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Number 

Key  
Question 
Number 

Key 

1 C  21 B 

2 D  22 B 

3 C  23 A 

4 C  24 B 

5 B  25 C 

     

6 C  26 C 

7 A  27 D 

8 B  28 A 

9 B  29 A 

10 B  30 C 

     

11 C  31 C 

12 A  32 B 

13 B  33 D 

14 B  34 D 

15 C  35 D 

     

16 C  36 A 

17 D  37 A 

18 D  38 A 

19 B  39 C 

20 A  40 B 

 
 
General Comments 
 
 
Better performing candidates checked their answers as they went through the paper. These candidates also 
checked for power of ten errors.  
Candidates should ensure that if they miss out a question, they do not misplace all their subsequent answers 
on the mark sheet. 
 
 
Comments on Specific Questions 
 
Question 7  
 
The second line of the question was ignored by the majority of candidates and they did not recognise this as 
was a velocity-distance graph. 
 
 
 



Cambridge International Advanced Subsidiary and Advanced Level 
9702 Physics March 2016 

Principal Examiner Report for Teachers 
 

  © 2016 

Question 8  
 
Many candidates did not understand the difference between speed and velocity, as answer A was a popular 
response. 
 
Question 11  
 
A common incorrect response was B, which shows an almost infinite acceleration at the start. The correct 
answer, C, shows an almost constant acceleration when the object is travelling slowly and a reduction in the 
acceleration as the velocity increases. 
 
Question 25  
 
The three options, A, B and C, were all frequently chosen. Candidates who performed less well often chose 
B as their answer. The correct key is C, because the lowest frequency occurs when the length of the 
instrument is just a quarter of a wavelength between a node and an antinode. The next frequency possible is 
when the instrument length is three-quarters of a wavelength. 
 
Question 34  
 
Candidates found this question challenging. Many candidates did not see that two of the cells are reducing 
the overall p.d. to V1 – V2 – V3. 
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Key Messages 
 
It is important not to prematurely “round up” figures at an intermediate stage during a calculation as this may 
lead to an incorrect final answer.  Candidates should wait until the final answer before rounding to an 
appropriate number of significant figures.  The number of significant figures needed in the final answer can 
be judged from the number of significant figures in the question data. 
 
Candidates should be encouraged to present all of their working in numerical calculations.  It is important 
that they state any equation used and then show a clear substitution of the question data into this equation.  
This will often enable credit to be awarded for the working even when a mistake has been made with the final 
answer. 
 
Many candidates would improve their performance by carefully memorising the definitions and the specific 
meanings of the terms in the syllabus.  They should be able to demonstrate precise recall of these in the 
examination. 
 
In a “show that” question, candidates are given the final answer and are asked to show that this is so.  For 
this type of question it is essential to show all of the intermediate steps of the calculation leading to the final 
answer. 
 
Candidates should always consider whether the final answer has a sensible order of magnitude.  When this 
is not so, they should be encouraged to go back and quickly check their working to see if a simple error has 
been made. 
 
 
General Comments 
 
A wide range of marks were awarded on this paper.  There were a number of very high-scoring scripts 
produced by candidates who were able to demonstrate a good understanding of the topics across the full 
range of the syllabus.  Conversely, weaker candidates had opportunities to score marks on the more 
straightforward parts of the questions.  
 
 
Comments on Specific Questions 
 
Question 1 
 
(a) This was a straightforward introductory question that was correctly answered by the vast majority of 

candidates.  Candidates needed to refer to a metre rule or a tape measure.  It was insufficient to 
simply refer to “a ruler”. 

 
(b) (i) The majority of the answers were correct. Most candidates realised that the length of the string 

needed to have units of metres when substituted into the equation.  A small minority of candidates 
did not appreciate that the mass needed to have units of kilograms when substituted. 

 
 (ii) A common error was to treat the uncertainty values given in the question as absolute uncertainties 

rather than percentage uncertainties.  Another common error was to ignore the effect of the square 
root function on the total uncertainty.  The total absolute uncertainty should be given to one 
significant figure.  This should be accompanied by the value of the speed quoted to the same 
number of decimal places as the absolute uncertainty. 
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Question 2 
 
(a) The great majority of the candidates were able to correctly define acceleration.  A small minority 

incorrectly defined it as ‘the rate of change of velocity per unit time’. 
 
(b) (i) The majority of the answers were correct.  The most common errors were either to confuse the 

horizontal component of the velocity with the actual velocity or to wrongly assume that the ball had 
a horizontal acceleration. 

 
 (ii) The candidates were given the answer and asked to show that it was correct.  In this type of 

question credit is given for explicitly showing each stage of the calculation leading up to the final 
answer.  Many candidates only showed how the vertical component of the velocity could be 
calculated from the actual velocity.  Those candidates should have also shown how the actual 
velocity is calculated from the horizontal component of the velocity. 

 
 (iii) Stronger candidates were able to directly calculate the time taken from a single equation of uniform 

acceleration.  Others calculated the maximum height reached by the ball and then used this value 
to find the time taken.  Weaker candidates sometimes wrongly assumed that the maximum height 
of the ball was 24 m.  Those candidates would improve their performance by remembering not to 
confuse the vertical motion of the ball with its horizontal motion.  

 
 (iv) Some candidates need reminding that a constant acceleration will result in a constant gradient of 

the velocity-time graph.  The stronger candidates appreciated that the graph line would intercept 
the time axis at the time when the ball was at its maximum height and that the graph line only 
needed to be drawn to t = 1.5 s when the ball hits the wall.  The majority of candidates either drew 
their straight line graph in the wrong position or drew a curved line. 

 
(c) (i) There were a number of different ways to calculate the maximum height of the ball.  Most 

candidates were able to select an appropriate equation of uniform acceleration.  The data was 
sometimes substituted into the selected equation without carefully ensuring that all the signs were 
correct.  It is recommended that candidates practise using equations of uniform acceleration in 
situations of deceleration where it is essential that all of the data is substituted with the correct 
signs. 

 
 (ii) The vast majority of the candidates found the calculation of the mass to be straightforward.  Only a 

few inappropriately used g = 10 m s
–2

 in their calculation. 
 
(d) The most common answer was to incorrectly assume that the increased gravitational force on the 

increased mass would lead to a greater deceleration so that the maximum height would be 
decreased.  Very few candidates understood that, without air resistance, the deceleration of the 
ball would be the same so that the maximum height would be unchanged. 

 
Question 3 
 
(a) (i) Candidates are expected to be able to recall the meanings of the terms in the syllabus with 

precision.  The majority only vaguely referred to “force multiplied by distance”.  A full statement 
should refer to “force multiplied by distance moved in the direction of the force”.  It should be noted 
that a symbol equation on its own is not sufficient as the symbols are not explained.  

 
 (ii) A significant number of answers did not make it clear that the energy due to the deformation was 

stored energy.  The weakest candidates sometimes attempted to state what is meant by 
gravitational potential energy. 

 
(b) (i) This was very well answered by the vast majority of the candidates. 
 
 (ii) Although there were many correct answers, a common error was to use the expression Fx rather 

than 
1
/2Fx for the work done on the spring.  This wrongly assumes that the force on the spring 

remains constant as the trolley is decelerated.  The candidates needed to ensure that the units of 
the compression were converted from cm to m in order to avoid a power-of-ten error in the final 
answer. 
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 (iii) This part of the question was generally well answered.  A minority of the candidates attempted to 
use an equation of uniform acceleration.  This was inappropriate because the deceleration of the 
block increases rather than remains constant.  

 
 (iv)1 Stronger candidates were able to deduce that constant velocity occurs with zero resultant force and 

so the block is in equilibrium.  A common misconception was that the block cannot be in equilibrium 
because it is moving. 

 
 (iv)2 Stronger candidates were able to deduce that deceleration occurs when there is a resultant force 

and so the block is not in equilibrium.  A common misconception was that the block must be in 
equilibrium because its speed is zero. 

 
(c) A small minority of candidates were able to correctly deduce that the graph would be a curved line 

with decreasing gradient.  Many candidates simply drew a straight line through the origin, possibly 
because they were inappropriately thinking of the shape of a force-extension graph when a load 
hangs in equilibrium from the end of a spring. 

 
Question 4 
 
(a) (i) The candidates needed to give a precise description of a transverse wave.  As well as referring to 

the direction of vibration of particles they also needed to heed the instruction to refer to the 
direction of propagation of energy.  It was insufficient to refer to “the direction of the wave”. 

 
 (ii) There were many good answers.  A minority of candidates attempted, incorrectly, to phrase the 

principle of superposition in terms of amplitude rather than displacement.  Others did not refer to 
displacement at all; the statement that “when two or more waves meet at a point the resultant wave 
is the sum of the individual waves” was too vague. 

 
(b) (i) The vast majority of answers were correct. 
 
 (ii) Despite the prompt in the question, very few answers considered the path difference.  The best 

answers determined the path difference as a number of wavelengths and then linked this to the 
phase difference at R and so deduced that there was destructive interference.  Candidates should 

say either that the waves at point R have a phase difference of 180° or that the waves are 
antiphase.  It is not sufficient to say that “the waves are out of phase” without quantifying the phase 
difference. 

 
(c) (i) There were many good answers.  Candidates should remember that the intensity and the square of 

the amplitude are proportional, not equal, to each other.  It is expected that the candidates present 
their final answers as decimal numbers and not as fractions. 

 
 (ii) The majority of the answers were correct.  Some candidates did not carefully read the question and 

gave their answer without a unit. 
 
Question 5 
 
(a) (i) The majority of candidates understood that electric current is a flow of charge carriers. 
 
 (ii) Electric potential difference may be defined as “the energy transferred from electrical to other forms 

per unit charge passing between two points”.  Many candidates attempted to explain potential 
difference, but did not give a definition.  For example, “the energy transferred when unit charge 
passes between two points” has omitted the idea of a ratio.  Candidates should ensure that they 
refer to unit charge and not one coulomb.  It is always essential to use precise wording when giving 
the definition of a quantity. 

 
(b) (i) Successful answers tended to have clearly presented calculations that explicitly showed each of 

the interim steps leading to the final answer.  
 

 (ii) Although many candidates realised that the I–V characteristic would be a straight line through the 
origin, only a small minority drew lines with the correct gradient.  
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 (iii) Generally well answered by the stronger candidates.  A common error was to confuse the potential 
difference across one of the wires with the potential difference across one of the lamps. 

 
 (iv)1 Generally well answered by the majority of the candidates.  The appropriate symbol equation was 

usually recalled without difficulty.  Some candidates were unable to convert the units of the 
cross-sectional area from mm

2
 to m

2
. 

 
 (iv)2 This part of the question was effective at differentiating between strong and weak candidates.  A 

significant number of the weaker candidates did not attempt this part of the question.  
 
Question 6 
 
(a) Candidates usually knew that a proton would be formed.  Many candidates did not know the proton 

number or the nucleon number of the β
–
 particle and of the (electron) antineutrino.  Some 

candidates gave an answer where either the proton number or the nucleon number was not 
conserved in the decay process and this should have prompted them to recheck if they had made 
an error. 

 
(b) This part of the question required straightforward recall.  Some candidates found it difficult to spell 

the word “antineutrino”. The two most common incorrect answers were “neutrino” and “gamma  
ray”.  

 
(c) The majority of the candidates were able to give the correct answer.  Weaker candidates either 

tended to think that the class was “electrons” or else gave a blank response. 
 
(d) (i) The vast majority of answers were correct. 
 
 (ii) The change to the quark structure was known by the majority of the candidates.  A significant 

number of the weaker candidates either wrongly stated that an up quark changes to a down quark 
or else gave a blank response. 
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Key messages 
 
Repeated readings 
In many experiments it is easy to repeat a test. In Question 2 the range of the projectile can be quickly tested 
several times.  All of the measured values of range should be recorded to the appropriate precision before 
calculating a mean value. The variation in these values indicates the uncertainty in the mean value.  For 
example, measured values of 23.6, 25.7 and 24.0 cm give a mean value of 24.43  cm and an uncertainty of 
± 1.05 cm. If only the mean value is recorded, examiners cannot judge the precision of the original 
measurements, or even be sure that the test was repeated. 
 
Units 
Every measured quantity has a unit, and candidates should include it if it is not already given on the answer 
line. A quantity calculated from measurements usually has a unit, and this should also be included if it is not 
given on the answer line. Care must be taken to ensure that values used in a calculation have compatible 
units. For instance, if a calculation uses a value for g of 9.81 ms

–2
, then any lengths used should be 

converted to m. 
 
 
General comments 
 
The candidates’ work was good in most cases, and many scripts were excellent. 
 
Centres reported no difficulties providing the equipment required for use by the candidates. 
 
Skills in making measurements and presenting data were evident for most candidates, and many also 
demonstrated good evaluation ability. 
 
 
Comments on specific questions 
 
Question 1 
 
In this question, candidates were asked to investigate the time period of a pendulum rolling across a sloping 
board. Candidates from many centres had been prepared well in the techniques needed for this question. 
 
Successful collection of data 
 

(b) (i) Almost all candidates recorded a value in the expected range for the angle of slope θ  of the board. 

A few omitted a unit, and in some cases the degree symbol ° was not shown clearly. 
 
(b) (iii) Although most candidates recorded the period T in the expected range, a small number recorded 

large values such as 5.61 s (suggesting that they had timed a number n of oscillations and 
recorded nT on the answer line). 

 
 In many cases there was no evidence of repeated measurements (see key messages). In this type 

of experiment nT should be measured several times and averaged before dividing by n.  
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Range and distribution of data 
 

(c) Having started with the board sloping at about 45° candidates were expected to include 
measurements both above and below this angle, and most candidates did so. 

 
Quality of data 
 
(d) (i) Most candidates were credited for the quality of their results. This was judged by the scatter about 

a straight line of the points on their graph. 
 
Presentation of data and observations 
 
Table 
 
(c) Most tables were clear and contained all the required columns of data. 
 
 Column headings were always included. Headings always gave the quantity, and usually the 

correct unit, though weaker candidates put units in the body of the table. 
 
 The majority of candidates recorded all their measured values of time (either T or nT) to the same 

precision.  In a few cases this precision was 0.001 s, indicating that they were mean values rather 
than measured values, so that the consistency of the original data could not be judged.  

  
 Values for 1 / T

3
 were nearly always calculated correctly, with just a few candidates making 

rounding errors. 
 
 Many candidates had difficulty deciding how many significant figures to give for their 1 / T

3
 values. 

The number of significant figures should relate to the original measurement, so that a 
measurement of 5T of 9.82 s (3 significant figures) should lead to a value of 1 / T

3
 of 0.132  s 

(3 significant figures) or 0.1324 s (4 significant figures). 
 
Graph 
 

(d) (i) For their graph of θ  against 1 / T
3
, most candidates used simple scales, but in many cases the 

choice of 1 small square for 1 degree led to the points occupying less than half the grid in the 

θ  direction.  If this scale was doubled the increased spread of points would lead to more precise 
values for gradient and intercept.  

 
 Most candidates gained credit for plotting their tabulated readings correctly.  Candidates from a few 

centres plotted their points as large dots, making it difficult to judge the point’s coordinates. 
 
(d) (ii) Best fit lines were generally chosen well and drawn clearly, without any changes of gradient. 
 
Interpretation of graph  
 
(d) (iii) Most candidates had been well prepared in finding the gradient and intercept of their line, though 

weaker answers used too small a triangle when determining the gradient.  There were just a few 
mistakes with reading an intercept value directly from the axis when the graph had a false origin 
(instead of substituting coordinate values into y = mx+c). 

 
Drawing conclusions 
 
(e) Most candidates recognised that a was equal to the value of the gradient and b was equal to the 

value of the intercept.  A few candidates ignored the instruction to use values from part (d)(iii) and 
instead tried to calculate a and b by first substituting values into the given equation and then 
solving the simultaneous equations. 

 
 Many of those candidates who attempted to include units for a and b had difficulty with the unit for 

a, giving ° s
–3

 instead of ° s
3
. 
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Question 2 
 
In this question candidates were required to investigate the motion of a sphere launched from a ramp. 
 
Successful collection of data 
 

(b)(i) Most candidates recorded a value for the launch angle φ  in the expected range. In a few cases the 

precision claimed (e.g. 17.3°) was unrealistic. 
 
(b)(ii) Nearly every value of the height h1 was correctly recorded to the precision of the measuring 

instrument (a metre rule).  
 
(d)(ii) Stronger candidates repeated the test and recorded several values of R to the nearest mm. Other 

candidates recorded only a single value on the answer line. See key messages for further 
comments. 

 
Estimating uncertainties

 

 

(e) R was measured using a metre rule with a precision of 1 mm, but good candidates recognised that 
the uncertainty in the measurement was much greater than this due to the parallax problems. 
Examiners accepted an uncertainty in the range 2 to 10 mm, and credit was given if this was 
expressed as a percentage of R. 

 
 Several candidates used the alternative approach of looking at the scatter of repeated 

measurements (in terms of half the range of values) and expressing this as a percentage of R. 
 
Quality 
 
(f) After increasing the launch angle candidates measured the new range, the majority finding the 

expected trend that increased launch angle led to a reduction in R. 
 
Display of calculation and reasoning 
 
(b)(iv) The calculation of v was carried out well, with only rare rounding errors. Many candidates gave an 

incorrect unit due to mixing of units in the calculation (see key messages). 
 
(c) Most candidates understood that the significant figures in v depended on the significant figures in 

their measurements, but some failed to name both h1 and h2 as the relevant measured values. 
 
(g)(i) The great majority of candidates were able to calculate k values correctly from the two sets of data, 

though some gave their answers to only 1 significant figure. 
 
Analysis and conclusions 
 
(g)(ii) The comparison of the two values of k and the evaluation of the suggested relationship was done 

well by stronger candidates, with a clear criterion against which the comparison was judged.  The 
terminology used was not always accurate – “percentage uncertainty in k” was frequently used 
when referring to the percentage difference between the two k values that had been calculated.  
Many candidates omitted a stated test criterion, just saying that “the k values were close”. 

 
Evaluation 
 
(h) (i) & (ii) The strongest candidates thought carefully about this section and were awarded the majority of 

available credit. 
 
 The majority of candidates recognised that two sets of data were insufficient to draw a valid 

conclusion, and went on to suggest taking more readings and plotting a graph. 
 
 Many were credited with identifying the flexibility or movement of the track as a problem.  Some 

went on to describe a way of improving the rigidity (e.g. use a metal or wooden track). Just saying 
“use a rigid track” was not enough to gain credit. 
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 The difficulty in measuring the ramp angle was often identified, and in some cases a workable non-

contact method was suggested (e.g. taking a photo and measuring φ  from that). 
 
 Many candidates pointed out the difficulty with parallax when measuring the range R, and some of 

them gave a description of an improvement using pointer(s).  A clear written description was 
difficult to produce, and the best answers included a diagram. 

 
 The other commonly described problem was that the sphere skidded or bounced away from its 

landing point so that it was difficult to determine the range. Various methods of making it either 
stick or leave a clear impression were suggested, and some suggested the idea of making a video 
recording with a scale in view.  

 
 Several candidates described difficulties encountered with Question 1 which were not credited. 
 
 A table giving details of other acceptable limitations and potential improvements can be found in 

the published mark scheme, together with some answers that did not receive credit. 
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Key messages 
 
Candidates are to be reminded of the need to read questions carefully in order to make sure they understand 
the requirements of the question. Calculations and definitions were generally well done. Candidates are to 
be encouraged to look at their answers to calculations and to spend a moment thinking about whether their 
answers are sensible. 
 
Candidates need to learn the key words needed in definitions and the fact that definitions do not include any 
reference to units. 
 
 
General comments 
 
The paper differentiated well between candidates and there was a good spread of marks. 
 
 
Comments on specific questions 
 
Question 1 
 
(a) This law was well stated but many responses missed the reference to point masses. 
 
(b) It was common that only partial credit was gained here as the idea that the gravitational force 

provides the centripetal forces (rather than is equal to) was not indicated by many candidates. 
Weaker candidates tried to rearrange the expression given rather than start from first principles. 

 
(c) (i) Many candidates were able to complete these ratio calculations; however, they should be 

encouraged to leave their final answer as a decimal. Some struggled to rearrange their expression 
and weaker candidates erroneously cancelled the square root in part 1. 

 
 (ii) Most responses calculated TA here and quoted this as the answer for TB, hence gaining no credit. 

The candidates had not recognised that the two satellites had different orbital times. 
 
Question 2 
 
(a) (i) This was well answered, but weaker candidates missed out the reference to molecules / atom and 

hence gained no credit. They incorrectly referred to the sum of the potential and kinetic energy of 
the system. A few candidates tried to answer in terms of the first law of thermodynamics. 

 
 (ii) Some candidates referred to more than one assumption which showed they did not know which 

one was correct and, therefore, were not awarded credit. 
 
(b) This derivation was only well answered by the strongest candidates. The easiest way to answer 

was using pV = NkT, as some who started with pV = nRT then just stated k = nR/T, which is not 
acceptable in a derivation. 

 
(c) (i) This calculation was well executed, however some candidates used the temperature in Celsius, 

and were awarded no credit. 
 
 (ii) This part was well answered, but some candidates only went as far as calculating the number of 

moles. 
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 (iii) Most candidates were not aware of the difference between the kinetic energy of a single molecule 
here and the total internal energy of the oxygen and quoted the same answer as (c)(i). 

 
Question 3 
 
(a) This definition was not well known by the candidates. One error was not indicating that the energy 

is divided by the mass, by using the word ‘per’ (for example), and another was through including 
units in the definition, namely kilograms and Celsius / kelvin.  

 
(b) (i) & (ii) Candidates were most likely to say the second set of data was for increased accuracy, or to take 

an average. The answer here and in the calculation showed that they did not realised they were 
eliminating the heats losses to / gain from the surroundings.  A significant number of candidates 

changed the temperature increase of 6°C into a temperature in kelvin. 
 
(c) Even the strongest candidates found this challenging. They were unable to apply their ideas of AC 

theory and many tried to find the p.d. using the formula with a value of t = 1 s.  Others mixed the 
peak value of p.d. with the root mean square value of power. 

 
Question 4 
 
(a) Most candidates gained credit. 
 
(b) Some candidates were able to use the correct equation here, or they started from the two 

equations on the formula page for kinetic energy and velocity of a particle in simple harmonic 
motion.  However, many only used one value of displacement in the velocity formula, effectively 

using v = ωx, or they used the formula for constant speed. There were some power-of-ten errors 
due to not converting from cm into m. 

 
Question 5 
 
(a) The first part was well answered, but fewer candidates were able to state the change required for 

the second part. 
 
(b) Candidates were able to convert the binary number into the number 12, but then did not use the 

voltage of each bit of 2.5 mV to find the signal voltage. 
 
Question 6 
 
(a) This calculation was well answered, with many candidates gaining most of the available credit.  

The most common error was to forget to multiply the distance the ultrasound travelled by 2.  
Weaker candidates introduced the absorption coefficient here or used the speed of light for the 
speed of the ultrasound. 

 
(b) There were many correct answers to this ratio, however candidates should realise that a value 

greater than 1 shows that the intensity was increasing after travelling through the fat. 
 
(c) This second ratio proved much more challenging as candidates did not know how to manage three 

parts to the attenuation of the ultrasound pulse. 
 
(d) This statement was well answered, and many responses were expanded to include an explanation. 
 
Question 7 
 
(a) Many candidates started this question well with the correct definition.  However, incorrect 

responses like “the ability to store charge” were still seen. 
 
(b) Many responses showed this derivation clearly and logically.  However, weaker candidates just 

stated the formula already given on the page. 
 
(c) (i) The first part was well answered, but then in part 2 a common error was to use a p.d. of 12 V 

across the 600 µF capacitor.  In part 3 errors were introduced when candidates used ratios to 
calculate the p.d.; the p.d. is shared in an inverse ratio to the capacitance.  Values that, on 
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inspection, were incorrect were often given here, for example 12 V, equal to the supply voltage 
across one of the series capacitors. 

 
 (ii) This part proved challenging to even the strongest candidates.  Few realised that the charge on the 

capacitor would change and used 
1
/2QV, instead of 

1
/2CV

2
 to calculate the energy stored and new 

p.d. across the capacitor. 
 
Question 8 
 
(a) Most candidates were able to give two effects here. 
 
(b) (i) The completion of the circuit diagram was not found to be straightforward.  The extra resistor was 

generally more successfully added but not the two input connections to the amplifier. 
 
 (ii) Many candidates used incorrect gain formulae here.  Some tried to use the potential divider 

formula. 
 
 (iii) This graph proved challenging.  Some candidates scored partial credit, for either a horizontal line at 

the correct level (8 V), or for a straight line of negative gradient from one axis to the other and of 
correct gradient through 8 V and 1.8 s.  Most answers did not show an understanding of saturation 
of the amplifier.  

 
Question 9 
 
(a) Candidates tended to equate field with force here.  They correctly stated the electric field should be 

directed upwards, but they said the electric field should be in the opposite direction to the force due 
to the magnetic field, rather than two forces in equilibrium. 

 
(b) This calculation was well executed.  Some candidates were only awarded partial credit as they did 

not explain their working, in other words where the formula E = Bv comes from. 
 
(c) Most candidates gained full credit for this calculation. 
 

(d) (i) Many candidates were able to use the charge to mass ratio here to find the mass of the particle. 

Fewer were then able to use the conversion factor to convert this to “u”. 
 
 (ii) There were a few incorrect responses here, even though the question stated the charge on the 

particle was 3e. 
 
Question 10 
 
(a) (i) Many candidates forgot the 40 turns and gave the change in the magnetic flux.  Others just used 

the minimum value of magnetic flux of 3 x 10
–6

 Wb. 
 
 (ii) Candidates gained through error carried forward here. Some corrected the earlier emission of the 

number of turns and calculated the correct answer. 
 
(b) Candidate responses showed that they did not understand the relationship between the induced 

e.m.f. and the gradient of the graph showing the flux changing with time.  
 
Question 11 
 
(a) Stating this is the minimum frequency needed for photoelectric emission is not enough to gain 

credit as this is a paraphrase of the question; candidates needed to include that photoelectric 
emission is the emission of electrons (from the surface).  A few answers missed out “minimum”.  
Many responses would have been improved by reference to electromagnetic radiation or photons. 

 
(b) (i) The most common graph was drawn as a straight line through the origin. 
 
 (ii) Candidates did not relate the gradient to the Planck constant. The most common response was to 

simply state the equation for the energy of a photon. 
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 (iii) There were some good responses here, but some candidates answered as though the work 
function was changing for different electrons, depending on whether they were on or below the 
surface.  Candidates need to understand that the work function is a constant for a given metal. 

 
 (iv) Many candidates tried to apply the fact that the intensity does not affect the minimum frequency 

required for photoemission but does affect the number of photons and hence number of electrons 
emitted.  

 
Question 12 
 
(a) Some responses to part (i) were in terms of penetration of X-rays.  Fewer responses gave correct 

answers to how to decrease the hardness in part (ii).  The answer needed to fully state the tube or 
accelerating voltage was decreased, or the voltage between the anode and the cathode was 
decreased. 

 
(b) Many candidates gained full credit here as they understood the advantages and disadvantages of 

CT scans over standard X-ray images. 
 
Question 13 
 
(a) Candidates were able to show how to get the decay constant from the half-life. 
 

(b) Again this calculation was well done.  However, power-of- ten errors were common when 

candidates used the molar mass as 7 kg instead of 7 g. 
 
(c) Another well performed calculation.  Candidates correctly selected and used the exponential 

formula for the decrease of activity with time. 
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Paper 9702/52 

Planning, Analysis 

and Evaluation 

 
 
Key messages 
 
In planning questions, candidates’ responses should include detailed explanations of experimental 
procedures such as control of variables, measurements to be taken, analysis of data. 
 
Graphical work should be carefully attempted and checked.  Candidates should use a sharp pencil when 
plotting data points and use a clear 30 cm ruler when drawing the line of best fit and the worst acceptable 
line; care is also needed when reading information from the graph. 
 
Numerical answers require candidates to show all their working particularly when determining uncertainties.  
Full understanding of significant figures is required. 
 
The practical skills required for this paper should be developed and practised over a period of time with a 
“hands-on” approach. 
 
 
General comments 
 
All candidates completed the paper.  The majority of the scripts were clearly written. 
 
In Question 1, candidates did not always describe the method in the necessary detail.  Diagrams could also 
be improved. 
 
In Question 2, graphs were well drawn with points and error bars easily identifiable.  Candidates should be 
advised that to gain maximum credit the presentation of mathematical working requires a clear statement of 
the equation used and substitution of numbers leading to the correct answer.  Furthermore the working has 
to be logical.  
 
It is clear that the stronger candidates have experienced a practical course where the skills required for this 
paper are developed and practised over a period of time.  
 
 
Comments on specific questions 
 
Question 1 
 
Candidates were required to model “bungee jumping” by a laboratory experiment.  They had to investigate 
how the maximum distance, h, fallen by an object varied with the spring constant, k, of an elastic cord. 
Candidates were also required to test the relationship between h and k and to determine the value of the 
acceleration of free fall, g. 
 
The initial credit was awarded for correctly identifying the independent and dependent variables and for the 
mass to be kept constant.  Most of the candidates gained this credit.  A few candidates carried out a basic 
Hooke’s Law experiment, plotting a graph of force against extension.  Others correctly identified the 
independent and dependent variables but did not realise that the mass must be dropped from a constant 
height. 
 
Credit was available for the method of data collection.  Partial credit was awarded for a clearly labelled 
diagram.  Diagrams should include the necessary pieces of apparatus set up as they would be used in the 
experiment.  In this experiment a labelled ruler needed to be correctly positioned vertically and close to the 
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elastic cord.  Rulers drawn “in the air” needed to be supported.  Strong candidates scored additional credit 
for clearly explaining how the rule(r) was fixed and using a set square to ensure that the rule(r) was vertical. 
 
The other credit in this section was awarded for the method of measuring the variables.  Mass of the object 
was measured using a balance / scales.  A few candidates confused mass and weight. 
 
Measurement of the spring constant, k required a subsidiary experiment.  Candidates needed to measure 
the force acting on the object, its weight, and the cord’s extension when the cord was stationary.  It was 
insufficient to just state the Hooke’s Law equation without identifying force and extension.  Additional credit 
was available for the method to determine extension. 
 
The final credit was for measuring the maximum distance fallen by the object after release.  A number of 
candidates confused the maximum distance fallen with the extension of the cord.  The maximum distance, h, 
had to be clearly shown on the diagram or defined plus a ruler to measure the distance for the credit to be 
obtained. 
 
The new syllabus specifies the credit available for the analysis of data. The majority of candidates were 
awarded some credit though a few candidates did not realise that the question stated the expression to be 
plotted on the y-axis.  The determination of the value for g was found from the gradient of the graph.  The 
resulting equation required g to be the subject of that equation in order to gain credit. To be awarded further 
credit the candidate was required to explain how the graph showed that the relationship was valid.  Answers 
were improved by including the word “straight” and including the phrase “passing through the origin”. 
 
Only a few candidates gained more than half the available credit in this section although there were some 
very good answers.  Candidates should be encouraged to write their plans including appropriate detail; too 
often candidates’ answers lacked sufficient practical experience.  Vague responses did not score. 
 
The most common correct response was the safety precaution which required a clearly reasoned precaution 
relevant to the experiment.  Other popular mostly correct responses were repeating the experiment for each 
cord to determine average h; keeping a constant starting position; using a video camera with slow motion 
playback.  A few candidates realised that the cord must not exceed the elastic limit or become over 
stretched.  Other additional detail credit was awarded for the method of keeping the starting point constant or 
dropping object from same position and for a trial experiment to locate approximate point of h to prevent the 
object hitting the surface. 
 
It must be emphasised that those candidates who have followed a “hands on” practical course during their 
studies are much better placed to gain credit for these additional details. It is essential that candidates’ 
answers give detail relevant to the experiment in question rather than general “text book” rules for working in 
a laboratory. 
 
Question 2 
 
The question required candidates to analyse data given for how the time, t, for the temperature of water and 

metal block to increase by 20 °C, is related to the mass of the metal block, mm. 
 
(a) Candidates were asked to determine an expression for the gradient and y-intercept from the graph 

of t against mm.  This was generally answered well. 
 
(b) Nearly all candidates gained the initial credit.  The majority of candidates calculated the absolute 

uncertainty correctly for full credit. 
 
(c) (i) Again, the majority of candidates gained full credit.  The points and error bars were straightforward 

to plot.  The main reason for credit not being awarded was to draw large blobs for the plotted 
points. 

 
 (ii) Care needs to be taken in the drawing of the straight lines.  Shading or discontinuities in the lines 

were encountered.  Candidates should be encouraged to use a sharp pencil with a clear 30 cm 
ruler which covers all of the points.  Several candidates joined the first plotted point to the last 
plotted point.  This was not the best-fit line. The worst acceptable line was drawn well in general. 
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 (iii) Most candidates clearly demonstrated the points that they used to calculate the gradient.  To be 
awarded credit candidates must take care in reading the co-ordinates from the line of best-fit, use a 
sensibly sized triangle and use the correct gradient calculation using (change in y) / (change in x).  
A small number of candidates chose points that did not lie on the line of best-fit. 

 
 (iv) This part was also well answered showing good clear working in the calculation of the intercept.  A 

common mistake in calculating the uncertainty in the y-intercept was either using the same co-
ordinates as the best-fit line (providing it is not the crossing point), or using the same gradient as 
the best-fit line. 

 
(d) (i) Candidates were required to determine a value of the specific capacity of the metal, cm, by using 

the gradient and a value for the constant, k, using the y-intercept.  A number of candidates had 
levels of algebraic skills that made it challenging for them to make cm and k the subject of the 
equation.  There was a common substitution error in the value for the change in temperature; 293 K 

was encountered instead of the correct value of 20 °C.  Other candidates calculated correctly the 
value of cm, but lost credit because they quoted its value to one significant figure.  Additional credit 
for the value of k tested the substitution of values with the correct power of ten.  Credit for the unit 
was often not awarded due to inconsistent units of mass in finding the unit for cm, or wrong algebra 
in finding the unit for k.t. It is highly desirable that candidates set out their working in a clear and 
logical manner, substituting numerical values for the known quantities in equations. 

 
 (ii) Showing working is essential for this part.  It was quite well answered particularly by candidates 

who used the method of adding percentage uncertainties of the gradient, change in temperature, 
and power.  Those candidates who attempted to calculate the maximum and minimum values for 
cm tended to make more mistakes by using incorrect combinations of maximum and minimum 
values. 
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Grade thresholds taken for Syllabus 9702 (Physics) in the March 2016 examination. 
 
 

 minimum raw mark required for grade: 

 
maximum raw 

mark 
available 

A B C D E 

Component 12 40 29 27 23 19 15 

Component 22 60 39 34 27 20 14 

Component 33 40 30 27 24 22 20 

Component 42 100 61 49 38 28 17 

Component 52 30 22 19 16 13 11 

 
 
Grade A* does not exist at the level of an individual component. 
 
The maximum total mark for this syllabus, after weighting has been applied, is 260 for A Level and 130 for AS
Level. 
 
The overall thresholds for the different grades were set as follows. 
 
 

Option 
Combination of 
Components 

A* A B C D E 

AY 12, 22, 33, 42, 52 193 170 147 122 97 72 

BY1 42, 52, 85 191 168 145 121 97 74 

BY2 42, 52, 88 191 168 145 121 97 74 

CY1 42, 52, 95 191 164 137 115 94 73 

CY2 42, 52, 98 191 164 137 115 94 73 

S3 12, 22, 33 . 89 80 68 56 44 
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Question 
Number 

Key  
Question 
Number 

Key 

1 C  21 B 

2 D  22 B 

3 C  23 A 

4 C  24 B 

5 B  25 C 

     

6 C  26 C 

7 A  27 D 

8 B  28 A 

9 B  29 A 

10 B  30 C 

     

11 C  31 C 

12 A  32 B 

13 B  33 D 

14 B  34 D 

15 C  35 D 

     

16 C  36 A 

17 D  37 A 

18 D  38 A 

19 B  39 C 

20 A  40 B 
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1 (a) metre rule / tape measure B1 
 
 

 (b) (i) v = [(1.8 × 126 × 10–2) / 5.1 × 10–3]1 

/
 

2   C1 
   = 21.1 (m s–1) A1 

 
  (ii) percentage uncertainty = 4%  or  fractional uncertainty = 0.04 C1 

∆v = 0.04 × 21.1 
     = 0.84 C1 

v = 21.1 ± 0.8 (m s–1) A1 
 
 
2 (a) change in velocity / time (taken)  or  rate of change of velocity B1 
 
 
 (b) (i) vX = (24 / 1.5) = 16 (m s–1) A1 
 
  (ii) tan 28° = vY / vX   or  vX = v cos 28° and vY = v sin 28°   C1 

vY = 16 tan 28°  or  vY = 16 × (sin 28° / cos 28°) so vY = 8.5 (m s–1) A1 
 
  (iii) v = u + at C1 

t  = (0 – 8.5) / (–9.81) 
   = 0.87 (s)   A1 

 
  (iv) straight line from positive vY at t = 0 to negative vY at t =1.5 s M1 

line starts at (0, 8.5) and crosses t-axis at (0.87, 0) and does not go beyond t = 1.5 s.  A1 
 
 
 (c) (i)  (v 2 = u 2 + 2as) 0 = 8.52 + 2(–9.81)s 

or  (s = ut + ½at 2) s = 8.5×0.87 + ½ × (–9.81) × 0.872 

or (s = vt – ½at 2) s = 0 – ½×(–9.81)×0.872 

or  (s = ½(u + v)t  or area under graph)  s = 0.5 × 8.5 × 0.87 C1 
 

s = 3.7 (m) A1 
 

  (ii) ∆EP = mg∆h      (allow E = mgh) C1 
m = 22 / (9.81 × 3.7) 
    = 0.61 (kg) A1 

 
 
 (d) acceleration (of freefall) is unchanged / not dependent on mass, and so no effect (on 

maximum height) 
or explanation in terms of energy:  

(initial) KE ∝ mass, (∆)KE = (∆)PE, (max) PE ∝ mass, and so  
no effect (on maximum height) B1 

 
 

3 (a) (i) (work = ) force × distance moved in the direction of the force. B1 
 
  (ii) the energy stored (in an object) due to extension / compression / change of shape B1 

 
 
 (b) (i) EK = ½mv 2 C1 

     = 0.5 × 0.40 × 0.302 

     = 1.8 × 10–2 (J) A1 
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  (ii) (change in) kinetic energy = work done on spring / (change in) elastic potential energy C1 

1.8 × 10–2 = ½ × F × 0.080 C1 
FMAX = 0.45 (N) A1 

 
  (iii) a = F / m = 0.45 / 0.40 

   = 1.1 (m s–2) A1 
 
  (iv) 1. constant velocity / resultant force is zero, so in equilibrium B1 
 

2. decelerating / resultant force is not zero, so not in equilibrium B1 
 
 
 (c) curved line from the origin M1 

with decreasing gradient A1 
 
 
4 (a) (i) Displacement of particles perpendicular to direction of energy propagation B1 
 
  (ii) waves meet / overlap (at a point) B1 

(resultant) displacement is sum of the individual displacements B1 
 
 

 (b) (i) λ = vT  or λ = v / f  and  f = 1 / T C1 

λ = 4.0 × 1.5 

λ = 6.0 (cm) A1 
 

  (ii) path difference [= (44 cm – 29 cm) / 6 cm] = 2.5λ M1 
 

either waves have path difference = (n + ½)λ 
or waves have phase difference = 180°  M1 

 
so destructive interference  A1 

 
 

 (c) (i) intensity ∝ (amplitude)2 C1 
ratio = (0.602

 / 0.902) = 0.44 A1 
 
  (ii) phase difference = 90° A1 
 
 
5 (a) (i) movement / flow of charge carriers B1 
 

  (ii) 
work (done) or energy (transformed)(from electrical to other forms)

charge
 B1 

 
 
 (b) (i) p.d. across one lamp = 2.5 V C1 

resistance = [(8.7 – 7.5) / 0.3] / 2 = 2.0 (Ω) A1 
 
  (ii) straight line through the origin M1 

with gradient of 0.5  A1 
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  (iii) P = I 

2R or  P = VI and V= IR or P = V 2 / R and V= IR  C1 

 = 0.302 × 2.0  = 0.60 × 0.30  = 0.602 / 2.0 
 = 0.18 (W)     A1 

 
  (iv) 1 R = ρl / A C1 

l = (2.0 × 0.40 × 10–6) / 1.7 × 10–8 
  = 47 (m) A1 

 

   2 I = Anvq 

v = 0.30 / (0.40 × 10–6 × 8.5 × 1028 × 1.6 × 10–19) C1 

   = 5.5 × 10–5 (m s–1) A1 
 
 

6 (a) p
1

1
 B1 

νβ−

−

0

0

0

1
  and  B1 

 
 
 (b) an (electron) antineutrino B1 
 
 
 (c) lepton(s) B1 
 
 
 (d) (i) down, down, up / ddu B1 
 
  (ii) a down / d (quark) changes to an up / u (quark)  or  ddu → uud   B1 
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1 (b) (i) Value for θ in range 40° to 50°, to nearest degree, with unit. [1] 
 
  (iii) Value for T in range 1.0 to 2.0 s. [1] 

 

Evidence of repeat readings.  [1] 

 
 

 (c) Six sets of values for θ and time (with correct trend) [4] 

scores 4 marks, five sets scores 3 marks etc. 

 

Range: [1] 

θ values must include 35° or less and 55° or more. 

 
Column headings: [1] 

Each column heading must contain a quantity and a unit where appropriate.  

The presentation of quantity and unit must conform to accepted scientific 

convention 

e.g. 1 / T 

3
 / s

–3
, θ (°) or θ (deg) etc. 

 
Consistency: [1] 

All values of T (or nT ) must be given to the nearest 0.1 s, or all to the nearest 

0.01 s. 

 
Significant figures: [1] 

Every value of 1 / T 

3
 must be given to the same number of significant figures 

as (or one greater than) the significant figures in the corresponding raw time. 
 

Calculation: [1] 

Values of 1 / T 

3
 calculated correctly. 

 

 

 (d) (i) Axes: [1] 

Sensible scales must be used, no awkward scales (e.g. 3:10).  

Scales must be chosen so that the plotted points occupy at least half the 

graph grid in both x and y directions. 

Scales must be labelled with the quantity which is being plotted.  

Scale markings should be no more than 3 large squares apart. 

 

Plotting of points: [1] 

All observations must be plotted on the grid.  

Diameter of plotted points must be ⩽ half a small square (no blobs).  

Plots must be accurate to within half a small square in both x and y 

directions. 

 
Quality:  [1] 

All points in the table must be plotted (at least 5) for this mark to be 

awarded. Scatter of points must be no more than ± 5° from a straight line 

in the y 
(θ ) direction. 
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  (ii) Line of best fit: [1] 

Judged by balance of all points on the grid (at least 5) about the 

candidate’s line. There must be an even distribution of points either side 

of the line along the full length. 

One anomalous point is allowed only if clearly indicated (i.e. circled or 

labelled) by the candidate.  

Lines must not be kinked or thicker than half a small square.  

 

 

  (iii) Gradient: [1] 

The hypotenuse of the triangle used must be greater than half the length 

of the drawn line.  

Method of calculation must be correct. 

Both read-offs must be accurate to half a small square in both the x and y 
directions. 

 
y-intercept: [1] 

 
Either 
Correct read-off from a point on the line substituted into y = mx + c or an  

equivalent expression, with read-off accurate to half a small square in 

both x and y directions. 

 

Or  
Intercept read directly from the graph, with read-off at x = zero accurate to 

half a small square in y direction.  

 
 
 (e) Value of a equal to candidate’s gradient. Value of b equal to candidate’s 

intercept. [1] 

The values must not be fractions. 

 
Unit for a is correct and consistent with value. [1] 

Unit for b is correct and consistent with value.  

 

    [Maximum mark: 20] 
 

 

2 (b) (i) φ in range 10 to 20°, with unit. [1] 

 
  (ii) Value for h1 to nearest mm. [1] 

 
  (iv) Correct calculation of v, with correct unit. [1] 

 
 
 (c) Justification based on number of significant figures in h1 and h2. [1] 

 
 
 (d) (ii) Value of R to nearest mm. [1] 

 
Evidence of repeat readings of R. [1] 
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 (e) Absolute uncertainty in R in range 2 to 10 mm.  [1] 

If repeated readings have been taken, then the absolute uncertainty can be 

half the range if the working is shown (but not zero if values are equal). 

Correct method of calculation to obtain percentage uncertainty. 

 
 

 (f) Second values of φ, h1 and h2. [1] 

 
Second value of R. [1] 

 
Quality: [1] 

Second R less than first R. 
 
 
 (g) (i) Two values of k calculated correctly. [1] 

 

  (ii) Valid comment consistent with the calculated values of k, testing against a 

criterion. [1] 

 

 
 (h) (i) Two readings are not enough to  [4 max] 

draw a valid conclusion  

 

Difficult to measure φ / 

parallax error when measuring φ 

 

Difficult to measure R with reason e.g. 

parallax error / 

estimating centre of sphere 

 

Sphere rolls after landing 

 

φ deflects with marble / 

ramp not steady / 

ramp flexible / 

ball rolls off side / 

block moves 

 

Difficult to release marble from same position each time / 

difficult to release marble without a force 
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  (ii) Take more readings and plot a graph /  [4 max] 

calculate more k values and compare   

 

Workable alternative method  for φ e.g. 

measure φ on photo or shadow /  

larger protractor / 

draw tangent on block / 

hold ruler as tangent 

 

Use two setsquares to measure R (with  description of method) / 

measure to edge of sphere and add half diameter 

 

Video with scale / 

dye on ball to mark paper / 

clay to show landing mark / 

sticky surface to stop rolling 

 

Detail of method to make ramp rigid / 

match sizes of ball and track so that ball runs straight / 

method of fixing block 

 

Use a stop on the ramp / 

use electromagnetic release 

 

    [Maximum mark: 20] 
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1 (a) force proportional to product of the (two) masses and inversely 
proportional to the square of their separation M1 
either reference to point masses or separation << ‘size’ of masses A1 [2] 

 
 
 (b) gravitational force provides / is the centripetal force  B1 
 

GMm / r 

2 = mv 

2
 / r  or  GMm / r 2 = mrω 

2 and v = rω  
and algebra leading to v = (GM / r )1

 

/
 

2
 B1 [2] 

 
 
 (c) (i) 1. vA / vB = (rB / rA)1

 

/
 

2 

= (2.2 × 1010
 / 1.3 × 108)1

 

/
 

2 C1 
= 13 (13.0) A1 [2] 

 
 

   2. v = 2πr / T  or  v ∝ r / T  or  vT / r = constant C1 

TA / TB = (rA / rB) × (vB / vA) 

= (1.3 × 108
 / 2.2 × 1010) × (1 / 13) C1 

= 4.5 (4.54) × 10–4 A1 
 

or 
 

T 

2 = 4π
2r 3 / GM  or  T 

2 ∝ r 3  or  T 2 / r 3 = constant (C1) 
TA / TB = (rA

3
 / rB

3)1
 

/
 

2 

= [(1.3 × 108)3
 / (2.2 × 1010)3]1 

/
 

2 (C1) 

= 4.5 (4.54) × 10–4 (A1) [3] 
 

  (ii) T = 2π / 1.7 ×10–4 

= 3.70 × 104
 s  C1 

TB = 3.70 × 104
 / 4.54 × 10–4 

= 8.1 × 107
 s A1 [2] 

If identifies TA as TB then 0 / 2 
 
 
2 (a) (i) sum of kinetic and potential energy of atoms/molecules  M1 

reference to random (distribution)   A1 [2] 
 
  (ii) no forces (of attraction or repulsion) between molecules  B1 [1] 
 
 
 (b) pV = NkT  or  pV = nRT  and  R = kNA , n = N / NA    B1 

1/3 Nm<c 

2> = NkT  or  1/3 m<c 

2> = kT B1 
<EK> = 1/2 m<c 

2>  so  <EK> = 3/2 kT B1 [3] 
 
 

 (c) (i) <EK> = 3/2 × 1.38 × 10–23 × (273 + 12) C1 

= 5.9 (5.90) × 10–21
 J A1 [2] 

 
(use of T = 12 K not T = 285 K scores 0 / 2) 

 

  (ii) number = (17 / 32) × 6.02 × 1023   C1 

= 3.2 (3.20) × 1023 A1 [2] 
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  (iii) internal energy = 5.9 × 10–21 × 3.2 × 1023 

= 1900 (1890) J A1 [1] 
 
 
3 (a) the (thermal) energy per unit mass to raise the temperature M1 

of a substance by one degree A1 [2] 
 

(If ratio not clear for M1 mark, allow 1 / 2 marks for an otherwise correct answer) 
 
 
 (b) (i) to allow for / determine / cancel heat transfer to / from tube / surroundings B1 [1] 
 

(do not allow ‘to stop / prevent’ heat loss) 
 

  (ii) either P = mc∆θ  ± h 

or 44.9 = 1.58 × 10–3 × c × (25.5 – 19.5) ± h  

or 33.3 = 1.11 × 10–3 × c × (25.5 – 19.5) ± h B1 

(44.9 – 33.3) = (1.58 – 1.11) × 10–3 × c × (25.5 – 19.5) C1 
c = 4100 (4110) J kg–1

 K–1 A1 [3] 
 

(allow 1 / 3 for use of only 33.3 W, 1.11 g s–1 leading to 5000 J kg 

–1
 K 

–1) 
(allow 1 / 3 for use of only 44.9 W, 1.58 g s–1 leading to 4740 J kg 

–1
 K 

–1) 
 
 
 (c) V0 = 27 or Vrms = 19.1 C1 

33.3 = 272
 / 2R or 33.3 = 19.12

 / R C1 

R = 11 Ω   A1 [3] 
 
 
4 (a) amplitude = 1.8 cm  and  period = 0.30 s A1 [1] 
 
 

 (b) EK = ½m ω 

2 (x0

2 – x2) or EK = ½mv2  and  v = ± ω √(x0

2

 – x2)  C1 

= ½ × 0.080 × (2π / 0.30)2 × [(1.8 × 10–2)2 – (1.2 × 10–2)2]   C1 

= 3.2 × 10–3
 J A1 [3] 

 
 
5 (a) (i) (series of) ‘highs’ and ‘lows’ / ‘on’ and ‘off’ / 1’s and 0’s / two values M1 

with no intermediate values / the values are discrete A1 [2] 
 
  (ii) either use higher sampling frequency / rate 

or use more bits in each sample / each digital number  
or use more levels in each sample B1 [1] 

 
 
 (b) voltage = 30 mV A1 [1] 
 
 

6 (a) speed = Z / ρ 

= 1.4 × 106
 / 940 (=1490) C1 

time = (1.1 × 10–2 × 2) / 1490 C1 

= 1.5 × 10–5
 s A1 [3] 

(time of 7.4 × 10–6
 s is one way only and scores 2 / 3 marks) 

(use of speed of light is wrong physics and scores 0 / 3 marks) 



Page 4 Mark Scheme Syllabus Paper 

 Cambridge International AS/A Level – March 2016 9702 42 
 

© Cambridge International Examinations 2016 

 (b) I = I0 exp (–µx)   or  I2 = I1 exp(–µx) C1 

ratio = exp (– 48 × 1.1 × 10–2) 
= 0.59 A1 [2] 

 
 

 (c) 0.33 / 100 = 0.59 × (I3 / I2) × 0.59 C1 

ratio = 9.5 × 10–3

 A1 
or 

0.33 / 100 = exp (– 48 × 2.2 × 10–2) × (I3 / I2)   (C1) 

ratio = 9.5 × 10–3 (A1) [2] 
 
 

 (d) ratio I3 / I2 increases   B1 [1] 
(accept: “there is an increase in the proportion of the intensity that is reflected”) 

 
 
7 (a) (capacitance =) charge / potential (difference)  B1 [1] 
 
 

 (b) V = V1 + V2 + V3 B1 
either Q / C = Q / C1 + Q / C2 + Q / C3  or  V / Q = V1 / Q + V2 / Q + V3 / Q 

and so 1 / C = 1 / C1 + 1 / C2+ 1 / C3  B1 [2] 
 
 
 (c) (i) 1. 1 / CT = (1 / 200) + (1 / 600) 

CT = 150 µF A1 [1] 
 
   2. Q = CV 

= 150 × 10–6 × 12  or  600 × 10–6 × 3.0  or  200 × 10–6 × 9.0 

= 1.8 × 10–3
 C A1 [1] 

 

   3. V = Q / C = 1.8 × 10–3
 / 600 × 10–6  or  V = [200 / (200 + 600)] × 12 

= 3(.0) V A1 [1] 
 
  (ii) energy = ½CV 2  or  energy = ½QV and C = Q / V C1 

1/2 × C × 32 = 2 × 1/2 × C × V 

2 C1 
V = 2.1 V    A1 [3] 

 
 
8 (a) decreases gain B1 

increases bandwidth / decreases distortion / increases (operating) stability  B1 [2] 
 
 

 (b) (i) additional resistor connected between 7.2 kΩ resistor and earth  B1 

V 

– joined to lower end of 7.2 kΩ resistor and V 

+ joined to VIN B1 [2] 
 
  (ii) either  5 = 1 + (7.2 / R)  or  5 = 1 + (7200 / R) C1 

R = 1.8 kΩ A1 [2] 
 
  (iii) horizontal line from (0, 8.0) to (1.8, 8.0)  B1 

straight line from (1.8, 8.0) to (5.0, 0)  B1 [2] 
 

(allow a tolerance of ± ½ small square when marking the graph) 
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9 (a) direction of force due to electric field opposite to force due 
to magnetic field B1 
electric field is up the page B1 [2] 

 
 
 (b) force due to electric field = force due to magnetic field  or  Eq = Bqv B1 

E = Bv C1 

= 9.7 × 10–2 × 1.6 × 105 

= 1.6 (1.55) × 104
 V m–1 A1 [3] 

 
 
 (c) q / m = v / Br C1 

= 1.6 × 105
 / (9.7 ×10–2 × 4.0 × 10–2) C1 

= 4.1 (4.12) × 107
 C kg–1 A1 [3] 

 
 

 (d) (i) m = (3 × 1.60 × 10–19) / (4.12 × 107) C1 

m = 1.16 × 10–26
 / 1.66 × 10–27 

= 7(.0) u (allow 7.1 u) A1 [2] 
 
  (ii) 3 protons, 4 neutrons A1 [1] 
 
 

10 (a) (i) change in flux linkage = 40 × (5.0 – 3.0) × 10–6 

= 8(.0) × 10–5
 Wb A1 [1] 

 

  (ii) time taken = 8.0 × 10–5
 / 5.0 × 10–4  

= 0.16 (s) C1 

speed = 3.0 × 10–2
 / 0.16 

= 0.19 (0.188) m s–1 A1 
 
or 
 

E = (∆Φ / ∆x) × speed 

speed = 5.0 × 10–4 / (8.0 ×10–5 / 3.0 ×10–2)   (C1) 
= 0.19 (0.188) m s–1  (A1) [2] 

 
 
 (b) a constant non-zero value of E from 0 to 3 cm and  

a different constant non-zero value of E from 3 to 6 cm M1 
E from 3–6 cm has the opposite sign to and larger value than E from 0–3 cm  A1 [2] 

 
 
11 (a) minimum frequency for electron(s) to be emitted (from surface) M1 

reference to frequency of electromagnetic radiation / photon  A1 
 
or 
 
frequency causing emission of electron(s) 

from surface with zero kinetic energy (M1) 
reference to frequency of electromagnetic radiation / photon  (A1) [2] 
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 (b) (i) positive intercept on (1 / λ)-axis (when extrapolated) B1 
straight line with positive gradient B1 [2] 

 
  (ii) gradient = hc where c is the speed of light B1 [1] 
 
  (iii) maximum kinetic energy when electron emitted from surface B1 

energy is required to bring an electron to the surface  B1 [2] 
 
  (iv) each photon has more energy M1 

fewer photons per unit time M1 
fewer electrons per unit time / less current  A1 [3] 

 
 
12 (a) (i) the penetration of the beam  B1 [1] 
 
  (ii) either decrease the accelerating voltage  
   or decrease voltage between cathode and anode  B1 [1] 
 
 
 (b) advantage: image gives depth / image is 3D / final image can be  

viewed from any angle B1 
disadvantage: greater exposure / more risk to health / more expensive /  
person must remain stationary B1 [2] 

 
 

13 (a) λ = ln2 / T½ 

= ln2 / (53.3 × 24 × 60 × 60) =1.5 × 10–7 s–1  A1 [1] 
 
 

 (b) A = λN   C1 

N = 39 × 10–3
 / 1.5 × 10–7 = 2.6 ×105 

m = (2.6 × 105
 / 6.0 × 1023) × 7 × 10–3  or  2.6 × 105 × 1.66 × 10–27 × 7  C1 

= 3.0 × 10–21
 kg A1 [3] 

 
 

 (c) 2 / 39 = exp (–1.5 × 10–7 × t )  or  2 / 39 = (1 / 2)[t
 

/
 

(53.3 × 24 × 3600)]  C1 

t = 2.0 × 107
 s A1 [2] 
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1 Planning (15 marks) 
 

Defining the problem (2 marks) 
 
P k is the independent variable and h is the dependent variable, or vary k, measure h. [1] 

 

P Keep mass of object constant. [1] 

 

Methods of data collection (4 marks) 
 
M Labelled diagram (minimum two labels) showing object (mass) attached to cord and other 

end of cord fixed (e.g. stand and clamp or hook) and rule(r) drawn vertically next to cord. [1] 

 

M Method of measuring mass e.g. balance / scales. [1] 

 

M k = (weight or force) / extension or mg / extension; allow graphical methods. 

Allow any subject e.g. mg = k × extension. [1] 

 

M Use of rule to measure h or maximum distance / length (fallen by the object).  
Allow clear indication on diagram (i.e. dotted lines) linking distance h to rule. 

Do not credit length of cord. [1] 

 

Method of analysis (3 marks) 

� Plot a graph of 
( )

2

h L

h

−

 against 1 / k [Allow 2 / k or 2m / k or m / k] [1] 

 

� g = gradient / 2m [gradient / m or gradient or gradient / 2] [1] 

 
� Relationship is valid if the graph is a straight line passing through the origin. [1] 

 
Additional detail (6 marks) 
 
D Relevant points [6] 

1 Keep starting point constant/drop object from same position / use of electromagnet to drop 

object / ensure mass is dropped from fixed point / check object falls vertically 

2 Rule(r) fixed e.g. retort stand 

3 Method to determine extension, e.g. measure length of stretched cord and subtract original 

length / 50.0 cm. [Accept from a diagram] 

4 Safety precaution linked to prevention of mass / cord hitting a person – use safety 

screen / goggles; sand tray to catch falling object if cord breaks 

5 Trial experiment to locate approximate point of h / to prevent object hitting surface 

6 Detailed use of video camera with slow motion or frame by frame playback / motion sensor 

clearly explained  

7 Cord obeys Hooke’s law or must not exceed elastic limit 

8 Use set square to ensure ruler is vertical 

9 For each cord, repeat experiment determine average h 

 

 

Do not allow vague computer methods. 

[Total: 15 marks] 
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2 Analysis, conclusions and evaluation (15 marks) 
 

Part Mark Expected Answer 

(a) A1 
Gradient = 

m
c

P

θ∆
 

y-intercept = 
w w

m c k

P

θ∆ +
 

(b) T1 Column heading mm / g 

100 

200 

300 

400 

500 

600 

 U1 From ± 10 to ± 60 

(c)(i) G1 Six points plotted correctly 

 U2 Error bars in mm plotted correctly 

(ii) G2 Line of best fit 

 G3 Worst acceptable straight line. 

Steepest or shallowest possible line that passes through all the 

error bars. 

(iii) C1 Gradient of best fit line 

 U3 Difference in worst gradient and gradient. 

(iv) C2 y-intercept 

 U4 Uncertainty in y-intercept 

(d)(i) C3 cm in the range 470 to 530 and given to 2 or 3sf  

 C4 k =y-intercept x P – mwcw∆θ  
k =y-intercept x 50 – 21000 

 C5 Units for cm and k 

(ii) U5 Percentage uncertainty in Cm 

 
    [Total: 15 marks] 
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Uncertainties in Question 2 
 

 (c) (iii) Gradient [U3] 
 

1 Uncertainty = gradient of line of best fit – gradient of worst acceptable line 

 

2 Uncertainty = ½ (steepest worst line gradient – shallowest worst line gradient) 

 

  (iv) [U4] 
 

1 Uncertainty = y-intercept of line of best fit – y-intercept of worst acceptable line 

 

2 Uncertainty = ½ (steepest worst line y-intercept – shallowest worst line y-intercept) 

 

 (d) (ii) [U5] 
 

1 
5 0.5

% 100 100 12.5%
50 20

gradient gradient
uncertainty x x

gradient gradient

   ∆ ∆
= + + = +   
   

 

 

2 
max    max   55

max
min  19.5

m

gradient xmax power gradient x
c

temperaturechange
= =  

 

3 
min    min  45

min
max  20..5

m

gradient xmin power gradient x
c

temperaturechange
= =  

 



 

 

This document consists of 17 printed pages and 3 blank pages. 

IB16 03_9702_12/7RP 
© UCLES 2016 [Turn over 
 

 

*4633464165*

 

Cambridge International Examinations 
Cambridge International Advanced Subsidiary and Advanced Level 

  
 

PHYSICS 9702/12 
  

Paper 1  Multiple Choice February/March 2016 
 

 1 hour 15 minutes 
 

Additional Materials: Multiple Choice Answer Sheet  
 Soft clean eraser  
 Soft pencil (type B or HB is recommended)  

  
 

READ THESE INSTRUCTIONS FIRST 

 
Write in soft pencil. 

Do not use staples, paper clips, glue or correction fluid. 

Write your name, Centre number and candidate number on the Answer Sheet in the spaces provided 
unless this has been done for you. 

DO NOT WRITE IN ANY BARCODES. 

 

There are forty questions on this paper. Answer all questions. For each question there are four possible 
answers A, B, C and D.  

Choose the one you consider correct and record your choice in soft pencil on the separate Answer Sheet. 

 

Read the instructions on the Answer Sheet very carefully. 

 

Each correct answer will score one mark. A mark will not be deducted for a wrong answer. 

Any working should be done in this booklet. 

Electronic calculators may be used. 

 

 

 



2 

© UCLES 2016 9702/12/F/M/16  

Data 

speed of light in free space c = 3.00 × 108
 m s–1 

permeability of free space µ
0
 = 4π × 10–7

 H m–1 

permittivity of free space ε
0 
 = 8.85 × 10–12

 F m–1 

 (
0

4

1

επ

 = 8.99 × 109
 m F–1) 

elementary charge e = 1.60 × 10–19
 C 

the Planck constant h = 6.63 × 10–34
 J s 

unified atomic mass unit 1 u = 1.66 × 10–27
 kg 

rest mass of electron me = 9.11 × 10–31
 kg 

rest mass of proton mp = 1.67 × 10–27
 kg 

molar gas constant R = 8.31 J K–1
 mol–1 

the Avogadro constant NA = 6.02 × 1023
 mol–1 

the Boltzmann constant k = 1.38 × 10–23
 J K–1 

gravitational constant G = 6.67 × 10–11
 N m2

 kg–2 

acceleration of free fall g = 9.81 m s–2 
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Formulae 

uniformly accelerated motion s = ut + 2

2

1
at  

 v 

2 = u 

2 + 2as 

work done on/by a gas W = p∆V 

gravitational potential φ = – 

r

Gm
 

hydrostatic pressure p = ρ gh 

pressure of an ideal gas p = 
V

Nm
3

1 <c 

2> 

simple harmonic motion a = – ω 

2x 

velocity of particle in s.h.m. v = v0 cos ωt 

 v = ± ω )( 22

0
xx −  

Doppler effect 
o
f  = 

s

s

vv

vf

±

 

electric potential V = 
r

Q

0
4 επ

 

capacitors in series 1 / C = 1 / C1 + 1 / C2 + . . . 

capacitors in parallel C = C1 + C2 + . . . 

energy of charged capacitor W = QV
2

1  

electric current I  = Anvq 

resistors in series R = R1 + R2 + . . . 

resistors in parallel 1 / R = 1 / R1 + 1 / R2 + . . . 

Hall voltage VH = 
ntq

BI
 

alternating current/voltage x = x0 sin ωt 

radioactive decay x = x0 exp(–λt) 

decay constant λ = 

2

1

0.693

t
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1 The prefixes nano (n), micro (µ) and pico (p) are often used with units. 
 

Which row shows their correct values? 
 

 n µ p 

A 10–6 10–9 10–12 

B 10–6 10–12 10–9 

C 10–9 10–6 10–12 

D 10–12 10–9 10–6 

 
 
2 A crane has an arm to which is attached a frictionless pulley. A cable passes over the pulley and 

supports a load of 10 kN as shown. 
 

30°
30°

load

10 kN

10 kN frictionless pulley

F

crane arm

 
 

The crane arm exerts a force F on the pulley. 
 

What is the value of F ? 

A 5.0 kN B 8.7 kN C 10 kN D 17 kN 
 
 

3 The SI unit of specific heat capacity is J kg–1
 K–1. 

 What is the unit of specific heat capacity expressed in SI base units? 

A m s–2
 K–1 B kg m s–1

 K–1 C m2
 s–2

 K–1 D kg m2
 s–1

 K–1 

 
 
4 Quantity X has a fractional uncertainty of x. Quantity Y has a fractional uncertainty of y. 
 

What is the fractional uncertainty in 
2

Y

X
? 

A x + y B x – y C x + 2y D x – 2y 
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5 PQR and XYZ are wires in a circuit. A galvanometer connects Q and Y as a null indicator. 
 

P Q R

X Y Z 
 

When the galvanometer reads zero, which statement is correct? 

A The potential difference between Q and Y is infinite. 

B The potential difference between Q and Y is zero. 

C The resistance between Q and Y is infinite. 

D The resistance between Q and Y is zero. 
 
 
6 An object has an initial velocity u and an acceleration a. The object moves in a straight line 

through a displacement s and has final velocity v. 
 

The above quantities are related by the equation shown. 
 

v 

2 = u 

2 + 2as 
 

Which condition must be satisfied in order for this equation to apply to the motion of the object? 

A The direction of a is constant and the direction of a is the same as the direction of s. 

B The direction of a is constant and the direction of a is the same as the direction of u. 

C The magnitude of a is constant and the direction of a is constant. 

D The magnitude of a is constant and the direction of a is the same as the direction of v. 
 
 
7 A car is travelling at constant velocity. Its brakes are then applied, causing uniform deceleration. 
 

Which graph shows the variation with distance s of the velocity v of the car? 
 

0
0

v

s

A

0
0

v

s

B

0
0

v

s

C

0
0

v

s

D

 
 
 



6 

© UCLES 2016 9702/12/F/M/16  

8 A ball is thrown across a flat field. 
 

path of ball

 
 

Which statement describes the motion of the ball, when the effects of air resistance are ignored? 

A The ball lands with the same velocity at which it is thrown. 

B The horizontal component of acceleration is constant throughout the motion. 

C The horizontal and vertical components of acceleration are both zero at the highest point of 
the motion. 

D The horizontal and vertical components of velocity are both zero at the highest point of the 
motion. 

 
 
9 Which statement defines force? 

A When a force acts on a body that is free to move, the force is the product of the mass of the 
body and its acceleration. 

B When a force acts on a body that is free to move, the force is the rate of change of 
momentum of the body. 

C When a force acts on a body that is free to move, the force is the work done by the force 
divided by the distance moved by the body. 

D When a force acts on a lever and causes a moment, the force is the moment divided by the 
perpendicular distance of the force from the pivot. 
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10 A particle of mass m, travelling with speed u, collides with a stationary particle of mass M. The 
velocities of the two particles before and after the collision are shown. 

 

before collision after collision

m

u

M

m

M

β
α

u
3

u
2

 
 

Which vector diagram correctly shows the momenta before and after the collision? 
 

βα
mu

A

mu
2 Mu

3

βα
mu

mu
2 Mu

3

B

C

β α
mu

mu
2 Mu

3

β α
mu

mu
2 Mu

3

D
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11 An object falls freely from rest in a vacuum. The graph shows the variation with time t of the 
velocity v of the object. 

 

0
0 t

v

 
 

Which graph, using the same scales, represents the object falling in air? 
 

t

v

A

t

v

B

t

v

C

t

v

D

0
0

0
0

0
0

0
0  

 
 
12 The diagram shows a uniform beam PQ. The length of the beam is 3.0 m and its weight is 50 N. 

The beam is supported on a pivot 1.0 m from end P. A load of weight W is hung from end P and 
the beam is in equilibrium.  

 

pivot

1.0 m

3.0 m

W

P Q

 
 

What is the value of W ? 

A 25 N B 50 N C 75 N D 100 N 
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13 Two forces, each of magnitude F, act at points V and W on an object. 
 

The two forces form a couple. The shape of the object is a right-angled triangle with sides of 
lengths x and y, as shown. 

 
F

FW

V

x
y

 
 

Which expression gives the torque exerted by the couple? 

A Fx B Fy C 2Fx D 2Fy 
 
 
14 A giant squid of length 20.0 m is vertical in seawater, with the top of the squid at a depth of 

8.00 m. The density of seawater is 1050 kg m–3. 

What is the difference in pressure between the top and the bottom of the squid? 

A 82 000 Pa B 206 000 Pa C 288 000 Pa D 389 000 Pa 
 
 
15 The force diagram shows an aircraft accelerating. At the instant shown, the velocity of the aircraft 

is 40 m s–1. 
 

600 kN lift

500 kN
engine thrust

200 kN
air resistance

600 kN weight

velocity 40 m s–1

 

 
 

At which rate is its kinetic energy increasing? 

A 2.4 MW B 8.0 MW C 12 MW D 20 MW 
 
 
16 A man is running in a straight line. 
 

What is an approximate value of his kinetic energy? 

A 10 J B 100 J C 1000 J D 10 000 J 
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17 The pump of a water pumping system uses 2.0 kW of electrical power when raising water. The 
pumping system lifts 16 kg of water per second through a vertical height of 7.0 m. 

 
What is the efficiency of the pumping system? 

A 1.8% B 5.6% C 22% D 55% 
 
 
18 A metal wire is stretched by a load. The force-extension graph is shown. 
 

force

extension
0

0
 

 
What is represented by the area under the whole graph? 

A the change in gravitational potential energy of the wire 

B the energy that would be released from the wire if the final load was removed 

C the energy transferred into heat energy in the wire 

D the work done in stretching the wire 
 
 
19 The Young modulus of steel is twice that of copper. 
 

A 50 cm length of copper wire of diameter 2.0 mm is joined to a 50 cm length of steel wire of 
diameter 1.0 mm, making a combination wire of length 1.0 m, as shown. 

 
fixed support

copper wire

steel wire

weight
 

 
The combination wire is stretched by a weight added to its end. Both the copper and the steel 
wires obey Hooke’s law. 

 

What is the ratio 
 wirecopper of extension

 wiresteel of extension
? 

A 4 B 2 C 1 D 0.5 
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20 With which types of wave can the Doppler shift be observed? 

A all types of wave 

B light and sound waves only 

C sound waves and water waves only 

D sound waves only 
 
 

21 A distant star is receding from the Earth with a speed of 1.40 × 107
 m s–1. It emits light of 

frequency 4.57 × 1014
 Hz. The speed of light is 3.00 × 108

 m s–1. 
 

The Doppler effect formula can be used with light waves. 
 

What will be the frequency of this light when detected on Earth? 

A 2.04 × 1013
 Hz 

B 4.37 × 1014
 Hz 

C 4.57 × 1014
 Hz 

D 4.79 × 1014
 Hz 

 
 
22 The graph shows the variation with time of the displacement of two separate waves X and Y. 
 

0
0

displacement

time

wave Y

wave X

 
 

Wave X has frequency f and amplitude A. 
 

What is the frequency and what is the amplitude of wave Y? 
 

 frequency amplitude 

A 
2

1 f 
2

1 A 

B 
2

1 f 2A 

C 2f 
2

1 A 

D 2f 2A 
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23 Diffraction is a term used to describe one aspect of wave behaviour. 
 

What does diffraction make possible? 

A the ability to hear around corners 

B the ability to hear high frequency and low frequency sound waves 

C the ability to hear loud and quiet sounds 

D the ability to hear sound through a brick wall 
 
 
24 The diagram represents the pattern of stationary waves formed by the superposition of sound 

waves from a loudspeaker and their reflection from a metal sheet (not shown). 
 

W X Y Z

 
 

W, X, Y and Z are four points on the line through the centre of these waves. 
 

Which statement about these stationary waves is correct? 

A An antinode is formed at the surface of the metal sheet. 

B A node is a quarter of a wavelength from an adjacent antinode. 

C The oscillations at X are in phase with those at Y. 

D The air particles oscillate perpendicular to the line WZ. 
 
 
25 A musical instrument called a bugle is a long tube with a mouthpiece at one end. The other end is 

open and flared, as shown. 
 

 
 

A musician maintains stationary sound waves with a node at the mouthpiece and an antinode at 
the other end. The lowest frequency of sound that the bugle can produce is 92 Hz. 

 
Which different frequencies of sound can be produced by the bugle? 

A 92 Hz, 138 Hz, 184 Hz, 230 Hz, 276 Hz 

B 92 Hz, 184 Hz, 276 Hz, 368 Hz, 460 Hz 

C 92 Hz, 276 Hz, 460 Hz, 644 Hz, 828 Hz 

D 92 Hz, 276 Hz, 828 Hz, 2484 Hz, 7452 Hz 
 
 

26 Monochromatic light of wavelength 5.30 × 10–7
 m is incident normally on a diffraction grating. The 

first order maximum is observed at an angle of 15.4° to the direction of the incident light. 

 What is the angle between the first and second order diffraction maxima? 

A 7.7°  B 15.4° C 16.7° D 32.1° 
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27 The diagram shows an electron in a uniform electric field. 
 

In which direction will the field accelerate the electron? 
 

electric
field

electron

A 

B 

C 

D 

 
 
 

28 The electric field strength at a certain distance from an isolated alpha particle is 3.0 × 107
 N C–1. 

 
What is the force on an electron when at that distance from the alpha particle? 

A 4.8 × 10–12
 N 

B 9.6 × 10–12
 N 

C 3.0 × 107
 N 

D 6.0 × 107
 N 

 
 
29 Two large parallel plates X and Y are placed a distance of 5.0 mm apart and connected to the 

terminals of a 200 V d.c. supply, as shown. 
 

X Y

P

200 V

5.0 mm

 
 

A small oil drop at P carries one excess electron. 
 

What is the magnitude of the electrostatic force acting on the oil drop due to the electric field 
between the plates? 

A 6.4 × 10–15 N 

B 6.4 × 10–18 N 

C 1.6 × 10–19 N 

D 4.0 × 10–24 N 
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30 An electrical conductor has a resistance of 5.6 kΩ. A potential difference (p.d.) of 9.0 V is applied 
across its ends. 

 
How many electrons pass a point in the conductor in one minute? 

A 6.0 × 1020 B 1.0 × 1019 C 6.0 × 1017 D 1.0 × 1016 
 
 

31 A fixed resistor of resistance 12 Ω is connected to a battery. There is a current of 0.20 A in the 
resistor. The current is now doubled. 

 
What is the new power dissipated in the resistor? 

A 0.48 W B 0.96 W C 1.92 W D 4.8 W 
 
 
32 Which measurements are taken in order to calculate the resistivity of the metal of a piece of 

wire? 

A p.d., current, area, length 

B p.d., current, diameter, length 

C resistance, area, length 

D resistance, length, radius 
 
 
33 A 12 V battery is charged for 20 minutes by connecting it to a source of electromotive force 

(e.m.f.). The battery is supplied with 7.2 × 104
 J of energy in this time. 

 
How much charge flows through the battery? 

A 5.0 C B 60 C C 100 C D 6000 C 
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34 Three cells with e.m.f.s V1, V2 and V3, have negligible internal resistance. These cells are 
connected to three resistors with resistances R1, R2 and R3, as shown. 

 

R3R2
V3

R1
V1

V2

I

 
 

The current in the circuit is I. 
 

Which equation is correct? 

A V1 + V2 + V3 = I (R1 + R2 + R3) 

B V1 + V2 – V3 = I (R1 + R2 + R3) 

C V1 – V2 + V3 = I (R1 + R2 + R3) 

D V1 – V2 – V3 = I (R1 + R2 + R3) 
 
 
35 Three resistors, each of resistance R, are connected in a network, as shown. 
 

X Y

R

R R
 

 

The total resistance between points X and Y is 8.0 Ω. 
 

What is the value of R ? 

A 2.7 Ω B 4.0 Ω C 5.3 Ω D 12 Ω 
 
 
36 In deriving a formula for the combined resistance of three different resistors in series, Kirchhoff’s 

laws are used. 
 

Which physics principle is involved in this derivation? 

A the conservation of charge 

B the direction of the flow of charge is from negative to positive 

C the potential difference across each resistor is the same 

D the current varies in each resistor, in proportion to the resistor value 
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37 The battery of a car has an internal resistance of 0.10 Ω and an electromotive force of 12 V. When 
the battery is connected to the starter motor, the potential difference across the battery terminals 
is 7.0 V. 

 
What is the current supplied to the starter motor? 

A 50 A  B 70 A C 120 A D 190 A 
 
 

38 A sample of an isotope emits β– particles. 
 

The emitted β– particles have a range of energies. 
 

What must also be emitted? 

A antineutrinos 

B neutrinos 

C antineutrons 

D neutrons 
 
 

39 A nucleus of magnesium decays into a nucleus of sodium by emitting a β
+
 particle. The decay is 

represented by the equation shown. 
 

Mg23

12
  →  Na

P

Q   +  β
+

0

1
 

 
What are the values of P and Q? 

 

 P Q 

A 22 11 

B 22 13 

C 23 11 

D 23 13 
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40 Thorium-234 Th)(234
90

 decays by β– emission into a daughter product which in turn decays by a 

further β– emission into a granddaughter product. 
 

Which letter in the diagram represents the granddaughter product? 
 

232 233 234

nucleon number

235 236

92

91

90proton
number

89

88

A B

C D
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Data

speed of light in free space c = 3.00 × 108 m s−1

permeability of free space μ0 = 4π × 10−7 H m−1

permittivity of free space ε0 = 8.85 × 10−12 F m−1

 (
1

4πε0
  = 8.99 × 109 m F−1)

 
elementary charge e = 1.60 × 10−19 C

the Planck constant h = 6.63 × 10−34 J s

unified atomic mass unit 1 u = 1.66 × 10−27 kg

rest mass of electron me = 9.11 × 10−31 kg

rest mass of proton mp = 1.67 × 10−27 kg

molar gas constant R = 8.31 J K−1 mol−1

the Avogadro constant NA = 6.02 × 1023 mol−1

the Boltzmann constant k = 1.38 × 10−23 J K−1

gravitational constant G = 6.67 × 10−11 N m2 kg−2

acceleration of free fall g = 9.81 m s−2
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Formulae

uniformly accelerated motion s = ut + 12 at 2

 v 2 = u 2 + 2as

work done on/by a gas W = pΔV

gravitational potential φ  = − 
Gm

r

hydrostatic pressure p = ρgh

pressure of an ideal gas p = 13 

Nm
V

〈c2〉

simple harmonic motion a = − ω 2x

velocity of particle in s.h.m. v = v0 cos ωt

 v = ± ω √⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ (x0
2 – x2)

Doppler effect fo = 
fsv

v ± vs

electric potential V = Q
4πε0r

capacitors in series 1/C = 1/C1 + 1/C2 + . . .

capacitors in parallel C = C1 + C2 + . . .

energy of charged capacitor W = 1
2 QV

electric current I = Anvq

resistors in series R = R1 + R2 + . . .

resistors in parallel 1/R = 1/R1 + 1/R2 + . . .

Hall voltage VH = 
BI
ntq

alternating current/voltage x = x0 sin ω  t

radioactive decay x = x0 exp(−λt )

decay constant λ = 
0.693

t 1
2
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Answer all the questions in the spaces provided.

1 The speed v of a transverse wave on a uniform string is given by the expression

v = T l
m

 where T  is the tension in the string, l is its length and m is its mass.

 An experiment is performed to determine the speed v of the wave. The measurements are shown 
in Fig. 1.1.

quantity measurement uncertainty

T

l

m

1.8 N

126 cm

5.1 g

± 5%

± 1%

± 2%

Fig. 1.1

 (a) State an appropriate instrument to measure the length l.

 .............................................................................................................................................. [1]

 (b) (i) Use the data in Fig. 1.1 to calculate the speed v.

 v =  .................................................  m s−1  [2]

  (ii) Use your answer in (b)(i) and the data in Fig. 1.1 to determine the value of v, with its 
absolute uncertainty, to an appropriate number of significant figures.

 v = ...................................... ± ...................................... m s−1  [3]

[Total: 6]
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2 (a) Define acceleration.

 ...................................................................................................................................................

 .............................................................................................................................................. [1]

 (b) A ball is kicked from horizontal ground towards the top of a vertical wall, as shown in Fig. 2.1.

28°

path of ball

ball wall

horizontal
ground

v

24 m

Fig. 2.1 (not to scale)

  The horizontal distance between the initial position of the ball and the base of the wall is 24 m. 
The ball is kicked with an initial velocity v at an angle of 28° to the horizontal. The ball hits the 
top of the wall after a time of 1.5 s. Air resistance may be assumed to be negligible.

  (i) Calculate the initial horizontal component vX of the velocity of the ball.

 vX =  .................................................  m s−1  [1]

  (ii) Show that the initial vertical component vY of the velocity of the ball is 8.5 m s−1.

[2]

  (iii) Calculate the time taken for the ball to reach its maximum height above the ground.

 time =  ........................................................ s  [2]
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  (iv) The ball is kicked at time t = 0. On Fig. 2.2, sketch the variation with time t of the vertical 
component vY  of the velocity of the ball until it hits the wall. It may be assumed that 
velocity is positive when in the upwards direction.

0
0

5.0

–5.0

–10.0

10.0

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
t / s

vY / m s–1

Fig. 2.2
[2]

 (c) (i) Use the information in (b) to determine the maximum height of the ball above the ground.

 maximum height =  ......................................................  m  [2]

  (ii) The maximum gravitational potential energy of the ball above the ground is 22 J. Calculate 
the mass of the ball.

 mass =  ...................................................... kg  [2]

 (d) A ball of greater mass is kicked with the same velocity as the ball in (b).
  State and explain the effect, if any, of the increased mass on the maximum height reached by 

the ball. Air resistance is still assumed to be negligible.

 ...................................................................................................................................................

 .............................................................................................................................................. [1]

[Total: 13]
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3 (a) State what is meant by

  (i) work done,

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

  (ii) elastic potential energy.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

 (b) A block of mass 0.40 kg slides in a straight line with a constant speed of 0.30 m s−1 along a 
horizontal surface, as shown in Fig. 3.1.

0.30 m s–1
block

mass 0.40 kg

spring

Fig. 3.1

  The block hits a spring and decelerates. The speed of the block becomes zero when the 
spring is compressed by 8.0 cm.

  (i) Calculate the initial kinetic energy of the block.

 kinetic energy =  .......................................................  J  [2]
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  (ii) The variation of the compression x of the spring with the force F applied to the spring is 
shown in Fig. 3.2.

0
0

8.0
x / cm

FMAX F

Fig. 3.2

   Use your answer in (b)(i) to determine the maximum force FMAX exerted on the spring by 
the block.

   Explain your working.

 FMAX =  ....................................................... N  [3]

  (iii) Calculate the maximum deceleration of the block.

 deceleration =  .................................................  m s−2  [1]

  (iv) State and explain whether the block is in equilibrium

   1. before it hits the spring,

 ....................................................................................................................................

 ....................................................................................................................................

   2. when its speed becomes zero.

 ....................................................................................................................................

 ....................................................................................................................................
[2]
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 (c) The energy E stored in a spring is given by

E = 1
2
 k x 2

  where k is the spring constant of the spring and x is its compression.

  The mass m of the block in (b) is now varied. The initial speed of the block remains constant 
and the spring continues to obey Hooke’s law.

  On Fig. 3.3, sketch the variation of the maximum compression x0 of the spring with mass m.

x0

m0
0

    Fig. 3.3 [2]

[Total: 12]
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4 (a) (i) By reference to the direction of propagation of energy, state what is meant by a transverse 
wave.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

  (ii) State the principle of superposition.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

 (b) Circular water waves may be produced by vibrating dippers at points P and Q, as illustrated in 
Fig. 4.1.

Q

R

wavefront
P

44 cm

29 cm

Fig. 4.1 (not to scale)

  The waves from P alone have the same amplitude at point R as the waves from Q alone. 
Distance PR is 44 cm and distance QR is 29 cm.

  The dippers vibrate in phase with a period of 1.5 s to produce waves of speed 4.0 cm s−1.

  (i) Determine the wavelength of the waves.

 wavelength =  ..................................................... cm  [2]
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  (ii) By reference to the distances PR and QR, explain why the water particles are at rest at 
point R.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [3]

 (c) A wave is produced on the surface of a different liquid. At one particular time, the variation of 
the vertical displacement y with distance x along the surface of the liquid is shown in Fig. 4.2.

0
0

1.0

–1.0

–0.5

0.5

0 2 4 6 8 10

y / cm

x / cm

Fig. 4.2

  (i) The wave has intensity I1 at distance x = 2.0 cm and intensity I2 at x = 10.0 cm.

   Determine the ratio

intensity I2
intensity I1

 .

 ratio =  .........................................................   [2]

  (ii) State the phase difference, with its unit, between the oscillations of the liquid particles at 
distances x = 3.0 cm and x = 4.0 cm.

 phase difference =  ..........................................................  [1]

[Total: 11]
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5 (a) (i) State what is meant by an electric current.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

  (ii) Define electric potential difference (p.d.).

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

 (b) A power supply of electromotive force (e.m.f.) 8.7 V and negligible internal resistance is 
connected by two identical wires to three filament lamps, as shown in Fig. 5.1.

0.30 A

power supply
8.7 V

connecting wires

Fig. 5.1 (not to scale)

  The power supply provides a current of 0.30 A to the circuit.
  The filament lamps are identical. The I–V characteristic for one of the lamps is shown in 

Fig. 5.2.

0.20

0.30

0.10

0

0.40

0 1.0 2.0 3.0 4.0
V / V

I / A

Fig. 5.2
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  (i) Show that the resistance of each connecting wire is 2.0 Ω.

[2]

  (ii) The resistivity of the metal of the connecting wires does not vary with temperature.
   On Fig. 5.2, sketch the I–V characteristic for one of the connecting wires. [2]

  (iii) Calculate the power loss in one of the connecting wires.

 power =  ......................................................  W  [2]

  (iv) Some data for the connecting wires are given below.

     cross-sectional area = 0.40 mm2

     resistivity = 1.7 × 10−8 Ω  m
     number density of free electrons = 8.5 × 1028 m−3

   Calculate

   1. the length of one of the connecting wires,

 length =  ......................................................  m  [2]

   2. the drift speed of a free electron in the connecting wires.

 drift speed =  .................................................  m s−1  [2]

[Total: 12]
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6 A neutron decays by emitting a β− particle.

 (a) Complete the equation below for this decay.

1
0 n  

.........

......... ...........  +  
.........

......... β
−  +  

.........

......... ν
[2]

 (b) State the name of the particle represented by the symbol ν.

 .............................................................................................................................................. [1]

 (c) State the name of the class (group) of particles that includes β− and ν.

 .............................................................................................................................................. [1]

 (d) State

  (i) the quark structure of the neutron,

 ...................................................................................................................................... [1]

  (ii) the change to the quark structure when the neutron decays.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

[Total: 6]
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You may not need to use all of the materials provided.

1 In this experiment you will investigate the behaviour of a sphere rolling across a sloping 
board.

 (a) Pass the thread through the hole in the board and clip it in place with the spring clip.
  Set up the apparatus as shown in Fig. 1.1, with the board at an angle of approximately 

45° to the bench. The length of the thread between the spring clip and the sphere should 
be approximately 20 cm.

 45°

spring clip

boss

clamp

stand

board

bench

thread

sphere

wooden strip

G-clamp

Fig. 1.1 (not to scale)
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 (b) (i) Measure and record the angle θ between the board and the bench, as shown in 
Fig. 1.2.

board

spring clip

bench

sphere

Fig. 1.2 (not to scale)

 θ =  .................................................. [1]

  (ii) Push the sphere to one side. Release the sphere so that it oscillates from side to 
side.

  (iii) Take measurements to find the period T of the oscillations.
   Record T.

 T =  ............................................... s [2]
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 (c) Change θ by moving the boss and clamp and repeat (b) until you have six sets of values 
for θ and T. Do not change the length of the thread between the sphere and the spring 
clip.

  Include values for 1
T 3

 in your table.

 [9]

 (d) (i) Plot a graph of θ on the y-axis against 1
T 3

 on the x-axis. [3]

  (ii)  Draw the straight line of best fit. [1]

  (iii) Determine the gradient and y-intercept of this line.

 gradient =  ......................................................

 y-intercept =  ......................................................
 [2]
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 (e) It is suggested that the quantities θ and T are related by the equation

θ = a
T 3

 + b

  where a and b are constants.

  Use your answers from (d)(iii) to determine the values of a and b.
  Give appropriate units.

 

 a =  ......................................................

 b =  ......................................................
 [2]

 [Total: 20]
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You may not need to use all of the materials provided.

2 In this experiment you will investigate the motion of a sphere launched from a ramp.

 (a) Set up the apparatus as shown in Fig. 2.1. Adjust the height of the clamp so that the 
launch angle φ is approximately 15°.

wooden block

ramp

mark

tray
sand

clamp
stand

bench

Fig. 2.1 (not to scale)

 (b) (i) Measure and record φ , as shown in Fig. 2.1.

 φ =  .................................................. [1]

  (ii) Measure and record the height h1 of the mark above the bench, as shown in 
Fig. 2.2.

tray
sand

h2

h1

mark

bench

Fig. 2.2 (not to scale)

 h1 =  ...........................................  cm [1]
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  (iii) Measure and record the height h2 of the end of the ramp, as shown in Fig. 2.2.

 h2 =  ................................................. cm

  (iv) Calculate the speed v of the sphere when it leaves the ramp using the expression

v = 2g (h1 – h2)

   where g = 9.81 m s–2.

 v =  .................................................. [1]

 (c) Justify the number of significant figures you have given for your value of v.

 ..........................................................................................................................................

 ..........................................................................................................................................

 ...................................................................................................................................... [1]

 (d) (i) Place the smaller sphere on the ramp at the mark. Release the sphere.

  (ii) Measure and record the horizontal distance R from the end of the ramp to the 
landing position of the sphere, as shown in Fig. 2.3.

R

Fig. 2.3 (not to scale)

 R =  ............................................ cm [2]
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 (e) Estimate the percentage uncertainty in your value of R.

 percentage uncertainty =  .................................................. [1]

 (f) By lowering the clamp, increase the launch angle φ to approximately 25°. Repeat (b) 
and (d) using the same sphere.

 φ =  ......................................................

 h1 =  ................................................. cm 

 h2 =  ................................................. cm 

 v =  ......................................................

 R =  ................................................. cm
 [3]
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 (g) It is suggested that the relationship between R, v and φ is

R = k v  cos φ

  where k is a constant.

  (i) Using your data, calculate two values of k.

 first value of k =  ......................................................

 second value of k =  ......................................................
 [1]

  (ii) Explain whether your results support the suggested relationship.

 ..................................................................................................................................

 ..................................................................................................................................

 .............................................................................................................................. [1]
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 (h) (i) Describe four sources of uncertainty or limitations of the procedure for this 
experiment.

1. ...............................................................................................................................

 ..................................................................................................................................

2. ...............................................................................................................................

 ..................................................................................................................................

3. ...............................................................................................................................

 ..................................................................................................................................

4. ...............................................................................................................................

 ..................................................................................................................................
 [4]

  (ii) Describe four improvements that could be made to this experiment. You may 
suggest the use of other apparatus or different procedures.

1. ...............................................................................................................................

 ..................................................................................................................................

2. ...............................................................................................................................

 ..................................................................................................................................

3. ...............................................................................................................................

 ..................................................................................................................................

4. ...............................................................................................................................

 ..................................................................................................................................
 [4]

 [Total: 20]
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Data

speed of light in free space c = 3.00 × 108 m s−1

permeability of free space μ0 = 4π × 10−7 H m−1

permittivity of free space ε0 = 8.85 × 10−12 F m−1

 (
1

4πε0
  = 8.99 × 109 m F−1)

 
elementary charge e = 1.60 × 10−19 C

the Planck constant h = 6.63 × 10−34 J s

unified atomic mass unit 1 u = 1.66 × 10−27 kg

rest mass of electron me = 9.11 × 10−31 kg

rest mass of proton mp = 1.67 × 10−27 kg

molar gas constant R = 8.31 J K−1 mol−1

the Avogadro constant NA = 6.02 × 1023 mol−1

the Boltzmann constant k = 1.38 × 10−23 J K−1

gravitational constant G = 6.67 × 10−11 N m2 kg−2

acceleration of free fall g = 9.81 m s−2
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Formulae

uniformly accelerated motion s = ut + 12 at 2

 v2 = u2
 + 2as

work done on/by a gas W = pΔV

gravitational potential φ  = − 
Gm

r

hydrostatic pressure p = ρgh

pressure of an ideal gas p = 13 

Nm
V

〈c2〉

simple harmonic motion a = − ω 2x

velocity of particle in s.h.m. v = v0 cos ωt

 v = ± ω √⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ (x0
2 – x2)

Doppler effect fo = 
fsv

v ± vs

electric potential V = Q
4πε0r

capacitors in series 1/C = 1/C1 + 1/C2 + . . .

capacitors in parallel C = C1 + C2 + . . .

energy of charged capacitor W = 1
2 QV

electric current I = Anvq

resistors in series R = R1 + R2 + . . .

resistors in parallel 1/R = 1/R1 + 1/R2 + . . .

Hall voltage VH = 
BI
ntq

alternating current/voltage x = x0 sin ω  t

radioactive decay x = x0 exp(−λt )

decay constant λ = 
0.693

t 1
2
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Answer all the questions in the spaces provided.

1 (a) State Newton’s law of gravitation.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...............................................................................................................................................[2]

 (b) A satellite of mass m has a circular orbit of radius r about a planet of mass M. It may be 
assumed that the planet and the satellite are uniform spheres that are isolated in space.

  Show that the linear speed v of the satellite is given by the expression

GM
r

v =

  where G is the gravitational constant.
  Explain your working.

 [2]

 (c) Two moons A and B have circular orbits about a planet, as illustrated in Fig. 1.1.

B
A

planet

vA

vB

rB
rA

Fig. 1.1 (not to scale)

  Moon A has an orbital radius rA of 1.3 × 108 m, linear speed vA and orbital period TA.
  Moon B has an orbital radius rB of 2.2 × 1010 m, linear speed vB and orbital period TB.
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  (i) Determine the ratio

   1. 
vA

vB

,

 ratio =  ...........................................................[2]

   2. 
TA

TB

.

 ratio =  ...........................................................[3]

  (ii) The planet spins about its own axis with angular speed 1.7 × 10–4 rad s–1.
   Moon A is always above the same point on the planet’s surface.

   Determine the orbital period TB of moon B.

 TB =  ........................................................s [2]

 [Total: 11]
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2 (a) State

  (i) what is meant by internal energy,

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[2]

  (ii) the basic assumption of the kinetic theory of gases that leads to the conclusion that there 
is zero potential energy between the molecules of an ideal gas.

 ...........................................................................................................................................

 .......................................................................................................................................[1]

 (b) The pressure p and volume V of an ideal gas are related by

pV = 1
3

 Nm 〈c2〉

  where N is the number of molecules, m is the mass of a molecule and 〈c2〉 is the mean-square 
speed of the molecules.

  Use this equation to show that the mean kinetic energy 〈EK〉 of a molecule is given by

〈EK〉 = 3
2

 kT

  where k is the Boltzmann constant and T is the thermodynamic temperature.

 [3]
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 (c) A cylinder contains 17 g of oxygen gas at a temperature of 12 °C. The mass of 1.0 mol of 
oxygen gas is 32 g. It may be assumed that the oxygen behaves as an ideal gas.

  Calculate, for the oxygen gas in the cylinder,

  (i) the mean kinetic energy of a molecule,

 mean kinetic energy =  ........................................................J [2]

  (ii) the number of molecules,

 number =  ...........................................................[2]

  (iii) the total internal energy.

 internal energy =  ........................................................J [1]

 [Total: 11]
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3 (a) Define specific heat capacity.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...............................................................................................................................................[2]

 (b) A student carries out an experiment to determine the specific heat capacity of a liquid using 
the apparatus illustrated in Fig. 3.1.

liquid in,
temperature 19.5 °C

liquid out,
temperature 25.5 °Ctube

heating
coil

Fig. 3.1

  Liquid enters the tube at a constant temperature of 19.5 °C and leaves the tube at 
a temperature of 25.5 °C. The mass of liquid flowing through the tube per unit time is m. 
Electrical power P is dissipated in the heating coil. 

  The student changes m and adjusts P until the final temperature of the liquid leaving the tube 
is 25.5 °C.

  The data shown in Fig. 3.2 are obtained.

m / g s–1 P / W

1.11 33.3

1.58 44.9

Fig. 3.2

  (i) Suggest why the student obtains data for two values of m, rather than for one value.

 ...........................................................................................................................................

 .......................................................................................................................................[1]
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  (ii) Calculate the specific heat capacity of the liquid.

   Show your working.

 specific heat capacity =  ..........................................  J kg–1 K–1 [3]

 (c) When the heating coil in (b) dissipates 33.3 W of power, the potential difference V across the 
coil is given by the expression

V = 27.0 sin (395t ).

  The potential difference is measured in volts and the time t is measured in seconds.

  Determine the resistance of the coil.

 resistance =  .......................................................Ω [3]

[Total: 9]



10

9702/42/F/M/16© UCLES 2016

4 An object of mass 80 g oscillates with simple harmonic motion. The variation with time t of the 
displacement x of the object is shown in Fig. 4.1.

0
0

2.0

1.0

–2.0

–1.0

0 0.1 0.2 0.3 0.4 0.5
t / s

x / cm

Fig. 4.1

 (a) Use Fig. 4.1 to determine the amplitude and the period of the oscillations.

 amplitude =  ..........................................................cm

 period =  .............................................................s
 [1]

 (b) Use Fig. 4.1 and your answers in (a) to calculate the kinetic energy of the object at time 
t = 0.19 s.

 kinetic energy =  ........................................................J [3]

 [Total: 4]
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5 (a) A digital signal is produced by sampling an analogue signal and passing the samples through 
an analogue-to-digital converter (ADC).

  (i) State what is meant by a digital signal.

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[2]

  (ii) State one change to the sampling or to the ADC that will improve the accuracy of 
reproduction of the original analogue signal.

 ...........................................................................................................................................

 .......................................................................................................................................[1]

 (b) The least significant bit of the four-bit digital number 1100 represents a signal voltage of 
2.5 mV. Determine the signal voltage, in mV, represented by this digital number.

 voltage =  .................................................... mV [1]

 [Total: 4]
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6 A parallel beam of ultrasound is incident normally on the surface of a layer of fat of thickness 
1.1 cm, as shown in Fig. 6.1.

I1 I2

I4 I3

1.1 cm

musclefat

ultrasound
beam

Fig. 6.1

 For the ultrasound,
 I1 is the intensity just after entering the surface of the fat layer,
 I2 is the intensity incident on the fat-muscle boundary,
 I3 is the intensity reflected from the fat-muscle boundary,
 I4 is the intensity received back at the surface of the fat layer.

 Some data for the fat are given in Fig. 6.2.

specific acoustic impedance Z 1.4 × 106 kg m–2 s–1

density ρ 940 kg m–3

absorption (attenuation) coefficient μ 48 m–1

Fig. 6.2

 (a) Calculate the time interval between a short pulse of ultrasound initially entering the layer of fat 
and then returning back to the surface of the fat layer.

 time =  ........................................................s [3]
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 (b) Calculate the ratio 
I2
I1

.

 ratio =  ...........................................................[2]

 (c) Intensity I4 is 0.33% of intensity I1.

  Determine the ratio 
I3
I2

.

 ratio =  ...........................................................[2]

 (d) The specific acoustic impedance of the muscle is greater than that of the fat.

  State the effect, if any, on the value of the ratio 
I3
I2 

of an increase in the difference between the

  specific acoustic impedance of the muscle and that of the fat.

 ...................................................................................................................................................

 ...............................................................................................................................................[1]

 [Total: 8]
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7 (a) Define capacitance.

 ...................................................................................................................................................

 ...............................................................................................................................................[1]

 (b) Three capacitors of capacitances C1, C2 and C3 are initially uncharged. They are then 
connected in series to a battery, as shown in Fig. 7.1.

C1 C2

V

C3

Fig. 7.1

  The battery applies a potential difference V across the three capacitors.

  Show that the combined capacitance C of the capacitors is given by 

1
C

 = 
1

C1
 + 

1
C2

 + 
1

C3
.

 [2]

 (c) A battery of e.m.f. 12 V and negligible internal resistance is connected to a network of two 
capacitors and a resistor, as shown in Fig. 7.2.

A B

600 F

200 F

12 V

Fig. 7.2

  The capacitors have capacitances of 200 μF and 600 μF. The switch has two positions, 
A and B.
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  (i) The switch is moved to position A.

   Calculate

   1. the combined capacitance of the two capacitors,

 combined capacitance =  ..................................................... μF [1]

   2. the charge on the 600 μF capacitor,

 charge =  ....................................................... C [1]

   3. the potential difference across the 600 μF capacitor.

 potential difference =  ....................................................... V [1]

  (ii) The switch is now moved from position A to position B.

   Calculate the potential difference across the 600 μF capacitor when it has discharged 
50% of its initial energy.

 potential difference =  ....................................................... V [3]

 [Total: 9]
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8 (a) State two effects of negative feedback on the gain of an amplifier incorporating an operational 
amplifier (op-amp).

1.  ...............................................................................................................................................

 ...................................................................................................................................................

2.  ...............................................................................................................................................

 ...................................................................................................................................................
[2]

 (b) An incomplete diagram of an amplifier circuit incorporating an ideal operational amplifier is 
shown in Fig. 8.1.

–

+

VIN VOUT

+8.0 V

7.2 k
–8.0 V

Fig. 8.1

  The amplifier has a voltage gain of +5.0.

  (i) Complete the circuit diagram of Fig. 8.1. [2]

  (ii) Calculate the resistance of any additional resistor you have drawn on Fig. 8.1.

 resistance =  ..................................................... kΩ [2]
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  (iii) Fig. 8.2 shows the variation with time of the input potential VIN.

5

10

15

0
0 2 4 5

time / ms
31

potential / V

VIN

Fig. 8.2

   On Fig. 8.2, draw the variation with time of the output potential VOUT. [2]

 [Total: 8]



18

9702/42/F/M/16© UCLES 2016

9 A particle of charge +q and mass m is travelling with a constant speed of 1.6 × 105 m s–1 in a 
vacuum. The particle enters a uniform magnetic field of flux density 9.7 × 10–2 T, as shown in 
Fig. 9.1.

particle
charge +q
mass m
speed 1.6 × 105 m s–1

uniform magnetic
field out of the plane of
the paper
flux density 9.7 × 10–2 T

path of particle

Fig. 9.1

 The magnetic field direction is perpendicular to the initial velocity of the particle and perpendicular 
to, and out of, the plane of the paper.

 A uniform electric field is applied in the same region as the magnetic field so that the particle 
passes undeviated through the fields.

 (a) State and explain the direction of the electric field.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...............................................................................................................................................[2]

 (b) Calculate the magnitude of the electric field strength.

  Explain your working.

 electric field strength =  .................................................V m–1 [3]
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 (c) The electric field is now removed so that the positively-charged particle follows a curved path 
in the magnetic field. This path is an arc of a circle of radius 4.0 cm.

  Calculate, for the particle, the ratio 
q
m .

 ratio =  ................................................C kg–1 [3]

 (d) The particle has a charge of 3e where e is the elementary charge.

  (i) Use your answer in (c) to determine the mass, in u, of the particle.

 mass =  ........................................................u [2]

  (ii) The particle is the nucleus of an atom. State the number of protons and the number of 
neutrons in this nucleus.

 number of protons =  ...............................................................

 number of neutrons =  ...............................................................
 [1]

 [Total: 11]



20

9702/42/F/M/16© UCLES 2016

10 A small coil of wire is situated in a non-uniform magnetic field, as shown in Fig. 10.1.

constant
velocity

coil,
40 turns non-uniform

magnetic
field

x

P

Fig. 10.1

 The coil consists of 40 turns of wire and moves with a constant speed in a straight line.
 The coil has displacement x from a fixed point P.

 The variation with x of the magnetic flux Φ  in the coil is shown in Fig. 10.2.

4

6

3

5

8

7

2
0 2 4 5 6

x / cm

/ 10–6 Wb

31

Fig. 10.2

 (a) The coil is moved at constant speed between point P and the point where x = 3.0 cm.

  (i) Calculate the change in magnetic flux linkage of the coil.

 change in flux linkage =  .................................................... Wb [1]
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  (ii) The e.m.f. induced in the coil is 5.0 × 10–4 V.  Determine the speed of the coil.

 speed =  ................................................. m s–1 [2]

 (b) On Fig. 10.3, sketch the variation with x of the e.m.f. E induced in the coil for values of x from 
x = 0 to x = 6.0 cm.

0

x / cm

E

0 2 4 5 631

Fig. 10.3
 [2]

 [Total: 5]
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11 (a) With reference to the photoelectric effect, state what is meant by the threshold frequency.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...............................................................................................................................................[2]

 (b) Electromagnetic radiation of wavelength λ is incident on a metal surface. Electrons of 
maximum kinetic energy EMAX are emitted.

  (i) On Fig. 11.1, sketch the variation with 1/λ of EMAX.

0
0

EMAX

1 /

Fig. 11.1
 [2]

  (ii) State an equation relating the gradient of the graph drawn on Fig. 11.1 to the Planck 
constant h.

   Explain any symbols you use.

 ...........................................................................................................................................

 .......................................................................................................................................[1]

  (iii) Explain why, for any particular wavelength of electromagnetic radiation, most of the 
electrons are emitted with kinetic energies less than the maximum value EMAX.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[2]



23

9702/42/F/M/16© UCLES 2016 [Turn over

  (iv) Light of a particular wavelength is incident on a metal surface and gives rise to a 
photoelectric current.

   The wavelength is reduced. The intensity of the light is kept constant.

   State and explain the effect, if any, on the photoelectric current.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[3]

 [Total: 10]

12 (a) In an X-ray tube, the hardness of an X-ray beam may be controlled.

  (i) State what is meant by the hardness of the beam.

 ...........................................................................................................................................

 .......................................................................................................................................[1]

  (ii) State how the hardness of the beam may be decreased.

 ...........................................................................................................................................

 .......................................................................................................................................[1]

 (b) State one advantage and one disadvantage of producing a CT scan image of a person rather 
than a standard X-ray image.

advantage:  ................................................................................................................................

 ...................................................................................................................................................

disadvantage:  ............................................................................................................................

 ...................................................................................................................................................
 [2]

 [Total: 4]



24

9702/42/F/M/16© UCLES 2016

13 Beryllium-7 (7
4 Be) is produced in the upper atmosphere and then sinks down onto the Earth’s 

surface. Nuclei of beryllium-7 decay with a half-life of 53.3 days to form stable nuclei.

 The activity of a sample of beryllium-7 on a tree leaf is 39 mBq.

 (a) Show that the decay constant of beryllium-7 is 1.5 × 10–7 s–1.

 [1]

 (b) Determine the mass of the beryllium-7 on the leaf.

 mass =  ......................................................kg [3]

 (c) The leaf is covered so that no further beryllium-7 is added to the existing sample from the 
atmosphere.

  Calculate the time that must elapse before the activity of the sample is reduced to 2.0 mBq.

 time =  ........................................................s [2]

 [Total: 6]
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1 A student is interested in ‘bungee jumping’, where a person attached to an elastic cord falls from a 
height and travels downwards through a distance before moving upwards. Different cords are used 
for different people. A schematic diagram is shown in Fig. 1.1.

Fig. 1.1

 The student models ‘bungee jumping’ in the laboratory by using elastic cords of unstretched length 
50.0 cm with different spring constants. An object is attached to each cord. 

 The student investigates the relationship between the maximum distance h fallen by the object 
and the spring constant k of the elastic cord.

 It is suggested that the relationship between h and k is

�� k(h – L)2 = mgh

 where L is the unstretched length of the cord, m is the mass of the object and g is the acceleration 
of free fall.

 Design a laboratory experiment to test the relationship between h and k. 

 Explain how your results could be used to plot a graph with (h – L)2

h
 on the y-axis and to determine 

the value of g. You should draw a diagram, on page 3, showing the arrangement of your equipment.
 In your account you should pay particular attention to

 • the procedure to be followed,

 • the measurements to be taken,

 • the control of variables,

 • the analysis of the data,

 • any safety precautions to be taken.
 [15]
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..................................................................................................................................................................

 [Total: 15]
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2 A student is investigating the heating of metal blocks immersed in water. A 100 g metal block is 
added to 250 cm3 of water in an insulated beaker. The water is heated by an electrical heater as 
shown in Fig. 2.1.

thermometer

metal block
heater

insulation

to power supply

water

Fig. 2.1

 A stopwatch is used to measure the time t for the temperature of the water and metal block of 
mass mm to change by 20 °C.

 The experiment is repeated by adding additional 100 g metal blocks to the water. 

 It is suggested that t and mm are related by the equation

Pt = mmcmΔθ + mwcwΔθ + k

 where  P is the constant power of the heater,
   cm is the specific heat capacity of the metal,
   cw is the specific heat capacity of water,
   Δθ is the temperature change,
   mw is the mass of the water and
   k is a constant.

 (a) A graph is plotted of t on the y-axis against mm on the x-axis.
  Determine expressions for the gradient and y-intercept.

 gradient =  ...............................................................

 y-intercept =  ...............................................................
[1]
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 (b) The number of 100 g metal blocks added to the water is n.
  Values of n and t are given in Fig. 2.2.
  The percentage uncertainty in the mass of each 100 g metal block is ±10%.

n t / s

1 465

2 485

3 505

4 525

5 545

6 560

Fig. 2.2

 Calculate and record values of mm / g in Fig. 2.2.
 Include the absolute uncertainties in mm. [2]

 (c) (i) Plot a graph of t / s against mm / g. Include error bars for mm. [2]

  (ii) Draw the straight line of best fit and a worst acceptable straight line on your graph.  Both 
lines should be clearly labelled. [2]

  (iii) Determine the gradient of the line of best fit. Include the absolute uncertainty in your 
answer.

 gradient =  ...........................................................[2]
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  (iv) Determine the y-intercept of the line of best fit. Include the absolute uncertainty in your 
answer.

 y-intercept =  ...........................................................[2]

 (d) (i) Using your answers to (a), (c)(iii) and (c)(iv), determine the values of cm and k. Include 
appropriate units.

   Data: P = 50 ± 5 W, cw = 4200 J kg–1K–1, Δθ = 20.0 ± 0.5 °C and mw = 250 g.

 cm =  ...............................................................

 k =  ...............................................................
 [3]

  (ii) Determine the percentage uncertainty in cm. 

 percentage uncertainty in cm =  .....................................................  % [1]

 [Total: 15]

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge International 
Examinations Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download at www.cie.org.uk after 
the live examination series.
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Preparing apparatus

These Instructions detail the apparatus required for the experiments in the Question Paper. It is 
essential that absolute confi dentiality is maintained in advance of the examination: the contents of these 
Instructions must not be revealed either directly or indirectly to candidates.

No access is permitted to the Question Paper in advance of the examination.

If you have problems or queries regarding these Instructions, please contact CIE:
 by e-mail: info@cie.org.uk,
 or by telephone: +44 1223 553554,
 or by fax:  +44 1223 553558,
stating the nature of the query and quoting the syllabus and paper numbers.

It is assumed that the ordinary apparatus of a Physics laboratory will be available.

Number of sets of apparatus
The number of sets of apparatus provided for each experiment should be 1

2N, where N is the number of 
candidates taking the examination. There should, in addition, be a few spare sets of apparatus available 
in case problems arise during the examination.

Organisation of the examination
Candidates should be allowed access to the apparatus for each experiment for one hour only. After 
spending one hour on one experiment, candidates should change over to the other experiment. The 
order in which a candidate attempts the two experiments is immaterial.

Assistance to candidates
Candidates should be informed that, if they fi nd themselves in real diffi culty, they may ask the Supervisor 
for practical assistance, but that the extent of this assistance will be reported to the Examiner, who may 
make a deduction of marks.

Assistance should only be given:
when it is asked for by a candidate,
or as directed in the Notes sections of these Instructions,
or where apparatus is seen to have developed a fault.

Assistance should be restricted to enabling candidates to make observations and measurements. 
Observations and measurements must not be made for candidates, and no help should be given with 
data analysis or evaluation.

All assistance given to candidates must be reported on the Supervisor’s Report Form.

Faulty apparatus
In cases of faulty apparatus (not arising from a candidate’s mishandling) that prevent the required 
measurements being taken, the Supervisor may allow extra time to give the candidate a fair opportunity 
to perform the experiment as if the fault had not been present. The candidate should use a spare copy 
of the Question Paper when the fault has been rectifi ed or when working with a second set of apparatus.

Supervisor’s Report
The Supervisor should complete the Supervisor’s Report Form on pages 7 and 8 and enclose it in the 
envelope containing the answers of the candidates. If more than one envelope is used, a copy of the 
report must be enclosed in each envelope. 
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 Question 1

Apparatus requirements (per set of apparatus unless otherwise specifi ed)

Five 10 Ω carbon fi lm resistors (e.g. RS Components product code 131-019).

Mounted 1.5 V dry cell. See Note 1.

Digital ammeter with a range of at least 0 to 200 mA and reading to 1 mA or better.

Switch.

Two crocodile clips.

Four connecting wires.

Small tray to hold the resistors.

Notes

1  One of the 10 Ω resistors should be placed in series with the dry cell.  Candidates must not be able 
to make connections to the cell without including the 10 Ω resistor.  If necessary, candidates should 
be informed that the 10 Ω resistor is an integral part of the power supply.

2  At the changeover, the apparatus should be dismantled and laid out on the bench ready for the 
next candidate to use. Four new 10 Ω resistors should be supplied.

Information required by Examiners
Sample set of numerical results, clearly labelled “Supervisor’s Results” and obtained out of sight of the 
candidates.
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Question 2

Apparatus requirements (per set of apparatus unless otherwise specifi ed)

Stand, boss and clamp.

90 g of ordinary table salt. See Note 1.

Three identical containers. 250 ml beakers would be suitable. See Note 2.

Funnel. See Note 3.

Access to a top-pan balance.

Stopwatch reading to 0.1 s or better.

Note

1  The salt must be dry and be composed entirely of small crystals.  Salt that has added anti-caking 
agents has been found to be suitable.  It may be necessary to stir the salt for a short time to remove 
any large crystals that may affect the fl ow rate of the salt.

2  One of the containers should be labelled A and have 30 g of salt placed in it. Another of the containers 
should be labelled B and have 60 g of salt placed in it. The third container should be empty.

3  The funnel should be large enough to hold 60 g of salt. The 60 g sample of salt should pass through 
the funnel in not less than 10 seconds.

4  At the changeover, the Supervisor must ensure that the mass of salt in A is 30 g, the mass of salt 
in B is 60 g, and the other container is empty. The apparatus should be dismantled and laid out on 
the bench ready for the next candidate to use.

Information required by Examiners
Sample set of numerical results, clearly labelled “Supervisor’s Results” and obtained out of sight of the 
candidates.
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This form should be completed and sent to the Examiner with the scripts.

SUPERVISOR’S REPORT FORM

Specimen Paper

The Supervisor’s Report should give full details of:

(a) any help given to a candidate (including the nature of the help given and the name and candidate 
number of the candidate)

(b) any cases of faulty apparatus (including the nature of the problem, the action taken to rectify it, any 
additional time allowed, and the name and candidate number of the candidate)

(c) any accidents that occurred during the examination

(d) any other diffi culties experienced by candidates, or any other information that is likely to assist the 
Examiner, especially if this information cannot be discovered in the scripts.

Cases of individual hardship, such as illness, bereavement or disability, should be reported direct to 
Cambridge on the normal Special Consideration form.

Information required by Examiners

For each question, please enclose a sample set of numerical results, obtained out of sight of the 
candidates and clearly labelled “Supervisor’s Results”.

Supervisor’s Report
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Supervisor’s Report (continued)

Declaration
(to be signed by the Supervisor)

The preparation of this practical examination has been carried out so as to maintain fully the security 
of the examination.

Signed  .........................................................

Name  ...........................................................

Centre number .............................................

Name of Centre  .......................................................................................................................................



This document consists of 5 printed pages and 1 blank page.

© UCLES 2014 [Turn over

Cambridge International Examinations
Cambridge International Advanced Subsidiary and Advanced Level

PHYSICS 9702/02
Paper 2  AS Level Structured Questions For Examination from 2016
SPECIMEN MARK SCHEME
 1 hour 15 minutes

MAXIMUM MARK: 60



2

9702/02/SM/16© UCLES 2014

1 (a) (i) V units: m3 (allow metres cubed or cubic metres)    A1 [1]

  (ii) Pressure units: kg m s−2 / m2 (allow use of P = ρgh)    M1
    Units: kg m−1 s−2        A0 [1]

 (b) V / t units: m3 s−1         B1
   Clear substitution of units for P, r 4 and l       M1

  
C

Vt
=

−

πPr 4

18 l
 = 

kgm s m
m s m

− −

−

1 2 4

3 1

  Units: kg m−1 s−1         A1 [3]
  (8 or π in fi nal answer max. 2. Use of dimensions max. 2.)
 [Total: 5]

2 (a) shape and orientation correct and forces labelled and arrows correct  B1
  angles correct/labelled        B1 [2]

 (b) (i) T cos 18° = W         C1
    T = 520 / cos 18° = 547 N (Scale diagram: allow ± 20 N)   A1 [2]

  (ii) R = T sin 18°
       = 169 N         A1 [1]

 (c) θ is larger hence cosθ is smaller (T = W / cos θ)     M1
  hence T is larger          A0 [1]

   [Total: 6]

3 (a) work done is the force × the distance moved / displacement in the direction of the force
  or
  work is done when a force moves in the direction of the force   B1 [1]

 (b) component of weight = 850 × 9.81 × sin 7.5°      C1
      = 1090 N        A1 [2]
  (no credit for use of incorrect trigonometrical function)

 (c) (i) Σ F = 4600 − 1090 (= 3510)       M1
    deceleration = 3510 / 850        A1
   = 4.1 m s−2          A0 [2]

  (ii) v 2 = u 2 + 2as
    0 = 252 + 2 × (−4.1) × s        C1
    s = 625 / 8.2 
      = 76 m           A1 [2]
    (allow full credit for calculation of time (6.05 s) and then s)
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  (iii) 1. kinetic energy = ½ mv 2        C1 
     = 0.5 × 850 × 252 
     = 2.7 × 105 J        A1 [2]
    2. work done = 4600 × 75.7 
     = 3.5 × 105 J        A1 [1]

  (iv) difference is the loss in potential energy (or equivalent wording) B1 [1]

   [Total: 11]

4 (a) torque is the product of one of the forces      M1
  and the perpendicular distance between the forces     A1 [2]

 (b) (i) torque = 8 × 1.5 = 12 (N m)        A1 [1]

  (ii) there is a resultant torque (there is no resultant force)    M1
    (the rod rotates) and is not in equilibrium      A1 [2]

   [Total: 5]

5 (a) (i) I1 = I2 + I3         B1 [1] 

  (ii) I = V / R         or I2 = 12 / 10     (= 1.2 A)  C1
    R = [1/6 + 1/10]−1 [total R = 3.75 Ω]      or I3 = 12 / 6       (= 2.0 A)  C1
    I1 = 12 / 3.75 = 3.2 A                 or I1 = 1.2  +  2.0 = 3.2 A  A1 [3]

  (iii) power = VI or I 2R or V 2 / R       C1

     
power in wire

power in series resistors
=
I2

2Rww
s

w

sR
V
V

V R
V RI

I
I3

2
2

3

2

2
or or

/
/

x =    C1

    x = 12 × 1.2 / 12 × 2.0 = 0.6(0) allow 3 / 5 or 3:5    A1 [3]

 (b) p.d. BC: 12 – 12 × 0.4 = 7.2 (V) / p.d. AC = 4.8 (V)     C1
  p.d. BD: 12 – 12 × 4 / 6 = 4.0 (V) / p.d. AD = 8.0 (V)    C1
  p.d. = 3.2 V          A1 [3]

   [Total: 10]

6 (a) extension is proportional to force (for small extensions)    B1 [1]

 (b) (i) point beyond which (the spring) does not return to its original length 
    when the load is removed       B1 [1]

  (ii) gradient of graph = 80 N m−1        A1 [1]

  (iii) work done is area under graph / ½ Fx / ½ kx 2    C1
     = 0.5 × 6.4 × 0.08 = 0.256 J (allow 0.26 J)     A1 [2]

   [Total: 5]
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7 (a) (i) amplitude = 7.6 mm (allow 7.5 mm)     A1 [1]

  (ii) 180° / π rad         A1 [1]

  (iii) v = f × λ
      = 15 × 0.8          C1
       = 12 m s−1         A1 [2]

 (b) (i) zero (rad)         A1 [1]

  (ii) antinode: maximum amplitude 
    node: zero amplitude / displacement      A1 [1]

  (iii) 3           A1  [1]

  (iv) horizontal line through central section of wave    B1  [1]

   [Total: 8]

8 (a) the observed frequency is different to the emitted frequency when there is
  relative motion between the source and observer     B1 [1]

 (b) (i) f = fsv / (v ± vs)         C1
      = (880 × 340) / (340 – 44) = 1010 Hz      A1 [2]

  (ii) f = (880 × 340) / (340 + 44) = 780 Hz      A1 [1]

   [Total: 4]

9 (a) hadrons (or baryons)        B1 [1] 

 (b) 1
1 p → 10 n + 01 β

+ + νe 
   One mark for each correct term on RHS      B3 [3]
 

 (c) up up down          B1 [1]

 (d) an up changes to a down        B1 [1]

   [Total: 6]
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Categorisation of marks

The marking scheme categorises marks on the MACB scheme.

B marks: These are awarded as independent marks, which do not depend on other marks. For a 
B-mark to be scored, the point to which it refers must be seen specifi cally in the candidate’s answer.

M marks: these are method marks upon which A-marks (accuracy marks) later depend. for an M-mark 
to be scored, the point to which it refers must be seen in the candidate’s answer. If a candidate fails to 
score a particular M-mark, then none of the dependent A-marks can be scored.

C marks: these are compensatory method marks which can be scored even if the points to which they 
refer are not written down by the candidate, providing subsequent working gives evidence that they 
must have known it. For example, if an equation carries a C-mark and the candidate does not write 
down the actual equation but does correct working which shows he/she knew the equation, then the 
C-mark is awarded.

A marks: These are accuracy or answer marks which either depend on an M-mark, or allow a C-mark 
to be scored.

Conventions within the marking scheme 

BRACKETS
Where brackets are shown in the marking scheme, the candidate is not required to give the bracketed 
information in order to earn the available marks.

UNDERLINING
In the marking scheme, underlining indicates information that is essential for marks to be awarded.
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 1 (a) Value of I recorded with consistent unit. [1]

 (b) Six sets of readings of I and R scores 5 marks; fi ve sets scores 4 marks etc. [5]
  Major help from Supervisor –2 (setting up apparatus). Minor help from Supervisor –1.

  Range of R includes 2.5 Ω and 40 Ω. [1]

  Column headings:  [1]
  Each column heading must contain a quantity and a unit. 
  The presentation of quantity and unit must conform to accepted scientifi c convention, 
  e.g. 1/I /A−1. Do not allow 1/I (A).

  Consistency: [1]
  All values of I must be given to the same number of decimal places. 

  Signifi cant fi gures:  [1]
  Signifi cant fi gures for every row of values of 1/I same as or one greater than I as 
  recorded in table.  Accept three or four s.f. only.

  Calculation:  [1]
  All values of 1/I calculated correctly.

 (c) (i) Axes: [1]
   Sensible scales must be used, no awkward scales (e.g. 3:10). 
   Scales must be chosen so that the plotted points occupy at least half the graph 
   grid in both x and y directions
   Scales must be labelled with the quantity that is being plotted. 
   Scale markings should be no more than three large squares apart. 

   Plotting of points: [1]
   All observations in the table must be plotted.
   Diameter of points must be ≤ half a small square (no “blobs”).
   Work to an accuracy of half a small square.

   Quality:  [1]
   All points in the table must be plotted (at least 5) for this mark to be awarded. 
   Scatter of points must be less than 0.1 m−1 from a straight line on the 1/I axis.

  (ii) Line of best fi t: [1]
   Judge by balance of all points on the grid about the candidate’s line (at least 5 points).
   There must be an even distribution of points either side of the line along the full length.
   Allow one anomalous point only if clearly indicated (i.e. circled or labelled) by the 

candidate. 
   Line must not be kinked or thicker than half a small square.
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  (iii) Gradient: [1]
   The hypotenuse of the triangle must be at least half the length of the drawn line.
   Both read-offs must be accurate to half a small square in both the x and y directions.
   The method of calculation must be correct. 

   y-intercept: [1]
   Either:
   Correct read-off from a point on the line and substituted into y = mx + c. 
   Read-off must be accurate to half a small square in both x and y directions.
   Or:
   Correct read-off of the intercept directly from the graph. 

 (d) Value of E = 1/(candidate’s gradient). [1]
  Value of r = E × (candidate’s intercept) or
  Value of r = (candidate’s intercept) / (candidate’s gradient) [1]

 (e) Line Z drawn with smaller gradient and same y-intercept. [1]

 [Total: 20]

2 (a) Measurement of mass of salt and container A. [1]
  Measurement of mass of salt and container B. [1]
  Measurement of mass of empty container. [1]
  Correct calculation of mA and mB by subtraction of mass of container. [1]

 (b) (i) Measurement of tA. [1]

  (ii) Measurement of tB. [1]

   Repeated measurements taken (here or in (i)). [1]
   Quality: tB = 2tA ± 10%. [1]
   (Do not allow this mark if the stopwatch has been misread.) 

 (c) Absolute uncertainty in tA in the range 0.1–0.4 s. If repeated readings have been taken, then 
the absolute uncertainty can be half the range provided this is not zero. Correct method of 
calculation to get percentage uncertainty. [1]

 (d) (i) One mass fl ow rate calculated correctly. [1]

   Second mass fl ow rate calculated correctly and a correct unit (g s–1 or kg s−1), consistent 
with candidate’s working. [1]

  (ii) Sensible comment relating to the calculated mass fl ow rates, testing against a criterion 
specifi ed by the candidate. [1]
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 (e) (i) Relevant points might include: [4]

   Two readings are not enough to draw a valid conclusion. 
   Diffi culty with removing fi nger and starting the stopwatch at the same time. 
   Length of pipe at bottom of funnel may affect results. 
   Salt may contain ‘lumps’ which affect the fl ow rate. 
   Moisture content of salt may affect fl ow rate.
   Hard to see the point at which all the salt has passed out of the container.
   Human error in starting/stopping the stopwatch. 
   Salt sticks to the sides of the funnel.

  (ii) Relevant points might include: [4]

   Take many readings and plot a graph of the results.
   Use greater masses of salt to increase t. 
   Greater masses reduce uncertainty in t. 
   Use mechanical method (joined to timer) to start the fl ow. 
   Use light gates to determine when salt ceases to pass out of the hole. 
   Use of a second person fully explained.

   Do not allow “repeated readings”. 
   Do not allow “use a computer to improve the experiment”.

 [Total: 20]
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 1 (a) (i) FG = GMm / R2         C1
     = (6.67 × 10−11 × 5.98 × 1024) / (6380 × 103)2

     = 9.80 N         A1 [2]

  (ii) FC  = mRω 2          C1
    ω = 2π / T         C1
   FC = (4π 2 × 6380 × 103) / (8.62 × 104)2

      = 0.0339 N         A1 [3]

  (iii) FG – FC = 9.77 N        A1 [1]

 (b) 9.77 m s−2 because acceleration is resultant force per unit mass   B1 [1]

   [Total: 7]

2 (a) pV / T = constant
  T = (6.5 × 106 × 30 × 300) / (1.1 × 105 × 540)      C1
    = 985 K           A1 [2]

 (b) (i) ∆U = q + w
   symbols explained (q = heating, w = work)     M1
   consistent set of directions of energy change     A1 [2]

  (ii) q is zero          B1
   ∆U = w and so U increases       B1
   U increases so EK of atoms increases and T increases   A1 [3]

   [Total: 7]

3 (a) (i)  ω = 2π f          B1 [1]

  (ii) either (−)ve because a and x are in opposite directions
     or a is always directed towards mean position    B1 [1]

 (b) (i) forces in springs are k(e + x) and k(e – x)     C1
    resultant = k(e + x) − k(e – x)       M1
      = 2kx          A0 [2]

  (ii) F = ma          B1
    a = −2kx / m         A0
    (−) sign explained        B1 [2]

  (iii) ω 2 = 2k / m         C1
    (2π f )2 = (2 × 120) / 0.90       C1
    f = 2.6 Hz         A1 [3]

   [Total: 9]
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4  (a) amplitude of carrier wave varies       M1
  in synchrony with displacement of information signal    A1 [2]

 (b) graph: three vertical lines        M1
  symmetrical with smaller sidebands      A1
  at frequencies 70, 75 and 80 kHz       A1 [3]

 (c) bandwidth = 10 kHz         B1 [1]

   [Total: 6]

5 (a) unwanted energy / power that is random       B1 [1]

 (b) number of dB = 10 lg(POUT / PIN)       C1
  63 = 10 lg(POUT / (2.5 × 10−6))       C1
   POUT = 5.0 W          A1 [3]

 (c) attenuation = 10 lg(5.0 / (3.5 × 10−8)) = 81.5 dB     C1
  length = 81.5 / 12 = 6.8 km        A1 [2]

   [Total: 6]

6 (a) fi eld strength equals the potential gradient      M1
  fi eld strength and potential gradient are in opposite directions   A1 [2]

 (b) at x = 10 cm, force is maximum       M1
  because the gradient is largest       A1
  repulsion / force to right because sphere and proton have like charges   B1
  as x increases, force decreases        B1
  becomes zero at x = 35 cm        B1
  as x increases from x = 35 cm to x = 41 cm, force increases in opposite direction B1 [6]

   [Total: 8]

7  (a) + −            B1 [1]

 (b) (i) 1. 4.5 V          A1
    2. use of potential divider formula (9 × 800) / (800 + 2200)   C1
         2.4 V          A1
    3. − 9.0 V         B1 [4]

  (ii) LED B  (allow e.c.f. from (i))       B1 [1]

 (c) as temperature rises, potential at B increases     M1
  at 60 °C, B goes out and G comes on (allow ecf from (b)(ii))   A1 [2]

   [Total: 8]



4

9702/04/SM/16© UCLES 2014

8 (a) (i) 50 mT (allow 50 ± 1 mT for full credit)      A1 [1]

  (ii)  fl ux linkage = BAN        C1
              = 50 × 10−3 × 0.4 × 10−4 × 150      M1
              = 3.0 × 10−4 Wb       A0 [2]

 (b) e.m.f. (induced) is proportional to the rate      M1
   of change of (magnetic) fl ux (linkage)       A1 [2]
  (allow ‘rate of cutting’)

 (c) (i) new fl ux linkage = 8.0 × 10−3 × 0.4 × 10−4 × 150 
      = 4.8 × 10−4 Wb      C1
     change = 2.52 × 10−4 Wb      A1 [2]

  (ii) e.m.f. = (2.52 × 10−4) / 0.30       C1
     = 8.4 × 10−4 V         A1 [2]

 (d) fl ux linkage decreases as distance increases     B1
  so speed must increase to keep rate constant     B1 [2]

   [Total: 11]

9 (a) into the plane of the paper / downwards       B1 [1]

 (b) (i) centripetal force = mv2 / r       B1
    mv2 / r = Bqv hence q / m = v / rB (some algebra essential)   B1 [2]

  (ii) q / m = (8.2 × 106) / (23 × 10−2 × 0.74)      C1
     = 4.82 × 107 C kg−1       A1 [2]

   [Total: 5]

10 (a) single diode          M1
  either in series with R or in series with a.c. supply     A1 [2]

 (b) (i) 1. 5.4 V (allow ±0.1 V)       A1 [1]
   2. V = IR
     I = 5.4 / (1.5 × 103)       
      = 3.6 × 10−3 A        A1 [1]
   3. time = 0.027 s         A1 [1]

  (ii) 1. Q = It
      = 3.6 × 10−3 × 0.027       C1
       = 9.72 × 10−5 C        A1 [2]
      2. C = ∆Q / ∆V (allow Q/V)       C1
      = (9.72 × 10−5) / 1.2
      = 8.1 × 10−5 F        A1 [2]
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 (c) line: reasonable shape with less ripple      B1 [1]

   [Total: 10]

11 at 0 K, VB is fi lled, CB is empty        B1
 as temperature rises, electrons gain energy to enter CB    M1
      positive holes are formed in VB     A1
      lattice vibrations increase     B1
 effect due to increase in charge carriers outweighs effect due to increase in 
 lattice vibrations          M1
 so current larger and resistance smaller       A1 [6]

   [Total: 6]

12 (a) (i) clear distinction of boundaries between regions     B1 [1]

  (ii) signifi cant difference in degree of blackening between regions  B1 [1]

 (b) (i) ½ = e−µ          C1
    µ = 0.693 mm−1         A1 [2]

  (ii) X-ray photons are more penetrating      M1
    µ is smaller         A1 [2]

   [Total: 6]

13 (a) (i) probability of decay (of a nucleus)      M1
    per unit time         A1 [2]

  (ii) greater energy of α-particle       M0
    (parent) nucleus less stable       A1
    nucleus more likely to decay       A1
    hence radium−224        A1 [3]

 (b) (i) λ = ln 2 / 3.6
       = 0.193         A1
    unit: day−1         A1 [2]
    (allow full credit for 2.23 × 10−6 s−1)

  (ii) N = {(2.24 × 10−3) / 224} × 6.02 × 1023      C1
      = 6.02 × 1018         C1
    activity = λ N
     = 2.23 × 10−6 × 6.02 × 1018      C1
     = 1.3 × 1013 Bq        A1 [4]

   [Total: 11]
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Categorisation of marks 

The marking scheme categorises marks on the MACB scheme.

B marks: These are awarded as independent marks, which do not depend on other marks. For a 
B-mark to be scored, the point to which it refers must be seen specifi cally in the candidate’s answer.

M marks: These are method marks upon which A-marks (accuracy marks) later depend. For an M-mark 
to be scored, the point to which it refers must be seen in the candidate’s answer. If a candidate fails to 
score a particular M-mark, then none of the dependent A-marks can be scored.

C marks: These are compensatory method marks which can be scored even if the points to which they 
refer are not written down by the candidate, providing subsequent working gives evidence that they 
must have known it. For example, if an equation carries a C-mark and the candidate does not write 
down the actual equation but does correct working which shows he/she knew the equation, then the 
C-mark is awarded.

A marks: These are accuracy or answer marks which either depend on an M-mark, or allow a C-mark 
to be scored.

Conventions within the marking scheme 

BRACKETS
Where brackets are shown in the marking scheme, the candidate is not required to give the bracketed 
information in order to earn the available marks.

UNDERLINING
In the marking scheme, underlining indicates information that is essential for marks to be awarded.
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 Question 1 Planning

Defi ning the problem

P Vary pressure. 

P For different values of pressure, measure frequency. 

D Keep frequency of sound wave generated constant. 

D Keep temperature of the air constant. 

Methods of data collection

M Labelled diagram of apparatus: container with source of sound. 

M Method of varying p: e.g. use of pump to remove air/valve to allow air in. 

M Method of measuring p: e.g. Bourdon gauge/pressure gauge/manometer. 

M Use microphone connected to oscilloscope to measure frequency. 

D Method to determine the period of the wave including the use of the timebase. 

D f = 1/period. 

Method of analysis

A Plot f against p2; allow lg f against lg p. 

A Relationship is correct if graph is a straight line through the origin. 

A k = gradient. 

Safety considerations and additional detail

D Use a safety screen/goggles to prevent glass entering eyes if glass container shatters. 

D Use of y-axis on c.r.o. to check that initial sound has constant amplitude. 

D Need to seal points where wires pass through bell jar. 

D Use loud sound to obtain measurable readings at low pressures. 

D Check temperature with a thermometer. 

Award P, M and A marks where seen. Award a maximum of 6 D marks. [Total: 15]
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Question 2 Analysis, conclusions and evaluation

Mark Expected Answer Additional Guidance

(a) A Gradient = c2 [1]

(b) T1 R 2/ 10−4 m2 and E3 / MeV3 Allow R 2 (10−4 m2) and E3 (MeV3)

T2 16.0 or 16.00 156 or 155.7
18.9 or 18.92 183 or 183.3
23.0 or 23.04 221 or 221.4
25.5 or 25.50 248 or 247.7
32.5 or 32.49 310 or 310.3

Values must correspond to table.  

U1 From ± 0.4 to ± 0.6 Allow more than one signifi cant fi gure. [3]

(c)(i) G1 Five points plotted correctly Must be within half a small square. Penalise 
‘blobs’. Ecf allowed from table.

U2 All error bars in R2 plotted 
correctly

Must be accurate within half a small 
square. [2]

(c)(ii) G2 Line of best fi t Allow ecf from points plotted incorrectly – 
examiner judgement.

G3 Worst acceptable straight line.
Steepest or shallowest possible 
line that passes through all the 
error bars.

Line should be clearly labelled or dashed.  
Should pass from top of top error bar to 
bottom of bottom error bar or bottom of top 
error bar to top of bottom error bar. Mark 
scored only if all error bars are plotted. [2]

(c)(iii) C1 Gradient of best fi t line The triangle used should be at least half the 
length of the drawn line.  Check the read-
offs.  Work to half a small square. Do not 
penalise POT. (Should be about 1.1 × 10−5)

U3 Uncertainty in gradient Method of determining absolute uncertainty
Difference in worst gradient and gradient. [2]

 (d)  C2 c = gradient Gradient must be used. Should be about 
0.0033.
Do not penalise POT.

C3 m MeV −3/2

U4 Absolute uncertainty in c Check working.  [3]

(e)(i) C4 E given to 2 or 3 s.f. [1]

(e)(ii) U5 Percentage uncertainty in E 2
3

100 1
3

2 100∆
+
∆

× =
∆

+
∆

×
R c

c
R m

mR R(              ) (                 )
[1]

 [Total: 15]
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Data

speed of light in free space c = 3.00  108 m s–1

permeability of free space 0 = 4   10–7 H m–1

permittivity of free space 0 = 8.85  10–12 F m–1

 ( 1
4 0

  = 8.99 109 m F–1)
 
elementary charge e = 1.60  10–19 C

the Planck constant h = 6.63  10–34 J s

unified atomic mass unit 1 u = 1.66  10–27 kg

rest mass of electron me = 9.11  10–31 kg

rest mass of proton mp = 1.67  10–27 kg

molar gas constant R = 8.31 J K–1 mol–1

the Avogadro constant NA = 6.02  1023 mol–1

the Boltzmann constant k = 1.38  10–23 J K–1

gravitational constant G = 6.67  10–11 N m2 kg–2

acceleration of free fall g = 9.81 m s–2
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Formulae

uniformly accelerated motion s = ut + 12 at 2

 v2 = u2 + 2as

work done on/by a gas W = p V

gravitational potential   = – Gm
r

hydrostatic pressure p = gh

pressure of an ideal gas p = 13 
Nm
V c2

simple harmonic motion a = – 2x

velocity of particle in s.h.m. v = v0 cos t
 v = ± (x0

2 – x2)

Doppler effect fo = 
fsv

v ± vs

electric potential V = Q
4 0r

capacitors in series 1/C = 1/C1 + 1/C2 + . . .

capacitors in parallel C = C1 + C2 + . . .

energy of charged capacitor W = 12 QV

electric current I = Anvq

resistors in series R = R1 + R2 + . . .

resistors in parallel 1/R = 1/R1 + 1/R2 + . . .

Hall voltage VH = BI
ntq

alternating current/voltage x = x0 sin t

radioactive decay x = x0 exp(– t)

decay constant  = 0.693
t 1

2
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Answer all the questions in the spaces provided.

1 (a) (i) State the SI base units of volume.

 base units of volume  ..........................................................  [1]

  (ii) Show that the SI base units of pressure are kg m−1 s−2.

    [1]

 (b) The volume V of liquid that fl ows through a pipe in time t is given by the equation

V
t

Pr
C

=
π 4

8 l

  where P is the pressure difference between the ends of the pipe of radius r and length l.
   The constant C depends on the frictional effects of the liquid.

  Determine the base units of C.

 base units of C  ..........................................................  [3]

[Total: 5]
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2 A climber is supported by a rope on a vertical wall, as shown in Fig. 2.1.

wall

18°

W

R

P

T

Fig. 2.1

 The weight W of the climber is 520 N. The rope, of negligible weight, is attached to the climber and 
to a fi xed point P where it makes an angle of 18° to the vertical. The reaction force R acts at right 
angles to the wall. 

 The climber is in equilibrium.

 (a) Complete Fig. 2.2 by drawing a labelled vector triangle to represent the forces acting on the 
climber. 

W

Fig. 2.2

[2]
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 (b) Resolve forces or use your vector triangle to calculate

  (i) the tension T in the rope,

 T =  ......................................................  N [2]

  (ii) the reaction force R.

 R =  ......................................................  N [1] 

 (c) The climber moves up the wall and the angle the rope makes with the vertical increases. 
Explain why the magnitude of the tension in the rope increases.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [1]

   [Total: 6]
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3 (a) Explain what is meant by work done.

 ...................................................................................................................................................

 .............................................................................................................................................. [1]

 (b) A car is travelling along a road that has a uniform downhill gradient as shown in Fig. 3.1.

7.5°

25 m s–1

Fig. 3.1

  The car has a total mass of 850 kg. The angle of the road to the horizontal is 7.5°. 

  Calculate the component of the weight of the car down the slope.

 component of weight =  ......................................................  N [2]

 (c) The car in (b) is travelling at a constant speed of 25 m s–1. The driver then applies the brakes 
to stop the car. The constant force resisting the motion of the car is 4600 N. 

  (i) Show that the deceleration of the car with the brakes applied is 4.1 m s–2.

     [2]

  (ii)  Calculate the distance the car travels from when the brakes are applied until the car 
comes to rest.

 distance =  ......................................................  m [2]



8

9702/02/SP/16© UCLES 2014

  (iii) Calculate

   1. the loss of kinetic energy of the car,

 loss of kinetic energy =  ............................................................  J

   2. work done by the resisting force of 4600 N.

 work done =  ............................................................  J
    [3]

  (iv) The quantities in (iii) part 1 and in (iii) part 2 are not equal. Explain why these two 
quantities are not equal.

 ...........................................................................................................................................

 ......................................................................................................................................  [1]

[Total: 11]
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4 (a) Defi ne the torque of a couple.

 ...................................................................................................................................................

 .............................................................................................................................................. [2]

 (b) A uniform rod of length 1.5 m and weight 2.4 N is shown in Fig. 4.1.

1.5 m

pin

weight 2.4 N

8.0 N rope B

8.0 Nrope A

rod

Fig. 4.1

  The rod is supported on a pin passing through a hole in its centre. Ropes A and B provide 
equal and opposite forces of 8.0 N.

  (i) Calculate the torque on the rod produced by ropes A and B.

 torque =  ................................................... N m [1]

  (ii) Discuss, briefl y, whether the rod is in equilibrium.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ......................................................................................................................................  [2]

[Total: 5]
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5 Fig. 5.1 shows a 12 V power supply with negligible internal resistance connected to a uniform metal 
wire AB. The wire has length 1.00 m and resistance 10 Ω. Two resistors of resistance 4.0 Ω and 
2.0 Ω are connected in series across the wire.

40 cm

D

A B
metal wire

12 V

I3

I1
I2 C

4.0 Ω 2.0 Ω

Fig. 5.1

 Currents I1, I2 and I3 in the circuit are as shown in Fig. 5.1. 

 (a) (i) Use Kirchhoff’s fi rst law to state a relationship between I1, I2 and I3.

 ......................................................................................................................................  [1]

  (ii) Calculate I1.

 I1 =  .......................................................  A [3]

  (iii) Calculate the ratio x, where 

x = power in me wire
power in series resist

tal 
oors

.

 x =  ..........................................................  [3]

 (b) Calculate the potential difference (p.d.) between the points C and D, as shown in 
Fig. 5.1. The distance AC is 40 cm and D is the point between the two series resistors.

 p.d. =  ......................................................  V [3]

  [Total: 10]
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6 (a) State Hooke’s law. 

 ...................................................................................................................................................

 .............................................................................................................................................. [1]

 (b) The variation in extension x with force F for a spring is shown in Fig. 6.1.

4.0

6.0

8.0

0

2.0

0 2 4 6 8 10

F /N

x /10–2m

L

Fig. 6.1

  The point L on the graph is the elastic limit of the spring.

  (i) Describe the meaning of elastic limit. 

 ...........................................................................................................................................

 ...........................................................................................................................................

 ......................................................................................................................................  [1]

  (ii) Calculate the spring constant k for the spring.

 k =  ................................................ N m−1 [1]
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  (iii) Calculate the work done extending the spring with a force of 6.4 N.

 work done =  .......................................................  J [2]

    [Total: 5]
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7 (a) A transverse progressive wave travels along a stretched string from left to right. The shape of 
part of the string at a particular instant is shown in Fig. 7.1.

–8.0

–4.0

–2.0

2.0

4.0

6.0

8.0

displacement
/mm

0

–6.0

10040200 80 12060 100 12060

P

Q

distance along string /cm

Fig. 7.1

  The frequency of the wave is 15 Hz.

  For this wave, use Fig. 7.1 to determine

  (i) the amplitude,

 amplitude =  ...................................................  mm [1]

  (ii) the phase difference between the points P and Q on the string,

 phase difference =  ..........................................................  [1]

  (iii) the speed of the wave.

 speed =  ................................................. m s−1 [2]
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 (b) Another stretched string is used to form a stationary wave. Part of this wave at a particular 
instant is shown in Fig. 7.2.

YX

Fig. 7.2

  The points on the string are at their maximum displacement.

  (i) State the phase difference between the particles labelled X and Y.

 phase difference =  ..........................................................  [1]

  (ii) Explain the following terms used to describe stationary waves on a string.

antinode:  ...........................................................................................................................

node:  .................................................................................................................................
    [1]

  (iii) State the number of antinodes shown on Fig. 7.2 for this wave.

 number of antinodes =  ..........................................................  [1]

  (iv) The period of vibration of this wave is 20 ms. On Fig. 7.2, sketch the stationary wave 
10 ms after the instant shown in Fig. 7.2.  [1]

[Total: 8]
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8 (a) Describe the Doppler effect.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [1]

 (b) An observer stands on a bridge above a railway track as a train approaches at a constant 
speed of 44 m s−1. The train continuously sounds a whistle which has a frequency of 880 Hz. The 
speed of sound in air is 340 m s−1.

  Calculate the frequency heard by the observer as the train

  (i) approaches,

 frequency =  ....................................................  Hz [2]

  (ii) recedes. 

 frequency =  ....................................................  Hz [1]

    [Total: 4]
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9 (a) State the class of particles which includes protons and neutrons.

 .............................................................................................................................................. [1]

 (b) A proton inside a nucleus decays into a neutron. Write an equation to represent this decay.

   [3]

 (c) State the composition of a proton in terms of quarks.

 .............................................................................................................................................. [1]

 (d) Describe the decay of the proton in (b) in terms of quarks.

 .............................................................................................................................................. [1]

   [Total: 6]
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You may not need to use all the materials provided.

1 In this experiment, you will measure the e.m.f. E and internal resistance r of a dry cell by changing 
the resistance R in the circuit and measuring the current I.

 Connect the circuit shown in Fig. 1.1 using one of the 10 Ω resistors as resistance R.

Fig. 1.1

 (a) Close switch S.

  Record the value of the current I and the resistance R.

 I =  ...............................................................

 R =  ...............................................................
 [1]

 Open switch S.
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 (b) The combined resistance of resistors in series is given by R = R1 + R2 + …

  The combined resistance of resistors in parallel is given by 
1 1

1 2

1
R R R
= + + …

  Change the value of R by using different combinations of the 10 Ω resistors and repeat (a) 
until you have six sets of readings for I and R. You may need to twist the ends of the resistors 
together when joining them. 

  Include values of 
1
I

 in your table.

   [10]

 (c) (i) Plot a graph of 
1
I

 on the y-axis against R on the x-axis. [3]

  (ii) Draw the straight line of best fi t. [1]

  (iii) Determine the gradient and the y-intercept of this line.

 gradient =  ...............................................................

 y-intercept =  ...............................................................
[2]
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 (d) The quantities I and R are related by the equation

1 1
I
= +
E
R r

E
.

  Using your answers from (c)(iii), determine values of E and r.
  Give appropriate units.

 E =  ...............................................................

 r =  ...............................................................
[2]

 (e) On the graph grid on page 5, sketch a second line to show your prediction of the results if two 
dry cells are used in series instead of one dry cell as the power source.

  Label this line Z. [1]

 [Total: 20]
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You may not need to use all the materials provided.

2 In this question, you will investigate how the mass fl ow rate of salt passing through the hole in a 
funnel depends on the mass of salt in the funnel.

 You are supplied with two small containers holding salt and an empty container. The mass of salt 
in container A is mA and the mass of salt in container B is mB.

 (a) Use a top pan balance to determine mA and mB.

 mA =  ...............................................................

 mB =  ...............................................................
[4]
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 Mount the funnel in a stand and clamp and place the empty container underneath, as shown in 
Fig. 2.1.

Fig. 2.1

 (b) (i) Place your fi nger over the hole at the bottom of the funnel and pour the salt from container A 
into the funnel.

   Move your fi nger away from the hole and at the same time start the stopwatch. Make and 
record measurements to fi nd the time tA for all the salt to leave the funnel.

 tA =  ........................................................ s [1]
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  (ii) Repeat the procedure for the salt in container B.

 tB =  ........................................................ s [3] 

 (c) Estimate the percentage uncertainly in tB. Show your working.

 percentage uncertainly in tB =  .......................................................... [1]
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 (d) (i) Calculate the mass fl ow rate in each case by dividing the mass of salt by the time taken 
for it to pass through the hole in the funnel.

 mass fl ow rateA =  ...............................................................

 mass fl ow rateB =  ...............................................................
[2]

  (ii) Use your answer in (i) to comment on whether the mass of salt in the funnel affects the 
rate at which salt passes out of the funnel.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [1]
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 (e) (i) Describe four sources of uncertainty or limitations of the procedure in this experiment.

1.  .......................................................................................................................................

 ...........................................................................................................................................

2.  .......................................................................................................................................

 ...........................................................................................................................................

3.  .......................................................................................................................................

 ...........................................................................................................................................

4.  .......................................................................................................................................

 ...........................................................................................................................................
[4]

  (ii) Describe four improvements that could be made to the experiment. You may suggest the 
use of other apparatus or different procedures.

1.  .......................................................................................................................................

 ...........................................................................................................................................

2.  .......................................................................................................................................

 ...........................................................................................................................................

3.  .......................................................................................................................................

 ...........................................................................................................................................

4.  .......................................................................................................................................

 ...........................................................................................................................................
[4]

 [Total: 20]
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Data

speed of light in free space c = 3.00  108 m s–1

permeability of free space 0 = 4   10–7 H m–1

permittivity of free space 0 = 8.85  10–12 F m–1

 ( 1
4 0

  = 8.99 109 m F–1)
 
elementary charge e = 1.60  10–19 C

the Planck constant h = 6.63  10–34 J s

unified atomic mass unit 1 u = 1.66  10–27 kg

rest mass of electron me = 9.11  10–31 kg

rest mass of proton mp = 1.67  10–27 kg

molar gas constant R = 8.31 J K–1 mol–1

the Avogadro constant NA = 6.02  1023 mol–1

the Boltzmann constant k = 1.38  10–23 J K–1

gravitational constant G = 6.67  10–11 N m2 kg–2

acceleration of free fall g = 9.81 m s–2
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Formulae

uniformly accelerated motion s = ut + 12 at 2

 v2 = u2 + 2as

work done on/by a gas W = p V

gravitational potential   = – Gm
r

hydrostatic pressure p = gh

pressure of an ideal gas p = 13 
Nm
V c2

simple harmonic motion a = – 2x

velocity of particle in s.h.m. v = v0 cos t
 v = ± (x0

2 – x2)

Doppler effect fo = 
fsv

v ± vs

electric potential V = Q
4 0r

capacitors in series 1/C = 1/C1 + 1/C2 + . . .

capacitors in parallel C = C1 + C2 + . . .

energy of charged capacitor W = 12 QV

electric current I = Anvq

resistors in series R = R1 + R2 + . . .

resistors in parallel 1/R = 1/R1 + 1/R2 + . . .

Hall voltage VH = BI
ntq

alternating current/voltage x = x0 sin t

radioactive decay x = x0 exp(– t)

decay constant  = 0.693
t 1

2
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Answer all the questions in the spaces provided.

1 (a) The Earth may be considered to be a uniform sphere of radius 6380 km with its mass of 
5.98 × 1024 kg concentrated at its centre, as illustrated in Fig. 1.1.

Equator

mass
5.98 × 1024 kg

Fig. 1.1

  A mass of 1.00 kg on the Equator rotates about the axis of the Earth with a period of 
8.62 × 104 s.

  Calculate, to three signifi cant fi gures,

  (i) the gravitational force FG of attraction between the mass and the Earth,

 FG =  ......................................................  N [2]

  (ii) the centripetal force FC on the 1.00 kg mass,

 FC =  ......................................................  N [3]
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  (iii) the difference in magnitude of the forces.

 difference =  ......................................................  N [1]

 (b) By reference to your answers in (a), suggest, with a reason, a value for the acceleration of free 
fall at the Equator.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [1]

 [Total: 7]
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2 The volume of some air, assumed to be an ideal gas, in the cylinder of a car engine is 540 cm3 at a 
pressure of 1.1 × 105 Pa and a temperature of 27 °C. The air is suddenly compressed to a volume 
of 30 cm3. No energy enters or leaves the gas by heating during the compression.

 The pressure rises to 6.5 × 106 Pa.

 (a) Determine the temperature of the gas after the compression.

 temperature =  ......................................................  K [2]

 (b) (i) State the fi rst law of thermodynamics.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (ii) Use the law to explain why the temperature of the air changed during the compression.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [3]

 [Total: 7]
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3 (a) The defi ning equation for simple harmonic motion is

  a = −ω 2x.

  (i) State the relation between ω and the frequency f.

 ...................................................................................................................................... [1]

  (ii) State the signifi cance of the negative (−) sign in the equation.

 ...................................................................................................................................... [1]

 (b) A frictionless trolley of mass m is held on a horizontal surface by means of two similar springs, 
each of spring constant k. The springs are attached to fi xed points, as illustrated in Fig. 3.1.

fixed
point

trolleyspring

Fig. 3.1

  When the trolley is in equilibrium, the extension of each spring is e.

  The trolley is then displaced a small distance x to the right along the axis of the springs. Both 
springs remain extended.

  (i) Show that the magnitude F of the restoring force acting on the trolley is given by

  F = 2kx.

   [2]

  (ii) The trolley is then released. Show that the acceleration a of the trolley is given by

  a = − 
2kx
m

.

     [2]
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  (iii) The mass m of the trolley is 900 g and the spring constant k is 120 N m−1. By comparing 
the equations in (a) and (b)(ii), determine the frequency of oscillation of the trolley.

  frequency =  ....................................................  Hz [3]

   [Total: 9]
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4 A sinusoidal wave of frequency 75 kHz is to be amplitude modulated by a wave of frequency 
5.0 kHz.

 (a) Explain what is meant by amplitude modulation.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [2]

 (b) On the axes of Fig. 4.1, sketch a graph to show the variation with frequency f of the power P 
of the modulated wave. Label values on the frequency axis.

0 f / kHz

P

Fig. 4.1
     [3]

 (c) State the bandwidth of the modulated wave.

 bandwidth =  ................................................... kHz [1]

 [Total: 6]
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5 A microphone is connected directly to an amplifer having a gain of 63 dB, as shown in Fig. 5.1.

receiverwire pair 

amplifier
gain 63 dB

microphone

Fig. 5.1

 The microphone and amplifi er are connected to a receiver by means of a wire pair having an  
attenuation of 12 dB per kilometre length. The power of the output signal from the microphone is 
2.5 µW and there is a constant noise power in the wire pair of 0.035 µW.

 (a) Explain what is meant by noise.

 ...................................................................................................................................................

 .............................................................................................................................................. [1]

 (b) Calculate the power output of the amplifi er.

 power output =  .....................................................  W [3]

 (c) Calculate the length of the wire pair for the signal power to be reduced to the level of the noise 
power. 

 length =  ....................................................  km [2]

 [Total: 6]
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6 (a) State the relation between electric fi eld strength E and potential V.

 ...................................................................................................................................................

 .............................................................................................................................................. [2]

 (b) Two positively charged metal spheres A and B, of diameters 18 cm and 12 cm respectively,  
are isolated in space, as shown in Fig. 6.1.

12 cm18 cm

sphere

B

sphere

A

P

x

50 cm

Fig. 6.1
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  The centres of the spheres are separated by a distance of 50 cm. Point P is at a distance x 
from the centre of sphere A along the line joining the centres of the two spheres.

  The variation with x of the electric potential V at P is shown in Fig. 6.2.

0 10 20 30 40 50

400

500

600

700

800

900

200

300

x /cm

V / V

Fig. 6.2
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  State, qualitatively, and explain the variation with distance of the force on a proton placed at 
point P where x varies from x = 10 cm to x = 41 cm.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [6]

 [Total: 8]
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7 (a) The symbol for a light-emitting diode (LED) is shown in Fig. 7.1.

Fig. 7.1

  On Fig. 7.1, mark the polarity of the diode such that the diode is emitting light. [1]

 (b) The circuit diagram for a temperature-sensing device is shown in Fig. 7.2.

Fig. 7.2

  The operational amplifi er (op-amp) is ideal.

  Some values for the resistance of the thermistor at different temperatures are given in Fig. 7.3.

temperature / ° C resistance / Ω

 15
 30
 60
100

2200
1200
 800
 680

Fig. 7.3

  The thermistor is held in a water bath at a temperature of 15 °C. 
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  (i) Determine the voltage

    1. at A,

 voltage =  ...........................................................  V

   2. at B,

 voltage =  ...........................................................  V 

   3. at the output of the operational amplifi er.

 voltage =  ...........................................................  V 
  [4]

  (ii) State which LED is emitting light.

 ...................................................................................................................................... [1]

 (c) Describe and explain what is observed as the temperature of the thermistor is raised from 
15 °C to 100 °C.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [2]

 [Total: 8]
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8 A small coil is positioned so that its axis lies along the axis of a large bar magnet, as shown in 
Fig. 8.1.

x

pole of
magnet

coil

leads to
coil

axis of coil
and magnet

Fig. 8.1

 The coil has a cross-sectional area of 0.40 cm2 and contains 150 turns of wire.

 The average magnetic fl ux density B through the coil varies with the distance x between the face 
of the magnet and the plane of the coil, as shown in Fig. 8.2.

0 5 10 15 20 25

40

60

80

0

20

x / cm

B /mT

Fig. 8.2
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 (a) (i) The coil is 5.0 cm from the face of the magnet. Use Fig. 8.2 to determine the magnetic fl ux 
density in the coil.

 magnetic fl ux density =  ....................................................... T [1]

  (ii) Hence show that the magnetic fl ux linkage of the coil is 3.0 × 10−4 Wb.

    [2]

 (b) State Faraday’s law of electromagnetic induction.

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [2]

 (c) The coil is moved along the axis of the magnet so that the distance x changes from 
x = 5.0 cm to x = 15.0 cm in a time of 0.30 s. Calculate

  (i) the change in fl ux linkage of the coil,

 change =  ...................................................  Wb [2]

  (ii) the average e.m.f. induced in the coil.

 e.m.f. =  ............................ …………………. V [2]
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 (d) State and explain the variation, if any, of the speed of the coil so that the induced e.m.f. 
remains constant during the movement in (c).

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [2]

 [Total: 11]
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9 A charged particle passes through a region of uniform magnetic fi eld of fl ux density 0.74 T, as 
shown in Fig. 9.1.

path of 
charged particle

region of uniform 
magnetic field

Fig. 9.1

 The radius r of the path of the particle in the magnetic fi eld is 23 cm.

 (a) The particle is positively charged. State the direction of the magnetic fi eld.

 .............................................................................................................................................. [1]

 (b) (i) Show that the specifi c charge of the particle (the ratio q
m

 of its charge to its mass) is 
given by the expression

  q
m

 = v
rB

   where v is the speed of the particle and B is the magnetic fl ux density of the fi eld.

    [2]

  (ii) The speed v of the particle is 8.2 × 106 m s−1. Calculate the specifi c charge of the particle.

 specifi c charge =  ...............................................  C kg−1 [2]

   [Total: 5]



20

9702/04/SP/16© UCLES 2014

10 The rectifi ed output of a sinusoidal signal generator is connected across a resistor R of resistance 
1.5 kΩ, as shown in Fig. 10.1.

1.5kΩrectified
output R

Fig. 10.1

 The variation with time t of the potential difference V across R is shown in Fig. 10.2.

Fig. 10.2

 (a) State how the rectifi cation shown in Fig. 10.2 may be achieved.

 ...................................................................................................................................................

 .............................................................................................................................................. [2]

 (b) A capacitor is now connected in parallel with the resistor R. The resulting variation with time t 
of the potential difference V across R is shown in Fig. 10.3.

Fig. 10.3
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  (i)  Using Fig. 10.3, determine

    1. the mean potential difference across the resistor R, 

 potential difference =  ...........................................................  V

    2. the mean current in the resistor R, 

 mean current =  ............................................................ A

    3. the time in each cycle during which the capacitor discharges through the resistor.

 time =  ............................................................  s 
   [3]

  (ii) Using your answers in (i), calculate

    1. the charge passing through the resistor during one discharge of the capacitor,

 charge =  ...........................................................  C

    2. the capacitance of the capacitor.

 capacitance =  ............................................................ F 
   [4]

 (c) A second capacitor is now connected in parallel with the resistor R and the fi rst capacitor. On 
Fig. 10.3, draw a line to show the variation with time t of the potential difference V across the 
resistor. [1]

   [Total: 10]
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11 The energy bands in a solid are illustrated in Fig. 11.1.

conduction band

forbidden band

valence band

Fig. 11.1

 By considering charge carriers and lattice vibrations, use band theory to explain the change of 
resistance of an intrinsic semiconductor with change of temperature.

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..................................................................................................................................................... [6]

 [Total: 6]
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12 (a) The quality of an image produced using X-rays depends on sharpness and contrast. 
State what is meant by

  (i) sharpness,

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

  (ii) contrast.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

 (b) A parallel beam of X-ray photons is produced by an X-ray tube with 80 kV between anode and 
cathode. The beam has its intensity reduced to one half of its original value when it passes 
through a thickness of 1.0 mm of copper.

  (i) Determine the linear absorption (attenuation) coeffi cient µ of the X-ray photons in the 
copper.

 µ =  ................................................  mm−1 [2]

  (ii) Suggest, with a reason, the effect on the linear absorption coeffi cient if the beam is  
comprised of 100 keV photons. 

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

 [Total: 6]
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13 The isotopes radium-224 (224
88Ra) and radium-226 (226

88Ra) both undergo spontaneous α-particle 
decay. The energy of the α-particles emitted from radium-224 is 5.68 MeV and from radium-226, 
4.78 MeV.

 (a) (i) State what is meant by the decay constant of a radioactive nucleus.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (ii) Suggest, with a reason, which of the two isotopes has the larger decay constant.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [3]

 (b) Radium-224 has a half-life of 3.6 days.

  (i) Calculate the decay constant of radium-224, stating the unit in which it is measured.

 decay constant =  .......................................................... [2]

  (ii) Determine the activity of a sample of radium-224 of mass 2.24 mg.

 activity =  ....................................................  Bq [4]

 [Total: 11]
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1 Two students are having a discussion about an experiment in which the air inside a bell jar is 
gradually removed. The sound of a ringing bell inside the jar is heard to decrease in intensity during 
this process.

 One student suggests that the frequency f of a sound wave and the pressure p are related by the 
equation

f = kp2

 where k is a constant.

 Design a laboratory experiment to test the relationship between f and p and determine a value for 
k. You should draw a diagram, on page 3, showing the arrangement of your equipment. In your 
account you should pay particular attention to: 

 • the procedure to be followed,
 • the measurements to be taken,
 • the control of variables,
 • the analysis of the data,
 • the safety precautions to be taken.

  [15]
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 Diagram

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................
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 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 ..........................................................................................................................................................

 [Total: 15]
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2 In the early part of the twentieth century, experiments were carried out to measure the 
range R and energy E of α-particles in air using a number of different radioactive nuclides in the 
thorium series.

 It is suggested that R and E are related by the equation

R = cE
3
2

 where c is a constant.

 (a) A graph is plotted of R2 on the y-axis against E3 on the x-axis. Determine an expression for the 
gradient in terms of c.

 gradient =  .......................................................... [1]
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 (b) Values of R and E for a set of nuclides are given in Fig. 2.1. 

R / 10−2 m E / MeV

4.00 ± 0.05 5.38

4.35 ± 0.05 5.68

4.80 ± 0.05 6.05

5.05 ± 0.05 6.28

5.70 ± 0.05 6.77

Fig. 2.1

  Calculate and record values of R2 / 10−4 m2 and E3 / MeV3 in Fig. 2.1. Include the absolute 
uncertainties in R2. [3]

 (c) (i) Plot a graph of R2 / 10−4 m2 against E3 / MeV3. Include error bars for R2. [2]

  (ii) Draw the straight line of best fi t and a worst acceptable straight line on your graph. Both 
lines should be clearly labelled. [2]

  (iii) Determine the gradient of the line of best fi t. Include the uncertainty in your answer.

 gradient =  .......................................................... [2]



7

9702/05/SP/16© UCLES 2014 [Turn over

150 175 200 225 250 275 300 325 

18

20

22

24

26

28

30

32

34

14

16

36

R2/10–4m2

E3/MeV3



8

9702/05/SP/16© UCLES 2014

 (d) Using your answer to (c)(iii), determine the value of c. Include the absolute uncertainty in your 
value and an appropriate unit. 

 c =  .......................................................... [3]

 (e) The experiment is repeated for a different nuclide. 
  The range measured is 5.95 ± 0.05 cm.

  (i) Using the relationship given and your answer to (d), determine the corresponding value 
of E.

 E =  .................................................  MeV [1]

  (ii) Determine the percentage uncertainty in E.

 percentage uncertainty =  ...................................................... % [1]

 [Total: 15]
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