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INTRODUCTION

Higher Physics

The assessment materials included in this book are designed to provide practice and to support revision for the Higher Physics course assessment question paper (the examination), which is worth 80% of the final grade for this course.

The materials are provided:

Practice Questions

Practice Exams: Practice Exam A and Practice Exam B

Practice Questions

In the Practice Questions section of this book you will find lots of exam-style practice questions. These consist of multiple-choice questions and extended questions. Each of these are divided into the three main areas of knowledge and understanding of the course content, to aid you with your revision: Our dynamic Universe, Particle and waves, and Electricity.

Linking questions to course specification

Each of the three main areas of knowledge and understanding are further split into ‘Key Areas’. These have been numbered in the margin, so that as you work through the book you can identify which Key Areas you are scoring well in and which Key Areas you need to focus your revision on further.

Our dynamic Universe (ODU)


•  ODU1 Motion – equations and graphs

•  ODU2 Forces, energy and power

•  ODU3 Collisions, explosions and impulse

•  ODU4 Gravitation

•  ODU5 Special relativity

•  ODU6 The expanding Universe



Particles and waves (PW)


•  PW1 Forces on charged particles

•  PW2 The Standard Model

•  PW3 Nuclear reactions

•  PW4 Inverse square law

•  PW5 Wave–particle duality

•  PW6 Interference

•  PW7 Spectra

•  PW8 Refraction of light



Electricity (E)


•  E1 Monitoring and measuring AC

•  E2 Current, potential difference, power and resistance

•  E3 Electrical sources and internal resistance

•  E4 Capacitors

•  E5 Semiconductors and p–n junctions



Question types

In general, there are only a few types of question which are used in the examination paper. The command term used indicates the kind of response you are required to give. Commonly used command terms include: calculate, show that …, determine, sketch, draw, state (what is meant by), state (the value of), explain (what happens to …) and ‘using your knowledge’. You will find advice on how to answer questions with each of these command terms on pages 12–14.

Practice Papers

Practice Exam A and Practice Exam B

The book contains two full practice exams worth 155 marks (unscaled). These papers are designed to be similar to the actual exams you will sit. They will generally follow the same order, have the same structure and will contain questions of the type that you will encounter in your examination.

Paper 1 – Objective test. This contains 25 multiple-choice items worth 1 mark each and totalling 25 marks altogether.

Paper 2 – This contains restricted- and extended-response questions totalling 130 marks. In the exam this is scaled to 95.

In the SQA examination papers:


•  approximately 40% of the marks will be awarded for questions related to Our dynamic Universe

•  approximately 40% of the marks will be awarded for questions related to Particles and waves

•  approximately 20% of the marks will be awarded for questions related to Electricity

•  a data booklet or sheet containing relevant data and relationships will be provided.



Grading

To achieve an award of an A grade you generally must achieve a score of more than 70% in your course assessment.

This book does not take into account your assignment, therefore to achieve an ‘equivalent’ A grade you would need to have a combined score of 84/120. To achieve an ‘equivalent’ C grade you would need a combined score of 60/120.

If you are looking at this strategically, 5 marks in the multiple-choice paper are worth 5 marks, and 5 marks in the extended questions paper, when scaled, are worth 4 marks.

Timing

The examination assessment will be split into two sittings: 45 minutes for the multiple-choice paper and 2 hours and 15 minutes for the written paper. If you are attempting a full practice exam in this book, limit yourself to 3 hours to complete it.

Practice Exam Key Area index

The Practice Exam Key Area index on pages vii–x shows the pattern of coverage of the Key Areas and the skills across the Practice Exams. After having worked on questions from Key Areas across an area of study, you might want to use the boxes to assess your progress. We suggest marking like this [–] if you are having difficulty (less than half marks), like this [+] if you are more comfortable (more than half marks), and this [*] if you are confident you have learned and understood an entire area of study (nearly full marks). Alternatively, you could use a ‘traffic light’ system using colours – red for ‘not understood’, orange for ‘more work needed’ and green for ‘fully understood’. If you continue to struggle with a set of Key Area questions, you should see your teacher for extra help.

Using the questions and practice exams

We recommend working between attempting questions or practice exams and studying the answers (see below).

Where any difficulty is encountered, it’s worth trying to consolidate your knowledge and skills. Use the information in the ‘student margin’ to identify the type of question you find trickiest. Be aware that challenge with A-type questions is to be expected.

You will need a pen, a sharp pencil, a clear plastic ruler and a calculator for the best results. A couple of different coloured highlighters could also be handy.

Answers

The answers for the Practice Questions are provided on pages 33–44, and the answers for the Practice Exams on pages 84–106. They give National Standard answers but, occasionally, there may be other acceptable answers.

The answers to the Practice Exams also have a Commentary with hints and tips provided alongside each. These focus on the correct physics, as well as hints, advice on wording of answers and notes of commonly made errors.

General points on awarding of marks

Positive marking

Marks will be awarded for correct physics; marks will not be lost for errors or omissions. Once you have gained a mark in a question it cannot be overturned or removed by a later, incorrect answer. This does not mean that you will gain marks for wrong or missing physics. The unit, for example, will form part of the answer.

Unless working is specifically asked for, a correct final answer will receive full marks. If a question asks you to show how you achieved the value, the marks are for the working.

In ‘show’ questions you must always start with a relationship. If you do not include the correct relationship in a ‘show’ question you cannot obtain the full marks.

Marks will be awarded regardless of spelling, as long as the meaning is unambiguous. The spelling of similar words such as fusion/fission needs to be clear and unambiguous.

Rounding: the significant figure(s) of the final answer can have one figure less or two figures more than the expected answer.

Standard numerical questions

There are techniques you can follow in the setting out of your answer which will minimise the possibility of simplistic errors. When setting out your working, allow the marker to give marks for correct physics.

Arithmetical errors will be penalised. An incorrect formula can be interpreted as wrong physics and in these cases the question will be deemed as ‘wrong’ and the marker will stop marking.

Read the question carefully and gather the data from the question on one side of the page. Ensure you are using standard symbols as this will reduce the possibility of selecting an incorrect relationship.

Revision

There are 19 Key Areas from all three topics of the course content, so covering two each week would require about a 10-week revision programme.

We wish you the very best of luck!


KEY AREA INDEX GRIDS

Practice Exam A
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Practice Exam B
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RELATIONSHIPS SHEET

You will be provided with a Relationships sheet like this in your final exam. Refer to this as required for each Practice Exam.
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Additional relationships

Circle
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Sphere
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Trigonometry
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DATA SHEET

Common physical quantities
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Refractive indices

The refractive indices refer to sodium light of wavelength 589 nm and to substances at a temperature of 273 K.
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Spectral lines


[image: ]


Properties of selected materials
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The gas densities refer to a temperature of 273 K and a pressure of 1·01 × 105 Pa.
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- radius of the Earth. The distances in the

[ . -

2, (1) question are in km.

! , Poorest significant figure in the question is
o 86710711 X597 x10% x 250 o) 3sf,s0answerto3sf.
(26 571x10°)

F=1410N
F=141x10°N (1)

c) Acceleration is a change of velocity 1 | Hint: You need to be able to select the
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17 |a) In a fission reaction more massive nuclei are separated or ‘split’ to form smaller 3
nuclei. U]
The total mass of the smaller nuclei is less than that of the original nucleus. [
This ‘excess’ mass is converted to energy and is used to generate electricity in
power stations. (1)
b) Mass before reaction = 500827 x 10727 +5:00827 x 1077 = 1-001 654 x 10 kg 4
Mass after reaction = 6:64648 X 1077 +2 x 1-67493 x 1077 = 9-99634 x 102 kg
Difference in mass = 2:02 x 10 kg (1)
Energy =mxc’ U}
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=1818 10727
=182 x 10721 (1)
<) In a fusion reaction there is less radioactive waste. mi2
This means there are fewer issues associated with decontamination and storage
of low-level waste. Q]
9)
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3-09851 % 1077
E=mc*=309851 x 1077 x (3 x 10%)*
=2-788659 x 10717 (1)
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_ 2788659 %107 0
235
=118666 x 107
=1187x 107121 (1)

b) A greater release of binding energy per 2 | Interpretation of binding energy per
nucleon m nucleon. This is the key as to why fusion
makes it more efficient for that nucleus occurs with smaller atoms and fission with
to undergo fission rather than a fusion larger.
reaction. U]

8)
11 |a) 16 % 0157 = 0-36 3 | Thisis a data-handling exercise.
40 %030 =036 You must show working and how data was
14 % 0502 = 035 used to determine the relationship.
0:64 X 0757 =036
Ixd*=a constant value

b) To reduce the effect of any other light 1
being detected or measured by the
meter.

c) This will have no effect on the 2 | The value of the intensity may drop but

relationship. (1
The value of the readings on the meter
may be reduced due to the filter but

the relationship between irradiance

and the distance should not change. (1)

the variation with distance will obey the
relationship.

(6)
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E) Work done =force x distance ()| 2 |Kinetic energy is equated to work done
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Force = ———— =770N (1) ; N
distance 0055 errors. In a show question the equation
and final answer needs to be included for
full marks to be achieved.
d) Fxt=mxAv ()| 3 | Use impulse equation.
mxAv_13x2:97 )
t 035
=1103 = 110N (1)

e) The deeper the post is in the ground, the | 2 | Hint: This question is worth 2 marks, so
greater frictional force there is (1 make sure you make two points in your
due to the post being in contact with explanation.
more of the Earth. (1)

(12)
a) 2 | Tip: Take care with your scientific notation
m when carrying out this calculation.
(1
b) 3 | Tip: Take care not to make errors with the

U]

U]

(U]

combination of the square and square
root terms. Equation needs to be set out
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Question | Answer | Commentary with hints and tips

1 B 4522 >
Tha somslersion s 0ERIY 4520 g0

time taken 12-5

2 E Weight plus force required to accelerate, 10 x 9-8 + 98 X 025 = 1005 = 100N.

3 D In a collision, momentum and total energy are conserved.

4 B Calculate the vertical component of velocity then use equations of motion to determine
the height.

5 A Itis the only graph which has a positive, zero and negative acceleration.

6 - . 1,

Use the principle of conservation of energy; mgh = Fm

7 B The unbalanced force needs to be calculated, then acceleration is used to determine
velocity. Don't forget to calculate the unbalanced force = 6N

8 A Hint: You need to use knowledge of Newton's law of universal gravitation.

9 D mm.

Use F'=G—52 and the value for G, rearranging for r.
E

10 C Use the length contraction relationship here but rearrange to give the length of the
spaceship relative to the observer on Earth.

1" E Hint: You need to know the Doppler effect causes shifts in wavelengths of sound and light.
For example, the change in frequency due to the approaching and passing of the fire engine.

12 A . .

Conversion of work to energy question; OV =

13 E Exemplifying the effect of an electric field on an electric charge.

14 C Hint: You need to know what evidence there is for the Big Bang theory and subsequent
expansion of the Universe: cosmic microwave background radiation, the abundance of the
elements hydrogen and helium, the darkness of the sky (Olbers’ paradox) and the large
number of galaxies showing redshift rather than blueshift.

15 B Hint: You need to be familiar with all the fundamental particles in the Standard Model.

16 B Hint: You need to be familiar with all the fundamental particles in the Standard Model.

17 B Hint: You need to know that irradiance is inversely proportional to the square of the
distance from a point source (inverse square law).

You need to be able to use the correct relationship to solve problems involving irradiance
and distance from a point source of light.

18 C Hint: You need to be able to select and use the appropriate relationship involving grating

spacing, wavelength, order number and angle to maximum.

dsinf=mi






OEBPS/images/11-3.gif
0

_JEC
= ke





OEBPS/images/57-2.gif
+200V

ov





OEBPS/images/11-2.gif





OEBPS/images/34-1.gif
Question Marks
1 |a | 4
H=225Xsin 60 =194-9m (W)
=225 X cos 60 = 112:5m (N) U]
This gives a total of 175 + 1125 =287-5m N and 1949m W U]
Displacement =/287-5* +194.9° = /120642 =347 m U]
Direction = tan™![ 1242} _ 340y U]
2875
(ii) 2
Jelocity < displacement "
time
34
140
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9 a) r=174 % 10° +1-90 x 10° 5
r=193x10°m (1)
7=372x10" (1)

mymy
U}
- 2
o (66T X160 ¥ 173416 %28 400} o)
372x107
F=37376 N=37400N U]
b) The module would be attracted by the gravitational field of the Moon. mi2
With no orbital velocity, it would gradually accelerate towards the surface
of the Moon. (1)
@)

10 Sample answer 3

» Early cars were made to be strong and sturdy and not easily damaged. This
resulted in serious injury for drivers and passengers as they made contact with
the vehicle during collisions.

» Softer materials, air bags and crumple zones are designed to reduce the rate at
which the passenger is slowed down. They do this by increasing the time taken
for the vehicle to stop. Crumple zones absorb energy and stop the car over a
longer time. Air bags inflate and reduce the speed of the passenger gradually.

» Ifthe passenger strikes the dashboard it will be curved (not sharp) and have
a degree of padding. All of this is intended to decrease the rate at which the
passenger slows down, therefore reducing the force on impact.

3)

11 [a 3

U}
T 505%107 )
= 574x10K m
b)) 2898107 M 3
llxn
2.4 -
P I
20
=0-001449 =145 x 10°m (1)
(ii) | This is in the microwave radiation band (1). It was proposed that this radiation would |3

be present as a result of the expansion of the Universe (1) and when it was detected,
it provided very strong evidence in support of the Big Bang theory (1).

(9)
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d) Energy varies as the square of velocity. |2
Doubling energy will increase velocity by a factor of V2, i.e. 14 times
greater. (1)
)
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E=16x107 % 60000
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a) v=u+at 2 | Tip: In ‘show that’ questions, you must write
22:0=0+ax120 0] down the equation, substitute the correct
numbers for the symbols and show an
equation which leads to the answer.
The final line should show the value and
M units for the answer.
b) F=ma (1)| 3 | The car engine accelerates both the car
F= (1500 + 1000) x 1-83 o) and caravan, so both masses must be used.
_ Poorest significant figure in the question is
F=4575N 3sf,soanswerto3sf.
F=458x10°N (1)
o F=ma (1) 3 | The tension in the tow bar provides the
F=(1000) x 183 ) acceleration force for thg caravan, so just
the mass of the caravan is used.
F=1830 Poorest significant figure in the question is
F=183x10°N (1) 3sf,s0answerto 3 sf.
8)
a) Petere = M3y + Motl 3 | Momentum conservation means that the
Pretore =0°17 X 3-8+ 0-16 X 00 " tota} v\me‘ar momentumn before and after
M ealsien s the sxms.
Pocrs =065 kg Note that this is shown to be true when
Paser = MV + M5 using the correct number of significant
Pater =017 X 0:51 4+ 0-16 X 3:49 ) figpares fi=. 21
Pager=0-65kgms™! (1)
b) Before: 3 | Kinetic energy conservation determines
1, whether the collision is elastic or not.
E ==my
2
1
M
1 2 1 2
X017 X051 +=x016x3:49
E,=0997] (1)
The collision is inelastic as the
kinetic energy is not conserved. 1)
<) Impulse = F x £ = (mv — mu) (1| 3 |Impulse is given by both Fx r and

Fx035%107 =017 x 415
F=202x10°N
F=20x10°N

U]

U]

(mv —mu). The cue ball starts at rest,
therefore u = 0-0ms™. The time in the
question is in milliseconds (x 102 3).
Poorest significant figure in the question is
2sf., soanswerto2sf.

9
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(i)

y=L
&

V=122 X107 x 5440
V=6637=664V

U]

U]
Q)]

b)

@

1 1

L

R R R
:;+;:9.965x10"
4400 1300

R, =1003=1000 Q

U]

U]
U]

(i)

This will increase the voltage across the variable resistor. The resistance of the
parallel resistors will be less than 4400Q.

There will be less voltage across this section. Therefore, more voltage across the
variable resistor.

U]

Q)]

(12)

m
N

>\

N

Voltage (v)

o N & oo

0 2 4
Current (A)

Axes and units appropriately scaled

y-axis: voltage going up to 10V,

x-axis: current going up to 4A

Correct plotting of all points and best-fit line drawn

U]
U]
U]
Q)]

b)

@

Extend graph to intersect y-axis to give E=9-0V (accept 8:7V to 9-3V)

(i)

Calculate gradient of graph to determine internal resistance

The gradient of the graph is —r=-1-2
therefore r=12Q

U]

U]

Q)]

(8)






OEBPS/images/82-1.gif
12V (ignore internal resistance)

st 30q 160pF(C1)
—1
—r = |
150
1604F (C2)
640

A

53





OEBPS/images/63-2.gif
18

ERRCIECIE B 4

(\) 32U [eauaiod [eumLIaL

02

15 20 25
Current (A)

10

05





OEBPS/images/63-1.gif





OEBPS/images/48-1.gif
Energy emitted per second (Js-)

Alum)





OEBPS/images/67-1.gif





OEBPS/images/103-1.gif
12 |a) ()| 2 | You have been given frequency and velocity
of light. You need to select the appropriate
relationship and rearrange it.

=240x107m (1)
b) Energy of UV radiation 5 | Use the principle of conservation of energy.
E=hxf=663x107%x 125 x 10° Initial energy of photon will eject electron
=8288 x 10757 0] and surplus energy is transferred to
Energy available = 8288 x 1071° electron.
_J0sx107° This energy is equated to kinetic energy
and therefore velocity.
=3375x 10727 (1)
E, % %m %V = 3375 x 10720
=05 %911 x 107 %y (1)
3375 %102
v ST T i
9-11x10
y=272x10°ms™" ()
] There would be an increase in the 2 | The increase in intensity leads to increase
number of electrons emitted as there in number of photons only.
would be more photons striking the
surface. (1)
There would be no change in the
maximum velocity as the frequency of
the UV has not changed. (1)
)
13 I3 1 | Inthis question you are expected to
T=2xmx \J— perform a simple insertion of values
g

[r1s

2:15=2x7mx [—
Ve
Rearranging the equation gives
L
=4xm’x—
g e

115
46225

=4x987x

82ms~

and rearrangement of an unfamiliar
relationship.
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a) W=mg =147 x10°% 98 (1)| 2 | Determination of weight from mass
—144% 107 of rocket.
=14x 10N (1
b) Unbalanced force =22-8 x 10° — 144 x 107 3 | Need to calculate unbalanced force:
O} thrust - weight.
=839 10°N M This is then used to calculate initial
leration.
F_839x10° acee
=—=———=57Ims™ (1)
m 147 %10
<) 7=6350 + 35600 = 41950km (1)| 4 | Need to calculate distance from centre
of mass. This is distance from surface to
i, 0 centre plus height above surface.
" Calculation of the distance between the
18500 %597 X107 masses and conversion to m and kg may
=667x107" x———u (1) cause errors in this question.
(4195x107
=4186=4190N ()
)
a) 325 3 | Identifying horizontal component of
cos28= U] tension as 325N is key. This allows the
tension P .
tension in rope to be calculated using
trigonometry.
o) g Y.
=368 =370N ()
b) Ey=325x125 (1)| 2 | Workdone is force x distance in the direction
=40625=40600T ) of travel, therefore you need to use the
horizontal component of the tension of cable.
c) Shorter cable means greater angle. 2 | Tip: Don't forget to say how this affects the
Greater angle means greater tension athlete.
in the cable. m
This means athlete must generate
greater force to move the masses. (1)
@
a) 1 3 | Use equation for the velocity of a falling
v=12x9-8x045 M Ny . P
object to determine velocity at impact.
=297ms™ 0] . . : .
This velocity is used in m x v to determine
Momentum = mass x velocity momentum.
3%2:97 = 3861
9kg ms™ ()
b) Momentum before = momentum after (1)| 2 | Conservation of momentum and

39=mxv=17

straightforward application of formula.
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c) 4 | Internal resistance is given by the gradient
Gradient = (1) of the graph.
V=—1l+E
Gradient = (1) —
Gradient =—0-80 " so gradientm=—r
So internal resistance, r=0-80Q (1)
@
18 |a) Mean = S0 " 3 | The mean of a set of repeated
count measurements is the best estimate of the
1:03+1-04+1-01+1:06 +1-08 ‘true’ value of the quantity being measured.
Mean=——7—— (1) Tip: Use the appropriate number of
Mean o 1044 significant figures in your final answers. This
means that the final answer can have no
Mean =1:04nC M more significant figures than the value with
the least number of significant figures used
in the calculation.
b) - range g1 B Mnesrisivg shald anly baes 1 5.
number of values
_(1-:08-1-01) )
5
=0014
=001nC U]
(6)

[130]
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b) 3
tan = Demendicular o
parallel
65x10°
tan = ——— 1
B sy o
0= tan™ (8-6436 x107%)
6=14-94° above the line XY U]

Q F=ma m3
7:52x10*=2:84 x 105 x @ U]
a=26479 X 102ms™
a=2:65x 10ms" at 4-94° above the line XY U]

d) Other resistive/frictional forces will act on both tug and tanker to oppose the 1
forward motion.

an
a) Gmym. 3
+z (1
r
6:67x10™" x5:97x10* x735x10% o
(3-85x10°)

F=19745 x 10N
F=197x 10N (1)

b) The force acts along the vector connecting the centre of mass of the Moon and 1
the centre of mass of the Earth (i.e. along the radius vector).

Q 3

U}
U}
pooo2 X0
" 9.0125+1
7, =38452x10"m
385x10'm m
@)
Sample answer 3
» Hubble found a relationship of direct proportion between the distance from
Earth of an observed galaxy and the velocity of the galaxy. Distances (d) were
calculated using the parallax method and velocities (v) were calculated using
Doppler redshift observations.
» Graphing this data gave a best-fit line with constant gradient which passed
through the origin of the graph and allowed Hubble to propose that a law
existed such that v = Hd, where H is the gradient of the line, i.e. the constant of
proportionality. This constant has dimensions of —— and so may be used to
time
estimate the age of the Universe, where age = T
» In addition, the fact that all galaxies are moving away from each other and that
the more distant ones are moving more quickly leads to a thought experiment of

‘reversing time’ — playing the expanding Universe backwards suggests that
all galaxies originated from a single point and gives rise to the possibility of a
‘Big Bang' theory of a single point of Universe origin.

(3)
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Paper 1 Paper 2
Multiple | Calculate/ | Determine/ State/, Useyour | chaock
choice show sketch/ | explain/ | knowledge
Key area that draw describe
ODU1 Motion —
equations and graphs 1,23 1ai, 1b, 1aii
e 1c, 2a
15
ODU2 Forces, energy and
power 4,5 2b, 2¢
2 8
g [ODU3 Collisions,
':E> explosions and b 3a, 3¢ 3b
o mpulss 10
£ [ODU4 Gravitation
= 7 4a, b 4e
5 10
O | ODUS Special relativity
5
3
ODU6 The expanding
Universe 8,9 ba, bc bb
9
PW1 Forces on charged
particles Wwi 1@ Bbé'b?‘t"”' 8a 9,16
20
PW2 The Standard Model |
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PW3 Nuclear reactions
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% PW4 Inverse square law
H 21
E 1
g | PW5Waveparticle
g [duality e 1d 11a,11b
£ 9
Ry —
19 12b 122, 12¢
1
PW7 Spectra
14b 14a
5
PWS8 Refraction of light
20 13bii 13a 13bi
10






OEBPS/images/tp.gif
ESSENTIAL o
SQA i
EXAM
PRACTICE

Practise 60+ questions covering
every question type and topic

Complete 2 practice papers that
mirror the real SQA exams

Pau | Chevinbars
Mark Ramsay ‘ HODDER
7 GIBSON

AN HACHETTE UK COMPANY

Practice Questions € Exam Papers

PHYSICS






OEBPS/images/62-1.gif
136 x 1071
241 %1071

— 545 x 107'°)

_9.18 x 10-18]






OEBPS/images/85-1.gif
17 D Hint: You need to know the basic operation of particle accelerators in terms of acceleration
by electric field and deflection by magnetic fields.

18 B Description of beta decay as the first evidence for the neutrino.

19 E Coherent sources have a constant phase difference, i.e. the same frequency and wave
speed in the medium.

20 D Refractive index is always >1. Angles are measured between the ray and the normal.

21 D Irradiance to distance is an inverse square relationship. Therefore, increasing the distance
by a factor of 3 reduces the irradiance by a factor of 9 (39).

22 C - v,

V=2V, therefore ¥

o N 5 CV?; a common error is to forget to square the voltage.

24 C Insulators do not conduct because there are no charge carriers in the conduction band
and the energy gap between the valence and conduction bands is too large for the charge
carriers to move into the conduction bands.

25 D In the depletion region of the p-n junction, the concentration of free charge carriers is

reduced by the combination of electrons and holes on the formation of the junction.
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Max.

Question Expected response mark | Commentary with hints and tips.
1 Ja) | |Fromthegraph, 3 | The slope of a vt graph is the acceleration
4.0 ) of the object.
Wy g T0me i “Thas resnliert: funbalmesd) farca i rise
F=ma 0] to the acceleration of the object.
F=70x2=140N ()
(ii) | From the graph, a=0ms™, 1 | The slope of a v—t graph is the acceleration
therefore F=0N of the object. A horizontal line has zero
gradient.
b) E=E, 3 | Conservation of energy means that the
E,=mgh 0] maximum kinetic energy at the bottom of
70X 98X 110 (W) the slope is the total potential energy at the
" top of the slope.
E,=7-546 X 10°] L . o
§ " . Poorest significant figure in the question is
Sx107 m 2sf, s0answerto 2 sf.
o 1, | 3 [Seme of the original potential energy is
7m dissipated by work against friction. The
1 difference between the maximum and
;x70><202 actual kinetic energy gives the value of
< " work against friction.
E =14x107] m Poorest significant figure in the question is
E_=Fs 2sf,s0answerto 2 sf.
(7:5x10* =14 x10*) = F x 400
F=15%10°N 0]
(10)
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22 |a) The light emitted by a star is a continuous spectrum. mi2
As that light passes through the gases in the atmosphere of the star, specific
wavelengths are absorbed by the atoms/molecules of gas. )

b po 0t wl?
656:2x10”
E=if U]
663107 x3x10° o
656:2x10”
E=303109 x107°J
E=3031x107"J ()
()
23 |a) Lost volts = Ir 3
31=65x1 U]
31
r=% U]
=0048=005Q U]
b) When the leads touch, they are effectively short circuiting the battery. This means 2
that all the voltage is across the internal resistance of the battery. [
This produces a very high current 7= £
This can generate the sparks. " (1)
<) With a normal operating current of 65A, a thin cable would overheat. mi2
In order to survive such high loads, a thick cable is required. )
d) Observe the reading on the voltmeter m|2
and when voltage across capacitor reaches a constant value, the capacitor
is fully charged. )
e) Connect the ammeter in series with the capacitor and switch on. mi2
When ammeter reading drops to zero, the capacitor is fully charged. (1)
1) P M3
R
e 0]
85
=014A U]
g) The initial current would be smaller as there is a larger resistance in the circuit. mi2
The smaller current would mean it would take longer to discharge. )
(16)
2 [a [0 [,__1 ml®
R
120=122% 107 X Ry (1)
Ry =9836

9836 — 4400
436Q = 5440Q

U]
(1)
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14 Sample answer 3 | Thisis an open-ended question: a variety of
Possible responses could include some physics statements and descriptions can be
of the following concepts/points: used to answer this question.

+ Knowledge of the term efficiency: Marks are awarded on the basis of whether
clidoney relutes 1o anorgy being the zrmwar el damrsrsies e’
used for a certain purpose and is the (0 marks), ‘limited’ (1 mark), ‘reasonable’
e of (ool amoray ontut/emeray (2 marks) or ‘good (3 marks) understanding.
input. This type of answer might include a
+ Rating of electrical domestic staternent of the principles involved,
applionce is rme. curment anllor = ralstinrahip ar 5n acpstion, snd ihe
voltage of op'evé‘i‘on application of these to respond to the
. blem.
» Powerrating is given by P= 77 (each problem
value is rm.s). Three marks would be awarded to an
Non-useful eneray output for an answer which demonstrates a good
e ‘.fy‘ ! F’h p Y understanding of the physics involved. The
Lo ot ey In the Torn. answer would show a good comprehension
e anounts may e of the physics of the situation, provided in a
associated with light or sound. logicall
gically correct sequence.
» ltis unlikely therefore that a heater
can waste' energy because the
heat transfer is the intended output
purpose of the device. As a result this
heater cannot be any more efficient.
()
15 |a) 1 sin@ = n, siné, ()| 3 | The problem here is that the triangle is air
o within the glass block. Care has to be taken
155 xsin 22 =1 5in 6,= 058 0] to ensure the appropriate refractive index is
1) used at the correct position.
n,is 155, ny is 1.
b) 3 | 1 mark for identifying the top triangle.

s4°(1)

Ray strikes glass at other side of triangle at
an angle of 24° to the normal.

1 mark for calculating the angles of triangle.

1 mark for subtracting from 90 to angle of
incidence.

(6)
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9 Sample answer 3 | Thisis an open-ended question: a variety of
Possible responses could include some physics statements and descriptions can be
of the following concepts/points: used to answer this question.

Ch : di lectrical Marks are awarded on the basis of whether
» Charge is conserved in an electrica oy
circuit. the answer overall demonstrates 'no
o . (0 marks), 'limited’ (1 mark), reasonable’
> Acapacitor is two conducting surfaces (2 marks) or "good" (3 marks) understanding.
(plates) separated by an insulator. . o
7 This type of answer might include a
» Overalla capacitor is neutral whether statemont of the pineiples imohed,
itis charged or not. a relationship or an equation, and the
» Acharged capacitor stores energy. application of these to respond to the
» There is a charge separation in the problem.
capacitor with negative charge 3 marks would be awarded to an answer
accumulating on one plate and which demonstrates a good understanding
positive charge on the other. of the physics involved. The answer would
» The energy in a capacitor is stored show a good comprehension of the physics
in the electric field between the two of the situation, provided in a logically
plates of the capacitor. correct sequence.
» The electrical potential energy of the
supply is transferred to the electrical
potential energy of the field in the
capacitor.
» Not all the electrical potential energy
of the supply is transferred to the
capacitor.
» The work done of each coulomb
passing through the supply is Ey. = OV.
» The energy stored in the capacitor for
each coulomb of charge on the plates
isE=Lov.
2
()

10 |a) Induced nuclear fission 1 | Hint: You need to be able to use nuclear
equations to describe radioactive decay
and fission (spontaneous and induced).

b) There is a mass difference between 2 | Hint: You need to be able to select the
the reactants and products. (1 correct relationships from the Relationship
This mass is converted to energy sheet to solve problems involving the mass
(ing B o 0 oss and the energy released by a nuclear
reaction.
<) Mass before: 390173 + 1-675 = 391-848 4 | Itis much easier to have all masses in the

Mass after: 154:248 +233-927 +335 =
391525

Mass difference = 391-848 — 391-525
=0323x107kg

E=mc

E=0323x107x (3 x 10%?

E=2907x 1077

same unit (e.g. x 107 kg). Laying out the
calculation as shown makes the arithmetic
clear.
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a) 2 | You are given v and know c.
m This leads to selection of equation for =
_725%10°
3x10°
=242 %107 (1)
b) 1 4 | Rearrangement of formulae and equating
m to redshift can cause mistakes.
Use the appropriate number of significant
(1 figures in your final answers. This means that
the final answer can have no more significant
=242 X 107 x 656 X 107 figures than the value with the least number
+656x107° ) of significant figures used in the calculation.
—6720m %) In this case, retain 3 s.f.
) v_Hd 4| Use of Hubble equation gives answer
° in m. Conversion to ly is simple but easily
725 %10°=2:3 x 1078 xd m leads to errors. One year was chosen as
5106 ) 365:25 days.
a= 12200 515 10m "
3x107"
11y =3 x 10° % 60 x 60 24 x 36525
=9-467 x 10°m (1
2
= PRIy m
9467 %10
(10
a) E=QV (1)| 3 | Calculate energy gained using Q x V but
—1-60 X 1079 x 22 500 " repeat three times as proton is accelerated
s across the gap each time.
=3:6x107]
3xE =108 x 1077 (1)
b) The protons are accelerated from P to Q 2 | Proton is accelerated only when
and from Q to P. ) crossing gap.
This means the supply must alternate in
order to accelerate the protons across
the gap in both directions. (1)
c) Strong magnetic fields deflect 2 | Magnetic fields deflect the protons. They

the protons 0]

so that they turn and travel in the
opposite direction. (1)

do not accelerate them.

(7)
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Charge Type of baryon
A +1 neutron
B 0 neutron
c -1 neutron
D -1 proton
E +1 proton
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Max.

Question Expected response mark | Commentary with hints and tips
1 a) % 3 a
a=£ ) Unbalanced force and simple a= 2.
m m
Frictional force is acting against, direction of
(1 movement is therefore negative.
M
b) |() 2 | Thisis a simple distance, speed, time
M question.
Although the ball is falling, don’t be
225 s 0 confused into thinking g s involved.
ST s Horizontal velocity is not affected by g.
(ii) 1, 3 | Selection of appropriate equation. This
s=uthsa 0] refers to vertical motion therefore g is
N required and initial vertical velocity is 0.
00x 0820705 M This is where the vertical acceleration of the
2 ball is key. Equations of motion with a as g
B M e de b el
You are asked for the distance from the top
s and already know 1, u (zero) and a.
(iii) |v=u+ar (1)| 2 |Simple use of equation of motion with
=0+9-8 %0705 u=0.
=691
=69ms™ (1
(iv) | Resultant velocit 24?2 (1)| 3 | Resolution of horizontal and vertical
1024 691 velocities.
792 (1) Use simple trigonometry with horizontal
Resultant velocity =7-611 =7-6ms™ (1) and vertical velocities.
v) Horizontal 4 3 | Ballrebounds in opposite direction,
velocity (ms-1) therefore velocity is negative.
319
0

>
Time (5)

(16)
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16 Sample answer 3 | Thisis an open-ended question: a variety of
Possible responses could include some physics statements and descriptions can be
of the following concepts/points: used to answer this question.

» Conservation of energy means Marks are awarded on the basis of whether
that the total energy of a system is the answer overall demonstrates 'no”
constant in the absence of work done 10 miarke], Timizel { miarkd, “=szarkls’
ar by the aystom (2 marks) or "good" (3 marks) understanding.
Newtii This type of answer might include a

» Neutrinos were first proposed as an L .
coxplamtican of ths sppsrsrk Hon- statement of the principles involved,
conservation of energy observed in a relationship or an equation, and the
beta decay. application of these to respond to the

. roblem.

» Beta decay is the emission of a fast- e be awarded
moving electron by the nucleus of an marks would be awarded to an answer
atom. which demonstrates a good understanding
Beta d . h of the physics involved. The answer would

> Dot cecaylsaquaniun chanoe show a good comprehension of the physics
n v:. enzgybs(a © o " ‘e m.ucfﬁs of the situation, provided in a logically
emitting the beta particle, ie. the correct sequence
same amount of energy is transferred . .

(‘lost’) by the nucleus to the emitted
particle.

» The beta particles emitted by atoms
of the same type have a range of
kinetic energies.

» There must be another particle
emitted with a kinetic energy equal
to the difference between that of
the quantum change and the kinetic
energy of the beta particle.

» This particle is uncharged, as it does
not leave a track in a cloud chamber.

» Beta decay occurs when a neutron in
the nucleus spontaneously transforms
into a proton.

» The neutrino emitted in beta decay is
antimater.

(3)

17 |a) Terminal potential difference is 2 | Tip: These definitions (and any others in the
the amount of energy per coulomb course specification) should be learned as
of charge delivered to the circuit part of your revision.
components by an electrical source. (1)

E.mf. is the amount of energy

gained by each coulomb of charge

as it passes through an electrical

source. )

b) 16V 1 | The value of e.m f. is the point at which the
P

line intersects the
voltage axis.
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a) Mass of three carriages = 3 x 1450 = 4350kg e
Mass of engine = 2750kg 0]
Total mass =7100kg
WL Ul
m
Z 8500 _ .92 ms2 0]
7100
b) F=mxa 2
=4350 092 U]
=4002 = 4000N m
<) Less mass would result in a greater acceleration. mi2
This resultant drop in friction would also allow a greater top speed. (1)
@)
a) Mass of rocket at take-off = 3550 + 2740 + 1650 + 2150 = 10090kg 1
b a %v\here Fis the unbalanced (resultant) force on the rocket m|s
F=120000N - weight U]
Weight = 10090 x 9-8 =98 882N U]
120000 - 98882 =21 118N U]
21118
o0
=21ms> 1)
Q Impulse = F X t M3
=105000 x 25 U]
=2625000Ns U]
d) It would make no difference to the impulse as this is due to the firing of the 1
second-stage engine.
e) The change in velocity would be less (1) as the mass of the rocket is greater due to |2
the first stage not being ejected (1).
(12)
a) In the XY direction 4

Tug 1:
F =400 x 10° X cos (25) = 3+63 x 10*
Tug 2:

F=400x 10° x cos (—15) = 3-86 x 10*
Total =7-49 x 10* N to the right
Perpendicular to XY

Tug 1:

F =400 x 10° x sin (25) = 1-69 x 10*
Tug 2:

F =400 x 10° X sin (-15) = —1-04 x 10*
Total = 65 x 10° N up the page
Pythagoras gives resultant magnitude:
F=[(7-49% + 0-65%) x 10°]
F=7518x10°N

F=752x10°N

U]

U]

U]

(1)
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b) o 4 | 300 lines per millimetre gives a line spacin:
DA _335%10%m 0] Lo N peens
of —2Z as shown.
D
mi=dsinb=d M The geometry of the layout means that sin 8
2%550x10% =3.33x10 x 2 0] =tan 9:% where L is the large distance to
20
D =066067m the screen and D is the distance between
D=066m ) the central maximum and the maximum
being observed.
Poorest significant figure in the question is
2sf., soanswerto2sf.
c) The wavelength of red light is 3 | Hint: You need to be able to select the
larger than that of green light. (1 correct relationships from the Relationship
Given mi =d sin 6, increasing / while sheet to solve problems involving grating
holding all other variables constant spacing, wavelength, order number and
means that sin 6 and so @ increases, i.e. angle to the maximum.
the pattern spacing increases. (1
The output power and irradiance
are constant and so the brightness
of the spots should remain constant. (1)
(10
13 |a) Calculate the ratio sin (angle in air) / sin 5 | When the question says ‘use all the data’,

(angle in glass) for each pair of data.

sin fangla

0-06 (012 [0-18 |0-24 |0-30
i glss)

sin fangla

009 017 026 |0-34 |0:42
in air)

sin (angle
in air)/
sin (angle
in glass)

142|142 |1-42 142 |1-42

The constant ratio is the refractive index,
ie.n=142.
OR
Plot the graph of sin (angle in air) vs
sin (angle in glass) and determine the
gradient of the best-it line.

05

0

03

03

02

02

sin (ande inai)

015

010

005

o
D 005 010 015 020 025 030 035
sin angle n glas)

ie.n=142.

either:
» calculate the appropriate ratio for each
pair of data

» explicitly state the constant ratio may be
used to derive the value

ORplot a graph with:

» linear scale axes

» labels and units on each axis
» accurately plotted data points
» abestit straight line

and calculate the gradient of the best-fit
line (not necessarily using the data points)
to derive the value.
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7 Six up quarks (1)| 3 | Both protons and neutrons are baryons.
An alpha particle consists of two protons They contain up (u) and down (d) quarks.
and two neutrons. Each proton has uud
quarks and each neutron ddu quarks. (1)

(3)
8 a) +500V 2 | Electric fields by definition show the
direction of the force experienced by a
L A A A positive charge, i.e. downward here.
Parallel plates gives rise to a uniform
electric field - equally spaced vertical
o lines.
b) (i) ov (| 2 | Tip: In 'show that’ questions, you must write
Fo=16x10"9x 125 x 10° down the equation, substitute the correct
B 200 10757 m numbers for the symbols and show an
v equation which leads to the answer.
The final line should show the value and
units for the answer.
(i) | By conservation of energy 3 | Conservation of energy means the work
Eg=E, done by the field is equivalent to the kinetic
s energy gained by the electron.
3 10010 m Poorest significant figure in the question is
3sf, soanswerto3sf.
2:00x 10716 (1)
¥=2:095x10"ms™!
v=210% 10"ms™ (1)
(iii) | Constant horizontal velocity 3 | The field accelerated the electron vertically
(=21 10'msY) (not horizontally). Therefore, constant
- ) velocity equation.
10X 10222095 X 107 x ) Poorest significant figure in the question is
o 25f, 50 answerto 2 sf.
_10x107
2095107
1=477x107s
r=48 x 10" ()
(10)
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18 |a) Any wavelength shorter then green (e.g. blue, violet, UV). mi3
This will mean the frequency is higher and so the energy of each photon (£ =)
is larger. U]
If the photon energy is larger than the work function, a current will be detected. (1)

b) E=if M3
28x107¥=6:63 x 10 xf (1)
f=42232x 10%Hz
f=42x10%Hz (1)

()
19 |a) dsin@=mi |4
sng =" U]
d

_2x565x107

T asx10

= 0323 0]

=188°=19° U]

b) As the detector moves from X to Y it will cut across five ‘lines’ of constructive 2
interference (including the central maximum) U]
and four 'lines’ of destructive interference. (1)

()
20 |a) As a wave moves from a more dense to a less dense medium, the critical angle is the | 1
minimum incident angle beyond which total internal reflection takes place.

b sing, = 1 m|?

n
U]
Q)]
@
21 |a) Irradiance is the power of the source per unit area. 1

Iy G the relaticnship 1:%, s clain resel 1o b procsssad i caloleis ;1;. 2
Agraph of Ivs p will be a straight line through the origin (i.e. directly
proportional). U]

<) Stray light from the room would affect the results; the graph of Ivs ;7 would not 1
pass through the origin because of this systematic error (uncertainty).

(4)
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Question

Answer

Commentary with hints and tips

The area under a velocity—time graph is the displacement for that part of the journey.
Initially constant velocity means displacement increases at a constant rate. The constant
rate of decrease in velocity means the rate of increase in displacement is positive but
decreasing.

The definition of acceleration is the rate of change of velocity. For a constant 5-0ms™

acceleration, velocity increases at a rate of 5-0ms™' every second.

The gradient of a velocity—time graph is the acceleration of the object. Each v-thas a
constant gradient, so the value of acceleration must be a constant (horizontal line). The v—t
gradient is negative.

Newton’s first law means that constant or zero velocity implies balanced forces in the
velocity vector direction. Constant horizontal and vertical velocity requires balanced forces
in both the horizontal and vertical.

Resolving the vertical weight force vector (7= mg) into components parallel and
perpendicular to the slope gives answer C.

Conservation of total linear momentum (p = mv) requires that the total momentum before
and after the collision is the same. The velocity has halved so the total mass has doubled.

mm,

Using F =G

r
where m; =42 x 10 m, =
is a very common error.

-8 x 10%and r = 3-0 x 107 gives answer C. Forgetting to square r

Evidence supporting the existence of dark energy comes from the accelerating rate of
expansion of the Universe.

Reading the graph shows that:

» the area under the curve (which is proportional to the total energy emitted) increases
with temperature increase

» the peak wavelength value increases (moves right) as temperature decreases

» larger values of emitted energy occur for smaller values of wavelength 4.

Therefore, | and Il are correct.

10

Electron < 107'® m; proton < 107" m; helium nucleus (two protons +two neutrons) > proton
size.

"

From the course specification: fermions, the matter particles, consist of quarks (six types:
up, down, strange, charm, top, bottom) and leptons (electron, muon and tau, together
with their neutrinos).

12

The force-mediating particles are bosons: photons (electromagnetic force), W- and
Z-bosons (weak force), and gluons (strong force).

13

The emitted electron has a range of kinetic energy but the nuclear decay is a quantum
change and so should always have the same energy. This must mean another particle is
emitted (the neutrino).

14

Field lines show the direction of force experienced by a unit positive test charge. Like
charges repel.

15

The definition of the volt comes directly from Ey = 07, s0 1/ :%

16

The left-hand rule for positive charges in magnetic fields predicts the proton will
be deflected upwards. The velocity vector direction changes but the velocity vector
magnitude stays the same.
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16 |a) (i) m 3 | Calculate the combined resistance of the
resistors then add to the internal resistance
of the cell for total resistance.

U]
Q]
(ii) | ¥ from supply =I* R ()| 2 | Determine the current drawn from the cell
0889 % 12 = 10:668 = 107V 0 then use this value the voltage across the
external resistors.

b) The resistor should be placed in series 2 | The first mark is for the correct placement
with the supply but not as part of the and the second mark is for the correct
parallel circuit. 1) explanation.

This would increase the total resistance,
which would reduce the current and
therefore increase the voltage from the
supply. Q]
@
17 |a) 3 | Treateach branch in the same way you
U] would a parallel circuit problem.
P P
The uncharged capacitors have no bearing
v m on the initial charging current.
=
R,
Total current = 124 U]
b) o=cr ()] 3 | Each capacitor will charge to the same
Z160 x 105% 12 = 0:0192C ) potential and therefore the same amount
- X . of charge will be transferred. Calculate
0x2=000384=38x107C M charge for one then multiply by 2.

<) Capacitor 1 Capaitor 2 2 | The charging current in capacitor 1 is lower
_ _ due to the higher value resistor connected
z < in series with it.

g [ Capacitor 2 has a higher initial charging

g 3 current but a smaller charging time as both

capacitors have the same value. The same

Time (s) Time (s) amount of charge will transfer to them.

1 mark for graphs having the correct

downward sloping shape.

1 mark for a comparative shape similar to

those shown.
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Sample answer

Possible responses could include some of
the following concepts/points:

> Any lfe form must inhabit a planet
near to a star. Distances to stars are
measured in light years therefore the
time to travel to Earth is measured in
thousands of years. No species can
survive space travel for that length of
time due to oxygen, food and energy
requirements.

» It's possible we cannot be detected.
We have only emitted radio signals in
the last 80 years or so and those initial
signals were very weak. They would
have to be detected, analysed and
decoded.

» Life form would have to be ata
suitable technological level to detect
the radio signal.

» Itis unlikely that this village in
Scotland has been visited more times
than anywhere else on the whole
planet.

This is an open-ended question: a variety of
physics statements and descriptions can be
used to answer this question.

Marks are awarded on the basis of whether
the answer overall demonstrates 'no’

(0 marks), ‘limited’ (1 mark), ‘reasonable’

(2 marks) or ‘good’ (3 marks) understanding.
This type of answer might include a
statement of the principles involved,
arelationship or an equation, and the
application of these to respond to the
problem.

3 marks would be awarded to an answer
which demonstrates a good understanding
of the physics involved. The answer would
show a good comprehension of the physics
of the situation, provided in a logically
correct sequence.

a) 10 + 10" gives 10% Order of magnitude is calculated using
The relative strength of the weak nuclear subtraction of indices.
force is 10%.
b) W- and Z-bosons Recall of the force-mediating particles.
o [ [Twoup, one down ) Recall and explain how quarks combine.

Two up and one down have a combined
charge of +1, which is that of a proton. (1)

(i)

Two down, one up M

Two down and one up have a
combined charge of zero, which is
that of a neutron. )

Explain how the ‘charge’ of combined
quarks must add up to O or 1.
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Substance Refractive index Substance Refractive index
Diamond 242 Water 133
Crown glass 1.50 Air 1.00
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Quantity Symhol | Value Quantity Symhol | Value

f;:ffr:f fightin ¢ 300x 10°ms™ Planck’s constant |7 663x 10 s
mgr’;g‘gf;f ‘eh‘:cm” . 160 x 10719C Mass of electron | m. 911 x 10 kg
;’;‘VVE?Z‘”””S‘&”‘ of g 667 x 10 mikg's? | Mass of neutron | m, 1675 x 107 kg
S;i;“:‘a‘%gi‘ b € 98ms=2 Mass of proton . 1673 % 10 kg
Hubble's constant | &, 2.3 10857 Speed of sound in air |+ 3.4 x 102ms™!
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Substance | Density (kgm™) Melting point (K) Boiling point (K)
Aluminium 270 x 10° 933 2623
Copper 896 x 10° 1357 2853
Ice 920 x 102 273
Sea Water 1.02x 10* 264 377
Water 1.00x 10* 273 373
Air 129 -
Hydrogen 9.0x 102 14 20
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19 Light travelling through different media and relationship between refractive index and
critical angle.

20 1,
E==CV*; acommon error is to forget to square the voltage.

21 Use Ohm'’s law and the behaviour of resistors in parallel and series.

22 P=PR; significant figures apply.

23 1
E= ;CVI-, rearrangement may cause errors.

24 Hint: You need to know the properties of semiconductors, and how temperature and

doping with impurities affects these properties.

E=mc®
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Velocity before | Velocity after strike
strike (ms™) (ms™)
white ball 380 051
yellow ball 000 349
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b) [() |The critical angle is the angle of 1 | The definition of critical angle in the course
incidence which produces an angle of specification is: the angle of incidence
refraction of 90°. which produces an angle of refraction of
OR 90°.

The critical angle is the angle of Total internal reflection occurs when the
incidence beyond which total internal angle of incidence is greater than the
reflection occurs. critical angle.
(ii) 0= 1 m 3 | Poorest significant figure in the question is
sne=y 254, s0answerto 2sf.
1
8, =sin™| — M
=S [ 5 ]
6,=4476
6,=45 (1)
9
14 |a) Six 1 | There are six possible ways of moving
between the atomic electron energy levels
shown.

b) E=E;—E,=(-1:36 - —2:41) x 107 4 | The largest wavelength must have the
Eo 105 x 10797 0 smallest frequency. The smallest frequency
E=if corresponds to the smallest energy gap

N " between levels.

1:05 x 1072 =663 x 107 x 1 - S
You mustinclude both correct relationships.

f=1-5988 x 10"Hz m L . BN
Poorest significant figure in the question is

v=f 3sf,s0answerto3sf.

3% 10%= 15988 x 10" x M

A=1876x10°m

2=188x10°m (U]

(5)

15 |a) Period T=4x4:0x 107 4 | Count the number of squares for one

T=16x10"s 0] complete wave and use the time-base
i setting to calculate the time for one wave.
J== 'oorest significant figure in the question is
=+ 0l P ignificant figure in the question i
\ 2sf., soanswerto2sf.

= (1)
[T
f=625Hz
f=63Hz U]

b) Peak voltage 7, =3 x 50 4 | Count the number of squares between the

V=150V 0] mid point and the peak and use the Y-gain
i setting to calculate the peak voltage.
Va =2 ) Poorest significant figure in the question is
150:«/5!/"“3 2sf., soanswerto2sf.
M
150
v, =—
™=
7, =106:066
7, =110V

Q]

(8)
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(ii) | Time to bounce up (and also to return) 3
v=u+ar0=49-98x1 U]
=2 o5 U]

98
Total time is 05 +0-5 = 1-0s )
Q 6 3
=4
o2
£
2 s da deols 10T 61
e
> 6
-8
Time (s)
Correct axes and scales [
Correct units [0}
Correct insertion of points and connecting line (1)
(15
a) () |E=mxgxh |3
=9-8x 125X 14=17-15 U]
=171 [U)

17 kmx? ml4
17=4x125% 0]
v U}

[272=52ms™ (N
b) | @M ) % cos 25 1
=45xcos25=41ms

(i) ) % sin 25 1

45 % sin25=19ms
(iii) veutaxr mla
“19=19+-98x1 U]
38
—_— 1
=53 m
=0388s U]
Horizontal distance is given by v, X =41 x 0388 = 1-6m
(iv) 2

IS

Velocity (ms~')
>~
o\ ‘

Time (s)

Correct axes

Correct points

U]
Q)]

(15)
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To convert light years to m you multiply the distance (ly) by
36525 % 24 X 60 X 60 % 3 x 10°

e.g. 140 x 10° ly becomes
133x10%m

Distances are (m):
947 x 10

133 x 107

237 x10%

U]

U]

Q)]

b)

Velocities are (ms™):

1-50 x 107

220 x 10"

390 x 107

No errors: 2 marks

One or two errors: 1 mark
Three errors: 0 marks

<

5x107

?Axwm /

FENES e
]

0 Tx10%5 2x 1085 3x105
Distance (m)

e

= 1686 %107
Hy= 169x107%7

U]

U]
U]

d)

Time

169 107
=592x10" s

U]

U]

(10)

The nuclear decay is a quantum process and so always involves the same
energy change.

If the beta particle has a range of energies then there must be another,
difficult to detect (low mass and uncharged) particle, i.e. the neutrino.

U]

(1)






