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Section A
1
(a) Fig. 1.1 shows two polarising filters P and Q, placed between a lamp and a detector.
Fig. 1.1
G >
lamp detector

P Q
Initially the polarising filters are orientated with their planes of polarisation parallel to each other.

Q is then rotated, as shown, about the beam of light travelling from the lamp to the detector.

(i) Fig. 1.2 is a graph of the light intensity registered by the detector against the angle of rotation of
polaroid Q from its initial position.

Fig. 1.2

intensity

180 270 360
angle of rotation/°

Label the horizontal scale, angle of rotation/° of the graph with the appropriate scale.

[1]

(ii) What characteristic of a light wave allows it to be polarised?
Light . is..a.transverse..wave..its. oscillations. are. perpendicular. .to..the. direction..of  travel..............
ONBYGY. BOANSTRI) ... [1]
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(b) Fig. 1.3 shows two rays and three wave-fronts in a beam of light that is incident on a thin
converging lens. The focal length of the lens is f.

Fig. 1.3

ray

A 4

A 4

ray

wave fronts

Complete Fig. 1.3 by drawing the rays and at least three wave fronts after they have passed
through the lens.

[2]
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Fig. 2.1

4

Fig. 2.1 shows a circuit used by a student to determine the Planck constant.

The potential difference at which the diode begins to emit photons is called its threshold voltage.

In the experiment the student increases the potential difference across the light emitting diode
(LED) until it just starts emitting photons and notes the threshold voltage, V, shown on the

voltmeter.

At the threshold voltage each electron passing through it loses an amount of energy equal to eV
and emits a photon of light having the same energy.

The table shows the results for one LED.

Colour Wavelength Threshold voltage
/nm AY)
green 565 1.9

(a) Use information from the table to calculate the Planck constant.

E=¢eV=nhf=he/A so h=eVNc

h=1.60x101x19x565x10" =+ 30 x 10%

© OCR 2024
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(b) State and explain how the experiment and apparatus could be modified to give a more accurate
value of the Planck constant.

Repeat. the. experiment..using..several . LEDs .of different.. colours. (different. wavelengths)...........
.and.find. the. threshold. valtage. V.. £or.. aCN.................c...cocooceeeieeeeeeeeeeeeeeeeeeee e,
.Plot..a..qraph..of threshold. voltage V. against. frequency .f.=.c/\.Cor. 1IN, The. qradient. is.........
L8, SO D Z L. X QEAGUCKHT ...ttt ettt ettt
.Using..many. LEDs..and..a. best=fit. line. gives..a. weighted .mean, reduces.. the. effect..of.................
.random..errar..and. identifies..anomalies...Roing it .in. a. darkened. roam. also lets.the..................
turn-on..point. be. .seen. more. easily,. .@iving. maere. ACEUrate Nu............cocooveeeeeeeeeeeeeeeeeeeeeeeeeenn
..................................................................................................................................................... [3]
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3 Aball is projected horizontally at a speed of 5ms~" from the top of a cliff.

Fig. 3.1 shows the relative positions of the ball at 1 second intervals for 2 seconds after it is
projected.

Fig. 3.1 has been drawn on graph paper that has large squares measuring 1cm by 1cm.

Fig. 3.1
O t=0s
O t=1s
v
¢ t=2s
Y

The dots show the positions of the ball, and the arrows are vectors representing the horizontal
and vertical components of the velocity of the ball at each position.

On Fig. 3.1, the arrows representing the velocity components have been drawn to a scale of
5 squares to 5ms.

© OCR 2024
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(a) Explain how Fig. 3.1 shows that air resistance acting on the ball is negligible.
..The. ball. travels. the. same.horizontal..distance.. (2. large. squares).in. the. Lst.and. 2nd................
..seconds,. s0. the. horizontal. velocity..does. mot.change................cccooeeeeeeeeeeeeeeeeeeeeeeeeeeen,
_If .air. resistance..was. acting,..the. horizantal. distance . each. second. (harizontal velocity)...........
WOUIE. D8 JCSSuc.......c.ooeeee e [2]

(b) On Fig. 3.1 draw arrows to represent the horizontal and vertical components of the ball’s velocity
at time 2s and use the diagram to calculate the magnitude of the resultant velocity at that time.

horizontal component = 1 large square = 5 m s
vertical component = 3.9 large squares = 19.6 m s
v =052 +19.62) =202 m s!
magnitude of velocity = ........ 202 ms~1[3]
© OCR 2024 Turn over
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4 Fig. 4.1 shows a box sliding down a slope.

Fig. 4.1

. Not to scale

~~
~
S~
~

The mass of the box is 50kg.

The box starts from rest at the top of the slope and then accelerates uniformly and reaches a
speed of 4.0ms™! at the bottom of the slope.

(@) Show that the frictional force acting on the box as it slides down the slope is about 120 N.
weight = mg = 50 x .81 = 491 N
sin @ = 2.0/5.0 so 6 = 23.6°
component of weight down slope = 491 x sin 23.6° = 196 N
a=v/2s =4.0%+ (2 x50) =16 ms>?
Fres = ma: 196 — Fg;. = 50 x 1.6 = 80
Feic = 196 — 80 = 116 N = 120 N

[4]

(b) Calculate the average rate at which energy is transferred to the surroundings.

average speed = (0 + 4.0)/2 = 2.0 m s7*

P=Fv=116 x2.0 =232 W

average rate of transfer of energy = ....... 232 e, W [3]

© OCR 2024
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(@) Newton’s 2nd law can be expressed as F = AA%

Explain the significance of the symbols Ap and At in this equation and show how this expression
leads to the equation F = ma.

(b) Fig. 5.1 shows sphere P moving towards sphere Q, which is initially at rest.

Fig. 5.1

(P )—

Sphere P has a mass of 1kg and sphere Q has a mass of 4kg.

Fig. 5.2 shows how the velocity of sphere P changes before, during and after its collision with
sphere Q.

Fig. 5.2

N W b~ O O

velocity
—1
/ms Q

time

On Fig. 5.2 draw a line to show the velocity of sphere Q before, during and after the collision.

[2]
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Section B

(a) Fig. 6.1 shows a ray of red light passing from air into and through a glass block.
The wavelength of the red light is 650 nm and the speed of light in air is 3.0 x 108ms~!.

Fig. 6.1

Calculate the speed of the red light and its wavelength in glass.

© OCR 2024

Cair/cglass = sin 400/5[” 27°
Colass = 3.0 x 10% x sin 27° + sin 40° = 2.12 x 10% m s7*

Aglass = Aair X CglasslCair = 650 x 2,12 x 10% + 3.0 x 10° = 460 nm

speed =....... 2.12.%.10% .. ms™
wavelength = ....... A0 nm
[2]
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(b) The diagrams in Fig. 6.2 show identical sets of water waves moving towards different sized gaps
in a barrier.

Fig. 6.2

wave front

)

Complete the diagrams in Fig. 6.2 by drawing on the wave-fronts for the water waves after they
have passed through the gaps.

[2]
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(c) Fig. 6.3 shows Young’s double slit experiment. A narrow beam of monochromatic light is incident
normally on two narrow slits, S; and S,, and the resulting interference pattern is viewed on a
screen placed a distance D from the slits.

Fig. 6.3
+R
- Q
_—
. — g
light —— I 1 Lp
source ——————» s
—’ 2
—’ —— Q!
‘ 1 R’
) D

screen

Lines of maximum light intensity are seen at points P, R and R’ on the screen, and lines of
minimum light intensity are seen at points Q and Q’ on the screen.

The following measurements are made:
3182 =0.2mm

D=25m

RR’=1.25cm

(i) Calculate the wavelength of the light used in the experiment.

fringe spacing x = RR'/2 = 1.25 x 1072 = 2 = 625 x 102 m
A=xd/D=625x102%x02x10%+25=50x10"m
wavelength = ........ Y/ nm [3]
©OCR 2024 Turn over
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(ii) Describe how the pattern on the screen would change if a white light source was used instead of
a monochromatic source.

.The.central..maximum. at. P..would. be. white,. as. all. .wavelengths..have.zero.path............ccoc.c.......
QIEFOIOIICE LNEKC. ...ttt
..The. other. maxima..would..be.continuous. spectra. (coloured. fringes),. .with.violet/blue..................
.nearest. the.centre.and. red..at. .the. largest. angle. (furthest..out), .as. red. has.the.longest.............
CWAVBIENGEN. ...t
Further. from.the. centre. the.spectra. of .different. orders. wauld. overlap..and.the. fringes............
17 7 SRR [2]
©0CR 2024
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(iii)* The behaviour of light can be explained in terms of the wave model or the model of photons with
a phasor amplitude.

Describe how both the wave model of light and the photon model of light can be applied to
explain the formation of the interference pattern seen on the screen.

Wave.madel:.the light. from. S1..and S2.is.coherent. (fixed. phase. differencel.. Waves.................

.or.1.80° out.of phase).and. destructive.interference. gives. minimum. intensity. At.R.the...........
path.difference SoR .=.S1R.=.\,..s0..the. .waves..are.in. phase. and..constructive...........................
.interference. gives. maximum. intensity..Cat..P. the path..difference.is.2600)............cocoeeeveeeceen...
..Bhotan.model:.each. photon. has.a. phasor. arrow. that. .ratates. as. it travels. Al .possible..............
. paths. from..the. source. through. Sy1..and.Sa. ta.a. point.such. as.Q..or. R must..be. taken................

into.account,. and..the. phasors. for.all. the. paths. are.added. tip. 20 1ail...........ccooeeeeeeeeeeeec

..The. prohability.of a.photon.arriving. at..a. point. . is. found. by. comhining . the. .phasers. for.............

model. predicts. where..individual. photons..are. likely. to..arrive,. both. give. the same......................

1= PSSR

..................................................................................................................................................... [6]
©OCR 2024 Turn over
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This question is about the forces acting on a falling object and how they interact.

(a) A student holds a paper cone above the ground and then releases it so that it falls vertically. The

(i)

student monitors the speed of the cone with a motion sensor, as shown in Fig. 7.1.

Fig. 7.1

motion sensor
/

C\?paper eone

Fig. 7.2 shows the results obtained by the student.

Fig. 7.2
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N

V7
1.5 dill/ 4

1.0/t A

0.5

0.0
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.10

time/s

Use the graph to calculate the acceleration of the cone at 0.40s.
tangent at 0.40 s through (0.00, 1.08) and (1.00, 3.97)
a = Av/At = (3.97 - 1.03) + (1.00 — 0.00) = 2.89 m s2

acceleration = ........ 289 e,
© OCR 2024
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(ii) The student repeats the experiment with a 20g mass placed in the cone.

On Fig. 7.2 sketch a graph for the 2nd experiment and explain the shape of the graph you have
drawn.

..Curve. starts. with. the. same..gradient. but. always lies..above . the. first, levelling..off .at.a............
higher. speed.. Adding..mass. gives..a.greater..weight,..sa. the. resultant. . downward. .force.is..............
.greater.at..each..speed,.and. the. cone. reaches. a..higher.. speed. before. .the. air. resistance..............
DAIANCES TN WEIGNT. ... [3]

(b) When a table tennis ball moves through air it experiences air resistance. It is found that the
vertical acceleration of the falling ball satisfies the equation:

a=9.8—kv?
where v is velocity of the ball and k is a constant.
(i) The terminal velocity of the ball is found to be 9.5ms™".

Show that the value of k for the ball is about 0.1 m™".

At terminal velocity a = 0, so 0 = 9.8 — k x 9.52

k=938 +952 =0109 ~ 0.11 m* (about 0.1 m™)

[2]

© OCR 2024 Turn over
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The student uses an computational model with a computer spreadsheet to model the change in
velocity of the ball as it falls. The table shows part of the spreadsheet used by the student.

The rows in the table are numbered 1 to 5 and the columns are labelled A, B and C.

A B C
1 time/s acceleration/ms=2 |  velocity/ms™’
2 0.00 9.800 0.000
3 0.10 9.800 0.980
4 0.20 9.704 1.960
5 0.30 9416 2.930

Row 2 in the spreadsheet gives the initial conditions for the ball at the moment it is released. The
following rows show values of acceleration and velocity at 0.1s intervals.

The student uses the following equation to calculate the acceleration of the table tennis ball at
0.1s intervals.

anew = 9.8 — 0.1 x (Vprevious) -

To do this the student types the following formula into the cell B3.

‘=9.8-0.1*C2"2.

The student then drags the contents of cell B3 downwards to populate the cells below.

(i) Calculate the acceleration of the ball at 0.30s.

a=98-01x1.960% =98 — 0384 = 9.416 m s2

acceleration = ....... GAL6.....oooe ms=2[1]

© OCR 2024
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(iii)
(1) Write down the equation in terms of aprevious, At, Vhew aNd Vprevious to calculate the velocity of the
ball at a given time.

Vinew = Vprevious + aprew'ous x At

[1]
(2) Write down the formula that the student should type into cell C3 to calculate the velocity of the
ball at time 0.10s.
=¢2+(B270.10)
[1]
(3) Calculate the velocity of the ball at time 0.30s.
v =1.960 + 9.704 x 0.10 = 2.930 m s7!
velocity = ........ 2930 ms~1[1]
(iv) Describe an advantage of using this computational method to model the motion of a falling ball
experiencing a changing resultant force. Suggest how the model can be made more accurate.
.Advantage:.the .acceleration. changes. as. the. velocity. changes,. which. would. make. the................
.velacity difficult. to..calculate. by. .algebra..orx. calculus;. the. spreadsheet. does.a. large....................
..number. of . calculations. quickly. and..parameters. are.easy.£0..€hange.................cococveeeeeececeeeenn.
.Impravement...make..the. time. increments. At..smaller..(.g.. 001 .Sdu....cooovoeeeeeeeeeeeeeeee.
..................................................................................................................................................... [2]
©OCR 2024 Turn over
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Section C

8 Astudent investigates the effect of changing the mass of a trolley on its acceleration when the
resultant force acting on it is constant.

The trolley is placed on a runway inclined at 8° to the horizontal and it is accelerated by a falling
50g mass, which is attached to it by a string that passes over a frictionless pulley. The mass of
the trolley is 500 g and the student increases the mass by placing 100 g masses on top of the
trolley.

The student releases the trolley from rest and uses a stopwatch to measure the time taken for
the trolley to travel 1 metre along the runway and carries out this measurement three times for
each trolley mass.

Fig. 8.1 shows the experimental set-up used by the student.

Fig. 8.1

80

509 mass

(@) The 5004 trolley moves with constant velocity along the slope when the 50g mass is removed.

Calculate the component of the weight of the 500g trolley that acts down the slope and explain
its significance.

component = mgq sin 8° = 0500 x .81 x sin 8°

= 0683 N

weight component = ......... DBZ3.ooeeeeeeeeeeeeea N

 GOMNPENSALES. FOU FHICHION ...ttt ettt ettt ettt ettt [3]
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(b) Table 8.1 and Fig. 8.2 show the student’s results.

Table 8.1
trolley mass 1/mass time to travel 1Tm | average time acceleration + Aa
kg kg™ /s /s /ms2
0.600 1.667 1.61,1.43,1.77 1.60 0.781 £ 0.165
0.700 1.429 1.93, 1.58, 1.63 1.71 0.684 £ 0.140
0.800 1.250 2.06,1.74,1.78 1.36 0578 = 0.099
0.900 1.111 2.05,2.07,1.74 1.95 0.526 + 0.089
1.000 1.000 212,2.20,2.12 2.15 0.433 £ 0.016
1.100 0.909 1.93, 2.32, 2.21 2.15 0.433 £ 0.079
1.200 0.833 2.41,2.45,6 214 2.33 0.368 + 0.049
Fig. 8.2
1.00
0.90
- 1
0.80 -
acceleration 0.70
/ms2 .
0.60 - —
,/,
L 7
0.50 o=
'/
K A
0.40 /eﬁf----— R e B e I e e S
A |
L~ |
0.30
080 090 100 110 120 130 140 150 160 1.70
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(i) Use data from Table 8.1 to calculate the value of the acceleration when the trolley mass is
0.800kg. Include the uncertainty in your answer.

average t = (2.06 + 1.74 + 1.78)/3 = 1.86 s; s = Vrat? so a = 2s/t?
a=2x1<+13862=0578 m s2

acceleration = X 0578 oo, ms—2
At = half range = (2.06 — 1.74)/2 = 016 s; % int = 0.16/1.86 = 8.6 %
% ina=2x86=172 % NAa=0172 x 0578 = 0.099 m s72

uncertainty = .£..0.099 ..., ms—2

[5]

(ii) Complete the graph and plot the point when the trolley mass is 0.800 kg on Fig. 8.2 and include
the error bar for the acceleration calculated from (b)(i). [1]

(iii)* Draw the line of best fit on the graph and determine its equation in the form y = mx + c.
Explain how the graph Fig. 8.2 can be used to determine the relationship between the
acceleration of the trolley and 1/mass. Comment on whether the results of the experiment
support Newton’s 2nd law of motion.
Use information from the graph in your answer.
.Gradient. from. triangle.0.90,.0.396) . to.(1.70,.0.783):.m.= 0.392.5.0.80.5.0.4% . C.5.........
.0.396.=.0.49.x.0.90.5.70.045,..50.0..5..0.43C1IM) . 70085 ....ocooooeoeeeeeeeeeeeeeeere,
Newton's..2nd. law. gives..a.=.Flm, so..a. should. ke directly.proportional .to.. 1/mass:.a..................
..Straight. line. through..the. origin. with. gradient..E.. The. line. is. straight. and. passes.....................
.through. most..errar. bars,. 5.0 5. AL NI I ...........coooeoeeeeeeeeeoeeeeeeeeeeeeeeeeeeeee,
..The. y=intercept..=0.045.m.s72. is.small. compared. with..the. uncertainties..in.a..(£0.05. ta..........

LEOL7.m.s72), . s0.it.Is. effectively.zero.and. a..«.. 1im... The. gradient. .should. equal. .the.................

force. fram. the. falling..mass,.0.050..x.9.81..z..0.49. N, . which..agrees.. with.my. gradient................

END OF QUESTION PAPER
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