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COMBINED SCIENCE: TRILOGY
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Physics Paper 2H

Time allowed: 1 hour 15 minutes

Materials =
For this paper you must have: S R
* a protractor Question |  Mark
e aruler
e a scientific calculator :
¢ the Physics Equations Sheet (enclosed). 2

3
Instructions 3 !
o Use black ink or black ball-point pen.
e Pencil should only be used for drawing. > 1
» Fill in the boxes at the top of this page. 6
¢ Answer all questions in the spaces provided. TOTAL
o 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).

¢ Do all rough work in this book. Cross through any work you do not want to be
marked.

¢ In all calculations, show clearly how you work out your answer.

Information

e The maximum mark for this paper is 70.

e The marks for questions are shown in brackets.

s You are expected to use a calculator where appropriate.

 You are reminded of the need for good English and clear presentation in your answers.

R
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Figure 1 shows a stretched spring. box

The spring is elastically deformed.

Figure 1

Spring

Metre rule — 7]

|
' [0]1].[1] whatis meant by ‘elastically deformed'?

Tick (v') one box.

[1 mark]

As the force on the spring increases the length of the spring increases.

Only a very small force is needed to stretch the spring.

|
‘ The force on the spring causes it to change shape.
\

The spring will return to its original length when the force is removed. v’

i
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pepieelii
EEHZ] Describe a method to determine the extension of the spring. box
[2 marks]
—f u e ) cfn& 'Qﬂj“l d}) “Q 3‘0( ’)3 ——

o e  ovtosded  lend Vil s(gu‘g_*
\A\*\n 1N ifﬁtgg folecC. o B
Une axdnion T extemdeh  laglh - 0r.g.na) nglh

[0]1].[3] The extension of the spring is 80 mm.

spring constant = 40 N/m

Calculate the elastic potential energy of the spring.

Use the Physics Equations Sheet.

[3 marks]
_2xtonsien = 0. .0%0m | o
" = 1 2 -1 x Lo x—_((_)mo’&o)rl
. > K ot E'Z_ R e
E. 20108 T TR
Elastic potential energy= 0 .12 % J

Question 1 continues on the next page

Turn over »
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[0]1].[4] Write down the equation which links extension (e), force (F) and spring constant (k). box
[1 mark]
A:fo (L ~_SQ ¢ .‘nj_t..o_m}m{, X ertenspn
Or F = kQ_
0[1].[5] Aforce of 300 N acts on a different spring.
The force causes the spring to extend by 0.40 m.
Calculate the spring constant of the spring.
[3 marks]
300 = Kk x 90.4Lo
k = 300 k = 360 N/m )
0.%0
Spring constant = "}‘;0_ B N/m 10

L
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Professional rugby players wear a tracking device that measures their velocity box
and acceleration.

Figure 2 shows a player wearing a tracking device.

The player is tackling another player who is running with the ball.

Figure 2

Tracking
device —

| |1—] Velocity and acceleration are both vector quantities.
\

What is a vector quantity?
[1 mark]
Tick (v) one box.

A quantity with both magnitude and direction

A quantity with direction only

A quantity with magnitude only

.

g
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0[2].[2] Whnich of the following is a vector quantity?

i

[1 mark]
Tick (v') one box.

Displacement

Distance

Time

Work done

Question 2 continues on the next page

Turn over p»
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Figure 3 shows a velocity—time graph for the player running with the ball. bor

Figure 3

45
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second
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[0]2].[3] Determine the acceleration of the player between 0 and 1.6 s.

[2 marks]
_acabient = (h-0) . By .
J < —_—
B (1.£-0) ¢
Accelecaton = 16 m/s?
Acceleration = 15 m/s?
E Describe the motion of the player between 3.4 s and 3.6 s.
[1 mark]

Constant Ae (_dsz fokion

i

IB/M/Jun21/8484/P/2H



9 Maths Made Easy

Do not wrile
outside the

The force exerted on the player when she is tackled causes her to accelerate. box

[0]2].[5] Write down the equation which links acceleration (a), mass (m) and
resultant force (F).
[1 mark]

o = Mass X accelerntion

JETMIN

|
J
F

or = Mo

E] The player accelerates at 25 m/s? when a resultant force of 1800 N acts on her.

Calculate the mass of the player.

[3 marks]
F: ma
1800 = m x 25
_m=_195
1899
h= '}Z kq
7
‘ Mass = :}- 1 kg
[0]2].[7] The tracking device sends data to a computer during the game.
Suggest one advantage of the data being sent during the game.
[1 mark]
The V?,lajus c.uJ?ommw_ (b mondored
busing te  aame e
J
|
‘ Turn over for the next question
|
\
\
|
|
i : N L B
Turn over p»

L
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A student made water waves in a ripple tank. box

|I| Describe how the frequency and wavelength of the water waves in the ripple tank can

MR

be measured accurately.
[4 marks]

¢ Galer ot b Sbe 4 Ho
&mm{wﬁnﬁ.’wgi R | PR gfmbj od
_ibe &kt peaswe & Hle ,filégﬂ cﬂ
tle s<eeen . Jake Flmo\qymﬁm @j} fle
_ shoboy ot Steon o (Ound fe  pamber
6\ Cm{)k)cg Van n te _Sceen CaMo
e by Duhes L bl g e _Sc:
L3 Ne  pombes Umﬁ_b/_\?f%_iiom the

Numbe Wars the Pm; o 3.\;.2/; FO z}l ol l’n'f"z

heo  lon & bes. (A (b \' R :
0. ' ~ 4-0;/9
Nwmbe 6 Woer Bt B the m faken,

The student recorded values for the frequency and the wavelength of waves in the
ripple tank.

Table 1 and Table 2 show the results.

Table 1
Reading 1 2 3
Frequency
foy ot 9.8 9.4 9.3
Table 2
Reading 1 2 3
Wavelength 17 29 2.1
incm ’ ’ ’
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E What is the advantage of taking repeat readings and then calculating a mean?
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[0]3].[2] Determine the mean wave speed. box

[4 marks]

ﬂim?w}m 5 (Q-%n“l.u*q‘Z)iS: q.§ Hz

J:um__mz)dz_nalh - (L3422 49043=2Umz0000m

V= 95 v 9079
VS 0. lq m/y

Mean wave speed = 0. (9 . mls

[1 mark]

‘Ii_&mgm__zj%ﬁ_ _1} ankem

A (>IN

[0]3].[4] The speed of the wave is affected by the depth of the water in the ripple tank.

The deeper the water the faster the wave.

Explain how the depth of the water affects the wavelength of the wave if the frequency

is constant.
[2 marks]

5. DQ&?V Wales e Joaau_ WMLpaill

Lecowotz b wms?u ALRA S md_“«o._ o
Ve quenc., SO lonsimt.
)

Turn over p

M
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[0]4]

E Where is the magnetic field of the magnet the strongest?

[o]4][2]

A

12 Maths Made Easy

Figure 4 shows the magnetic field pattern around a permanent magnet.

Figure 4

[1 mark]

At Yy (\3::\(5 :

How does Figure 4 show that the strength of the magnetic field is not the same at

all places?
[1 mark]

The distena LatuajL ‘:l\a ngA l-'N/)

\INCGYB
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Figure 5 shows an electromagnet being used to separate iron and steel from box

non-magnetic metals.

Figure 5

_ Electromagnet

_Conveyor belt

[z‘ Explain one reason why an electromagnet is used instead of a permanent magnet.
[2 marks]

_AAJMLQMW_-_ Con be ,7&(15'.];1,‘, Jemsgm&&ﬁ,
k.0 s LMJL_LCQIY‘Q&_%@-*&_ .

_SS.PQIQ"Q A N!‘A\

[0]4].[4] Pieces of iron and steel are attracted to the electromagnet.

Name two other metals that would be attracted to the electromagnet.
[2 marks]

1 C DL&U
2 Nickel

E] The design of the electromagnet cannot be changed.

Give two ways the force exerted by the electromagnet on a piece of iron or steel
could be increased.

[2 marks]
1 Emg bl lectio thos (2t (Josv ¢ S
e {) 10@ 6} \en ad  steel
2 lncess [ I VY te (il
) é\ ﬂledrromagnz}
Turn over »

L
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The conveyor belt that moves the pieces of metal is driven by an electric motor. box

Figure 6 shows a simple electric motor.

Figure 6

1B/ Jun21/8484/P/2H
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[0]4].[6] Thelength of the wire AB in the magnetic field is 120 mm. box

A

There is a current of 4.0 A in the wire. The length of wire AB experiences a
force of 0.36 N.

Calculate the magnetic flux density between the magnets.

Give the unit.
[5 marks]
Lz 0 ilo #m (i Mebus)
FO{L-Q = B x 1 v X L
0.%6 = Bx & x 0.)om
B= 095 T
Magnetic flux density = Q.35 unit T
Question 4 continues on the next page
7 N Turn over »
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_ Fleming's left-hand rule can be used to determine the direction of the force on box
wire AB.
Complete the labels on Figure 7 to show Fleming's left-hand rule.
[2 marks]
Figure 7
,»«/Q
———___ Direction of _ ’Y‘andu_ ﬁf eld
\\
Directionof _ Cul/zat
15
Direction of }D(c_é

i
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Different parts of the electromagnetic spectrum are used in medical imaging. e

Figure 8 shows an image of a person’s hand taken with an infrared camera.

Figure 8

34°C

23°C

[0]5].[1] Explain why the infrared camera is able to show that parts of the hand are at
different temperatures.
[2 marks]

Vilerent  fompotaes  2md bt e h2o
¢ [ NI

éi\l 10 coceh 4 L,;lu()q =z C'ZPC@_M*LA ,
on the (amare. 0 d}jf,md Shokzs /
& o\e\ux

Question 5 continues on the next page

e

Turn over »
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0[5 @ Infrared has a range of wavelengths from 700 nm to 1 mm. box

I

Which part of the electromagnetic spectrum would have waves with a wavelength of
6.5 x 1077 m?

[1 mark]
Tick (v') one box.

Infrared

Microwaves

Radio waves

Visible light ¥
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Do not wrile

[0]5].[3] Figure 9 shows X-rays and gamma rays being used for medical imaging. e
Figure 9

Gamma rays

= :
N &

To use X-rays for medical imaging, a machine produces a very brief burst of X-rays.

To use gamma rays for medical imaging, a radioactive isotope is injected into the

patient’s blood. The isotope is circulated around the body in the blood. The isotope
emits gamma rays.

Compare the potential risks to a patient of using X-rays and gamma rays for
medical imaging.

[4 marks]
Bah  methods ¢ wn: .

amne. -

| ( a4 2m i Lon 15(.3 (080t on $¢

| Sor2 O3k 4 eoer . ke Whde, |

b o yllo. by aawma ¢ a5 in B
polboh,  uhos oy paio o kA
0\ Jxoosuk O X - s Also the

.axPOSw; bine }or gomma (o4 v ldaaf._

Question 5 continues on the next page

Turn over »
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X-rays are produced by colliding high-energy electrons into a metal target.

The electrons have high energy because they are accelerated to high speeds.

Only a small proportion of the kinetic energy of an electron is converted into an X-ray
when it collides with the metal target.

An electron is accelerated through a distance of 15 mm.

The work done on the electron is 1.2 x 10-"3 J.

Calculate the force on the electron.

[3 marks]
Wol ‘(, AU‘-Z, = 3\3/(9_ X M"MQ, =
124" = F x 0.0i%
F= 12x06"
0.0lh _ B
-2
Force= 4.0 x IQ N

The metal target is made from tungsten.

Tungsten has the highest melting point of any metal.

Explain why using tungsten as the metal target enables the X-ray machine to be
more powerful.

[3 marks]
Sore. 4| Ug v & Yo 2dechions
‘ 3 T &

_ (oarsen Lim{mc) : % U__ -
10 0527 the (‘@n{)do&m . of 8 alow
More eleckrons ('o (e Colldod ?.v
Selod bl U:J) oty Metal,
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Scientists are developing a hypersonic aeroplane that will travel much faster than box
normal aeroplanes.

An aeroplane accelerates from a low speed to a high speed with the engines at
maximum power.

Explain why the acceleration is not constant.
[5 marks]

At (08K 1 Mg o e JD oria/A JP;M
é\ e s un  (osred . As the.
J J :
" plase o.(u.ondlo ; the 8y (oM.
iess, Te ottt 90«1 b\ e

(\>\0~1Q = po(uz J'_cm_%__&n__%jmﬂa_ Ouf o1 3tne .,

. ﬂw@!di " rolkont j\&LL__a{MA_s_

Accelookan ) Aicectl, o hom) ,E_a___,
b r2 siliod ﬂgml J ; Fﬂto te

oceleatim w ot (S L o, N

Question 6 continues on the next page

Turn over »
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[0]6].[2] The hypersonic aeroplane will have jet engines and a rocket engine. box
The speed of aeroplanes can be measured on a uniform scale called the Mach scale.
Mach 1 = 330 m/s
The jet engines will accelerate the aeroplane to Mach 5.5.
The rocket engine will accelerate the aeroplane from Mach 5.5 to Mach 25.5 in 300 s.
The average resultant force on the aeroplane when the rocket engine is used
will be 630 000 N.
|
Calculate the mass of the hypersonic aeroplane.
\ Give your answer to 2 significant figures.
1 [6 marks]
_d:a§¢ 0 b’Qb(d') ’ AV = (Zg 5 - 55) x 330
o= Av = (6.5-65)x330 = 17 mys
t 300
G2 22 m/s2 F-m a m= F -
o
. ~ [
m= f3000p = 71%3L3 6. Sk kj e
2 o ,
| k2 B‘Ij“j fk fipes  m= 19000 ‘\_r} o
‘ Mass (2 significant figures) = ) (] 000 kg "
\

i

END OF QUESTIONS

1B/M/Jun21/8484/P/2H



