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Introduction

This unit was available for the first time in June 2010, for the specification which was introduced for
first teaching in September 2008. It follows on from the AS paper which was first used in June 2009
and aims to develop the skills required there. It follows the style of the Practical paper set as PHY5 in
the previous legacy specification and these papers provide an archive of useful material for training
studentsin the skills to be examined.

The questions aim to cover, as far as possible, the skills criteria from 6PH06, which can be found in
the specification, on the Physics subject page of the Edexcel website.

The essential elements are planning and analysis and the marks will divide roughly 20 for each
element.

Question 1(a)
This whole question is about data handling and uncertainty and using that data to reach a conclusion.

i) Candidates were expected to use the word anomaly in their answer which highlighted the
misreading of a micrometer by one complete turn of the spindle.

ii) Most candidates were able to get the right answer of 0.27 mm. Those that used all 5 readingsto
get the answer lost this mark but were able to access all subsequent marks.

iii) Very many candidates used 0.01 mm as the uncertainty - thisis not correct. The precision of the
instrument is only the uncertainty in the measurement when all the readings are the same. When
there is a spread of readings - asin this question - the uncertainty is best taken as half the spread or
0.5(maximum reading - minimum reading).

Repeat readings are used to produce a mean and an uncertainty giving greater reliability.

(iii) Estimate the percentage uncertainty in your value for the diameter of the wire.
(2)

Percentage uncertainty = ... 5 56 / ..................................

This candidate has ignored the amalous 0.77 mm and correctly found the mean as 0.27 mm. The uncertainty
istaken as half the range, it could equally be the whole range. Thisis correctly divided by the mean and the
resulting percentage need only be to 1 S=

Uncertainty comes from the range of readings
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Question 1(b) (i)

This was an exercise in controlling powers of ten in a simple calculation and was done well.

Question 1(b) (ii)

One mark was for attempting the right calculation and the second was for getting correct result and
with only 2 significant figures (SF). Thisis because the data in the question is almost all to 2 Sk Thisis
in contrast to a later question.

Here is how to do the question

(ii) Calculate the density of the material of the wire.

d(n%tta = ags, = .0-39_*!&'1.*9_
vlume  2.80x15° w

2421.10.

A

Density = .. 84?2.] JO . kéﬁ";);

(c) The tables below are taken from a data book.

Plus

Examiner Comments

Perfectly fine, except that the answer suggests a precision that is
just not there. The dataisto 2 Sk
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(i) Calculate the density of the material of the wire.

-3
Deraiy = Mon = 0:32x10 ~ = 8,u2.|
Voluma 3+-80 x10°8

Density = '9?6?9 8: 400 k—% M._.g

o) The tahlee helow are taken fram a data hoanl

[ Plus

Examiner Comments

Examiner Tip

The number of SFin the answer

Here the candidate gets both marks for doing the
depends on the precision of the data.

same thing but quoting only 2 SFin the answer

Question 1(c) (i)

The choice of Nichrome depended on getting the previous calculation right.

Question 1cii

The choice of 32 swg depended on getting the previous calculation right.
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Question 2 (a)

Any technique for ensuring the measurement was accurate was accepted and was most often
obtained from the diagram, it was much easier to answer the question by drawing as was
suggested in the question.

The most common response was to show a rule with a set square to ensure that it was vertical.

This shows how it is a good idea to use a diagram

' 2 A student is investigating kinetic energy. He sets up the apparatus as shown.
|
Pulley String Trolley
7
j ]
I
e |
E Weight ‘ | lable
A
| |
N Sya _ Floor
= ~ dd |
Ly
M{:ﬁ E\r\‘ru\ev
The trolley starts from rest with the weight close to the pulley and at a height /# above
the floor.
(a) Describe how you would measure the height 4. You may add to the diagram if you

Measure h py \.:M( L\-';f1| a mefve yole (1(3(’\{ NSt e
-<'.'-i'~ﬂ-"i('1 Ve L-\a( (.HM a nd s P A <e \ ‘%\CLU aye 'l{:. male
[1 ".{'..,'H'w()ugl/)t'

I
|
'J
|
[ wish.
i in

D us

Examiner Comments

The candidate has writen that the metre rule will be vertical,

how do we know it will be vertical?Look at the diagram. In Examiner Tip

fact it is not worth writing anything, draw a good diagram.

There is a bonus - the eye is shown looking across the bottom A good diagram is worth a lot of words.
of the weight, this technique avoids parallax; it is not enough Examiners like diagrams.

just to say 'avoid parallax' you have to say, or show, how you
\would do it.
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Question 2 (b) (i-iii)

The first two questions deal with uncertainties. The first comes from the precision of the instrument,
in this case the rule has a precision of 1 or 2 mm when measuring a length. In the second the
uncertainty comes from the spread in the readings. In both cases a value with a unit is expected,
many candidates gave the percentage uncertainty which was wrong. Many candidates thought

the uncertainty in using a manual stopwatch was 0.5 s, thisis probably too long and 0.1 sis more
realistic, hence the spread of readings is more significant here.

The third part required a simple calculation but thistime to 3 S- as the data here isto that precision.

This shows you about uncertainties first.

(b) The student records the distance h and the time ¢ it takes for the weight to fall to the
floor. His measurements are shown below.

h =885 mm

is I 2.94 _J_ 276 | 328 | 315 [ 302 |

The maximum velocity of the trolley is given by %
t

(i) Estimate the uncertainty in the value for 4. This should relate to your method in
part (a).
(1)

Uﬂte«’c@ov\ = = Lres
\
(ii) Estimate the uncertainty in the readings for 1.
1)
Uncexro -‘"""J‘{j:- _Brmerqe = 2 (328 -2 )= o068
=0:3s.
(iii) Calculate the mean maximum velocity.
2\ s (885 +1000) 0
Mootimin w@oerly = ¥ = [C2-aqr+ 2236+ 3:22+ 31542:6D55

LR O R8O w02 B3R Gra)
3.0%

Maximum velocity = ... L0 5%% s

Plus

Examiner Comments

Examiner Tip

(i) 1 or 2 mm isthe uncertainty in a measurement made with a metre rule.

(ii) The candidate works out half the range, this would be correct. They then say
it is0.5 s, thisis much to slow for a manual stopclock - so they lose the mark.
(iii) The candidate writes the equation, inserts the numbers, clearly showing
how they fit. The SFin the answer match the data - here 3 SF - and the unit is
correct too. Good exam technique.

Asingle reading has an
uncertainty that is the precision
of the instrument; repeat
readings give an uncertainty that
is half the range.
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(b) The student records the distance 4 and the time ¢ it takes for the weight to fall to the

floor. His measurements are shown below,

h =885 mm

| /s | 2.94 276 | 328 | 3.15 3.02

- : . . L 2h
T'he maximum velocity of the trolley is given by ——
t

(1) Estimate the uncertainty in the value for A. This should relate to your method in
part (a).
(1)

;i l‘\ihr =y Jl{\lj = J el ea

(ii) Estimate the uncertainty in the readings for r.

(1)
. | A - . Lo
e inty =5 (328 = 220
=2 Ffm = 0.26 5
(iii) Calculate the mean maximum velocity.
(1)
- - :a"—?_ E'} .
"\J>'!-:.(.Jf'-) ?__)f\_ %1 G
2.0673
0. 5% ms™!

Examiner Comments

This candidate gains the mark for (ii) since they quote half
the range of readings. They lose the mark for (iii) because
they quote only 2 SF - the dataisto 3 &
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Question 2 (b) (iv-v)
(iv) asked candidates to perform a simple calculation but in the context of two separate masses.
This was done well.

(v) asked for the uncertaintiesto be combined. Here the percentage uncertainties should be
added and doubled as they are both in quantities that are squared. Very few candidates realised

this.

The uncertainty and percentage uncertainty are different. Look at the whole clip to see how the
question builds.

2
(b) The student records the distance A and the time ¢ it takes for the weight to fall to the
floor. His measurements are shown below.

h = B85 mm

s 2.94 276 | 328 | 315 3.02

The maximum velocity of the trolley is given by 2h
t

(i) Estimate the uncertainty in the value for 4. This should relate to your method in

part (a). i -
%ﬁiwﬂ “}

e O e

(ii) Estimate the uncertainty in the readings for r.
Fucadsrty 4 + < L05) ool mont 82974
FBA2T
(iii) Calculate the mean maximum velocity.
(1)

M, maxE wlas.it;j__ =

-l
Maximum velocity = ... 0-60..m5 g




)
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(iv) The mass of the trolley is 0.930 kg and the falling weight has a mass of
0.030 kg. Calculate a value for the total maximum kinetic energy of the trolley
and weight.

(1)
Mo KE = _é_ x@%o +0.030) ’((0‘60)1
=0.173 ..
Maximum kinetic energy = Q]?'SJ v
—
(v) Estimate the percentage uncertainty in your calculated value for the kinetic
energy.
Assume the uncertainty in the values of both masses is negligible.
2)

£ ma?r!Zc_rn[? AD__UQ_’O_LI_L%_: ..'ff_umﬂf;un[?.g%...l’].. t I u_oat.famﬁg %t B
N o N | ) SO S 213
e et ob K. = 227 uveturf z1 veler

1

1)

Percentage uncertainty = . 1706 /‘ e

(Total for Question 2 = 7 marks)

Plus

Examiner Comments

(i) The candidate is given credit here for using 1 mm,

although the percentage they quote is not the right answer Bxaminer Tip

- but examiners cannot mark all wrong answers as correct so

they lose the mark in (ii). Read the question carefully to make sure
(iii) The candidate does not use the mean value of the time you use the correct type of uncertainty.

so loses this mark; but they use this velocity value correctly
in (iv) and so get this mark.

In (v) the candidate uses the percentages worked out before,
they add them and then double correctly since these terms
are squared in the original equation.
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Question 3 (a)

Many candidates did not realise that the wavelength of the light should be measured, giving a value
for the red-shift, either term got the mark.

Although technically incorrect the answer 'Doppler shift' was given a mark.

Question 3 (b)

This was an easy Best Fit Line to draw and most candidates did it well. The gradient calculation did
not need units but a large triangle was expected.

(b) The graph below is a plot of their data.

18000
16000

14000 - H

{ i 1t i 'l

00 1 U O 6 Y S AW

12000 -+ I M gt A e et
10000

g
—

S 8000

6000 |

2000 |

o EEEER N - i

0 ' -t . t t — t . 1 f
0 50 100 150 200 250 300
d/Mpe
(i) Draw a line of best fit for this data.
(1)
(ii) Determine the gradient of your line,
-1 - -
14 500 — 2000 Km€ = 49 2 Hnos "M// !
225 -« 4 mMpr
. >y -/
Gradient "/,"?,_’("”‘r e o A

lus

Examiner Comments Examiner Tip

It is not a bad BFL so gets the marks and the calculation is correct Your Best line should have points on both
but the value is outside the tolerance of the answer. So 2/ 3. sides - this one here is 4 above and 2 below.
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(b) The graph below is a plot of their data.

18000 -y = 7 g e

16000 -

‘ 14000

12000

10000

8000

v/ kms™

6000

4000

2000 -

(i) Draw a line of best fit for this data.

(ii) Determine the gradient of your line.

45500 — L9460
?4@ — 440

Gradient = ... 20 et sedo e st e

us

Examiner Comments

Examiner Tip

The BFL is fine. The gradient triangle istoo small (it .
should be at least 150 Mpc) and the points are read When reading data from graphs, check
wrongly - the 110 should be 97 - and so the calculation is your readings as you do in an experiment

based on faulty data and must give the wrong answer.
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(b) The graph below is a plot of their data.
18000
16000
14000
12000

10000 -

K | tj 'l)ll
(275 o)

v/ kms

8000 -
6000
4000

2000

() { ! | i

I I
0 50 100 150 200
d/Mpc

(1) Draw a line of best fit for this data.

(ii) Determine the gradient of your line.

i

4

Examiner Comments

Thisisthe best way to do it - draw the line to the edges
of the grid and then write the values on the graph.
Writing the coordinate values on the graph also helps.

7,600 =800

X2 X205 SIS 2 by b2

-1 _—
Gradient = ... 4.2 6. kms.. . Mpc

(1)

Examiner Tip

Thisisthe way to do it.
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Question 3 (c) (i)

Very many candidates did not write that for direct proportionality the line must be straight AND pass
through the origin. Acorrectly drawn line did both in this question but many candidates did not say so
and so lost the mark.

Question 3 (c) (ii)

A percentage difference uses the specified value (here 71) as the denominator. Only if there are two
uncertain values should the mean be used - asin a percentage uncertainty calculation.

Question 4 (a-b)

This was the most testing part of the paper and required candidates to put their knowledge of
radioactivity into a planning context.

a) The emphasis was in planning an experiment to produce a simple conclusion with some degree of
certainty. Background radiation count was a vital part in this. Many candidates did not say they would
use thick (bold) aluminium to stop the alpha and beta. Any amount of lead will do this.

b) This demanded greater organisation of knowledge and was done well by the stronger candidates,
many scoring 4 or 5 out of 6 (there were 7 marking points). Anumber of candidates failed to address
the question and scored poorly by concentrating on only one or two aspects of the experiment.

Thisis a good answer that contains a lot of good physics but the order means it needs a bit of careful
reading.

4 You are to plan an experiment to investigate the ability of gamma rays to penetrate lead.
You are then to analyse a set of data from such an experiment.

(a) You have a source of radiation and a detector and counter. Describe briefly a simple
experiment to confirm that the source emits gamma radiation.
(3)

Lo place. e redvabien Seuee | R0 am | assesy  Lrom the
\Paer ALY v

/
e dgieoior (u&ec'jcr mhcha 'q:ube) e The d—q,{'c’m}orq E_Jch be coppec led ko
e  €ouvtr T seud bre ploce. O Aemw) Oloe ¥ of

\ea d bl e K\"\\(j e Po;‘_ﬂr\ betutern tre speges . mokr ‘i be aad
(Anis is to cox 0% beka ond alpha rc(\-gd.-o'-w)

e . redehion  Source Y TR MR- N SNOMONAARORS Bagae. TG wesd

roeaso®. .. e ootk and | cadkodn . savoml Tt ondh take | an axemge

per minde . Ty fhe contw peie yp a lorgor radedeh count
ver mrminsde e n NS it bockrswid rodaodiidn me cwee reeoleases
gammo. va deatcom |
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(b) You are provided with sheets of lead and apparatus to support them safely between
the source and the detector.

The thickness of lead affects the count rate. Describe the measurements you would
make to investigate this.

Your description should include:
e a variable you will control to make it a fair investigation
e how you will make your results as accurate as possible

=  one safety precaution.
(6)

T w0 Set e dp. @ ..@tﬁq}.f. Mdac. B  20cm. aviay drn

Awe  radectoe Jowree, ..".[I.miar_disianc.q.. s remawn ot Voem G Adne
. Sheets = ‘o
CCpiremem a8 a . A D make e AQE Can, T tampocivit
con SUing %@ Bt o m TEY- SN Can,
== - — — | v RO ™ he. . poked oot ok

2By AT rO Preyas Ine _
e qgc 83 ‘*H-mc_.) e Counts  per . MuNAC \Oamestre vp o
o Aol wWdM  a b e M ae e debe  can _be

camdcded forodaed.  muthle  vegdigs .can.... D dogen o each
and o oNerag ~*al<‘$1§

O ead £ Ao peae  Sue the demees po/ts  ace OCcomk

ol PoBBe . Soker pecodkion cald uclode pm Aowhing

On oMokl st and | Kaeting  (Dem | eneN Afrom. e Swuee-

boc i Cond. seshro  radwdt wn. . coud & Moagd. | Lo ad.. .

resyifs,

Examiner Comments

a) The candidate remembers to measure background and hence
scores the third mark for recording a count above background.

b) Thisis a good answer although the safety mark is a little
generous - 10 cm is not really enough for gamma radiation, but the
candidate shows they have thought about safety in the right way.
Adiagram for one of the parts would have improved this overall

but the language is clear enough.
\ J
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Question 4 (c)

A comparison of the log equation with the equation for a straight line is expected. Candidates
should be as explicit as possible.

-~

(c) For gamma rays passing through lead of thickness x, the count rate A is given by

A=Adye™

where A; is the count rate when there is no lead between source and detector,
and u is a constant.

Explain why a graph of In 4 against x should be a straight line.
(n

R A = InAst Lne?” KA =Rl m — 1A

- ‘3 —— C * ™o

Since. 2nA acciesk. X 15 in the . Fowr Y m g it 0.5 _3k3fai3k’t.\m,,

POV LN, . T Y | [ RS PSSR, IPYSE (RIS [ SRR RS SRS s e

Examiner Comments

Examiner Tip

It isclear that the candidate meansto show
which isthe intercept and which the gradient.

Lay out your answer so that your
meaning is clear.
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Question 4 (d)

This was a development of the graph skillstested in an earlier question. The logarithm of a
quantity must have no units so in this question the graph axisis labelled In (A/ 1/ min). If the
quantity was length measured in metres the log would become In(x/ m). This enables the gradient
of the graph (the exponent) to have no units.

Scales should allow the plotsto fill the paper and have no silly divisions (no 3's or 7's) so that
interpolation is easy for gradient calculations. Plots should be crosses drawn with a thin pencil
and not blobs and Best Fit Lines (BFL) should have points above and below.

Thisis an area in which very many candidates could improve.

Acrafty attempt but there are still marks awarded for the basic skills.

(d) The t'{)ﬁ{)wing, data were obtained in such an investigation.
The background count was 40 minute'.
+/ mm [ Measured Count | comveeret ‘_”;
| Rate / minute™! 1 WH*P’M'-/MM |
0 \ 1002 ] AL 2 !rn
I_ 6.30 L 739 J e44 .
T T BT .
25.44 [ 304 T 264 4
; “74 — _2_]_2__ i+ S ,}{9_'_ l — _
Use the column(s) provided for your processed data, and then plot a suitable graph
on the grid opposite to show that these data are consistent with 4 = A, e™*,
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Examiner Comments

The candidate subtracts the background count but Examiner Tip

does not take logarithms. . _ .

The graph is labelled as a log graph but the It is always worth having a go even if you are not
corrected count rate is plotted. The 'straight’ line really sure what to do. Show what you can do.

does not fit the points which are a clear curve.
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Areasonable answer.

| (d) The following data were obtained in such an investigation.

The background count was 40 minute™'.

| imm | Nt ot T o
0 | 1002 646 (.90
. 6.30 | 739 bkt (6|
| 12.74 I 553 6. 32 ' ‘
| 19.04 I 394 | 592 |
| 25.44 | 304 5. 72
[ 3174 _T o 545

Use the column(s) provided for your processed data, and then plot a suitable graph
on the grid opposite to show that these data are consistent with 4 = A4, ¢,

Jf = /;ﬂ {, A€ K

[ A = fir A t /n @ K
."" i 4 )

1 4 I ) -/_.' X
Jn 4 e x + fu 4

o
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g
3 D -I.:
8
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L.O“I
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y;
7

5-11

5.00

-
-

o (0.0 20-0

Examiner Comments

Examiner Tip

The candidate does not subtract the background
count, but the unit is correct - this was unusual.
The first plot on the graph is one whole square out
and so they lose two marks.

Graph plotting is a skill that requires a lot of
practice and should be very accurate at this level.
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Question 4 (e)

Alarge triangle was required again but almost no candidate got the unit of the gradient right. 3
S is usually required to plot a graph and is the number of SF for a gradient.

This was a very poorly answered question.

What might appear as a good answer in fact scores zero.

V< 2o 25 30 Ex

0a
W
°

':l'./rhm
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(e) Use your graph to determine a value for the constant .
(2)

Qeadiens . w = =95, 't—(*’__o___‘?_ug“

(Total for Question 4 = 17 marks)

TOTAL FOR PAPER = 40 MARKS

us

Examiner Comments

Examiner Tip

The gradient calculation is wrong. The graph shows

the horizontal distance on the triangle to be 31.74, o . .

thisis the x-value for the last point. The line does The best fit line is for taking a visual average.
not pass through the point so the candidate is not The gradient calculation must use coordinates
calculating the slope of the line. from the line and not the points - unless they are
The candidate also omits the unit. squarely on the line.
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(e) Use your graph to determine a value for the constant x,

B .
M = by 6.964- E25%
T obK 0 - 3L.FY
L6l a
= -ak3y © = 0.050% mn

M=o 0508 mm’ .
n= ©. 0508 mm’

_(Total for Question 4 = 17 marks)

TOTAL FOR PAPER = 40 MARKS

Examiner Comments

A good graph and a clear calculation giving an
answer in range with the correct unit.
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Candidates who had done a variety of practical work scored higher marks on this paper. The
practice they gain by carrying out measurements helps them appreciate uncertainty and
precision so that they can tackle these questions which might well involve unfamiliar situations.

Questions will usually be set in the context of topicsin the specification but there might also be
pure data handling exercises.

Candidates showed good progression from ASbut the marks that are not awarded are often due
to the candidate not fully realising what is required.

Grade boundaries

Grade Max. Mark A A B C D
Raw mark boundary 40 31 28 25 22 19 16 13
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