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A-level
PHYSICS

Paper 3
Section A

Friday 5 June 2020 Afternoon
Materials

For this paper you must have:

e a pencil and a ruler

¢ a scientific calculator

¢ a Data and Formulae Booklet.

Instructions For Examiner's Use
e Use black ink or black ball-point pen. .
« Fill in the boxes at the top of this page. Quesion: |i°Mark
o Answer all questions. 1
¢ You must answer the questions in the spaces provided. Do not write 2

outside the box around each page or on blank pages. 3
« If you need extra space for your answer(s), use the lined pages at the end of

this book. Write the question number against your answer(s). TOTAL

« Do all rough work in this book. Cross through any work you do not want

to be marked.
e Show all your working.

Information
« The marks for questions are shown in brackets.

o The maximum mark for this paper is 45.

Time allowed: The total time for
both sections of this paper is

2 hours. You are advised to
spend approximately

70 minutes on this section.

« You are expected to use a scientific calculator where appropriate.
« A Data and Formulae Booklet is provided as a loose insert.
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Section A box

Answer all questions in this section.

A simple pendulum performs oscillations of period T'in a vertical plane.

Figure 1 shows views of the pendulum at the equilibrium position aqd at_the instant of
release. Figure 1 also shows a rectangular card marked with a vertical line. |

Figure 1
ZLLL LS LTLL LLZZLLLL
|
|
pendulum at the pendulum at the
equilibrium position instant of release

Q-iju (esm P“"’("m

T card marked with
a vertical line

|I| The card can be used as a fiducial mark to reduce uncertainty in the measurement

My

of T.

Annotate Figure 1 to show a suitable position for the fiducial mark.
Explain why you chose this position.

[2 marks]
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@ T!\e period of the pendulum is constant for small-amplitude oscillations. - box
Figure 2 shows an arrangement used to determine the maximum amplitude that can
be considered to be small, by investigating how T varies with amplitude. |
Figure 2
LLLLLLLLLL
AR\
O (whe
e e
orizontal floor : ?
povat Ponky |
Describe a suitable procedure to determine 4r, the amplitude of the pendulum as it is !
released.
You may add detail to Figure 2 to illustrate your answer. |
[2 marks]
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Question 1 continues on the next page
R T Turn over »
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! @ Figure 3 shows some of the results of the experiment.

Figure 3
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Estimate, using Figure 3, the expected percentage increase in T when Ar increases
from 0.35 m to 0.70 m.

Show your working.
[3 marks]
AF=9.35m T".". Q,!fzz
Ay= .30 ]
| 1.355 o0z fOL&'7/s
2311
percentage increase = ' 4 %
Question 1 continues on the next page
_ Turn over »
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In another experiment the pendulum is released from a fixed amplitude. i
The amplitudes 4. of successive oscillations are recorded, where n =1, 2, 3, g
Table 1 shows six sets of readings for the amplitude As.
Table 1
Aslm 0.217 0.247 0.225 0.223 0.218 0.224
IZ] Determine the result that should be recorded for 4s. '
Go on to calculate the percentage uncertainty in this result. ,
‘ [3 marks] |
I vad A cegoid e oawmlos  may
0.243 E)
e T Valh o B dales
(o.\ Cllo¥ o Méan :
oy + 0.126¢.. % 0.22|m |
i |
¥ |
=3
AOL‘J 9,115 - 2y = byo
- 2 4= 0.22 @
percentage uncertainty = X 4xp =3 %
E' Table 2 shows results for 4. and the corresponding value of In(4. / m) for certain
values of n.
Table 2
n Ax/m In(4, / m)
2 0.238 —1.435
4 0.225 -1k 97
7 0.212 -1.551
10 0.194 -1.640
13 0.183 —1.698
Complete Table 2.
[1 mark]
IB/M/Jun20/7408/3A
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E Plot on Figure 4 a grap (An/ m) ag W—

'| [n(A4) Figure 4
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Question 1 continues on the next page |

Turn over »
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- It can be shown that
An=H400™"

where Ao is the amplitude of release of the pendulum

d is a constant called the damping factor.

Explain how to find ¢ from your graph.
You are not required to determine J.

WA = L (4,6 ")

Maths Made Easy
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|

|
|
|
|
[2 marks] {
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Figure 5 shows apparatus used to investigate the bending of a beam.

Figure 5

fixed part of
vernier scale

: travelling microscope
moving part of
vemnier scale

beam

L=80cm

T~ rigid support rigid support/\'

The beam is placed horizontally on rigid supports.
The distance L between the supports is 80 cm.

A travelling microscope is positioned above the midpoint of the beam and focused on

the upper surface.

IB/M/Jun20/7408/3A
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m Figure 6 shows an enlarged view of both parts of the vernier scale. box

Figure 6
moving part of
vernier scale fixed part of |
~J 0 5 10 vemier scale !
[ 111 ‘ []]]
||'IIH‘|III[IIIIIIIH‘ITH]HI[‘IIH
30 40 50 60 :

The smallest division on the fixed part of the scale is 1 mm.

What is the value of the vernier reading Ro in mm? f

Tick (v) one box. ,
[1 mark]
348
37.8 v |
45.8 !
49.8
Question 2 continues on the next page
. R Turn over »
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E‘ Figure 7 shows the beam bending when a hanger of mass 0.050 kg is suspended
from the midpoint.

12

hanger of
mass 0.050 kg

The microscope is refocused on the upper surface and the new vernier reading R is
recorded.
The vertical deflection s of the beam is equal to (R — Ro).

The total mass m suspended from the beam is increased in steps of 0.050 kg.

A value of s is recorded for each m up to a value of m = 0.450 kg.

Further values of s are then recorded as m is decreased in 0.050 kg steps until m is
zero. .

Student A performs the experiment and observes that values of s during unloading
are sometimes different from the corresponding values for loading.

State the type of error that causes the differences student A observes.
[1 mark] |

(o.nbam elloc
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- E Student B performs the experiment using a thinner beam but with the same width and ‘ "

13

made from the same material as before.

Eiscuss one possible advantage and one possible disadvantage of using the thinner |
eam ‘

[3 marks]

Advantage An Q,&Jm |-a3g, W, &-Mt/
fearn A <o mpl ul_

Jnmﬁ {l{oﬁuw) lalga/ Volwe 4§ 3 L'o \

N> the  onnr a S vV (o8uced.
|
Disadvantage Tha Lg,m Cauld un d.UnO
plaskc AijbrmM o Ngaj _ﬂd_j_op:_ |
l )
N'“ LQ. 1”6@/ i

Question 2 continues on the next page

Turn over »
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[ZI Figure 8 shows the best-fit line produced using the data collected by student A. | bt
Figure 8

|
| s/ mm
| |
| |
[
. nm
|' It can be shown that s = E
i where E is the Young modulus of the material of the beam and 7 is a constant.
|
E - q 13 9 '
!
|
|
|
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Deduce in s~ the order of magnitude of #.
E=1.14GPa

[4 marks]

< N

m E

23 1
g boxo 5 |
b0 & < |16 x10 |
0.u49 |
i |
| |

' order of magnitude of # = ' 0 g%
Question 2 continues on the next page

|
|
_ |
_ Turn over
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E Student C performs a different experiment using the same apparatus shown Box
in Figure 5 on page 10.
A mass M is suspended from the midpoint of the beam.
The vertical deflection s of the beam is measured for different values of L.

Figure 9 shows a graph of the results for this experiment.

Figure 9
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Figure 9 shows that logio(s / m) varies linearly with logio(Z / m).

State what this shows about the mathematical relationship between s and L. ‘
You do not need to do a calculation.

[1 mark];
S« 17 W |
: E’ Deduce, using Figure 9, the value of s when L = 80 cm.
| [2 marks] |
Loj " ( ﬂom.o'l)
| s -9. 0 qq"
W -1, 91
| iﬂ\o&x
i |93|ot3) = - |-g2
| ~1.57 003 m - 0.0030 -

|0 =
! . Determine M using Figure 8.
|
! (‘,“ (6 4.e ﬁ \‘uj wm 3

~3
50%97 5 (93
LY
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= S— Sa— I i —— — e Dot wre
Figure 10 shows a partly-completed circuit used to investigate the emf £ and the o

internal resistance r of a power supply.
The resistance of P and the maximum resistance of Q are unknown.

Figure 10

]

} [I’ Complete Figure 10 to show a circuit including a voltmeter and an ammeter that is

suitable for the investigation.
[1 mark]
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EI Describe |

« a procedure to obtain valid experimental data using your circuit
« how these data are processed to obtain ¢ and r by a graphical method.

[4 marks] :

|S¥ (el H-sl. Volass Lo s H»L
amme b o Vollnety od o (0d |
thuge Thes du%t the MpISEany, |
i) te Vo (o ble M) \Stor . Q :
J od bake reose (¢ tfurgs ek |

; |
M{l]m}r ) 1SYen p . Then io’m‘ o 3&,&1,_

H.ﬁﬂ I.
i

£ = &\ue)k\m}l j axs i Lfmf}‘

(= - Sfaa.-w’r

Cy

(9L + w € <t o ) |

1]

Question 3 continues on the next page
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Figure 11 shows a different experiment carried out to confirm the results for £ and r. |

Figure 11

measuringthe 1
current with -
one 22 Q } 22Q

resistor |
connected _—

measuring the
current with -

further 22 Q { 20 | |22Q
resistors |

connected —_

22Q

Initially the power supply is connected in series with an ammeter and a 22 Q resistor.

The current / in the circuit is measured.

The number n of 22 Q resistors in the circuit is increased as shown in Figure 11.

The current / is measured after each resistor is added.

It can be shown that
22

£
—=——r
[

Figure 12 on page 22 shows a graph of the experimental data.

Question 3 continues on the next page

Turn over »
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EI Show that ¢ is about 1.6 V.

[2 marks]
. . : i
3(&6;44{-: ..%_‘ vi'- % :“1"
w1 . Los=3a NN
b 8- 0.63 9. 0¥)%
4

"
Lo
-

2 2

1B/M/Jun20/7408/3A



23

. E Figure 13 shows the circuit when four resistors are connected.

Figure 13

} 20 | |29 | (20 | |20

Show, using Figure 12, that the current in the power supply is about 0.25 A.

[1 mark]
‘ I= a4
-z 4.2 LG A
3
IE Deduce, for the circuit shown in Figure 13,
* the potential difference (pd) across the power supply
® r |
[4 marks]

BN

n

Th e Son ﬁtk GOfcut v Lo L

!
22
« = L = 85
L

™ gz fe =55 % 525 = L3DAV

™
[R)

I(r tc)
0.295( 6.5 +/) |

;)
—
i

pd = .33 v

r= 0,?)‘ Q

Question 3 continues on the next page

Turn over »
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[0]3).[6] Figure 14 shows the plots for n =1 and n = 14

Figure 14
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Three additional data sets for values of n betweenn=1andn= 14 are needed to
complete the graph in Figure 14.

Suggest which additional values of n should be used.

Justify your answer. .
[3 marks]

hz L ond nzs

Thy  wll W{Jfolé Aistiohbon 68 lﬂo.’nls_
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- The experiment is repeated using a set of resistors of resistance 27 Q.

A

25

The relationship between n and / is now

Show on Figure 14 the effect on the plots for n = landn=14
You do not need to do a calculation.

1F . 42 _¢
) p 5
END OF QUESTIONS
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