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Total marks — 130
Attempt ALL questions

. A student carries out an experiment with a tennis ball and a motion sensor

connected to a laptop.

mokon T
sensor S

not to scale

The ball is released from rest below the sensor.

The graph shows how the vertical velocity v of the ball varies with time ¢,
from the moment the ball is released until it rebounds to its new maximum
height.

v(ms™
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. (continued)
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(@) Using information from the graph

(i) show that the initial acceleration of the ball is —9-8 ms™ 2

Space for working and answer

R = Cj recleond

(i) determine the height from which the ball is released. 3

Space for working and answer

==Vt
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1. (continued)

(b) The mass of the ballis 57-0g.

(i) Determine the magnitude of the change in momentum of the ball
during the bounce.

Space for working and answer

Z\-p = N\mV.
57-ofw ~7k ﬂ
AF’"‘ SL‘?IEQ( f‘hg"

(i) Determine the magnitude of the average force exerted by the ball
on the ground during the baunce.

Space for waorking and answer

- AR AR
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(continued)

(c) Complete the sketch graph of acceleration a against time ¢ for the ball,
between 0s and 1-18s after it is released.

Numerical values are not required on the acceleration axis.

(An additional graph, if required, can be found on page 44)

a(ms?) A {\ﬁ
| a
e ,——
| [
i
|
|
0 } T T
0-50 0-77 1-18 £ (s)
|
|
5 |
—
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2. A student abseils down the outside of a building using a rope.

X

not to scale

The mass of the student is 55 kg.

The rope, of negligible mass, is attached to a fixed point X at the top of the
building.

The rope makes an angle of 15° to the building.

(@) Calculate the weight I of the student. 3

Space for working and answer

= r)q_(j

W=55%x10
W = QFOM
————

———mg——,
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. {(continued)

(b) Determine the tension 7T in the rope.

Space for working and answer

-—Th - W
~Teosls5 = 556

b ————

(c) As the student abseils down the building the angle the rope makes with
the building decreases.

State whether the tension in the rope increases, decreases or stays the
same.

Justify your answer.
le v ger Less
-TecosiO = 55p
- T < 560 {'.NI

————

[Turn over
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3.

MARKS

A footballer tells teammates that a football can be kicked a much greater
distance when the ball is initially travelling towards them, compared to

kicking a stationary ball.

Use your knowledge of physics to comment on this statement.
M~ -5 kg .

Stodbrom ﬁc.a;tj b o

N = i00ms -~
- lF 4=~
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4. A communications satellite orbits the Earth at a height of 360 x 10®m above
the surface of the Earth.

4 o
6 I
360><10 m \b; ‘" L :

lit /
satellite \\L’/ not to scale

The mass of the Earth is 6-0 x 10%*ke and the radius of the Earth is 6-4 x 10®m.

(a) Determine the distance between the centre of the Earth and the satellite.

Space for working and answer
(L z h+4v
[L = 53{,;__ ‘O y Ici.’:ﬁ 3 ( G- % {Oﬁj-
d = 42i % 1OF p

(b) The gravitational force of attraction between the Earth and the satellite
is 57 N.

Calculate the mass of the satellite.

Space for working and answer

M= GMm

Lr2- 4 x(0F

250 kg

IR RmAvA
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MARKS

(continued)

() Determine the value of the Earth’s gravitational field strength g at the
satellite. 3

Space for working and answer
W = fj
5= 256 «
4=072LN *UJ’

(d) A second satellite has a quarter of the mass of the first satellite.

The distance from the centre of the Earth to the second satellite is half
the distance from the centre of the Earth to the first satellite.

State how the gravitational force of attraction between the second
satellite and the Earth compares to the gravitational force of attraction
between the first satellite and the Earth.

Justify your answer. 3

"y ot Sabel ntiizfj}': GLPK—fj ‘ .
Nk, A = 2 gy JQ("’ U B HI0C o
’2-4 [

F=Gmm
r 2
; u =14 : pas e
~ = G G IRIO X o O%IO™" % é)”‘
(u 5M@é)2
F-5LGN
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. (@) A person is standing at the side of a road. A car travels along the road

towards the person, at a constant speed of 12ms™. The car emits a
sound of frequency 510 Hz.

The person observes that the frequency of the sound heard changes as
the car passes.

(i) State the name given to this effect.

Doppler EFFed
l

(i) Calculate the frequency of the sound heard by the person as the
car approaches.

The speed of sound in air is 340 ms™".

Space for working and answer

f]E o ° ST Chz
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(b) This same effect is used to determine the speed of red blood cells
through blood vessels.

__ probe
red blood
cell - blood
wO/ vessel
=
direction of blood flow not to scale

Ultrasound waves are transmitted by a probe. The frequency of the
ultrasound waves changes as they reflect from the blood cells. The probe
detects the reflected waves.

The velocity of the red blood cells can be determined using the following
relationship

2f v, cosf

v

A =

where Af is the change in frequency
£ is the transmitted frequency
v, 15 the velocity of the red blood cells
v is the velocity of the ultrasound
) is the angle between the direction of the waves and the
direction of the blood flow.
The frequency of the ultrasound transmitted by the probe is 3-70 MHz.

The velocity of the ultrasound is 1540 ms™.

During one test, the angle between the direction of the waves and blood
flow is 60-0°. The change in frequency of the ultrasound is 286 Hz.

Calculate the velocity of the red blood cells during this test. 2

Space for working and answer

" ) Y }ff'-.’fb('/ _
130 = 2% 31O I BHG « Cos O
I 540
1R( ~15¢-C A3 o -
__’2__&‘_/___ . = V,(b {: = i. [Ci ¥ fO"jm,(
L x 5 IMx s 60 _ S
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6.

Stars emit radiation with a range of wavelengths. The peak wavelength of the
radiation depends on the surface temperature of the star.

(@) The graph shows how the energy emitted per second per unit area

varies with the wavelength A of the radiation for a star with a surface
temperature of 5000 K.

A

energy emitted per
second per unit area

A second star has a surface temperature of 6000 K.

On the graph above, add a line to show how the energy emitted per

second per unit area varies with the wavelength 4 of the radiation for the
second star.

(An additional graph, if required, can be found on page 44)

EAVRMCATIRTACR RO
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MARKS
(continued)

(b) The table gives the surface temperature T, in kelvin, of four different
stars and the peak wavelength A

eqr OF radiation emitted from %tan
-~ e X102
7700 3.76 x 1077 L 39R/2L
8500 3-42 x 1077 24907
9600 3-01 x 107 22396
12000 2-42 x 1077 2-90 G

Use all the data in the table to show that the relationship between the
surface temperature I of a star and the peak wavelength /,,, radiated
from the star is 3

: N
7= 2-9x1

‘A“pm}r

Space for working and answer

Txr)\p = 2

(e Constaat Is QL9 x| O 5 Krn

[Turn over
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Scientists have recently discovered a type of particle called a pentaquark.
Pentaquarks are very short lived and contain five quarks.

A lambda b (A,) pentaquark contains the following quarks: 2 up, 1 down,
1 charm, and 1 anticharm quark.

(@) Quarks and leptons are fundamental particles.
(i) Explain what is meant by the term fundamental particle.
|
Pewrtti cdes cond be biticew dororo

s mi”c ) (@) Chees” 'F) ot icl '(f. -

(ii) State the name given to the group of matter particles that contains
quarks and leptons.

Fermons

(b) The table contains information about the charge on the quarks that make
up the A, pentaquark.

Type of quark Charge
_J’__
up 3 e
d 2,
qwn 3©
charm +Ee
3
: i
anticharm —58

Determine the total charge on the A, pentaquark.

Space for working and answer

"} - 7'/'/3

5 -+ "'i/f 3 2 e
3 - 3 %?) /3
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(continued)

() One theory to explain the structure of the A, pentaquark suggests that
three of the quarks group together and one quark and the antiquark
group together within the pentaquark.

antiquark

quarks

(1) State the type of particle that is made of a quark-antiquark pair. 1

me < oy

(i) The mean lifetime of another quark-antiquark pair is 8:0 x 1075
in its own frame of reference.

During an experiment the quark-antiquark pair is travelling with a
velocity of 0-91¢ relative to a stationary observer.

Calculate the mean lifetime of this quark-antiquark pair relative to
the stationary observer. 3

Space for working and answer

IV RIRRAE A AT -
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7.

(continued)

(d) The A, pentaquark has a mass-energy equivalence of 4450 MeV.
One eV is equal to 1-60 x 107"° J.

(i) Determine the energy, in joules, of the A, pentaquark.

Space for working and answer

eSO % 10 ¢ [ 4 (071

~ - . ~j O
C =T2x00 Joule

(ii) Calculate the mass of the A, pentaquark.

Space for working and answer

EJ ks i’h C_q'—

o =1
Tllx\@:lg mMmx 3x0°

NnA = '1 4 % lO- (& k\ij

AR O AR A
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. The Sun emits energy at an average rate of 4-1 x 102 Js™". This energy is
produced by nuclear reactions taking place inside the Sun.

The following statement shows one reaction that takes place inside the Sun.
2 2 3 1
‘H4tH 3 JHen

(a) State the name given to this type of nuclear reaction.

N Uudear Fussion

(b) The mass of the particles involved in this reaction are shown in the table.

Particle Mass (kg)
*H 3-3436 x 10777
“He 5-0082 x 1077
n 1-6749 x 107

Determine the energy released in this reaction.

Space for working and answer

M << el }éﬂ_{_, Fos< « f ber .

Ay 3-33¢ v~ &S BT 5 1y 2T
"6 T4q x|¢ = 27

G- @ ¥ x (o~ ¢

= G 6FG 2 x0T

MC';"*C) S {___43" C_’,f -
G G013 oy oms .
( * I ) “G"L*:E?’;’x!(’j 23
o Lp--@,\;,;IC)H?,C’ K(j
EF= mc™

e

E =p-tx10™3°% g 10 °.

E.:; LP['—{- xICJ"i% j
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. (continued)

(¢) Determine the number of these reactions that would be required per
second to produce the Sun’s average energy output.

Space for working and answer

L--1 % IC;Z'(;’
‘—__——_—_—_'_“"-—-_._..

% 1- € 5 3
b [ st - 9xlo

Fe ovct1 ong Pes

StconAd
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9. A laser emits light when electrons are stimulated to fall from a high energy

level to a lower energy level.

The diagram shows some of the energy levels involved.

In one particular laser, a photon is produced by the electron transition from

E; to E; as shown.

E $ ~2:976 x 1078}
5

E4

E { —3-290 x 107'8J
3

E,

Ey

Eo

(a) (i) Determine the wavelength of the photon emitted.

Space for working and answer

E‘:'i, - E% = b ’*

MARKS

9k 3. z%)» O = L™ o
L ) (’\ (_ .‘} X I(_} ﬁ. F_

O ‘?)il\, s )G""Z

j b 1% % 10 Hz 4

Ve £
2;&[(}% - 2\
L;-‘)’%}\}C I L

N = G AR w i 7

AR EVMEATIREANRERID IR
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(2) (continued)

(1)) The laser beam is shone onto a screen. The beam produces a spot
of diameter 8-00 x 10*m.

spot of

i ~4
laser light 8:00 x 107" m

The irradiance of the spot of light on the screen is 9950 Wm 2.
Determine the power of the laser beam.

Space for working and answer

(b} A student investigates how irradiance / varies with distance  from a
point source of light, using the apparatus shown.

light met
small lamp light sensor ight meter

bench ;
covered -.-1-*.. P
with black PR

cloth Lewoundintolo el g Tt b metre stick

Describe how this apparatus could be used to verify the inverse square
law for a point source of light.

DTz & readiing on lﬂfj N sensor
tt-out hgkt bulb ©ne

2) swikeh o bull / larep crck H‘“KF
rﬁ"ﬂ(?\ﬂ{_\f.-hizji < o ‘ﬂglj' el fz'( .{7(5'("?6’_6/&,1.
slarct s of bDhe lLight serser from
e lamp .

2) a "1‘}"""5"’"' e distasiy ond use he
g ..._;5;.,{/,451_ o mwastwt The g, g lpny ¢

A =< ek
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10. A student carries out an experiment to investigate the effect of a grating on
beams of light from three different lasers.

screen
first order maximum

| } - Y | central maximum

laser gra;cing

not to scale

The three different lasers produce red, green and blue light respectively.
Each laser beam is directed in turn towards the grating.

The grating has a slit separation of 3:3 x 107%m.

(a) State which of these three colours of laser light would produce the

smallest angle & between the central maximum and the first order
maximum.

Justify your answer.
Bioe
A 4§reatesh F1<«-1 gl
Adsin & = m )\

/ Xe’ ?i,
< \
SMhafld.sT

L IR ATIARICR LR
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(continued)

(b) The angle 0 between the central maximum and the first order maximum
for light from one of the lasers is 8-9°,

(i) Calculate the wavelength of this light. 3
Space for working and answer
Fas

I'A = d S YV
% 2334106 y 539

{ y 52
A:S]r\,‘v\w\

(ii)) Determine the colour of the light from this laser. 1

&'ﬁw\_

(iii)) Another student suggests that a more accurate value for the
wavelength of this laser light can be found if a grating with a slit
separation of 5:0 x 107®m is used.

Explain why this suggestion is incorrect. 2
Thire voordd be o Grestts

o . ; _ : .
(6 tr~ce ,(/f’fé_,&)-"y U~ Ous MEGS p-ereat

xS angle e ss.,

[Turn over
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Diamonds sparkle because light that enters the diamond is reflected back to
an observer.

air \ diamond
LY

(@) A ray of monochromatic light is incident on a diamond at an angle of 49-0°.
The refractive index of diamond for this light is 2-42.
Calculate the angle of refraction 6.

Space for working and answer

s - Suw40
o

—_—

(b) Calculate the critical angle of the diamond for this light.

Space for\working and answer

o
N s @ "

2 L

= § i {.é}.h @'-’»Jf—gﬂi"?‘- ¢-‘v1’

?- 4+ 2 - f{-’-’ljh L‘L]

o 8’;”'1‘

A\

AR O
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(continued)

(c) Moissanite is a transparent material with a greater refractive index than
diamond. A sample of moissanite is made into the same shape as the
diamond.

State whether the sample of moissanite sparkles more or less than the
diamond.

You must justify your answer.

Iy Spa./kie’_,:b Mmer<

bchJLu% it hae a v reafcy e f"ﬂ?‘d‘l */'C

Lndex  Hagee u_:L,LL loe. Prore Cofal

tindtrnod rfliecticre in the
Mo\ s somudte Wihack Makos ||
Mmere s p{}/f(l.a,f ‘
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12.

(a) A student sets up the circuit shown.

_________________

I |
: I| | | :
T -l
LR E
CA) “““““““““ X 5
e e B
R

When switch S is open the reading on the voltmeter is 1-5V.
Switch S is now closed.

The reading on the voltmeter is now 1-3V and the reading on the
ammeter is 0-88 A.

(i) State the EMF E of the cell.

-5

(ii) Calculate the internal resistance » of the cell.

Space for working and answer
E == \I/—' —'.":,-fﬁ ’

FeQ-Za6L.

(iii) Explain why the reading on the voltmeter decreases when the
switch is closed.

L~ yov close the, sl

Hwre ic n  Crresndt
LA T4V

-
&

1L
(TR

* X857 760130 %

0

page 30

MARKS

00 WNOT I

WRITE IN
THIS
MARGIN




12.

MARKS DO NOT | I

WRITE IN
THIS
MARGIN

(continued)

(b) A battery of EMF 9-0V and internal resistance 1-2£ is connected in series
with a lamp. The lamp has a resistance of 2-4 Q.

———————————————————

(i) Determine the current in the lamp. 3

Space for working and answer

" B ) -
36 e
(i) Calculate the power dissipated in the lamp. 3

Space for working and answer

F = 2.5 V\/

e —————

LR 0RO o

* X 85776013 1=*

page 31 [Turn over



13.

A student investigates the charging of a capacitor.

The student sets up the circuit as shown using a 47 puF capacitor.

== 47 puF

0-12V ]

T A\

The capacitor is initially uncharged. The switch S is now closed. A laptop

connected to an interface displays a graph of current against time as the
capacitor charges.

0 o [h

interface laptop

(@) The variable voltage supply is set at 6-0V.
Calculate the maximum charge stored by the capacitor.

Space for working and answer

g
= C’w

L )M,r - 9/
=

AT EARAVTREACRTIM

* X857760132 *

page 32

MARKS | oot I

WRITE IN
THIS
MARGIN




13.

(continued)

(b) The graph shows how the current [ varies with time ¢ as the capacitor
charges.

I A

Switch S 1s opened, and the capacitor is discharged.
The resistor is now replaced with one that has a greater resistance.
Switch S is again closed and the capacitor charges.

Add a line to the graph above to show how the current now varies with
time as the capacitor charges.

(An additional graph, if required, can be found on page 45.)

(c) Suggest an alteration the student could make to this circuit to increase
the maximum energy stored by the 47 uF capacitor.

U’\ ci-/r\-%z‘, Chae ‘7 0V ‘51/4{1 pl,fj J"t.‘

2_ (/‘ -0V _5‘_,,,}._(7{) (cw.,% Lao ‘?l!&ﬁ.(, %

[Turn over
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13.

MARKS

(continued)

(d) The use of analogies from everyday life can help improve the
understanding of physics concepts.

Vehicles using a car park may be taken as an analogy for the charging of
a capacitor.

| | H
wj—»\ﬂ

Use your knowledge of physics to comment on this analogy. 3
Cars ot ke e Q
- /w ,
™ o G { '- f Yar e e j ,_’) Ct.i_j S LK et
<

Muehk Ch Agge IS 5 Forek on "[ F-

, ) _ 3 b '
Hhe coars [& coant go @udt bhe

Soame L.{-"c&jf s cAe e

No goo A for pro L"'*--"'“;‘) E stored ore

7N c\.i"”? A I‘Z’?’J hS E'_ {,~’ 9 Cv / /2 —= BP0,

Cicir
M en-e- Courze, LL» Cor Dot Hag \/L FL_L(]Z
ACracs ( *(/;r/)t,u._ ;{’23’7 wL/‘I"‘C«L’L_ag\ ‘—un-ﬂ{ﬁ Le
is hke heoo ool

frad

[ f; Ehe Cor r’ ark.
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13. (d) (continued)
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14, Solids can be categorised as conductors, insulators or semiconductors
depending on their ability to conduct electricity. Their electrical conductivity
can be explained using band theory.

The diagrams show the valence and conduction bands of three solids X, Y
and Z.

One represents a conductor, one represents an insulator and one represents a
semiconductor.

energy of electrons

A A A

conduction band

conduction band

conduction band

solid X solid Y solid 7

(@) Complete the table to show which solid represents a conductor, an
insulator and a semiconductor.

Solid Category
4 bns | ed-gr
1 SOy
Z (_-C! s L;-{_,f_,i Ci-'

L LR R

* X 857760136 *
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14. (continued)

(b) Using band theory, explain why conduction can take place in a
semiconductor at room temperature. 2

b A& SemuCom b | the GpP
IﬁQ,.H,«,-%(J.n. Ve Vad anrce banrd and I he

C.or choc etz L;‘) (7. A Is Sr ey A~ ("(

falla
Lo~L

OA oy @J},ﬁ_’? Chere Is  sudticient
Vb, — C.% (;.Li\g.ft.a.mg j conduacdtion

{c) Silicon can be doped with arsenic to produce an n-type semiconductor.

State the effect that doping has on the conductivity of silicon. 1

VN (=P ONSES

(d) Resistivity is a measure of a material’s property to oppose the flow of
charge.

The resistivity of silicon is 2-3 x 10° Q m.
The resistivity of copperis 1:7 x 1072 Qm.

Compare the resistivity of silicon to the resistivity of copper in terms of
orders of magnitude.
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15. A 1-00m long wooden rod has a series of small holes drilled at 10mm

intervals along its length. The rod is hung on a horizontal pin passing through
a hole 50 mm from one end.

not to scale

The rod is then raised through a small angle and released.

The period I'is the time for the rod to travel from A to B and back to A.

(@) Describe a method to obtain an accurate value for the period T using
only a stopwatch. 2

Dent hme frovn A> B and begk
bt hee for 10 Stng) S

Divide hine by 10 o gor
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(continued)

(b) The rod is hung from different holes in turn, and the distance 2 from the
pin to the midpoint of the rod is recorded.

T'is determined for each value of 4. The results are shown in the table.

h(m) T(s)
0-45 1-60
0-40 1-56
0-35 1-54
0-30 1-53
0-25 1-53
0-22 1-55
0-20 1-58

(i) Using the square-ruled paper on page 41, draw a graph of T
against /. 3

(i) Using your graph, state the two values of /i that produce a period
of 1:57s. 1

-}
[-520 <

(ii) (A) Using your graph, estimate the minimum perioy 7. 1
.\ " g ~ ] -
90 205 mood O (5 nn
(B) Suggest an improvement to the experimental procedure that
would allow a more precise value for the minimum period 7" to
be determined. 1
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15.

(continued)

() The quantities 7 and # are related by the relationship

_ 47°h’
g

T%h +C

where g is the gravitational field strength and C is a constant.

Use data from the table on page 40 to calculate a value for C when %
is 0-30 m.

A unit is not required.

Space for working and answer
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