a statement that the search
coil is not suitable;

insist on suitable use of the appropriate
underlined term

for 1v"condone ‘potential difference’ OR
‘voltage’ for emf

for ov" accept ¢ for flux;
do not insist on ‘flux linkage’;
do not allow ‘field’ for “flux’;

‘current (in the coil on frame) must be ac’ is
neutral;

the suggestion that a search coil cannot be
connected to a data logger is neutral

alternative approach:
search coil is suitable or wtte:

suggests a valid method that changes the flux cutting the
search coil eg rotate either coil / turn (dc) current off / move
either coil relative to other coil 1v'

states their method changes flux through search coil
OR if search coil is cut by changing flux or wtte v’

alternative approach:

1v'and »v' can be earned independently but
are contingent on a statement that the search
coil is suitable

1

AO1-1a

AO3-1b

17



< QUESTION

Question Answers Additional comments/Guidelines Mark AO
03.2 use of 1 — cos 25(°) or 1 — sin 65(°) in a calculation of for 1v" expect either > 3 sf rounding to 2 AO2-1h
percentage change 1v' 1- 0.906 OR 1 - 0.91 seen in working

OR 100 — 90.6 or 100 — 91 seen in working;

(=) 9.4 (%) CAO v for ov" expect min 2 sf rounding to (-) 9.4;
allow (=) 9.0 if 1 — 0.91 seen in working;

do not insist on minus sign or ‘decrease’ on
answer line

allow »v" for unsupported answer of (-) 9.4;

if no other mark is awarded allow 12v” use of
1 —sin 25(°) or 1 - cos 65(°) in a % difference
calculation leading to 58%

18
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO

03.3 uncertainty (in a single reading / judgement) is %2° v/ for 1 vaccept 0.5 seen in numerator of % 1 AO1l-1a
calculation OR absolute uncertainty is 2X0.5;

allow a larger uncertainty up to 3° if justified
with a comment about difficulty in judging the
reading due to parallax, thickness of frame
etc

(measurement of) @ is based on (difference between) two
readings / judgements for , vaccept 2X 0.5 OR 2 x their uncertainty
OR in (a single) reading seen in numerator OR
evidence for use of 2 x their uncertainty in
absolute uncertainty in & (or A¢) = 2 x uncertainty in each | result of % calculation: 2 AO1-1b

reading / judgement v/ ) N .
measured twice’ is ambiguous

correct percentage uncertainty calculation based on

‘/ .
100 X their absolute uncertainty divided by 25 ;v fors v allow 1 sf result

2x05

x100=4% (use of 0.5°) earns 1v>v'sv’

2;55 x100 =2% (missing 2X) earns 1v /%3’

22—X51><100 =8% (1° unexplained) earns

1%2v'3vY
2i5 %100 = 4% (1° unexplained) earns 1%;%3v’

123¥'v'v for two-judgement explanation
leading to 1° used in a correct % uncertainty
calculation

19
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
03.4 i X AO3-1b
rin range 67 to 69 mm 203 in range gets both marks 2
OR r
Xo.5 in range 50 to 55 mm ; v/ ) . .
for 1 v either value can be seen in working
OR on (along horizontal axis in) Figure 13
Xo5. in range 0.73t0 0.81 , v for 2 v" answer with no unit and minimum 2 sf
r
Question Answers Additional comments/Guidelines Mark AO
03.5 use of Figure 11: ignore any sign given with result 2 AO3-1b

adds Bna for experiment 1 to B2 for experiment 2 at any
point between x =17 and x = 51 (mm);

resultant Bx, minimum 2 sf, in range 0.91 to 0.99 (mT) v

resultant Bx, minimum 2 sf, in range 0.93 to 0.97 (MT) ov

20
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO

03.6 for more than 2 ideas mark as a list for 1v" accept ‘in the same direction’ / 2 AO1-la
‘uniform-direction’;

‘horizontal' / ‘directed to the right’ / ‘straight’ /

i i v . ; .
(field lines are) parallel or wte , ‘linear’ / ‘perpendicular to the coil’ are neutral

evenly-spaced or wtte v’ for ,v" accept ‘equally-spaced’ / ‘equidistant’ /
‘uniform-spacing’ / ‘equal distance between
lines’ or wtte;

‘close together’ / ‘do not touch’ are neutral;

‘uniform field’ / field lines are uniform’ / ‘they
are uniform’ are neutral

21
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< QUESTION

Question Answers Additional comments/Guidelines Mark AO
03.7 a vertical axis drawn (at any point between x =0 and X = for 1v" use checkmark on axis for guidance; MAX 3 AO3-2b
; for ov" allow ‘magnetic flux density’ in words;
continuous line (accept poorly-marked) between x =0 and | condone any flat section < r/4 (judge by eye);
x =r (by eye);

allow (always) positive gradient

intersecting or meeting horizontal axis / Bgiy = 0 atx = > v | for1v and . allow a straight line;

single quadrant can score 1v’ or 3v'

for 3v'apply usual symbol-separator-unit
vertical axis drawn, labelled with symbol B; convention / allow By = 4.3 X 107 etc;

negative gradient, line continuous between x = 0 and x = r; | adjust criteria for positive gradient graph

2-quadrant graph v’ for 4v" if no values are marked on the axis,
assume By = 0 is aligned horizontally with
the x-axis (judge by eye);

vertical axis drawn with symbol and unit eg B) / mT; condone missing vertical axis

continuous line between x=0and X =r;

0.43
Br)=0.43£0.01atx=00RB#H)=-043£0.01latx=r r
3V By /mT checkmark at x =
2-quadrant graph, continuous line between x =0 and x =r; (O)X =0
approximately correct shape: see opposite;
their y-value at X = 0 equal and opposite to their y-value at 043
X =r (by eye) 4V '
Total 16

22
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< QUESTION

49, 10Ul USE Ul LM e11U Ul Tdiel expect sV Ul oV

01.1 assumption is that ruler is uniform / mass evenly distributed OR 3
. . . . don’t insist on seeing masses in kg, distances in m
weight acts at the centre/mid-point/middie OR or the inclusion of 9.81 or g in the working; condone
centre of mass / gravity is at the centre/mid-point/middle ;v g seen on one side only
rounding to 127 g earns 1v" and v/
force on wire is upwards OR M v/ for ;v condone ‘motion is upwards’
current is from P to Q OR rightwards OR (left) to (the) right OR 2> ,v’ for ,v ‘towards Q' OR ‘positive to negative’ are not
states direction of force and direction of current (or 3v'= 0) and makes | €nough
01.2 a suitably justified deduction, eg allow logically correct (using LH rule) ;v for either 3
using left-hand rule OR LH rule downwards force with correct current AND/OR
AND upwards force with wrong current
o ) ) increased flux density below wire is acceptable
B is into the page OR into plane of Figure 3 OR ®3v alternative to LH rule
-1\. .
gradient calculated from AM divided by Al, for ;" expect (-)0.28 (gA™); do not penalise for
condone read off errors of + 1 division; minimum | step >2.0 A ;v missing — sign . . 3
for , v' look for o = their gradient x 9.81 (x 10™° N)
evidence of g = 9.81 or 9.8 correctly used in working for oor B ;v ; ; -3
01.3 ' ) ) ) ORB = their gradient ><9.281(><10 ); condone POT 3
B| in range 1.76 x 10 to 1.87 x 107 or 1.8 x 107 (T) 3v’ 15(x107?)
errors
for 3v"CAO by correct method only; ignore — sign if
provided; no limit on maximum sf

.X’}/.
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< QUESTION

Question Answers Additional Comments/Guidelines Mark
v =1 mark
v =
Reduced ef’;lgct Increased 2 = 1 mark
- sv'and 4,v'= 1 mark
Force acting on v
wire ! allow any distinguishing mark as long as only one
01.4 Force acting on v per row 3
; 2
prism for v and x in same row ignore x
Gradient of v
graph 3 for v and v' in same row give no mark
Vertical intercept s ignore any crossed-out response unless only
distinguishing mark on row
any complete circuit connecting the power supply in Figure 6 to X allow parallel circuit for v* but reject use of
and to Y that produces currents in X and in Y that travel left to right ;v | additional power supply
wiring correct so that X and Y are in series (see below) ,v' if X and/or Y is/are short-circuited award no marks;
L/ %,_ for impractical circuits eg voltmeter added in series,
award no marks

ignore any current arrows added to diagram
01.5 2
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MARK SCHEME - 7408/3 Section A - June 2018 - Q1

3.4.S Synoptic and Cross-Topic Questions

Question Answers Additional Comments/Guidelines Mark
strategy: for ;v condone F identified as the dependent
states that readings of M (as the dependent variable) will be variable or as the balance reading;
measured for different values of independent variable, I or d only ;v reject ‘measure change in mass / change in F’
clearly identifies the correct control variable, d or I only; failure to make M or F the dependent variable
d ) ) ) ] ) cannot score v or v’
condone — = constant if | varied OR | “°L OR IL = constant if d varied; o ) ) ) )
L for ,v'if d is being varied and | = 5.0 A is stated, this MAX 3
it must be clear how the value of the control variable is known ,v' can be taken to mean | is the control variable and
states that L will be measured or gives value eg L = 5.0 cm v/ the value is known
. . . v v’ insi i
use of g to convert M reading to F; evidence may be found in for ,v" and for 5v" insist that M and L are being read
. OR measured OR recorded
expression for k ,v°
for 4,v" ‘work out force’ is not enough; reject

01.6 ‘acceleration’ for g
analysis: the intention to plot M against 1 is taken to mean
suggests a plot with M or F [by itself or combined with another factor] :E:tvl\élrltiscg:ixxd_piii endent variable and is plotted on
on the vertical axis and some valid manipulation of their independent examples: blot M against 12 will earn v’
variable on the horizontal axis sv pies: p 9 . 5
; e ; ; ; d then k = 9> @xgradent d x gradient will earn ¢v’
identifies correctly how k can be found using the gradient of their an = 6
graph; k must be the subject of the expression given sv" OR 1 2
. . _ . . or plot F against = will earn sv" and then
if suggesting a plot with log M or log F on the vertical axis etc ) d
ig(Feentifying correctly how k can be found from the graph intercept ¢v' K = g:azldle[]t will earn ¢ (note that when F is the

X

suggesting a plot with M or F on the vertical axis etc and identifying dependgnt \f/anl?ble g will not appear in the
correctly how k is found using the area under the line s¢v = 1 MAX expression for k)

Total 19

< QUESTION
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< QUESTION

Question

Answers

Additional Comments/Guidelines

Mark

technique:

at least one instance seen where a metre ruler is made vertical using
a set-square in contact with the floor ;v

strategy:

(use a metre ruler to) measure the height of the free end of the tape
(above the floor) and the height of the tape at the bench [height of the
bench];

y = difference between these heights ,v’
OR

1ieA A matra riilar Aav ctrainht AdAnA nlanAAd AlanAacidA tha fanA mMmAaaciirA

YA
758

for ;v allow use of plumb line or spirit level,

don’t insist on the set-square being used against
two mutually perpendicular faces of the metre ruler

the floor is assumed to be horizontal if the
deflection is found from the difference between two
vertical measurements

for ,v* allow metre ruler B made horizontal by use
of set-square against vertical ruler A; ruler B
establishes vertical position of free end of tape;
ruler A is used to measure y directly

either or both marks can be earned for suitable




