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Figure 1 shows a mobile phone with its battery removed. box

Figure 1

Mobile
phone

\‘

A student measured the potential difference across the battery and then put the
battery into the phone.

[I] What is the equation linking current (Z), potential difference (V) and resistance (R)?

[1 mark]
Tick (v) one box.
I=VR
R=1V
V=IR v d
V=I’R
Question 1 continues on the next page
Turn over »
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E] The current in the electronic circuit in the mobile phone was 0.12 A.

The potential difference across the battery was 3.9 V.

Calculate the resistance of the electronic circuit in the mobile phone.

[3 marks]
N @ 2 . o N
39-00@xR - 39
Y R

e %2.5 (p)
Resistance = B -;

L
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0l1 @ Write down the equation which links energy (E), power (P) and time (f).

[1 mark]
&gy = Pourr X e S
[0]1].[4] The battery was fully charged when it was put into the mobile phone.
The battery discharged when the mobile phone was switched on.
The average power output of the battery as it discharged was 0.46 watts.
The time taken to fully discharge the battery was 2500 minutes.
Calculate the energy transferred by the battery.
[3 marks]
bire in  Secads = 2500 x fo = 150000 5
@L'Z/_gj = power X W S
mu&j: D.ké X ‘SOIQOO -
.Q.D.-l[‘}l = é q', OOD J S )
) Energy transferred = é q i 000 J
Question 1 continues on the next page
Turn over »
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The mobile phone includes a sensor to monitor the temperature of the battery.

Figure 2 shows the circuit symbol for a component used in the sensor.

Figure 2

/
O e g

—
{E] What component does the circuit symbol shown in Figure 2 represent?
[1 mark]
_ Themistor d. L e oty
[E@ The temperature of the component in Figure 2 increases.
The potential difference across the component remains constant.
Explain what happens to the current in the component.
[2 marks]
The Cormnt  n Yo Comparat wll
inerase tuo‘wx the ROLSFonee.
_becmonen
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[0]2] A radioactive source emits alpha, beta and gamma radiation. bax

[0]2].[1] Analpha particle is the same as a helium nucleus.

How many times bigger is the radius of a helium atom than the radius of an
alpha particle?
[1 mark]

Tick (v') one box.

Less than 100 times bigger

Exactly 5000 times bigger

More than 10 000 times bigger \/

@ Alpha particles can ionise atoms in the air.

What happens to an atom when it is ionised by an alpha particle?
[2 marks]

Tick (v') two boxes.

A neutron in the atom becomes a proton.

The atom becomes a positive ion. V]

The atom gains a neutron.

The atom gains a proton.

The atom loses an electron. /|

Question 2 continues on the next page

Turn over »
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E A spark detector is a device that can be used to detect alpha radiation.

08

A spark detector works by alpha particles ionising atoms in the air near a wire mesh.
A large potential difference creates a spark when the air near the wire mesh
is ionised.

Suggest why a spark detector cannot detect beta radiation.
[1 mark]

_Bebo.  cabintin m5 _Uea Hj —

10aSm, o
5
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Do not wrile
- E] A teacher wants to demonstrate that the radioactive source emits alpha, beta and T
gamma radiation.
Figure 3 shows the equipment the teacher has.
Figure 3
3 mm thick Radioactive
aluminium Athin source
sheet sheet in a holder
of paper
./ w
| —-5 N
|- -
\
Radiation detector Count rate
meter
Describe a method the teacher could use.

[6 marks]
bt mow the  Adkeddor \/ig (g 1 uL_SQ,Lg;e od
MILJLLM_M De{k/ bebrse2n
e  soucz  and Mo Aokechar __oA_{‘_em_ﬂw._

New  Count (ke T| He (owk rae w
| gyl less b whhok  Han Mo onece oaiks
| o.\gha raBiotion, ﬁu\)‘m‘e, the Pogrs Wikl
| HQ_ 6\umin gm od (2Co@ uﬁ Ry (ounh
(oe . Alpho ok Bota  rodintwn  ull ot
Mmﬁ& u\fm?h Q\LLINOM/ So :}p e (ot
(ote l\os S.':jn{f,'cmﬂu decronsed (Oﬂr)o&é witl,
| Wiy pager thon eto  (adiaten » frenat
| S
1 1 ' ; . e |10
than :)omm‘ codiahim v (W-S{n*

The E-VPQA'MQM Should kﬁ (‘QP@o}e_A and Man

renults Colculoteh becaw (adve bt N
) o , (andan  [frocess |

Turn over »
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Figure 4 shows a sailing boat crossing an ocean.

Figure 4

There is a wind turbine on the boat.

m The wind turbine generates electricity to charge a battery on the boat.

Name one other renewable energy resource that could be used on the boat to
generate electricity.

[1 mark]
S (o) l aC
@ The boat also has a generator that burns a fossil fuel.
The battery can be charged by either the wind turbine or the generator.
Give two reasons why this is useful.
[2 marks]

| 1 Somebinen  ther v o bind ,  buk H;z.JM&j
(an  SHI Lo (hoaod  Wewn H‘t olmerator .
' B J J .
2 \whea there % B VI Lm_ &u&\ w
burned

A
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_ Explain one environmental impact of using fossil fuels to generate electricity. box

[2 marks]
T Cocbon  Aioxide  feloased  inCmasen
_-3\&&\v_ L —

[0]3].[4] The kinetic energy of the boat is 81 kJ.

mass of boat = 8000 kg

Calculate the speed of the boat.

[4 marks]
Kinebic gra, = _I_ m vyt
JJ pA
4
E. = 0.6 x fooo x V*
Rk = §1000 F 81000 = 95x %000 ¥y?
V= /‘ZIOOO = _l.._S' m/s
\/0 3 ¥ §o00 Speed = L+_'§ m/s
Question 3 continues on the next page
) ) Turn over »
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[0]3].[5] As the boat passes over a wave, the gravitational potential energy of the boat box
increases by 19 600 J.
mass of boat = 8000 kg
gravitational field strength = 9.8 N/kg
Calculate the change in height of the centre of mass of the boat as it passes over
the wave.
[3 marks]
Es S
A So m 3 Ah
19600 = %000 x 9.9 x Al
Az V%600 Ah= 0195m
Q000 x 4.€ .
Change in height = 0.15 m [ 12

A
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@z] A student determined the density of a cube made of bronze. “bor
The student used a balance to measure the mass of the bronze cube.
Figure 5 shows the balance before the cube was added.

Figure 5
2 2

[0]4].[1] Whattype of error is shown on the balance?

[1 mark]

Zeco  elroc

[0]4].[2] How could the student get a correct value for the mass of the cube from the balance?
‘ [1 mark]

| RQSQ{- the Lalnn(e Y 2ern j

R

IB/M/Jun21/8464/P/1H



15 Maths Made Easy

Do not write
oulside the

0 4 HE] The student measured the length of the bronze cube using Vernier callipers and then bax
using a micrometer.

Table 1 shows the results.

Table 1
Equipment Length in mm
’ Vernier callipers 20.1
Micrometer 20.14

Complete the sentence.
[1 mark]

The results in Table 1 show that the Vernier callipers and the micrometer have

a different (ERY) \m’nc"a

Question 4 continues on the next page

Turn over »
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The student wanted to determine the density of a bronze coin. box
The student had several identical coins.

The volume of each coin was very small.

[0]4].[4] The student added water to a measuring cylinder.

Figure 6 shows the student reading the volume of water in the measuring cylinder.

Figure 6

Give two changes the student should make to increase the accuracy of the
volume measurement.
[2 marks]

1 PlAC«L H’\e Mea .Su(-"}j _Lj_L'AAg/_,_ofu_ a
hori2 0ntal Swefac

2 \ljew nth e A lia Wik,
. e
the |evel Aj tle Votor

i
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E] Describe how the student could use a displacement method to determine an accurate box

i

value for the volume of a single coin.
[3 marks]

The  Stwdavt  Cauld  0dd  Swuws\  Coim
,C, H\L M&as \mp_zj, N (ulnha ﬂ_u\ S AU'Q.

- uw i u..t Wate, IMZ [ R T My uﬁﬂ
‘L\J\in&v, 5 0l thoa div.de th 'S Lj N
'\;\w Oumba s ﬁ (Ons added .

Question 4 continues on the next page

Turn over »
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[0]4].[6] Oldpenny coins were made from a disc of bronze.

New penny coins are made from a disc of a different metal.

Figure 7 shows a disc of metal.

Cross-sectional area

Thickness

Figure 7

Maths Made Easy

Table 2 shows information about the discs used to make each coin,

Table 2
Disc Massing Density in g/lcm® | Thickness in cm
‘ Old penny 3.6 8.9 0.16
| New penny 3.6 X 0.17

L
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The discs used to make the old and the new coins have the same m.‘
cross-sectional area.
Calculate value X in Table 2.
Give your answer to 2 significant figures.
The volume of a disc can be calculated using the equation:
volume of a disc = cross-sectional area x thickness
[5 marks]
f s
Uensd_-} = Mass 99 = 3. 6
Voluwe 0o X 0 |6
0o = 5.6 - 2 513
LIixo.lb .
Densd, = 3k = 8372 j/m3
1518 x 8 13
— ? ' = o } B =
o 2 WS les - S 9/en’
J g v —
Density (2 significant figures) = q L glem® | 13

Turn over for the next question

Turn over »
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A TENS machine uses an electrical current to relieve pain. box
Figure 8 shows the electrodes of a TENS machine connected across an ankle.

Figure 8

Electrodes

TENS
machine—"

|I] The maximum power of the TENS machine is 240 mW.

The potential difference across the battery in the TENS machine is 2.5 V.

Calculate the maximum current from the battery.

[4 marks]
. 1—,(*0 W = 0.l W =t B
lp: V1 ,03.41 L5 X I
- —— _T= 00% A
i, S
Maximum current = 0.09€ A
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[0]5].[2] Figure 9 is a sketch graph showing how the potential difference across the electrodes box
varies with time.

Figure 9

Potential
difference

Time

A student concluded that there was an alternating potential difference across
the electrodes.

How does Figure 9 show that the student was not correct?

[1 mark]
B& Cawse Uv. ?0’121\4 al A} uljenemz v
a\wm posdiwe
J |
Question 5 continues on the next page
Turn over »
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Figure 10 shows a circuit the student built using the battery from the box
TENS machine.

Figure 10
N .
() s
u | S |

Non

The student recorded how the current in the resistor varied with the potential
difference across the resistor.

Figure 11 shows a sketch graph of the results.
Figure 11

Potential difference 0

N
o

Current

[0]5].[3] Whatrelationship does Figure 11 show?

ﬂm\ potent,a\ B0l conce v A (Hu
\ 1) 7

\Dm {)n/{-u'rm al ’B Cu(rent

[1 mark]

L
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- [Z] Figure 12 shows two more circuits that the student built using the battery from the box
TENS machine.

Figure 12

Circuit A Circuit B

M Fal e
|F \ \A) |F | @

| S|
O

L J
S |
O

The resistors all have the same resistance.

Compare the readings on the voltmeter and ammeter in circuit A and circuit B.
[3 marks]

Voltmeter |L! (2a A:(%S ia (yrou A ah

Cr (o Soe on e Uniteedes

Ammeter e ammetar & Q_QA.'Q%) o CGrowr
R ) tuce bl mo\heg {} Geant A

Turn over for the next question

Turn over »
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An air source heat pump transfers energy from the air outside a building to increase
the temperature of the air inside the building.

Figure 13 shows an air source heat pump.
Figure 13

Air outside
building

Air inside
building
Compressor

5

R

e
Evaporator —— —— Condenser

\ \L——J
\

Pipe Coolant  Decompressor

The compressor is connected to the mains electricity supply.
The pipe in the heat pump contains a substance called coolant.

In the evaporator, energy is transferred from the air outside the building to
the liquid coolant.

The temperature of the coolant increases and it evaporates.

‘ [I] Explain what happens to the internal energy of the coolant as its
temperature increases.

[2 marks]

Tl\( ku‘n& & LNy (}J‘ 1 . _{LL‘ Pohm# al ng
H\a ngﬁe) NC(RO 20 So  the ~
intanal QAQ/?).. LN LR OSY) Mas&__"__

o Sem T4 kivhe o poeatal  ewg.
the  particles. J pret Ja’

L
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E@@ What name is given to the energy needed to change the state of the liquid coolant?

[1 mark]
Aadey }\(od_ Jﬁj_ ,Vapoz,m{a{, h I
@ What happens to the mass of the coolant as it evaporates and becomes
a vapour?
[1 mark]

Tick (v') one box.

Decreases

Stays the same \/

Increases

E] The compressor increases the density and temperature of the coolant vapour inside
the pipe.

Explain why the pressure in the pipe increases.

Hhes [2 marks]
T v o coune JELej-ft a2 More
Collsions {Jv Second pooh the o
o 3“&&\-Qr ,Yo«c {)U Collisien

Question 6 continues on the next page

Turn over »
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[0]6].[5] The condenser transfers energy from the coolant to the air in the building.

e

When the total energy input to the heat pump system is 1560 kJ the temperature of
the air in the building increases from 11.6 °C to 22.1 °C.

The efficiency of the heat pump system is 87.5%.

The mass of the air inside the building is 125 kg.

Calculate the specific heat capacity of the air in the building.

Give your answer in standard form.
[6 marks]

“EHL% s L\M!gl A va,  fenfe

Eﬁhx\ L[\?u.* JAM% fl(m ’pz/

0.898 = wa it welld 0 guh = 13650003
1560 000 I
%)

3LEEA0 = 05w 2w (990 L)

s@ggij.k Jogs (Alr)oq\)j ¢ = 1305000 = |oko

125 % 10.5 J/kq *¢

3
Specific heat capacity (standard form) = \ 0 ‘t‘ X 10 ~ Jlkkg °C

1B/M/Jun21/8484/P/1H
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[0]6].[6] Theairinthe building gains 400 J for every 100 J of energy transferred from the
mains electricity supply to the compressor.

An advertisement claims that the heat pump system has an efficiency of 400%.

Explain why the advertisement is not correct.

[3 marks]

TLL aAvet smen Y mt (002 ch Lemm

ik by igored bt ng inpuk
Dot Swtoucdim AL do tle  total

__fzw% _infuk *@“%&H¢_Umak the vy

Supplad o tlo tleclgcl, ”\2@}0&
th
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END OF QUESTIONS
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