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Instructions 2
e Use black ink or black ball-point pen. 3
e Fillin the boxes at the top of this page. .
* Answer all questions.
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outside the box around each page or on blank pages. 6-35
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this book. Write the question number against your answer(s). TOTAL
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e Show all your working.
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e The marks for questions are shown in brackets.

« The maximum mark for this paper is 70.

* You are expected to use a scientific calculator where appropriate.
o 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 student investigates stationary waves using microwaves.
Figure 1 shows a metre ruler fixed to a bench. The student places a microwave
transmitter T at one end of the ruler and a vertical metal reflector R at the other end.
R is at a right angle to the ruler.

Figure 1

view from above

10 210

Ly [ 1
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microammeter
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The student places a microwave detector D approximately one-third of the distance
from T to R. When T is switched off, the microammeter connected to D reads zero.
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When T is switched on, stationary waves are produced between T and R, and the
microammeter registers a current. When the student moves D along the ruler, the
size of the current changes between maximum and minimum values.
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The student measures the current at different positions of D along the ruler to identify ‘ box
a position P of the minimum current.

Figure 2 is a plot of the measurements taken near P.

Figure 2
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‘ reading on metre ruler / cm

III Draw a line of best fit for these data. ‘

[2 marks]
|
' @ State a value for the position of P.
[1 mark]
|
|
position of P = ) st
Question 1 continues on the next page
S — |
Turn over b

M
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The student moves D along the metre ruler towards R and observes a series of

maximum and minimum readings on the microammeter. He identifies Q as the
| position of the 8th minimum current from P. He measures the distance PQ to
| be 50.9 cm, as shown in Figure 3.

Figure 3

509 cm -

I i
-||- | |||. | IIT]—lTI_T] |l'|‘| I ||II|I||I |||-|-TI- |i| '|!| |! fll -1 IIT
I [
T P Q R

i

E The absolute uncertainty in identifying any minimum current is + 0.2 cm.

Determine the percentage uncertainty in the distance PQ.

[2 marks] |
50-9 = 1L5-MH5(m.
g
0
; - - [o
02 x100= 0-%°/
| 15 .46
|
I percentage uncertainty in PQ = 0.% %
|
]| E Deduce the frequency of the microwaves produced by T. |
[3 marks]

|

node-t0- node %pacing: Az %50.9 = 6-3615

! ’L g Cm.
|
|

A= 2Xl-% 4125 x10” %
g "= I1F .96 x\0 "3,
{.é: C = 3x 10

ﬁ
= 2-32(x\O0 HE
‘ T\ %(23.25x107) ¥

i frequency= 2 -2 )L\Oﬁ

I

Hz
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[E] Figure 4 shows D placed at a position where the current is a maximum. o
Figure 4
D
T R
|
| I
of m™~ |
’ Eé \ maximum
9 current |
The student rotates D by 90°, without changing its distance from T, to the position
shown in Figure 5. The current is now zero. I
Figure 5 |
|
D
T R
|
olf ™
zero current
, ; . : |
State the property of microwaves that is shown by this change in current.
[1 mark]
. |
The _ Micyaw aves  ayoe 90Lans‘q_& .
9
|
|
Turn over »

L
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A student does an experiment to determine the Young modulus of a metal. e

Figure 6 shows a wire made from the metal clamped at points A and B so that the
wire is horizontal. The horizontal distance between A and B = 3.00 m.
C is the mid-point on the wire between A and B.

Figure 6

3.00 m

A Cc B.ﬁ_ |
- N\ >

wire
A mass of weight W is suspended at C to extend the wire. Figure 7 shows that C ‘

moves vertically downwards by a distance y.

Figure 7 |
not to scale .

LI
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[0]12].[1] When Wis 1.0N, yis 6.34 cm.

Show that the wire extends by approximately 3 mm.
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= . [1 mark]
A \-Om
Q.ﬂ:b%\?bm.
‘—_"—"C k
HQ=J1.6'1+U‘,.3WIO_1]?’
=1-5015m. ExkenSion OF
Exten¥ion of AC=z ].H013-1:5 AB=1%\3

| - 1. Tmvy. :.?"(amm
'[0]2][2] calculate the tension in the wire when W is 1.0 N. —— |
' [2 marks]

1.7 Lw=TEn®

o] il

1% W

T 15in® }
| L 00 21%0-0%11 ‘
| (} (03U tm. |
I |,€0‘3
i \

cn@z 340 F = 0-0%27

1.501%
tension = I % N
_ Question 2 continues on the next page
_ - Tu}no\mb

07
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It can be shown that e
-u:- = i +k
y
where E = Young modulus of the metal
A=111x10"m?
x=150m
k = a constant.

A student measures y for different values of W and plots the graph shown in Figure 8.

Figure 8
=0 | semmunuzes
| i
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20— ; ' —
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EI Determine E using Figure 8. %%w::
4 marks
gradi.n.vxt - 73— 15 - 4100 [4 marks]

0. .00kS5— 0-003%0

3rao\n.n{;: EA

L*

g= gradient x X
A 1
= Q—IOOKI-CJO
Lt x\o~?

= Loy y10" fa

|
; E Deduce the fundamental base units for k.
| [1 mark]
|
|

-\ i

! fundamental base units for k = Ko 8
. ) —

lllO?

Turn over »
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Figure 9 shows a micrometer screw gauge used to measure the diameter of a pencil.

anvil

frame

10

Maths Made Easy

Figure 9

main scale

micrometer scale

main scale and micrometer scale
shown enlarged

10II

v
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\ El State the reading on the micrometer. [ box
[1 mark]
reading = 9q.- v 6 unit= M.
El The micrometer has a zero error.
Describe how to determine an accurate measurement for the diameter of the
pencil using this micrometer. |
[2 marks] |
Cl\ofe bty 'iaws using the vakchet ‘
witihowuk Hhe panc.i( to J‘—ind Hhe %evyo ‘
evvoY . HAdd | Cubtrack the 20v0D  avedY
k[g“qa a(h rggding ol the qu\cgl . j
|
| |
| =
i END OF SECTION A
|
|
|
|
- _ Turn over »

i
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Answer all questions in this section.

Figure 10 shows a conveyor used to raise concrete blocks on a building site.
The blocks do not slip on the belt at any time.

Figure 10

electric motor

Figure 11 shows an enlarged view of one block on the belt. The belt is inclined at 23°
to the horizontal. The mass of the block is 19 kg.

Figure 11

block at rest

The belt exerts a frictional force F on the block when the block is at rest.

- Draw an arrow on Figure 11 to show the line of action of F.
[1 mark]

L

IB/Mun21/7407/2
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@ Show that the magnitude of F is approximately 70 N.

i Mgg’\he [1 mark]
" - 12x 9§l tSn 1%
: 3 = L. B K

e Easy

| Do not write
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| El The belt is driven by an electric motor. When the motor is switched on, the belt and

1 3

the block accelerate uniformly from rest to a speed of 0.32 m s™' in a time of 0.50 s.

Calculate the magnitude of the frictional force of the belt on the block during this
acceleration.

P S,z plrer)
bE Ak
= (A%0 .32 =0 ‘

0.5
=17 \onN

F=37.-%9+12-1g= 25.0W |

[3 marks] ‘

frictional force = 5.0 N

Question 4 continues on the next page

Turn over »
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E The motor is connected to a 110 V dc supply that has negligible internal resistance. -
The maximum operating current in the motor is 5.0 A.

The efficiency of the motor and drive system of the conveyor is 28%. The belt travels
at0.32ms™' and is 8.0 m long.

Deduce the maximum number of blocks that can be moved on the belt at one time.
[4 marks] |

Piy\v\_xh ol wiotor= \\ O x5.0=550W

Einpur = 650 80 =12%507.
0.5 |
| Paserwt = 65 0x 0.28= \HOW |

| Eu;%“\; 1%?‘3010-@%'—31503- |

B eionic™ 02 xAL-87 25 Dw
Numbes _ 150 = (-4

| Q_\_biocl{.s_
| i 4
v = b btoclf.

! maximum number of blocks = b 9

W
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[0T5][1] Aight emitting diode (LED) emits blue light with a wavelength of 440 nm. | bex
The rate of photon emission is 3.0 x 10'® 57",
Show that the power output of the LED is approximately 0.014 W.
<IN Q [2 marks] |
E= W = L3 x\0 X3 x\10 |
A Y40 x\0 |
= .8 Zyio~ T |
2y 2.0x10'Y_ 5.012 Gw
p= % . 5L* \O -
.u-""’---—_—__
|
Question 5 continues on the next page
Turn over »

LU
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[0]5][2] A different LED emits red light with a wavelength of 660 nm.
Figure 12 shows how the rate of photon emission varies with current up to the
maximum operating current of this LED.

Figure 12 ‘

8.0 —— ! _——
| HH

7.0-.., ——

mEE

wea ST AT
photon ! '
- emission 4.0 . . ! 1T
; /1016 -1 T / . . |
| 3_0,_.__7 S i)
l 1
' 2.0 g | L} i

104

0 : - : i .
| 0 10 20 30 40 50 60 70 |
i current / mA

A student claims that the red LED can have twice the power output of the blue LED.

‘ Deduce whether the student's claim is correct.
| [3 marks]

_ 19
,D;”;-Ouo“‘y, b= 3x0 x6.1x10'"

¢ LK
e o

. | =0.020%F W «

£

k(5 nok EooSh‘bLo ay 0 _may powey
oL 0.072 KWy [ YDnLLLirg__d‘_

16
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E\ The student has paint that fluoresces when light of any wavelength isincidentonit. | &
She coats the blue LED and the red LED with the paint.

Compare the wavelengths of light emitted by the paint on each LED.
In your answer you should also explain the processes that cause the paint to

fluoresce.
[6 marks]

The P'no{»onS or2 oabSorbed h(j the atoms in |

We coaking , theis atom( aye ex ited ‘bdty

The elockyond  in the atom move 10 In{gkw
in Hre gahA |
o_mrgg levels. Nexk, bhe atomi Avelax 9 '

bac i
NV\QTQ-\(MJ the eleckrons moue atn lower on_grglj '

levoll and  onmar k@ ronge o} Pho{-n\m wma Hn

eneygies  less  than the inciolent  photen.

on theved Leb |

'ﬂ’\.&fgkzgi'ﬁ' Yho e@m Pm{k\-}- woll Qm[&' I

Lighx Wi Hn lon%or mava\.ar\g’rn; Haon

Onm and the Bia. Paih\" on_ the

blue LED  pall omik l(9h+ with longor

Ng\,p\lngkb\\ than 440 nm

END OF SECTION B

Turn over »
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Section C box

Each of Questions 06 to 35 is followed by four responses, A, B, C and D.

For each question select the best response. ‘

Only one answer per question is allowed. \ |
For each question, completely fill in the circle alongside the appropriate answer. '

CORRECT METHOD @ | wronG MeTHODS [® | @ [ | & | |

If you want to change your answer you must cross out your original answer as shown. E ‘

‘ If you wish to return to an answer previously crossed out, ring the answer you now wish to select
as shown. @ |

You may do your working in the blank space around each question but this will not be marked.
@ot use additional sheets for this working. J |

|
|

An atom of oxygen-15 (130) gains two electrons to form an ion.

What is the specific charge of the ion?

[1 mark]
| A 1.3 x 10" Ckg™ (=] |
' |
| B —2.4x 10" Ckg™ [=]
‘ c -5.1x 10" Ckg™ (=]
| D —6.4 % 107 Ckg™ [=]
| |
' ich is an exchange particle for the weak interaction?
n Which is an ge p: —

| Alepton [=]
i B photon [=]
| ¢ pon  [=]
é pw  [=]

| Illm |||I‘ II“ |||| |B/M/Jun21/740712
18
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A particular baryon has a quark structure dss and decays by the weak interaction. | box
What are possible decay products of this baryon? '
|
The quark structure of A is uds. |
[1 mark] |
A A+ [=]
|
B n+n E‘ i
|
C A'+e ri—l |
D K*+K° =] i
A muon and an antimuon annihilate to produce the minimum number of photons.
What is the maximum wavelength of the photons? l
[1 mark] |
~05(079a meV |
A 59x10"m [=] ey i |
, B |
B 12x10m [=] . |
C 59%10°m [=]
D 12x10%m (=]
An electron has speed v. The electron’s kinetic energy is doubled.
What is the new speed of the electron?
[1 mark]
KC= ..!-i W\ .
v
A —
= [=]
B V2v [=] :
C 2v [=]
D 4v [=]
_ _ == = i : . |
Turn over »
| ﬂlﬂ"m?ll" |||| 1B/M/Jun21/7407/2
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, An object of mass m is accelerated from rest to a velocity v by a constant resultant force F. ! bos

What is the work done on the object during this acceleration?

Fv
A (=] c - qain i KE

B Fv [__<=_>_’ LE':"ZM |
|
C m# E |
|
=

|

|

I E]_—g] Which row describes the nature of the strong nuclear force between two nucleons at |
| separations of 0.25 fm, 2.0 fm and 8.0 fm?
|

[1 mark]
At a separation of | Ata separation of | Ata separation of
0.25 fm 2.0 fm 8.0 fm

A attractive repulsive negligible [E] .

B repulsive attractive attractive E

Cc negligible repulsive attractive [E]
|
| D repulsive attractive negligible E
|

L
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[IIE Some energy levels of a lithium atom are shown below. | e
ionisation 0
|
n=2 -29x10-19J ‘
n=1 -8.6x10-19]
A free electron with kinetic energy 6.0 x 107" J collides with a stationary lithium atom in its
n = 1 energy level. The lithium atom is excited to the n = 2 energy level.
What is the kinetic energy of the free electron after the collision?
. = -1, [1 mark] |
N %.(_g-'l,-qk = 5.7x\0
A 03x1077] -9
B 2.6x107) [=]
C 3.1%10%) [=]
D 5.7x107°] [=]
What are the products when a free neutron decays?
[1 mark]
Aptety, [=]
Bpte'+v, E]
Cpte +v [@]
Dp+e +v, [=]
Turn over »
2 1 IB/M/Jun21/7407/2
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EEI A progressive wave travels along a rope in the direction M to N. | o

X marks a point on the rope.

direction of energy transfer

>

The wave has a frequency of 5.0 Hz, a wavelength of 1.0 m and an amplitude of 0.20 m. |

Where will X be after 0.15 s?

A below MN by 0.20 m

B above MN by 0.20 m

. C nearer N by 0.15m

(o] [o] [o] [o]

D nearer N by 0.75 m

' What is true for an inelastic collision between two isolated objects?

[1 mark]

=]

| =] |
(=]
o]

A Both total momentum and total kinetic energy are conserved.
B Neither total momentum nor total kinetic energy is conserved.
C Only total kinetic energy is conserved.

D Only total momentum is conserved.

Hu

1B/M/Jun21/7407/2
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The diagram shows a string stretched between two fixed points O and R which are box

120 cm apart.
|
P and Q are points on the string.

|
OP=30cm |
0Q=90cm '

oe
o X
P X
P

At a certain frequency the string vibrates at its first harmonic.

P and Q oscillate in phase.
The frequency is gradually increased.

What is the next harmonic at which P and Q will oscillate in phase?

m [1 mark]
B o = 2 il b, PG
P

A second [=] Ve 5- - @ o e |
B third f/,"“d S . :::Q‘J
C fourth [=]

D fifth (=]

Turn over for the next question

Turn over

m
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A ray of light is incident on the internal boundary of a rectangular glass block in air.

Part of the light refracts out of the block at an angle of 30°.

Some of the remaining light reflects within the block to become incident on the right-hand

boundary.

refractive index of glass = 1.48

not to scale
incident ray
n,

i/
lass :
9 O/ = right-hand
air : boundary

I

]

1309\ 1

€

What is the angle of incidence of the ray at the right-hand boundary?

y\‘g-;“el - NS

A 20°

[=] e = “o’in"(t‘_‘l_-qir\gq,
e [=] »
C 48° s

=] = Sin 1 x Sn30
D70° [e=] | 4¥

0"
B
& 5-0-10= F0

LT

IB/M/Jun21/7407/2
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In a Young's double-slit experiment, monochromatic light is incident on two narrow slits
and the resulting interference pattern is observed on a screen.

Which change decreases the fringe separation?
[1 mark] |

A decreasing the separation between the two slits
B increasing the distance between the slits and the screen

C using monochromatic light of higher frequency

o] [ [o] [o]

D using monochromatic light of longer wavelength

' In the circuit shown, the cell has an emf of 12 V and an intenal resistance which is not

negligible.

®

When the resistance of the variable resistor is 10  the voltmeter reads 10 V and the
ammeter reads 1.0 A. .

The resistance of the variable resistor is changed to 5 Q.

What is the new reading on the ammeter?

[1 mark]
A 14A (] KANARY ¢ - 1(par)
@/QAM r= % -R%
B 17A [=] i IOI
C 20A [=]
D 24A [=]

Turn over »

Hn
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@I] The graph shows how the maximum kinetic energy Exmax) of photoelectrons emitted box

from a metal surface varies with the frequency fof the incident radiation.
P is the intercept on the faxis. Q is the intercept on the Exmax) axis.

Ek(mu)
O
/P f
l" |
Qr |

Which graph shows the variation of Ekmax)with f for a metal with a greater work function?

[1 mark]
A B '
Ey(max) Emax)
|
0 0 |
/P 7 y f |
[
Q Q' :" ‘
'f
C D
Ey(max) Ey(max)
0 0 ,
o B 7
(4 'l
|/ ar’
|

l szlllllw III, I1B/MAJun21/7407/2
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[2]2] P and R are uniform spheres of mass 3 kg and 4 kg respectively. box
P and R are joined by a rod of negligible mass.
The distance between their centres is L.
The centre of mass of this system is at Q.
Which diagram shows the position of the centre of mass? '
[1 mark] |
A B
3L L |
3 . 2 . '
Q Q
——0® e——0
€ L > € L >
c D
4L 2L
& 7 L & 3 L
Q Q
——2=t @ E————0®
< L > < [ >
("% lJ( | + ML)L 1
A ] : |
o il A |
B [=]
¢ [=]
D [=]
Turn over for the next question
Turn over »

27
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@1] A vehicle travels on a straight road, starting at time (=0 | Box
The graph shows how its velocity varies with time. .
|
20,
waR Py | |
R L P
15 SN |
10- : - : ! ! ‘ LI Hi
fEiEarsastas as cnataseast
velocity /ms=! 51/ ' ' .‘

0 :
0. 511110 I
5 [Tty
5 H
YY) SESEE |
What is the distance of the vehicle from its start position when ¢ = 40 s?
[1 mark]
ro. wadey gra n
A 115m [=] Rra J (:
|
1 +thbYh-~-¢
B 190 m & == (& ) 7
C 260m [=]
D 370m [=]
'. A suitcase weighing 200 N is placed on a weighing scale in a lift.
The scale reads 180 N when the lift is moving.
The liftis
[1 mark] |

A moving down at a constant velocity. IEI q,'LO N |‘
B moving down with a decreasing velocity. E T v
C moving up at a constant velocity. El %6’\ '
D moving up with a decreasing velocity. Ej

200 N

2 8 IB/M/Jun21/T407/2



[2]5] A stationary ball is free to move. The ball is hit with a bat. box
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The graph shows how the force of the bat on the ball changes with time.

1600
14004~ -~ - - - -
1200+
1000+
force /N 800-
600 1 1
400

200+

% i 5 3 i 5
time / ms
The ball has a mass of 0.044 kg.

What is the speed of the ball inmediately after being hit?

= e o U N ,
W= B — \IL.E qalMd,

A 13ms” [=] grapWh
2
B 60ms” [=] |y x 400 v:f‘,i\co-o“‘“‘“ﬂ\"
77 xo?
C 80ms™ E’ _ ’{@T\IEO/‘\
e
D 160ms™ [=] 0 -0

- 34 mi~"

Turn over for the next question

Turn over

l lml ﬂl‘l Il]l l“| |8/M/Jun21/7407/2
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A mass m is added to a vertical spring that is initially unextended, as shown in Diagram 1. | box

The mass is then lowered until it hangs stationary on the spring, as shown in Diagram 2.

The extension of the spring is now AL. |

-___...-_____---"'____':.--""— _’/7
— =
e %
# %
_ﬁ”_ g

m _.’:'/// |
e

|

m |
Diagram 1 Diagram 2

How much energy is transferred from the mass—spring system?
[1 mark]

mgAL
2

A

8]

B mgAL

ImgAL
2

c

D 2mgAL

o] [ [

30
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Questions 27 and 28 are about three spheres X, Y and Z. box

The relative mass and relative diameter of each sphere are given in the table.

X Y A
[ relative mass 1 5 1
relative diameter 1 1 5

Each sphere is dropped from rest and accelerates to its terminal speed. i

ﬂ What is true about the accelerations of the spheres at the instant they are released? ‘
[1 mark]

A The acceleration of X is less than that of Y.
B The acceleration of X is greater than that of Z.

C The acceleration of X is the same as that of Y.

(o] [ [o] [c]

D The acceleration of Y is less than that of Z.

_ What is true about the terminal speeds?
[1 mark]

A The terminal speed of X is greater than that of Y.
B The terminal speed of X is the same as that of Y.

C The terminal speed of Y is greater than that of Z.

o] [¢] [o] [o]

D The terminal speed of X is less than that of Z.

Turn over for the next question

Turn over »

WA
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The diagram shows the currents in a set of wires. g
2A 4A
v O P" M
x
X /‘0 - ) 3A
~ 4’ - ‘ <
N M |
4A 1A
What is the magnitude of the current at X?
[1 mark]
|
A zero E
B 2A (=]
C3A (=]
D6A [=]
Resistors of resistance R, R and 3R are connected as shown.
R
R |
3R
What is the resistance of the arrangement?
[1 mark]
3R Lom LA ke
A [@] b & K =5
.TE _(?__P_:i_p_‘_-: g
7R - ";L‘ & % p\?— l

2
[o] [ [o]
¥
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EE] The graph shows the current-voltage (/~V) characteristics for two components. box

151 [ : | EEAES | I

14—

13_ R 0 ) |

121

111

10

I/ mA

The two components are connected in parallel with a 12 V battery that has negligible
internal resistance.

What is the current in the battery?
[1 mark] |

q M}C\-—l‘lqM"‘\ =13 A -
A 79 mA

B 14.5mA

C 158 mA

9 [o] (o] [o]

D 23.0mA

Turn over »
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E@ A wire is made from a material of density p.
The wire has a mass m and an initial length L.
When the tensile force in the wire is F the extension of the wire is AL.

What is the Young modulus of the material?

FpL’
mAL

A

i

(=]

] [ [o]

Maths Made Easy

| Do not wnte
| outside the
box

[1 mark]
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E@ Measurements are taken to determine the resistivity of a uniform metal wire. box
The table shows the quantities measured and their percentage uncertainties.

Quantity Percentage uncertainty
potential difference across wire 0.3%
current in wire 5.0% !
diameter of wire 4.0%
length of wire 0.2%

S g |
What is the percentage uncertainty in the calculated value for the resistivity of the metal of |

the wire? ti ¢1 )
_ A = \H\.,\l(:;)[’“all
,P = —_— e —
A 1.6% [=] L A, Ll
B 9.5% [=] 2 rainky |
ooor\uf N . U/ 40910{
| x4 o °.
| R = :0-’5%*5/"*7'
| D 21.5% [=] |
d t
| Superconductors are used o » mark]‘
‘ A increase the strength of electricity cables. (=]
| B make light dependent resistors. [=]
|
| C produce strong magnetic fields. [«]
| D increase the rate of heat energy transfer. E
|
i
| Turn over for the next question
| - : Turn over b

I mul ||||| |ll ‘Ill |B/MAIUN21/7407/2
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| Do not write
EE] Which shows the classification of particles? M?a: e
[1 mark] |
A B
I ] |
1= (][]
]
[ | |
[ Baryons [ Mesons} [ HadronsJ [ Mesons ] '
¢ D |
|
|
[ 1 [ ]
[ Baryons ] (Mesons ] { Hadrons] ﬁesons J
[ [ f
= ] [ ]
[ HadronsJ [ Leptonsj F!aryons] ﬁeptonﬂ
A [=]
e [=]
c [=]
30
p [=]

END OF QUESTIONS
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