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Adjust the height of the horizontally clamped supports until these are close to the top
of the stands and the top surface of each is the same vertical distance above the bench.
Position one metre of paper tape parallel o the edge of the bench, about 20 cm from the
edge. Fix this down o the bench with Sellotape.

You are also provided with a chain of 24 paper clips.
Suspend one end ofthe chain from one horizontally-clamped support and the oher end
from the second horizontally-clamped support, so that the fll length of the chain hangs|
in cquilirium in a vetical plane above the bench.

Adjust the positions of the stands to which the horizontal supports are clamped until the
chin lics direetly above the length of paper tape and the horizontal distance, s,
between the ends of the paper cip chain is 750 mm.

Mark on the tape the point directly below the centre of the chain

Using the additional apparatus provided, measure and record values of x and y, which
are the horizontal and vertical distances respectively, from the point marked on the
paper tape to junctions between paper clips in the chain, as shown in Figure 3.

Take sufficient readings of x and y to define the shape of the chain from the centre (o
the right-hand end of the chain,

Record all your measurements and observations on page .

Figure 3

5=750mm

junction between 120
and 138 paper clips

level of bench ’T
N
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A student suggests that because d is much less than c, the length of the chain can be
safely estimated by calculating nc.

The student calculates the percentage difference between the calculated value of nc
‘and the true value of L, for different values of n.

‘The student’s results are shown in Table 1

Table 1

‘percentage
difference
000
207
328
385
414
428
435

B85 [oo| 0|0~
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1 () () Explain why the percentage difference increases as n increases.
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The student suggests that the percentage difference tends towards a constant
‘value when n becomes very large. Explain with reference (o the data in Table 1,
‘why the student’s suggestion might be correct.
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1 (b) (i) A different student decides that calculating nc is an acceptable method of
estimating L, providing that the percentage difference is less than 4%.
Suggest how the student could use the data in Table 1 10 determine the largest
value of n that meets this condition and explain what the student should do so
this value of n is determined accurately.
You should illustrate your answer with a skeich.
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2 Astudent performs the experiment using apparatus identical to that which you used.
‘The student records the position of every junction between paper clips in the chain, strting
a the cenire of the chain where the 12% and 13% paper clips are joined, and finishing where
the 24 paper clip meets the horizontal support at the right-hand end of the chain.

Using all the data measured, the student uses a computer o produce the graph, shown in
Figure 4.

2 (@) Use Figured to determine the gradient, G, a the junction between the 18 and 19
‘paper clips. You are provided with a small planc mirror which you may use 10 assist
you in answering the question.
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(b)  The student calculates the length of the chain, L, and measures the horizontal distance,
. between the ends of the paper clip chain.
The student’s results are L = 1.17m and s =

756m.

Using your result for G and the student’s values for L and s, evaluate
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2 () Thesag,r, is the vertical distance between the point of suspension and the bottom of
the chain.

Evl.hul:r.wllmr:f(r'*p‘—ll
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3 In Section ATask 1 you measured the period, T, of an oscillating chain of paper clips

3 () Makea sketch to show how you used a fiducial mark (reference point) to reduce the
uncertainty in your values of T.
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3 (i) Explin why you positioned the fiducial mark in the position shown in the sketch.
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4 InSection A Task 1 you investigated the motion of coupled pendulums, measuring the time,
. for the amplitude of cither pendulum o increase from zero to a maximum and then fall to
zero again. A student performs this experiment and measures four values of T with three,

five and then seven paper clips suspended from the thread.

‘The student’s results are shown in Table 2.

Table 2

w [ s [ [ s [ wis | mancrs [unceriy s [persenise
3 nes [z [ uss | nes

s| s | w9 | w2 w2

7| s | wa | w7 @s

4 () Complete the relevant column of Table 2 to show the mean value of 7 forn=3,n =5

andn=17.

(1 mark)
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4 () () Calculate the uncertainty in the mean values of Tforn=3,n=Sand n=
show the results of these calculations in the relevant column of Table 2.

4 () () Use your results to caulate the percentage uncertainty in the mean values of
forn=3,n =5 and n=7: show the results of these Fakulations i the relevant
column of Table 2

(2 marks)
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A student uses a motion sensor connected to a data logger to investigate the motion of
one of the coupled pendulums.
Data about the displacement, x, of the pendulum bob is recorded over an interval of

100 seconds and then displayed graphically, as shown in Figure S,
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4 © Determine the period of the pendulum’s motion represented in Figure 5.
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4 (d) State and explain two advantages of using a data logging technique to produce the data
in an experiment such as this, compared with the method which you were required to
use in Section A Task 1.
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You are to determine the resistance of a resistor R of unknown resistance using the
circut shown in Figure 1.

Figure 1
a2
flying lead 1 fing
I
socket st \__soctets3

socket 52

V) digital voltmeter

“This circuit is used for both Question 1 and Question 2 in Section A Task 1.
Connect fiying lead 2 to socket S3 as shown i Figure 1; Keep this lead connected
10 53 whilst making the measurements in Question 1
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1(d)  Most analogue voltmeters, such as that shown in Figure 2, have a finite resistance.

Figure 2

A student carries out the experiment using an analogue voltmeter that has the same
resistance as resistor R.
‘State and explain how the result for resistance of R obtained by the
‘student will compare with your resut
[3 marks]
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In this experiment you are required to measure the time period of a pendulum with an
interrupted swing
You are provided with the apparatus shown in Figure 5, including a fiducial mark.

Figure 5

S Washer

Terminal

N

© Penduium boo
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1(b)  Figure 7 on page 3 shows a side view and a front view of the apparatus you used in
Section A Task 2.

Add suitable annotation to either or both of these views to indicate:
1 (b) () where you positioned the fiducial mark in order to measure T

1 (b) (i) the position from which you viewed the oscillations of the pendulum.
[2 marks]
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1(c)  Students Aand B make systematic errors when carrying out the experiment.

Student A makes accurate measurements to determine I and T but records a value for
x that is too large.

Student B makes accurate measurements to determine I and x but (when measuring
T) consistently thinks that 20 oscillations are being counted but the time recorded is for
only 19 oscillations.

Explain what effect these systematic errors have:

1(c) (i) on the graph that student A plots
[2 marks]
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1 (c) (ii) on the graph that student B plots.
[2 marks]
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1 (c) (iii) The students are told that ({7 + x) — VI is directly proportional to '7

Suggest why the systematic error made by student A is easier to discover than that
made by student B.
[1 mark]
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2 (a)

2 (b)

By modifying the circuit you used in Question 2 of Section A Task 1 a student designs
a capacitance meter. The circuit used by the student is shown in Figure 8.

Figure 8
switch S switch P
R =
! H I
| -
- digital €=
——— input sockets I voltmeter 1000 iF

A capacitor of unknown capacitance is connected to the input sockets.

Switch S is moved to position L and switch P is briefly pressed, then the voltmeter
reading, Vo, is recorded. When switch S is moved to position R the voltmeter reading
falls to a new value, V. cxv

The capacitance of the unknown capacitor, is given by Cyy = ———— where

€ = 1000 iF for the circuit in Figure 8. Vo-V

Suggest why a digital voltmeter (ather than an analogue voltmeter) should be used.
[1 mark]

The 1000 uF capacitor may differ by up to 20% from its stated value.
For a certain unknown capacitance, Cy, Vo is 60 V£ 0.1V and Vis 2.3V £0.1V.

Determine the largest possible capacitance, Cy.
[2 marks]
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2 (c)

Figure 9 shows a circuit that can be used to determine the capacitance of an

unknown capacitor.

Figure
resistor of
resistance R
- electronic
L oscillator
Jn
input sockets N

.

‘When a capacitor of capacitance C is connected to the input sockets, the LED flashes

at a steady frequency, £, which

depends on C and R.

If R is known and f is measured, C can be found using the chart in Figure 11:
instructions on the use of this chart are given at the bottom of page 7.

The student makes three measurements of the time for 5 flashes of the LED

when R =5.0kQ.

LED on

Figure 10

LED off

time for 5 complete flashes

time for

5 flashes of the LED/s

476

46.4 467

time

Use the student’s measurements to determine C, showing clearly on Figure 11 how

you arrived at your result.
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Figure 11

frequency ®

0011z —+

L 10ke

01Hz

e

101z 1

“The dotied ine oining the three scales in Figure 11 shows the capacitance that can
be found when the values of R andf are known, eg when R is 10kQ and fis 1.0Hz,
the capacitance is just less than S0 uF:
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An experiment is carried out to dstermine the specific heat capacity of water using the.
‘apparatus shown in Figure 12.

Figure 12

Vacuum fask

Energy is suppiied to the water using an sectrical heater
Heat 0ss to the surroundings is minimised by placing the water in a

vacuum fiask.

‘The temperature of the water is dstermined using a temperature sensor connected to
2 data logger

“The procedure s as follows.

+ The mass of the water s determined using a balance.

+ The heater s connected to a ciruit that allows measurements to be made so that
the mean power supplied {0 the heater can be calculated.

 Data logging stats as the heater i switched on.

+ The heater s swiched off ater S00s.

« Data logging ends after §00s.

1f the sampie rate of the data logger =0,05Hz, how many samples are recorded whie.

data are being sent to the data logger?
11 mark

umber of samples
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3 (b)) Complete the diagram in Figure 13 to show the circuit that should be connected to.
the heater
11 mark]

Figure 13

heater

A

3 (b) (1) During the experiment s noticed that the measurements being made to determine.
power are not steady.
Explain how the mean power ransformed in the heater should be defermined.
11 mark]
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3(c)  The data collected in the experiment are displayed on the graph of temperature, 6,
‘against time, 1, shown in Figure 14.

Figure 14

arc

20

© 100 200 300 400 500 600 700 800
s

3(€) () Wny oss the temperature indicated by the temperature sensor continue {0 increase:
after the heater s switched off at = 50057
11 mark]
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3 (c) (i) In the experiment represented in Figure 14

the mass of water in the flask
the mean power supplied o the heater

19g
152W,

Use this information together with Figure 14 to determine the specific heat capacity of
the water
You may wish to use the equation 0 = mc AB.

Note that the graph in Figure 14 is linear between

specifc heat capacity T 'K

3 (e) (i) Comment on any discrepancy between your resultfor the specific heat capacity of
water and the accepted value of 4180 kg K-
11 mark]




image36.png
©

persentage amerence - 100 % (%

[ R —
a6 e, 20— 1 s ¢

25 inceass, 200 - 1) 2 bgger prgorton oL -

percerageamerence - 2443

peincease cnange arerace] rerence necsms smater
2 inceans  (scep e o G5 o Tape 1 ' B snwe)

st snowinggap (aceep ace s wayrune) of pecenage
et sgn 7 Rt 037, 50 5 o2

$55EETEES

12200 3ng e unere peremagearerece - s (can e shown on
S AT e g

sown oo neret(misgr) e o <
use g scae e rign] o reuce nceray < (et Tea0 o
mar P v % e 4%

{stematie v wnencansamup'o 3 e
e e e e s st
cacua peveniag aferene vong 222

requre vane of 1s when perentge aerence nas gt vae < 4% 1

ey





image37.png
“auestion 2

El

e eidence a3 angen, o3 v sl e g o2 ol
o e s raan e w203 - S0 1 pont
3oy 3¢ molense of 8 - cep 3 k2 3701163 st 3
i e g o - 270+

comect Fanster o -tep and xep s et grapnan calosaton +
(e i o 5 10 Gelemin s s 1 o st
ity

st must o 26 ma 45 greany un ghen b eror bk 60t
alow sctin ©10) 309 )

(mere 1 1 crst o gragnt cauaons asedan et e,
G- Ay or G @ S caes e £ 10 10 1)

3570r 45, comec subsbuton (o o, nower wEh s
9387or 45 camect suocuaon (alow e, snsuer i ot

irang 356 o i (ocept 47 o 26T avwersetwesn 0307
B i o e or s i 58 o 241 e 0310
1037 o 04611 50m 7160k perae formedng st ¥ a0
Re s

o

Gumstons

o

Sk showng Toucia . posonesa e cente ofceclation o e
(o 02) Some par o e mar s e el 5 engh o .
Sra sk o possined selow vt of - (5t PRSI ke

Tt of coaton) bcause i s whee e anst i s a5
oo gevest

Py





image38.png
Tatiez o | memnce incertantyls | percentage uncertaity
3 | s 23023 203% po%]
5 | o 28520 s2sw %l
7 | e 21522 4515 or.52% (5 0%]
@ mesn 7z values comect o 0.1 5 reject> 1 dp 1
® ()| uncerainty from 0.5  range, values correct, sitheral 0 35T or all 0251 B
(no set rom ()
® )| perosnisge uncarisinty from 100 x ATIT rasut o same st 52 n (5)() ¢ |
fany two correct rows showing consstency n s forcos 3 8.4 eams 1 mark]
@ o 20z 150 1
© () |perodto001s inrange 187 10 1775 (rject 175) v or 02 rom n x priod

Where $1220  (reect cycles in 3 ixed tme)

@

‘tatement of advantage (eg elminationof ruman eror) and explanation
(eg betir precicion) <ame 2 marks  full ereit can be gained fo o nked
nawers: | markcan be samed for statement wihout explanstion, but ot
Vice-versa; only 2 marks max fo each recponse

statement do nothave t rlease the bob and star ming at same moment
[orother vald example associated with overcoming systematie eror]

(no cract for ‘aveid paralax eror)

‘explanationtis measured with grester accuracy (sject more relabie’) v

statement no humanirandomireaction error s nvaiad i te timing.
process « andior

iz ensirtosscrsnhe memenfoint of maximum i) sl
Samples can be taken atvery igh requencylgreater sensitvity obtained
using dighalsensors (allow can record o mre desma places refect can
ke more data snd masure over ot sl of Sme) © sndor

‘can colectdata for many cycles of anergy ransfer lover onger me] (hence
520 csculsts  more rlsbis mean) <

‘explanation ris messured withgreater precision (allow more reliably)

statement the expariment does not require the experimentars constant
atention (reject data logger s automat’ idea)ie inormation can be
naiysed or manipulted ttercan ser0l through the cata ine by s +
ndlor

the datas easiy (Fansferad 0 a spreadshest 0 be)graphed [oan draw the
envelope around the displacement - time graph to determine ]
‘Sxplanation data ogging = convenient (low Tabourtime saving) ¢

(whiegiing cedit fo any valdimprovement,do ot credit e dlam that tis
leads t berer accuracy and beterpreciion)

Total





image39.png
(@ | explansson:

voltmeter is (a resistor) in parallel with R ¥

oot resistance is haved or tme constant R, 7. hat el =
halved o

paralle resistance calouaion shown =.5.

1 1.1 R
e M

s worth 2]

(lcuted) esutfor R s haed

resut for R = eduoed wih sufbie justhoaton: tme.
onstantis recuced | resistance o oreut [ime constant] 2
recioed ! tme forpd o halve [haf ] i reduoed ! capacir
willdischarge in ess time v = 1 MAX]





image40.png
@0

vald attempt at gradient ealculation and corect transfer of y- and x-step.
databetween graph and calculaion or 2= 0

(markis witihek  oints used o determine athe step > mm from comrect
postion on grid:f @bulated points are used these must i on the ne)
J-5t2p and xstep bothatleast 8semi-major rd squares v

[5by 13 or 13 by 5] (2 poory-scaled graph s rawnthe hypetenuse of he
aracient risngle should be extanded to mestthe & x & rters)

@

0 s e 105 B 0

tolerst 4 s but daduct 1 mrk for answars = 5. other scospisbe snswers:
009510 0.108 sem™ or0.10 sem™ v 208010 0110 2™ 1]
0.0300100.0332 s %, 0031 0 0.032 s

[0.0285 10,0548 s ™, 0.026, 0,030, 0,033 or 0.034 s o %]
(slow scf forwrong unis tansfarre from gragh bt no 8cffor raph with
reversac axes)

note tha this is the only part of Section B where excessive sfare
penalised

®

annotaton 0 side view showing the Fdcial mark 2 he cerive o osctaton,
i, algned with the sting: some partof e mark should be below the e
thatntarmupts the swing (mark can b below bob but don't nsist on i 25
st find tis mpractost slow mark t i in horizonsl plane. &.g. sl
lamped horzontaly)[gve credit e mark s shown at a sutable height n
the ront view and it stated hat tis was positoned at he saulbrium
postion s the cente]

annotaton o front view showing (side vew of)eye looking [drection of view
intersecting siving ina ciracion perpendicular o plane of osiltions or
Suisble unambiguous ststement. .. viswed fom the s’ [snnotston to
side view showing (ront view of)aye ooking in 2 diection perpendicuarto
plane of diagram / eye looking vertcally along ine of sring and 5 stated
tnat oseilstions e viewsd from the side]

[dontinsist that the apparats s viewed in a dircton paralel o the ground
s s isimpractiat he eye can be shown o the side and above the uler
but ihe s apparatus is iewe from directly above (5o th sting below
ler s obsoured by the terminal (o the rle is used 25 the fiducial mark)
= 1WA





image41.png




image42.png
©n

graph  line is higher up [he points on student A's graph are shified
(verticaly) vpwardsl.
(statement tnat J[1+3) — ] values incraase s ot sufcient.

witinokd mark for all shiied up by same amount, ‘gradient unchanged but
allow possile e i (6} withhold mark fo nercept increased v

(@ L values ar ncressed) ) T vaes incresse st s cecressing
st decressing raient/ curves dourmars] s

@n

n student s raph G decreased G smaler, e shallower tc] (any
Suggestion tha lne i dsplaced by a ixed amount (1ot right), hence
ifterent nroep, loses this mark) ¢

because T all smaller by same fraction(rject T resuls getsmallr by 3
decreasing amount) =

1 igger by same fackon i i perertage systema o

(rmct L oot e by an mressing amount 21

(60 and (S} allow oo # candidate ot 2 graph with e axes reversed

(oxm

Student A's graph wil be 2 curve [l be ron-inear] (and student 55 graph
il s b 3 srsignt ine) ¢

F ()0) answer sates that poins [condone JT—% — T values]incraase by
Ssme amount [ponts/ ine shited up but radient unchanged] then must
Stte hat student A's graph wil not pass trough orgin wil nave non-zero.
intercepi] (and shudent B's graph does go through the origin]]





image43.png
digital meter has higher resistance [allow ‘very high' / infinite]  capacitars do.
(@) | notischarge (quicky) ivough tne meter votmetr readings wilnot
decraase [ohange] bfore reacings are sken (rsect paralox argumens) ©

1200024
targstpossne apaciance (sccep siher 4 o ), Cu = o
823 4F or 82(3) x 10° F: acoept minimum of 251, L. 820 4F, 82X 10° F
)| (donit deduct for 4 st arswers) 3+

AT

raquency =0.107 or 011 (2) (slow > 35 reject 0,108, 0.1Dor 01 (2)

Strigntine (daviaton may not e > 1 mm st any poin) marked on Figure 11
(©) | trouan. from =5k (10 = 1 mm) passing thvough the requency axis t the.
spactance sis (1o 1mm) 3 (1 2+ =0 ten winho 57)

Cin range 71010 850 (4F) (allow 2 2 ) v





image44.png
@

(800 x 0.05 =) 40 (samples). (any unit supplied loses mark) v

®0

ASE symibol forammter [curret sansor,correcly shown] in seres and ASE.
symibol for vokmeter [votage senser, orrectly shown] in paralle with the
heater condone volmeterconnected across power supph] (don't deductfor
nclusion of seriss varisbe resistor uness = ncusion prevents vakd
measurements being made t determin the power)

®@

measure mllle eadings of U and I:caloulate V x 1 fo aach pai), then
cslcuste sn sversgeimesn ¢

(reject work out sverage V and sversge F mulipy hese resuts together or
a2 of ploting IV graph and finding area below ine: any suggestion that he.
pdor curent areto b defberatey varied &g, using a variable resistor,loses
s mark)

@0

ne temperaturs rises becauss (s £~ 700 <) s hestr (=) ot tan
he water (empsrature contnuss t s because) haster nd water have yet
o reach thermal squiibrum  sams temperaurs]

reject heater would st be hot or sl supplies heatto water as nadequate)

@m

%€ A8 or P=muxex gradient or working o hat fiect. ..
152220
T19+107 62
based on 8values o greater than 28.0°C and notless than 228°C, and
ime ntrval inthe range 200 1o 2205+~

i range 450 10.4.85 % 10 or 4.8 % 10° (J kg™ K~ allow = 4 5 v





image45.png
@m

‘some heat [{thermal) energy] is transferred to the flask [to the temperature
Sensor, o sir msd fask | onueston o of te neck of e sk o oner
relevant physics] soo8ptdes that watr may Gontai impntes [wate £ not
P

(reject heat s ransferred 1 the sumoundingsiroom’or water may not have.
sen stnect)

e to mor in calouiaton resul fo s less than 4180 allow mass s less
han 112 due o svaporation or <pilage dunng pourng £t ]




image1.png
1 You are to investigate the small-amplitude oscillations of a chain, suspended from one end,
ina vertical plane.

1 (a) You are provided with three short chains, each consisting of eight paper clips joined
together. One end of each chain has a small white mark painied on it o show the end
from which it should be suspended. Suspend one chain from the horizontally-clamped
support so that the chain hangs freely in a vertical plane. The white mark should be at
the point of suspension of this chain.

Displace the lower end then release the chain so that it performs small-amplifude
oscillations in a vertical plane, as shown in Figure 1.

Figure 1

\r“\

end of chain with small
‘white mark painted on it
suspended from
horizontally-clamped
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N this experiment you are to make measurements on a chain of paper clips
which hangs in equi

1

(a)

Ipported at each end,

ium in a vertical plane above the bench.

You are provided with a number of unconnected paper clips.
Place a metre ruler on the bench with the graduations uppermost and lay some paper
clips against the edge of the ruler so they are aligned in a single row, each paper clip
touching the next without overlapping, as shown in Figure 2.

Figure 2

e g v e ATt v v e
) G ) G ) G ) @

Make suitable measurements to determine the mean length, ¢, of one paper clip.




