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Section A

A student carries out an experiment to determine the electromotive force (e.m.f.) and the internal
resistance of a cell. Fig. 1.1 shows the circuit the student uses.

Fig. 1.1

® ®

The student changes the resistance of the variable resistor and measures corresponding values
of current through and potential difference across the variable resistor.

The graph in Fig. 1.2 shows the student’s results.

Fig. 1.2
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(@) The student concludes that the e.m.f. of the cell is 1.5V and that its internal resistance is 1.2Q.
Explain how the student reaches these conclusions. Include any relevant calculations.

Compare V.= £.=. . With.y. .= mx.+..c,.50..a.graph..of \N..against...Js..a.straight............
Jine..with. gradient. —t..ANG. INEEICEPE. .€............cooeveeeeeeeeeeeeeeeeeeeeeeeeeeee e

The.intercept.on.the M. axis.(where.l.=.0).0s.1.50.Y, .s0.emf.. .2 1.5 Vuooorn..

Gradient. from.two. points..on.the. line:..0,.1.50)..and..(0.40,.1.02): gradient. =.............
(1.02.2.1.50).2.00.40.2.0)..5.=0.48.5.0.40. 2. 2120 oo

..................................................................................................................................................... [4]
(b)
(i) Show that when the current is 0.40A the number of electrons passing through the variable
resistor each second is 2.5 x 1078,
| = ®/t = Ne/t, so N/t = I/e
N per second = 0.40 + 1.6 x 101" = 2.5 x 10*%
[2]

(ii) Calculate the energy transferred by one electron as it travels from one end of the variable resistor
to the other when the current is 0.40A.

from the graph at | = 0.40 A, V = 1.02 V
energy per electron W = eV = 1.6 x 1071% x 1.02
W=163x10"7

Energy transferred = ...1.63.x.10727 .. J [3]
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2 Astudent carries out an experiment to verify Newton’s 2nd law of motion. Fig. 2.1 shows
equipment used by the student.

Fig. 2.1

100g masses

Trolley String Pulley

Runway Fal“ng mass

The student follows these instructions:

*  Measure the mass of the trolley.

*  Place the trolley on the runway without the falling mass and compensate for the friction of
the wheels.

»  Connect the falling mass to the trolley, and with no masses on the trolley release it from rest
at the top of the runway and time how long it takes to travel 1 m with a stopwatch.

. Repeat the experiment two more times and calculate the mean time.

* Repeat the experiment with different numbers of 100 g masses on the trolley.

(a) Explain how the student compensates for the friction of the wheels.

Raise..one.end..of .the. runway..Ctilt. it,..e.q.. with..blacks) .and..adjust. the. slope................

(b) The mass of the trolley is 750g. With 200 g placed on top of it, the mean time taken for the trolley
to travel 1.00m from rest is 2.2s.
Show that the acceleration of the trolley is about 0.41 ms=2.

s =ut + Yat?> with u = 0, so a = 2s/t?

2 x 1.00 + 222 = 0.413 m s2 (about 0.41 m s72)

o
\

[1]
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(c) The table shows the student’s results.

Total mass of trolley Acceleration
kg Ims2
0.750 0.53
0.850 0.45
0.950 0.41
1.050 0.38
1.150 0.33

(i) Perform an arithmetical test to find if these results support Newton’s 2nd law of motion. Explain
your conclusion.

Newton's 2nd law F = ma: F is constant (same falling mass), so m x a should be
constant.

0.750 x 0.53 = 0.39% 0.850 x 0.45 = 0.383 0.950 x 0.41 = 0.390

\\

1.050 x 0.3%8 = 0.399 1.150 x 0.33 = 0.330 (all in N)

\

(ii) Describe a graph that the student could draw with these results and explain how the graph would
show if the results agreed with Newton’s 2nd law of motion.

_Plot.a. graph..of..acceleration..a.against. 1/m. . CLIAGEAL MASS ...

JE. the.results.agree. with. Newton's.2nd. law..Ca. =..Elm.with..F..constant),. .the...............

.graph..is.a..straight . line.through..the.origin, with.gradient .E..............c..cocoovvvvreeeeeeeee,

..................................................................................................................................................... [2]
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3 Astudent carries out an experiment to determine the Young modulus of copper. The student

stretches a long copper wire using the apparatus shown in Fig. 3.1.

Fig. 3.1

~ L_F =

Ruler
Marker
The student uses a micrometer to measure the diameter of the wire, and finds the mean diameter
of the wire to be 0.38 mm.
(a) Describe how the student makes the measurements to calculate the mean diameter.

Check the micrometer. for.a.zera. error first. (close it and. read..it, then correct.........
FRAGUNGS Dottt ettt
Measure. the. diameter. at. several different points.along..the. length.of .the. wire,.............

.and.at.each. point..take. two.readings. at..90°.to.each..other. (rotating.the.........o........
micrometer), then..calculate. the MEaN.................o....coooooeveeeooeeeeeeeeeeeeeeeeeeeeeeeeee

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

(b) The student obtains the following results:

Mean diameter of wire = 0.38mm

Initial length of wire = 1.500m

Mass suspended from wire = 2.000kg

Extension of wire = 2.2mm

Use these results to find the Young modulus of copper.

A=mr=mx 019 x1073)? =113 x 107 m?
F=mg=2000x981 =196 N
E = FL/Ax = (19.6 x 1.500) + (113 x 107 x 2.2 x 1073)
E =118 x 10*! Pa
Young modulus = ...1.18.x. 108 ..o Pa [3]
©OCR 2025
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(c) The student adds masses to the wire until it fractures. Copper is a ductile material.

Sketch a graph of stress against strain for the copper wire on Fig. 3.2.
Fig. 3.2

A fracture

Stress

Strain
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Fig. 4.1 shows apparatus used to determine the acceleration of free fall. A millisecond timer
begins timing when the steel ball is released from the electromagnet. The timing stops when the
ball breaks open the metal trap door.

Fig. 4.1

Steel ball held
in place by
electromagnet

1.24m

Trap door
Not to scale

A student makes five measurements and collects the following data:

Drop number Time/s
1 0.493
2 0.490
3 0.487
4 0.498
5 0.495

The student suggests that the results show a systematic error as well as random uncertainty.
Explain this reasoning and identify a likely cause for a systematic error in this experiment. Include

calculations in your answer.
g =2s/t? =2 x124 = t%
t=0493 s: 9 =102, 0490 s: g = 10.3; 04387 s: g = 105
0498 s: g = 10.0; 0.495 s: 9 = 101 m s2 (mean t = 0493 s, 9 = 10.2 m s72)
Expected t for g = 9.81: t = W2 x 1.24 = 9.81) = 0.503 s; every measured t is shorter.
All values of g are greater than the accepted 9.81 m s™2, beyond the spread of the data.

\

\

.Sa. 4. systematic..error.Call.g. toa. big). .plus. random. uncertainty. (times. scatter, 0.4%7.t0. 0.498............
.5\ Likely.cause:. drap..height. measured..wrangly. Cruler. position.). .or. the.delay .of the..............c.c...o.......

LleCtromagNEt. [ 1HQP. GAOK.............c..oeceeeeeeeeeeeee et [4]
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Section B
5

(a) A manufacturer produces fixed resistors, which it sells in boxes of ten.
A technician checks the values of ten resistors in a box using the circuit shown in Fig. 5.1.

Fig. 5.1
|
® ®
L |

The values of potential difference and current for one resistor are:

V=110+£0.01V
/1=0.26 +0.01A

All ten resistors in the box are tested in this way. The dot plot in Fig. 5.2 shows the results.

Fig. 5.2
®
® ® ®
® ® ® ® ® ®

3.7 3.8 3.9 4.0 41 4.2 4.3 4.4 4.5

Resistance/Q
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Discuss how the value of the resistors in the box should be presented on the label on the box.
Perform suitable calculations to support your answer.

B8.4).2 00541435105 804 e
Range. =.4.4..=.3.8.2.0.6.Q,.s0.uncertainty..=.half range. =. +.0.3.Q.(+.7.%o........
One.resistor:. R.=.1.10/0.26.=.4.23.0.%.00.9.%..3.3.83.%).7.2.0.2.Q, which.........
S 10SS. ANAI.TNC SPYCAU ...ttt
S0..the. label should be.4.1..%.0.3.Q,.as.this. .shows. the. true. variation. of the..............
VQIUES . N 0.
..................................................................................................................................................... [4]
(b) Nichrome is an alloy containing nickel and chromium that is used to make resistors.
Nichrome wire of cross-sectional area 5.9 x 108 m? is used to make a 4.2Q resistor.
The resistivity of nichrome is 1.4 x 105Qm.
(i) Show that the length of wire needed is about 18cm.
R=plL/A so L=RA/p=42x59x10%<+14x10"°
L =0177 m = 17.7 ecm (about 18 cm)
[2]
(ii) The density of a substance is given by the equation
density (p) = mass (m) + volume (V).
The density of nichrome is 8400 kgm=3.
The specific thermal capacity of nichrome is 450J kg~ K.
The resistor is connected into a circuit so that the potential difference across itis 1.5V.
Calculate the maximum temperature rise, A@in the resistor when the circuit is switched on for
one second.
m = pV = pAL = 3400 x 5.9 x 107% x 0177 = 8.77 x 107 kg
E=Vt/R=15%2x1<42=05367 (I =0364)
E = mchB: 0536 = 8.77 x 10~ x 450 x N\O
AB = 0536 + 0.0395 = 13.6 °C
AO= 136 °C [4]
© OCR 2025 Turn over
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(iii) A resistor of the same value can be made using a thicker wire of the same nichrome alloy.
Explain the advantages and disadvantages of using thicker wire to make the resistor.

A.thicker.wire. has..a. Jarger. cross=sectional. area,. so..a. lower. resistance. per...................
metre:. it.must._he. longer.to..give. the. same.4.2.Qu........co.cooeeoeeeeeeeeeeeeeeeeeeeeeee,
Advantage:..the. greater.diameter..(mass).means..a. lower. temperature..rise. A8, for..........
the.same..energy,. so.the. resistor.is. Jess. likely..to. burn..out. ./ overheat,. it can.................
SEOIE. QYL . ENCIMAL. . NCYQY ...,
.Disadvantages:..smaller. surface..area. to. volume..ratio,.sa. heat. . is..dissipated. to. the.........
.surroundings.more. slowly;..and..it. is. physically. larger,..so. takes.up..mare..room.in...........

7ol (=17 AP RTRORT [4]
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6 Astudent investigates how the resistance of a light dependent resistor (LDR) varies with light
level. The student uses the apparatus shown in Fig. 6.1.

Fig. 6.1
-]
O,
74
| I | I
1kQ

The battery has an e.m.f. of 6.0V and negligible internal resistance. The voltmeter has a very
high resistance compared to the LDR at any light level.

The student varies the light level incident on the LDR by varying the distance between the LDR
and a lamp between 0.10 and 0.20 metres. The student measures and records the potential
difference across the LDR, V| 4, at different distances.

The light level L provided by the lamp varies with the distance x from the lamp according to the

equation L = @ where L is in lux and x is in metres.
X

Fig. 6.2 shows the student’s results.
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Fig. 6.2
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(a)* Explain how the student can find the relationship between the resistance of the LDR and the light
level using data from Fig. 6.2. Use values when the voltage is 3.00V and 4.00V as examples.
Sketch a graph of the resistance of the LDR against light level on the grid in Fig. 6.3.

.Find.R.pe. with. the. patential. divider. rule. (..=.6.0.X,.]. same. in. bath): Mipe/6.0.7. RIR +....................

.Read. x. from. Fig..6.2.and.use. L. =.0.80/x%..3.00.V. ot..x.=.12.2..cm,. L. =.0.80£0.1222 . 7. 54......cu........
Jux: 4.00. V. at.x. 5. 167,60, L. 5 080001872 . 2. 29 AU u e,
Anather. point: x.=.15.0.cm, V..=..3.65..V, R.=..3650/2.35..2.1550.Q,.L..=.0.80£0.152.5.36.......c..........
.Jux. Repeat. .for. more. x. values..and. plot . R. 4QaINSt L. N Fig..6.3u......ccueecueeiieiieeeee e
R .decreases.as. L..increases. with.a.decreasing. gradient:. R x L.is..roughly. constant..(54..000,.53..............

.000),..50.R. Js.appraximately.inversely . proportional. k0. Lu .............ccoueveieeeeeeeeee e
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Fig. 6.3
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(b) Explain why the voltmeter used in the experiment should have a very high resistance.

So.that. Calmost). no. .current..is. diverted. through..the voltmeter, which..is.in...................
DPALNCLWIED. ENE. LDR ..ottt ettt ettt ee et r e,
This..means. the..current..thraugh. the.LDR. (and. the. 1. kQ. resistar). does. not..................
Change, .as..the. parallel. resistance. stays..£qUal. 10 RipRu........ccoovoovooeoeoeoeeeeeeeeeeeeeeeeeene.
S0.the pd..across. the LDR is.the.same whether. the voltmeter.is. present.af................
.not,..and..the.voltmeter. recards. the.correct. .xeading.................ccocoeeeeeeeeeeeeeeeeeeeeesn. [3]

(c) Fig. 6.4 shows how the circuit in Fig. 6.1 can be adapted and used as part of a burglar alarm.

Fig. 6.4

\\: Alarm
I

The alarm switches on when the burglar’s torch shines on the LDR.
If the alarm is too sensitive it can be switched on by small increases in the ambient light level.

Explain how the sensitivity of the alarm is adjusted and state the factors that need to be
considered when setting the sensitivity.

Sensitivity.is. adjusted. by..changing. .the. resistance. of..the variable.resistor;. this............
.alters.the light..intensity. at. . which.the p.d..acrass.the. LDR. reaches.the. level.............
that. switches. the..alarm. on COLoff) ...

Factors:.whether..it. is..used..during. the. day. or.at..night..Cambient light. level), ..............

hether..it...could . be..set..off. by..a.door. opening..or. car. headlights................................ [3]
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Section C
7 A model rocket is propelled vertically upwards by a solid fuel rocket engine.
Before it is launched the total mass of the rocket and the fuel is 0.500kg.
When it is ignited the fuel burns at a rate 0.020kgs~", producing exhaust gases at the same rate.

The thrust produced by the rocket engine remains constant at 7.00N for three seconds. At this
time the fuel runs out.

(a)

(i) Calculate the speed of the exhaust gases from the rocket.

F = Almv)/At, so F = v x (mass per second)
7.00 = v x 0.020
v =700+ 0.020 = 350 m s*

speed = ...350.....c.ccoiiieieee ms~! [3]

(ii) Show that the acceleration immediately after the ignition of the fuel is about 4.2ms=2.

resultant force F = thrust — weight = 7.00 — 0.500 x 9.81 = 2.095 N
a=F/m=2095 + 0500 = 419 m s2 (about 42 m s72)

[2]

(iii) Explain why the acceleration of the rocket increases during the first three seconds after it is
launched.

The. fuel . burns,.s0.the.mass. Cand..weight)..of .the. rocket. decreases.while.the...............

.So.the. resultant. force increases.and.acts..on..a. smaller.mass,..s0.0.=. . Fl.....................

Ly =17 K-SR [2]
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An iterative model can be used to analyse the motion of the rocket and determine approximate values
of velocity at different times. The process used is to calculate each value of v from the one before.

In this model it is assumed that the resultant force acting on the rocket remains constant at
2.00N in order to simplify the calculations.

The table shows the values of the mass, m, the resultant force, F, the acceleration, a, and the
velocity, v, at 0.50 second intervals, At, after the fuel is ignited.

Inrow 1, time, t = 0s, and all the other variables have their starting values.
In row 2, t = 0.50s and new v = previous v + previous a x At=0 + 4.00 x 0.50 =2.00ms™".

In the other rows the values of v are calculated in the same way as in row 2.

tls mlkg FIN a/lms2 vims™
0.00 0.500 2.00 4.00 0.00
0.50 0.490 2.00 4.08 2.00
1.00 0.480 2.00 417 4.04
1.50 0.470 2.00 4.26 6.13
2.00 0.460 2.00 4.35 8.26
2.50 0.450 2.00 4.44 10.44
3.00 0.440 2.00 455 12.66
Use the m and F values to calculate the missing values of a and write them in the table. [1]

a = Flm: 2.00 < 0460 = 435, 2.00 + 0.450 = 4.44, 2.00 + 0.440 = 455 m s2

Calculate the missing values of v using the time and previous value of a and write them in the
table. [2]

v(2.50) = 826 + 4.35 x 0.50 = 10.44 m s7!
v(3.00) = 10.44 + 4.44 x 050 = 12.66 m s!

State and explain the effect of making the time intervals between iterations shorter on the
calculated velocity at 3.00s.

.The.calculated..final velacity.at.3.00. s.increases,. because. the. acceleration......................
Qwhich.is.increasing)..is..updated . more . often,.claser. to. continuously................ooocoee......

.Sa..the.accuracy..of . the. .madel iNCrEASES.................co.eeoeeeoeeeeeeeeeeeeeeeeeeeeeee s
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(c)* Space engineers are planning a mission to send a spacecraft into interstellar space.
The engineers are considering two propulsion systems for the spacecraft.
A conventional chemical rocket engine uses 50 kg fuel to produce 400N thrust for 300s.
An ion thruster uses 50 kg xenon propellant to produce 0.050N thrust for 200 days.

Compare the advantages and disadvantages of a conventional chemical rocket and an ion
thruster and comment on the suitability of each one for the interstellar mission.

You should include calculations in your answer.

.Momentum..change .p.=. Ft..Chemical: p.=.400.%.300...1.2. . L02.N. s.. Jan: p..=.0.050.x.200. x.............
.24..X.3600.7.3.64.%.10°. N.s..Ber. kg. of. propellant.. chemical 1.2.x.10°/50..2.2400.N. 5. kg™ 5.
Jan. 8.64.x.102/50.7.17.280.N. 5. kg2, s0.the.ion. thruster.is..obout . 7 . times. more. efficient,....................
.giving..a.final. velacity. about..7. times .greater. far. the. SOme .50 Kgu.........coeevueeeeiiiiiieeeie e,
.But.the .chewical. thrust. is. 400/0.050. =..8000. times. greater.. the. jan.thruster. takes. 1.2. X ...........cc........
.10°/0.050.=. 2.4..x.1.05.5.Cahout..27. days). . ta. reach. the. chemical .rocket's .momentum. . High. .thrust..........
.is.needed. for. take-off. .and. ta. escape planets. gravity,. .the .small. ion.thrust. allows.subtle.........................
IDOUQRUNEES . ......veeveeeeeesee et e eae e ae e e e st e e ae e beeas e e s e ehe et e eh e e be e teen s e ebe e beeateeaeeeheenteenteeae e teenaeeneeeteenteeneeenes
. Conclusion:. interstellar. distances .are. huge,. so. journey . time..Ccompared . with. a. human. lifespand.is. ..........
.critical.. With.no..air. xesistance. the. craft. then. coasts. at..constant. velacity,. so. the.ion.thruster's................
.much. greater. final. speed. makes..it. more. suitable for. the. interstellar. .cruise,. with..a..chemical....................

T A L= = 2V R [6]

END OF QUESTION PAPER
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