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Section A

1  This question is about an experiment to find the specific thermal capacity of aluminium.

An electrical heater is placed in an aluminium block as shown in Fig. 1.1. A mercury in glass
thermometer is inserted into a hole in the block to record the temperature of the block.

Fig. 1.1
M)
thermometer ||
heater connected
i to electrical supply
@
N
| aluminium
- block

N~

(@) Suggest a practical technique to improve the thermal connection between the thermometer and
the block.

Put.a. few. drops.of. ol Cor.water) .in..the hole. before. inserting. the. thermometer,........
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(b) The heater is switched on and the temperature of the block is recorded every minute for
10 minutes. The results are recorded and plotted on the graph in Fig. 1.2.

(i) The absolute uncertainty in each temperature measurementis £ 1.0°C.
Draw vertical uncertainty bars on each plot. [1]

(ii) Draw lines of both the maximum and minimum gradients through the data points and uncertainty
bars on the graph. [2]

(iii) Calculate the mean rate of temperature rise in °Cs~! and its percentage uncertainty.
Use the lines you drew for part (b)(ii).

Steepest line: (0, 19.0) to (10, 36.5)
gradient = (36,5 — 19.0)/(10 - 0) = 1.75 °C min™*
= 1.75/60 = 0.0292 °C s}

Shallowest line: (0, 20.0) to (10, 35.0)
gradient = (35.0 — 20.0)/(10 — 0) = 1.50 °C min™*
= 1.50/60 = 0.0250 °C s}

mean rate = (0.0292 + 0.0250)/2 = 0.0271 °C s
uncertainty = Yo(max — min) = %(0.0292 — 0.0250) = 0.0021 °C s*

% uncertainty = 0.0021/0.0271 x 100 = 7.7 %

rate of temperature rise = ........... 0.027...... Cs '+ ... 070... %[5]
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(c)
(i) Show that:

P

The gradient of the graph in Fig. 1.2 = -~ ;

where
P = power input, m = mass of the block and
¢ = experimentally-determined value of specific thermal capacity.

E =mch® and P = E/t
Substituting for E: P = mclB/t
Rearranging: N6/t = P/(mc)

Gradient of the graph = NB/At, so gradient = P/(mc)

[2]
(ii) The potential difference across the heater is set at 9.6V £ 2%.
The current is 3.76 A + 0.9%.
Using these values and the value calculated in part (b)(iii), determine the specific thermal
capacity of aluminium. Find the absolute uncertainty.

mass of aluminium block = 1.00 + 0.01kg.

IV =376 x96 =361W

o
\

¢ = P/(m x gradient) = 36.1/(1.00 x 0.0271)

1330 7 kgt K2

o
\

% uncertainties: pd 2 %, current 0.9 %,
mass 0.01/1.00 x 100 = 1 %, gradient 7.7 %

total % uncertainty =2 + 09+ 1+ 77 =116 %

absolute uncertainty = 0.116 x 1330 = 154 ~ 150 J kg™* K!

specific thermal capacity = ....... 1330 ... 150....... Jkg ' K1 [4]
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(d) The textbook value for the specific thermal capacity for aluminium is 900Jkg~" K=1. Compare this
value with your calculated value and explain the main reason for the difference.
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2 The circuit in Fig. 2.1 is used to measure the current flowing through and the potential difference
across a semiconductor diode.

The variable d.c. power supply has negligible internal resistance.

Fig. 2.1

variable d.c.
supply L—\

O,

n
&)

(a) Calculate the conductance of the semiconductor diode when the potential
difference = 0.65 £ 0.02V and the current = 7.5 + 0.02 mA.
Give the uncertainty in your answer.

G =IN=75x107/065= 00115 Q"
% uncertainty in | = 0.02/7.5 x 100 = 0.27 %
% uncertainty in V = 0.02/0.65 x 100 = 3.08 %
total % uncertainty = 0.27 + 3.08 = 335 %
AG = 0.0335 x 0.0115 = 0.0004 Q*
conductance = .........0.0115.......... + o 0.0004........... Q1[3]

(b) Describe how the circuit could be used to obtain values of current at different emfs in order to plot
a graph of I against V. Explain the purpose of the fixed resistor in the circuit.

Mary..the. pd.of . the. supply.and. record. the. voltmeter.and. .ammeter. readings..cach..........

readings..of .pd..around. .the. threshold value. (about. 06 MDu. ..o,

Once. the. threshold. is..reached. .the.current. could become . very..high,..so.the. fixed...........

resistor. limits.the. current. to. protect. the. diode. and Circuit..............oooovoeveveeeeieeee.
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(c) Sketch on the axes below the shape of the graph you would expect to obtain for both forward and
reverse bias.

-

sharp rise at threshold pd
(about 0.6 V)

-V

0

very small reverse current

[2]

(d) Explain any changes you might make to the instrumentation in the circuit in order to obtain an
accurate graph.

.Below..the. threshold. pd.the.changes.in. current. are.very.small, so.use.a.very..........
precise,. low=range.ammeter. Ca.milliammeter..or. microammeter..................cooeecoveeceveeeenn..

Also.use._a.voltmeter. with..increased. precision. (e.g...a. digital. voltmeter. reading. to.........

0.01.V). to..measure.pd.either. side.of .the. threshold.pd................ccooooovooooeeiece [2]
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This question is about an experiment to find the focal length of a converging lens.

A filament lamp is placed a distance, u, from the lens. A screen is set up on the other side of the
lens to show the image of the lamp, in order to find distance, v. This set up is shown in Fig. 3.1.

Fig. 3.1

converging lens screen

filament bulb

B

| u "4

The screen is moved back and forth until a focussed image of the filament is seen on the
screen. The length v is then measured from the centre of the lens to the screen. The length u is
measured from the centre of the lens to the centre of the filament bulb.

Measurements of u and v are recorded in Table 3.1. 1
Complete the table by calculating the missing values of U and v

Table 3.1
u/m vim % fm™! \1—/ !
—0.106 0.730 -9.53 1.37
~0.115 0.541 _270 1.85
~0.129 0.394 775 254
~0.154 0.245 _6.49 4.08
-0.214 0.173 —4.67 5.78

[2]
Draw a scale to —12 on the x-axis and to +12 on the y-axis.

Plot a graph of 1‘/ (on the y-axis) against % (on the x-axis) on Fig. 3.2, and draw a straight line
of best fit through the data points. [3]

Determine a value for the focal length of the lens.
Use your line on the graph.

From my line: |x-intercept| = 10.8 m™ = 1/f; y-intercept = 101 m™* = 1/f
mean 1/f = (10.8 + 10.1)/2 = 10.45 m™*

f =1/10.45 = 0.096 m

focal length = ... 0.09.............. m [3]
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Fig. 3.2

line of best fit
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(d) Describe the sources of uncertainties and the limitations of this method to find the focal length of
alens.

Describe and explain methods to improve the experiment, such as the use of a monochromatic
filter.

Uncertainties:. the..centre. line. of..the. lens.is..hard. ta. locate,..so.u..and.. v..are. hoth........

The.image..is.a.2-D..image. of .a..3=D.. okject. (depth. of..field), . so. the..image. looks..........

Amprovements:. use..a.darkened. raom..so. the..image. is.clearer; . use..an..illuminated...........

slide.as..a. flat. object . so.Jt..is.clear.where. .to.measure.u. from; . use..an..optical.................

Moanochromatic. filter: white. light. contains. many. wavelengths,.and. the. lens

focusses. closer..to.the lens. (chromatic. aberration). and..there..is.no.single. sharp............
.image...A. filter passes..one. wavelength, so.there.is. one. focal length.and. .a..sharp,.........

clear._image,.and. .\ is..£ound . MOe. PrEGISEIYu. .........coooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e,
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Section B
4 This question is about collisions.
In 2022, the DART (Double Asteroid Redirection Test) mission completed the first attempt to
redirect an asteroid by colliding a small spacecraft into it. Fig. 4.1 depicts the spacecraft as it

approached the asteroid Dimorphos.

The mass of the DART spacecraft was 570kg, whilst the mass of Dimorphos was 4.8 x 10°kg.
The DART spacecraft impacted with a velocity relative to Dimorphos of 6.0kms™".

Fig. 4.1
— >
6.0kms™"
DART Dimorphos
mass = 570kg mass = 4.8 x 10%kg

(@) The spacecraft became embedded into Dimorphos upon impact.
Calculate the velocity of Dimorphos following the impact.
State any assumptions you make.

Conservation of momentum (total momentum before = after):

570 x 6000 = (4.8 x 10% + 570) x v
v=342x10°/48x10°=71x10"% m st

Assumptions: all of DART's linear momentum is transferred to the linear

momentum of Dimorphos (no rotation of Dimorphos), Dimorphos stays intact,

and v is the change in velocity of Dimorphos (relative to its initial motion).

velocity = ....oeuee.. 21 x 1074 ms~1[3]
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(b) A student attempts to model this collision using an air track (see Fig. 4.2). One of the riders
available to use has a mass of 150g.

Fig. 4.2

riders

_ ==

« air track v

Suggest and explain why it may be challenging to replicate the collision of the DART mission with
this apparatus.

T

The.ratio.of .masses..is.4.8.x. 107/570..=..8.4.x. 105, so.with.a.150. g rider. the.............
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(c) The student begins an investigation with the apparatus available to them, including two riders of
mass 150g.

In the first run, the student collides the first rider with the second stationary rider. In the air track
experiments, the riders do not move together after the collision. Using an ultrasonic ranging
device, the student obtains a velocity—time graph of the second rider in the time after the
collision. Fig. 4.3 shows the graph.

In all of the student’s experiments the riders do not move together after the collision.

Fig. 4.3

Velocity—time graph of the second rider for the time after the collision.
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(i) Calculate the maximum initial velocity of the first rider, assuming it comes to rest immediately
following the collision.

Egual masses, first rider stops, so all momentum passes to the second:

0.150 x u = 0.150 x 0.90, so u = 0.90 m s~ (from Fig. 4.3 at t = 0)

maximum velocity = ....occoee 090 ms~1 [1]

© OCR 2024

stemup.co.uk


https://stemup.co.uk

17

(ii) The graph suggests there is a drag or frictional force acting on the rider as it decelerates. Use the
graph to estimate the magnitude of this force.

From Fig. 4.3: v falls from 0.90 to 0.80 m s* in 1.0 s
deceleration a = Av/At = (0.90 — 0.80)/1.0 = 0.10 m s™2
F =wm x Av/At = 0.150 x 0.10

F=0015 N

magnitude of force ...................... 0.015.. .. N [3]

(iii) During another collision a 150 g rider collides with a stationary 250g rider. The 150 rider recoils
with a velocity of 0.23 ms~" following the impact.

Determine whether the 250 g rider will move away with a velocity greater or smaller than that
shown in Fig. 4.3 for the 150 g rider, assuming the same approach velocity as in (i).

Support your conclusion with a calculation.

Taking the approach direction as positive, recoil velocity = =023 m s+
0.150 x 0.90 = 0.150 x (=0.23) + 0.250 v

0.135 + 0.0345 = 0.250 v, so v = 0.1695/0.250 = 0.68 m s*

0.68 m s < 0.90 m s7%, so the 250 g rider moves away with a

smaller velocity than that shown in Fig. 4.3.

[2]
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(d) The DART spacecraft did not have to contend with atmospheric drag. The student decides to
investigate the effect of drag on velocity of the rider following a collision. A small sail is added to

the 2509 rider (Fig. 4.4). The data are shown in Fig. 4.5.

Fig. 4.4

250 g rider with sail.

Fig. 4.5

Velocity—time graph for rider with sail in the time after the collision.
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Describe and explain the shape of the graph.

Nelocity. decreases. with. a.decreasing..rate. of . .change:. the..negative..gradient.

(deceleration). gets.smaller........................o.coooovvoooooeoeeeeeoeeeeeeeeeeeeeeeeeeeeeeeeee

The.drag. (resistive). farce. on. the. sail decreases. as.velocity. decreases,..so. the

.deceleration. decreases
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(e)* The student decides to undertake a detailed investigation into the effect of drag on the
deceleration of the 250 g rider following a collision.

The student’s teacher suggests that the drag force, F, is proportional to the square of the
object’s velocity, v2.

Fp x v2

The student has available the following apparatus:

* air track and riders

» ultrasonic ranging device (as described earlier in the question)

«  variable speed fan

* anemometer (wind-speed measuring device)

*  pulley and weights.

Outline a plan for the student to test this suggestion.

Describe, with reasoning, how you would use the apparatus to investigate speed and drag.
Explain how you would use your data to prove/disprove the suggested relationship.

You may include a diagram in your response.

anemometer
variable speed fan

—
—> 250 g rider + salil
—
ultrasonic ranger

level air track

pulley and weights W

..the..mass.of . the. rider, .and.use..a.level .air. track so. gravity.does..nat . act..along. it.........
Method..1.. Ceguilibrium):. point..the. . variable..speed.fan..at. . the. sail.and attach.a............
.string. from. the. rider.over.a. pulley .to.a. hanging.weight, . pulling..against..the. wind........
Adjust.the. fan..speed. .until the. rider..stays. stationary.. Then. the. drag. force..on..the

Answer space continues over the page
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.the..anemaometer.. Repeat. for..at. least. 6. different. weights..Cor. fan. speedsd, ....................

..repeating.€ach. and. FAKING @ MCON...............oeooeeeeeeeeeeeeeeeeeeeee e

Method.2.. (dynamic..check ). with..the. fan. off,. give..the.rider.a.push.Cor.a....................

collision)..and . record. its. v=t.graph. with. the. ultrasonic..ranging. device.. The..................

_constant. weight) . =..net_farce. This. gives..Ep. at..many. velocities. from.one.run...............
.Reasoning..in.Methed..1..the.rider is.stationary,.so.the. relative. velocity.is.the................

Wind.speed;..in..Method. 2. the..air..is. still,..so.. it is. the. rider's. speed.. If..Fn. depends

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

.only..on. relative. velocity,. both..methods. should..agree, whether. the. .rider. accelerates......
.ar. decelerates.. The..track. is.not. completely. frictionless,..so..measure. the. small

friction. farce. without..the.sail.Cas..in..Eig...4.3).. and. SUBEIACE ftu...........o.coooeeeeeeeee,

.

Analysis: plot.a.graph. of .Fp. (y-axis)..against. v2.(x-axis),..or. calculate Folv> for...........
.each..reading.. If. Ep.x..v2, .the.graph..is.a.straight. line. through. .the. origin. within...........

.error.bars)..and Exlv2 is. constant, A.curve,..or.a.non-zero. intercept, would disprove......

COMEININ . S ettt ettt e e et et e et et et et e e et et ee e et et e e e e et ne s [6]

END OF QUESTION PAPER
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