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PHYSICS

Paper 1

Time allowed: 1 hour 30 minutes

Materials W
For this paper you must have: For Examiner's Use
¢ a pencil and a ruler

« a scientific calculator -
¢ a Data and Formulae Booklet
e a protractor.

Question Mark

Instructions

¢ Use black ink or black ball-point pen.

e Fill in the boxes at the top of this page.

o Answer all questions.

o You must answer the questions in the spaces provided. Do not write 7
outside the box around each page or on blank pages.

« If you need extra space for your answer(s), use the lined pages at the end of TOTAL
this book. Write the question number against your answer(s).

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

to be marked.
e Show all your working.

D | lWN

Information
¢ 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.

« A Data and Formulae Booklet is provided as a loose insert.
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Answer all questions in the spaces provided. box

' |I| Identify the number of neutrons in a nucleus of polonium-210 (2;;2 Po).
|

Tick (v') one box. ‘
[1 mark]
|
84 210 - $4=11b
126 L//
210
|
| |
294

. E' A polonium-210 nucleus is formed when a stationary nucleus of bismuth-210 decays. ‘
| A beta-minus (B") particle is emitted in this decay.

Outline, with reference to B~ decay, why bismuth-210 and polonium-210 have different
‘ proton numbers.

|
| [2 marks] |

A noukvon dpracjj' Wt QA Ioroi—on.

02
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Do not write
| outside the
The kinetic energies of B~ particles emitted from a sample of bismuth-210 are b

analysed. These B~ particles have a range of kinetic energies.

The total energy released when each nucleus of bismuth-210 decays to a

nucleus of polonium-210is 1.2 MeV. |
|

Figure 1 shows the variation with Ei of the number of B~ particles that have the kinetic |

energy Ek.

Figure 1 |

number of B~ |

0 02 04 06 08 10 12
E,/MeV

@ Explain how the data in Figure 1 support the hypothesis that a third particle is
produced during B~ decay.

|

[2marks]!

_ |

When l'heiﬂ) has  less Hvan I-’JMQ_\/; ||

A turd loou't—CCLe muilr  be produtod |
J‘or Confervaktion of Q“”f}‘j

i

Question 1 continues on the next page |

Turn over »
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Do not write
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E This third particle is an electron antineutrino. I o
Explain why an electron antineutrino, rather than an electron neutrino, is produced |
during ~ decay. |
[2 marks] |

To conserve Lapl-on Nnumbey .

EI A large tank of water is used as part of an electron antineutrino detector.
An electron antineutrino ¥, enters the tank and interacts with a proton (p).

Figure 2 represents this interaction.

Figure 2

Identify X and Y.
[2 marks]

x= W~ (boSon)

Y= _ newktron.

| ME!:!II)IJIII ]IIl 1B/M/Jun21/7407/1
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N _ - ) Do not write
- The positron produced in the interaction in Fi Mﬁ:m

gure 2 slows down and collides with a
lepton in a molecule of water.

Describe the process that occurs when the positron collides with this lepton. |
In your answer you should identify the lepton in the molecule of water. |
|
|

[3 marks]
The lepton 1n Hhe water woleculo 5 an

Llecktvon . The proton and olectron

anrmihilare and 7. gomma  photon( aye

produced | Hmuun_g in_OppoSite

directions.

- The range of the electromagnetic interaction is infinite.

S

,05

Table 1 gives the range of the strong nuclear interaction and the range of the weak
nuclear interaction.

Table 1 |
Interaction Range / m
strong nuclear 1071
weak nuclear 1q® |

Deduce whether the positron or the electron antineutrino is likely to travel the shorter
distance in the tank of water before interacting.

[3 marks]

Tne IOOQih’mn had the Chorter ranr}.o

bocaule +ne Pncihron ' charged an ol

He apnbwnodkring  if heutval ¢ ond (o

& Onl\‘;l inkevacky via the weolt

wmierockion  which  kal Q@ fhorter range

Hian +he QlQC‘fl’DMrl&]V]O_H( tntervackian _ |

The poSitvon  dges nekr have ty b2 ) cloie
t

 watey wmoleculey B intevact -

Turn over »
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A student removes the reflective layer from a DVD. She uses the DVD as a fo

transmission diffraction grating.

Figure 3 shows light from a laser pointer incident normally on a small section of this |
diffraction grating. The grooves on this section act as adjacent slits of the

transmission diffraction grating. :
A vertical pattern of bright spots (maxima) is observed on a circular screen behind the |

laser beam

disc.
Figure 3
|
|
enlarged view of the — bright spots |
small section of the =——MN |
DVD showingslitsin  E=——] | |
this diffraction grating |
|
|

circular screen
laser pointer

| DVD as transmission
i diffraction grating

| S 2 f

|

| |I] Light of wavelength A travels from each illuminated slit, producing maxima on the

‘ screen.

|
State the path difference between light from adjacent slits when this light produces a
first-order maximum on the screen.

| [1 mark] |

Owno wnvatangth :

L
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; @ Explain how light from the diffraction grating forms a maximum on the screen.

Mg

From He CUps

[3 marks]

The l.‘nmfu_ndfvgoo_\ oLu'{-g—(action - Whove

waves

Hho Lfgh\-/\avriue: at the (cveenn  wath

tev0 phafse n,lLH.era_nrg (Whoyo +he

—podin di{.{-uonca if Qapual O a whole

nNumbey o% (AJQVQ.[PHQH/\()I. Hho Ll'ghb

Waves \gupo,rjor_\ro

Question 2 continues on the next page

= |
Turn over »
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The student has three discs: a Blu-ray disc, a DVD and a CD. She removes the i
reflective coating from the discs so that they act as transmission diffraction gratings.
These diffraction gratings have different slit spacings.
The student also has two laser pointers A and B that emit different colours of visible
light. ‘
Table 2 and Table 3 show information about the discs and the laser pointers. ‘
Table 2 |
|
Disc Slit spacing / pm |
Blu-ray disc 0.32 ,
DVD 0.74
CD 1.60
Table 3
Laser pointer Wavelength of light emitted / 1077 m
A 445
B 6.36
|_T_| Deduce the combination of disc and laser pointer that will produce the greatest
possible number of interference maxima. |
[2 marks]
Pownmber A and CD.
The 9(9_&[:@5{— number OF Mo xima f
quven lay Anay—— _QL
J J * X
IB/MJun21/7407/1
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Izl The student uses the CD and laser pointer B as shown in Figure 4. A diffraction

T

pattern is produced on the screen. Laser pointer B and the CD are in fixed positions.

The laser beam is horizontal and incident normally on the CD. The height of the
screen can be adjusted.

Figure 4
15 cm :
i
|
|
|
i
|
: 30cm
i
horizontal laser beam
circular screen
:25: %ﬁé";fsgion CD adjustable stand ’

The screen has a diameter of 30 cm and is positioned behind the CD at a fixed
horizontal distance of 15 cm.

The student plans to adjust the height of the screen until she observes the greatest
number of spots. |

The student predicts that, using this arrangement, the greatest number of spots on the
screen will be 3.

Determine whether the student’s prediction is correct. |

A dS‘ o [3 marks]
nA=— (AN
P A
@l = Sin (r’\I) . .
= SN~ L_’i_‘gjiﬁlﬁ-) =13
( L. ex!0~©
€y = Sivx"(’),&(g—%(axlo___q) e I;%D
l.ox 10~

©,+0,= 23°45%° = FC° |

46,10 = can tw0e Y bn‘gml— |
Spoys T - |

[
|

N f

Do nol write
outside the
box

Turn over p
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Figure 5 shows a spacecraft travelling towards a comet.

Maths Made

The spacecraft has an array of blocks designed to capture small dust particles from

the comet's talil.

Figure 5

To test the blocks before launch, a spherical dust particle P is fired at a right angle to

the surface of a fixed, stationary block.

P has a mass of 1.1 x 10 kg. It has a speed of 5.9 x 10° m s™' when it hits the

surface of the block.
P comes to rest inside the block.

|I] Calculate the work done in bringing P to rest.

N

= \;1
work donez KE lost= -7-:\‘“

-

%

work done = 0. O‘Q\

[1 mark] |

_ 3\
Uy 1-1x\0 1&(‘54%‘0)

a

' @ P travels a distance of 2.9 cm in a straight line inside the block before coming to rest.

The resultant force on P varies as it penetrates the block.

Calculate the average force acting on P as it is brought to rest.
w-=Fs
-_W=099 - 0.60bN

P O s

S q2.9vw07t

average force = 0-kb

|

|
[2 marks])

|

IB/MIun21/T407/1
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N = | Doﬁme
out, the
E, The block is rectangular with an area of cross-section of 8.0 cm? and a thickness | =
of 3.0 cm.
Figure 6 shows how the density of the block varies with depth up to its maximum
thickness. '
|
Figure 6 |
60— —— — ‘
[ | BENShERETS | BhlsEn sua sy adann |
| | | | |
40+——— ___.__l___.‘_.___.,_.. 1 : L L T ek

density /kgm=3 30{ | T / 8 ‘ i

| Hoe T
104+ l .____..f...__i._.___ et
! .
0 : ' ' s il B |
0 0.5 1.0 1.5 2.0 2.5 30
depth /cm
Calculate the mass of the block.
. 5 . | [4 marks] |
Average denqby= BO+5 = 25 kgm
o
volume = Pucknesy x area of croSs Jection
= 9@.0x 3.0 M s
- tLLl- le - 'LQ'K\O m
density= Mafl
volvume
mass = o\ensihj X Volume
-4
- 235 X 2. x O
= U.LDX\OA{' Ka.
-9
mass= (op-l X10 kg |
Question 3 continues on the next page
e e Turn over »
1B/M/Jun21/7407/1
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E In another test, a spherical particle Q is fired at a right angle to the surface of an b
identical block. '
Q has the same mass as P and is travelling at the same speed as P when it strikes
the surface of the block. |
Q is made from a less dense material than P. _
|
Compare the distance travelled by Q with that travelled by P as they are brought to
rest, .
[3 marks] |
Q haf§ @ larger Volume tHhan P pnd |
_S90 wall ol_l'if)laco Moye  maotter por
Unit digtance - Hame; @ will
X 00 vionco O grooter dejsceloration |
and o wuall traovel a_ Shovtey diSkance .
10

LT
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. Figure 7 shows an athlete holding a vaulting pole at an angle of 40° to the horizontal. o

Figure 7

D not to scale

Forces D and U are exerted on the pole by the athlete’s right and left hands
respectively.

U'is applied at point Y at an angle @ to the vertical.

The magnitude of D is 53 N and is applied at 90° to the pole at X.

The uniform pole is in equilibrium. It has a weight of 31 N.

Figure 8 shows the forces acting on the pole.

Figure 8

not to scale

=53 N

M

18/M/Jun21/7407/1
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| Do not write

| | =

i 14

El Determine, using a scale diagram, & and the magnitude of U.

[4 marks]
|

N Oz 14°

% N

3IN \

. Scale: 1ON=Lom.

6= o

magnitude of U =

Question 4 continues on the next page

Turn over »
15
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|Z| The athlete now moves the pole to a horizontal position. The pole is held stationary in
this position.
The athlete's right hand applies a force S vertically downwards at X as shown

in Figure 9. The athlete’s left hand applies a force Vat Y. |

Figure 9 |

not to scale |

X Y _ |
| |

3IN ‘

Discuss the differences between the magnitudes and directions of force U in Figure 7

and force ¥ applied at Y in Figure 9. l

[3 marks] |
V ¢ voeckical a..ln-dP_(%e-l:ﬁ—GHfﬂ'W
;gg.gg,gaam becaure S and Ia!el'ghk |

CAYQ botlhh  verkical. V_ hay a |

greatey magn{mdo hocawfe Hapye 1§ |

A ggg,a_’cﬂr moment O_!. LALL n_‘glnl;

about Y in i‘-\‘gnw 1

Maths Made Easy
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| Do not write
| | outside the
| El Figure 10 shows a ship leaving a harbour at a constant velocity. _
The ship moves at the same velocity as a person walking on the harbour wall
alongside the ship.
Figure 10
ship
harbour \ \
wall
= 2 2 person
\ O O O
= | | I | | l
s l 1 [ 1 | :
T I T T '| T T T ‘
The momentum of the ship is approximately 1 x 107 N s. |
Estimate the mass of the ship.
[2 marks]
Wolking syeedd X 1ms
=4 (A
p= L x10' = §x10° K
_ - = X
m= £ = 9
g L.
b . |
mass of ship = 5 x10 kg
Question 5 continues on the next page
Turn over »

s U 4
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| [Z| Figure 11 shows the direction of the thrust exerted by the ship's propeller as the

18

propeller rotates. The ship’s engine makes the propeller rotate. When more water is

accelerated, more work is done by the engine.

Figure 11
surface of water
direction of
thrust on water
propeller hull of ship

Explain, using Newton's laws of motion, how the thrust of the propeller on the water
enables the ship to maintain a constant momentum.

[4 marks]

The propelloy eXerkf a for(e On th

waker ond bhecaufe of Newkon's Zrd

an equal and oppohte

low, Hie waker exorks @74otC¢ oh  Ehe
propeloy . Pocauie the Ship *travelt at

confrant velouny, reasltant tarce = 0

(N wkon's ‘;Is}‘ lam\" fo Ho force On the

Ship fvom the waoter U equal to the

dvag force on Hae Swip R force [

re g u ive d H)bj_g:u{}t?h-me the momentum
o]{ the water . F=ma (Newton's 2'\"{
io,vd]

1B/M/Jun21/7407/1
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| Do not write
oulside the

f E Figure 12 shows the bottom of the hull with a drag reduction system in operation. o
Air bubbles are introduced into the water below the hull. This reduces the work done
per second against the drag on the hull at any given speed.

However, when the air bubbles reach the propeller they decrease the mass of water

being accelerated by the propeller every second. This decreases the thrust produced
by the propeller at a given speed of rotation. ‘

Figure 12

air bubbles

propeller view from below ship

The system enables the ship to save fuel while maintaining the same momentum.

Explain why the system delivers this fuel saving.
In your answer, consider the effects of the introduction of the system on
e the thrust

e the drag on the hull.

| [3 marks]
|

When the Slj;\‘lr?m L omabtoA; the |

| do (voafg in_ wovie done againﬂ olr’ot_q if

Qreaker tian Hiwe decreall Tn work odone

""J the pvopeller . To maintain o constank |

|
|
|
‘ momentum, tho dvag furte nault equal +ho
| Fhruskt

|

rotational

theusSPs onch So  the propeller can now
apevate ab a  lewer mmﬂﬂMmAL&p_u_d_‘

| So_ Yol thoe Havult equaly  Hi dvag,

hence , lesy fuel g mavw'rqok |

Turn over »
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A battery has an emf of 5.30 V and negligible internal resistance.

E State what is meant by an emf of 5.30 V for this battery. _
[2 marks] ‘

5:.%0 7 0k energy \S l'rans{ured 4rom

Chemscal engvgy £0 eolectvical ono_rgg

for wo,vg con\omb O‘. chavg_o.

@ Figure 13 shows the battery connected into a circuit.

|
Figure 13

530V :
= i

| o
@l 5V |

| 3200 : 640Q .25V

The ammeter is ideal.
The voltmeter is non-ideal and has a resistance R. '
The reading on the voltmeter is 1.05 V when it is connected across the 320 2 resistor.

Show that the reading on the ammeter is approximately 7 mA.
[2 marks]

| V=T . 3
i I:\/ -:_i_'_?..-—- (g-[oX\O
| n el = |

R EJmh -

L

1B/M/Jun21/7407/1
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El Show that the resistance R of the voltmeter is approximately 300 Q. |
[3 marks]
P = - 5.%50 = WW0Z A !
[ gV |

@O—:ﬂ”“ T |

Rs=RT-R2 = 303- 640 = 13-
\ L ¥ &= -1 = %X\O’Z‘ |

|
P —

B 5 e = BB

3)(\0'3 ——

E The voltmeter is now connected across the battery terminals.

Calculate the power dissipated in the voltmeter.

[2 marks] |
P-V?% - 5.230% _ 0.0%5W
TQ: A5%L
power= Q-0 %5 W
Question 6 continues on the next page
) _ - Turn over »

i
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Do not write
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EI The voltmeter is now connected across the 640 Q resistor as shown in Figure 14. e
Figure 14
=1
O
e i e ()T m—
320Q 640 Q
The reading on the voltmeter is 2.10 V.
When the voltmeter was connected across the 320 Q resistor, as shown in Figure 13, |
the reading on the voltmeter was 1.05 V. |
Explain why the sum of these voltmeter readings does not equal the emf of the
battery. ;
[2 marks]
: |
The .
as  Hho Pnsi\:fon of the Volbkmetbor |
cnangel  bocaule the reSiStance  tn
Hhe civcouit Qhan{jof ,
1

i
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| Do nol write

I!I Optical fibres are used to carry pulses of light. box -
- Explain what is meant by modal dispersion in an optical fibre. |

[2 marks]
P oy s o a pulie Lake QL.‘H-Q Yent
|
Onaounts ol time YO +ravel Hf\rough ‘
the ,{:{bm Adupo 4o LL[H:_Q_” nt  patiag |
t‘g[Qth the tibre . |
|
|
|
Question 7 continues on the next page

Turn over »
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Figure 15 shows a ray of light incident on the central axis of an optical fibre at an | e

angle of incidence of 30°. The optical fibre is straight and horizontal and has a length
of 10.0 km. '

Figure 15

10.0 km cladding

'S

air central axis

_____ - 4_/_1?_&--_-___---_-______[ not to scale
/3(1°)/ \

e

core of optical fibre

cladding

For light incident on the core at a given angle of incidence, the angle of refraction
varies with the frequency / of the light.

Figure 16 shows how sin 6 varies with fwhen the angle of incidence is 30°.

Figure 16 |

0.34251-—--‘ LT
034201
0.3415-
0.3410

sin GR 0.3405 1

0.3400 1

0.3395 1

pa s agE e
6 3N gt SH R o

00 500 600 700\ 800
f! THz 210 TH© -

0.3385
4
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The transit time is the time between a pulse of light entering and leaving the optical box

fibre.
A single pulse of blue light is incident on the air-core boundary at an angle of

incidence of 30°. ,

The transit time of this pulse along the 10 km length of the optical fibre
is 5.225 x 107 s.

r_l‘__] Show that the horizontal component of the velocity of the pulse is
approximately 1.9 x 10* ms™.

% ) [1mark]
Speed = distance = 10x10>  =1A1x\0Oms’! mark] |

time  1.9215x107°

. @ The frequency of the blue light in the pulse is 720 THz.

. Calculate the speed of the blue light in the core of the optical fibre. |
k
S = o0.33a | [3 marks]
' V\,S\V\Q‘:Y\zginez
[x$n303H1%9-3%ﬁl
| N, = 8m@dH Sin30_ =1.5F
23 %| " ‘
i CS-;.S—-":- %’001\0? — 2.0%1‘0 mei-
- et

£
speed= 2 -03 x\0O ms™

Question 7 continues on the next page

Turn over »
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Two pulses of monochromatic light are incident normally on the air-core boundary. - " box
They then travel along the central axis of the core.
One pulse consists of blue light; the other consists of red light.
Explain, with reference to refractive index, why the pulse of red light has a shorter '
transit time than the pulse of blue light. .
[2 marks]
|
Ihq re L[g[ﬁ Ve i dg_! Q*: Coye {:0[ blue
_[_!'(jlﬂ’c is_greatey than the yelvackive
mdey for ved. The SPeod of blue |
L.’rjhb 1S logs Haon the Speod ot rod
Li%m and they tvavel pne Same diftan(e
0 red lg‘ghl— Fale Le)s e |
Another two pulses, identical to the pulses in Question 07.4, are incident on the
central axis of the optical fibre and travel along its length.
However, the pulse of red light and pulse of blue light are now incident on the air-core
boundary at an angle of incidence of 30°.
Suggest one reason why the difference in their transit times may not be the same as
in Question 07.4. !
[1 mark]
The blue Light how +tvauels @ Shorter
distances tHhah 4t1e vod Lt’ght -
_Trhe  Qitlerento  bokwoen tho hiue's
| L oawy
and _the red's volocily parallel to the 9

Contral ayid hal decreased

END OF QUESTIONS
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