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SECTION A

Answer ALL questions.

1. Figure 1 shows a model of a hydroelectric power station. Water from the reservoir flows down
and turns the turbine, which is connected to the generator, to produce electrical energy.

. |

/ |<— Water reservoir

Generator

820

Turbine

Water
outlet

Figure 1. A model of a hydroelectric power station
(a) The chart in Figure 2 shows the energy changes that take place during the operation of

the turbine in the generation of electricity to light the bulb. Complete the chart by filling
in the missing energy types.

T M=

Water Reservoir Turbine Generator Bulb

Figure 2. Energy changes that take place during the
operation of the turbine in the generation of electricity
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(3 marks)
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(b)  One 6 W bulb is connected as shown in Figure 1. Determine the amount of electrical
energy supplied to the bulb in one second.

..............................................................................................................................................

(1 mark) |

| (c)  Caleulate the efficiency of the system if the total power input is 10 W, given that the lamp
| is at its normal brightness.

........................................................................................................................................

I
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(d)  There is a relationship between the brightness of the bulb and the height of the water
reservoir. To investigate the most appropriate height for the model, the following results
were observed.

TABLE 1: RESULTS FOR POTENTIAL ENERGY OF THE WATER VS
HEIGHT OF THE WATER RESERVOIR

820

Potential
Energy 0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
E,(9)
Height 0 0.5
h (m) ; 1.0 1.5 2.0 25 3.0 3.5
(i)  Plota graph of potential energy of the water, EP/J, against height, 4/m, on the grid
in Figure 3 on page 7. (8 marks)
(i)  Using your graph in (d) (i), calculate the slope, S, of the line.
3
2

...............................................................................................................................

(5 marks)
GO ON TO THE NEXT PAGE
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Figure 3. Graph of potential energy of the water, E /J, against height, //m
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(iii)  State the conclusion that can be drawn from the gragh with respect to the brightness
of the lamp and the potential energy of the water in the reservoir. Explain your
answer.

Conclusion

---------------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------

820

.................................................................................................................................

---------------------------------------------------------------------------------------------------------------------------------

.................................................................................................................................

.................................................................................................................................
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(2 marks)

(e) Calculate the mass of the water in the reservoir given that the slope, S, is equal to mg,
where m is the mass of the water and g is the acceleration due to gravity. Take g to be
10N kg™'.
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Figure 4 shows the motion (velocity—time graph) of a cyclist’s journey during a short ride which

2.
is part of his exercise routine.
.C PR N
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Figure 4. Velocity—time graph of cyclist's journey
(a) Define EACH of the following terms as it relates to motion.
(i) Displacement
(2 marks)

(i)  Acceleration

(2 marks)

GO ON TO THE NEXT PAGE
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(b) The letters A, B, C and D on the graph in Figure 4 represent the various stages of the
cyclist’s motion during his journey.

Describe the motion of the cyclist at EACH of the stages labelled A, B and D.

..............................................................................................................................................
..............................................................................................................................................

..............................................................................................................................................
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(c)  Calculate the TOTAL distance travelled by the cyclist during the ten-minute journey, as
shown in Figure 4 on page 9.
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(d)  Calculate the average speed of the cyclist during the ten-minute journey.

----------------------------------------------------------------------------------------------------------------------------------------------

(2 marks)
e (e) Determine the deceleration of the cyclist.
18
(2 marks)
Total 15 marks
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3. Figure 5 shows a 230 V a.c. mains circuit to which a number of appliances are connected.
230V ¢
a.c. Air cooler Microwave 80 W@) sow A
supply 1.2 kW 1000 W |

Figure 5. An a.c. mains circuit with appliances connected

(a) @) Define the term ‘power’ as an electrical quantity and state the standard unit
(SI unit) in which it is measured.

.................................................................................................................................
.................................................................................................................................
.................................................................................................................................

.................................................................................................................................

(2 marks)
(ii) Calculate the total power which is supplied to the circuit.
...................... PR
GO ON TO THE NEXT PAGE
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(b) (i)  Fill in the blank spaces in the statements below which relate to the manner in which
the appliances are connected.

The appliances are conNECted N .........coceceriiiivinieececiiiiiiii e,

As a result, the voltage across each appliance is ........ccccceceveniicvicievcnnnnincnnn
(2 marks)

(i)  Suggest ONE advantage of connecting the appliances as shown in Figure 5 on
page 12.

.................................................................................................................................
.................................................................................................................................

) Calculate the current in the microwave.

(©) @i

.................................................................................................................................

(i) A fuse must be used with the microwave. Briefly explain the purpose of the fuse
in the electrical circuit.

.................................................................................................................................
.................................................................................................................................
.................................................................................................................................

.................................................................................................................................

GO ON TO THE NEXT PAGE
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3. Figure 5 shows a 230 V a.c. mains circuit to which a number of appliances are connected.

-1

230V l
a.c.

supply

Air cooler
® 1.2 kW

Microwave 80 W@) S0W
1000 W

Figure 5. An a.c. mains circuit with appliances connected

(a) (i) Define the term ‘power’ as an electrical quantity and state the standard unit
8 (SI unit) in which it is measured.
.......... A
(i)  Calculate the total power which is supplied to the circuit.
3
&
(2 marks)
GO ON
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(b) (1) Fillin the blank spaces in the statements below which relate to the manner in which
the appliances are connected.

The appliances are CONNECEd iN ..................oovvvesrereeeessesssssssessssssssssssssssssseececess

(i)  Suggest ONE advantage of connecting the appliances as shown in Figure 5 on
page 12,

.................................................................

................................................................
......................................

...........................................................................................

.....................................
............................................................................................

820

....................................................................................................................
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)  Calculate the current in the microwave.

(i) A fuse must be used with the microwave. Briefly explain the purpose of the fuse
in the electrical circuit.
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................................................................................................................. ( zmarks)
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(d) Calculate the

(

.....................................................................

820

(if)  current in one of the filament lamps.
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) energy in joules used by the air cooler in 30 minutes

............................................................

Total 15 marks
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SECTION B

Answer ALL questions.

4. Figure 6 shows the diagrams of three thermometers, A, B and C.
Meiciry Capillary tube Stem -
-10 0/ 10 20 30 40 50 60 70 80 90 100 110
llllf]ilII||lll‘T1I1|iil|"’]lIlllllllllllllllllllll]llllllllll
Bulb
Thermometer A
Mercury o
IITIT[ITIl]]”illllllllﬂ_lﬂﬂl”lI|II|||II]I[HTI |!l||l]ll|||1l]||ll|
35 36 37 38 39 40 41 % 42 )
Bulb Capillary tube
Constriction
Thermometer B
Metal A Metal B
Junction
Thermometer C
Figure 6. Three different thermometers, A, B and C
(a) (i) Identify the three types of thermometers shown in Figure 6.

A eiieeeeene st rensanas e st assanraane sesennraransaanenanasennnssittttttiesasaerestitiisastesasannntterananspRtRrireiaas e

BB o ssvavassanmusimsenamaveres snvor sassneas anenstan psme pon nae s n2e e amen sn s s AETHET AR AT A AR ORE R S SR

) conosvivsinsvrsesmesmmsmmesaam e snesnnss nessee snnvnen s sanennishnnnsnnosssrnnssn SIS EHER 0} Ty mand SEAASRE SRS TR
(3 marks)

GO ON TO THE NEXT PAGE
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(ii)  State TWO features of Thermometer A which determine the time taken for the
thermometer to respond to changes in temperature.

................................................................................................................................
.................................................................................................................................
.................................................................................................................................

.................................................................................................................................

(2 marks)

(iii)  Determine the physical property employed by Thermometer B, that varies with
temperature.

.................................................................................................................................
.................................................................................................................................

.................................................................................................................................

(b) Using the kinetic theory, explain why the
(i) rate of evaporation of water increases with temperature

.................................................................................................................................

(ii)  pressure exerted by a given mass of gas increases when its temperature is raised
and its volume is kept constant.

.................................................................................................................................
---------------------------------------------------------------------------------------------------------------------------------
.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

GO ON TO THE NEXT PAGE
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(c) A metal cylinder containing gas is taken out of a refrigerated store maintained at— 23 °C.
The pressure in the cylinder was 75 Pa before it was removed.

Calculate the pressure in the cylinder when the surrounding temperature rises to 27 °C,
assuming that the cylinder itself does not expand.

(=]
&
Total 15 marks
GO ON TO THE NEXT PAGE
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(a)

-19-

Fi . ;
gure 7 shows a representation of the electromagnetic spectrum.

Microwave

0]

(i)

L

'l'f.xt'

P X-ra
- { d l Q H . |

I T |

Visible
light

Higher energy <

> Lower energy

UTTTTIVAVAVAVAVAVAVAN

Figure 7. The electromagnetic spectrum

Identify the type of radiation in EACH of the regions represented by P, Q, R and
S in Figure 7.

..............................................................................................................................

..............................................................................................................................

..............................................................................................................................

(4 marks)

X-rays and ultrasound can both be used for scanning internal organs. Explain why
ultrasound can be used to scan unborn babies whereas X-rays are NOT used.

.................................................................................................................................
.................................................................................................................................
.................................................................................................................................
.................................................................................................................................
.................................................................................................................................

.................................................................................................................................

GO ON TO THE NEXT PAGE
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(b) Figure 8 is a diagram (not drawn to scale) which shows three rays emerging from the top
of an object. The path of one ray through the lens has been completed on the diagram.

Lens

Object J\

Principal axis

Figure 8. Path of three rays emerging from the top of an object

(i)  Define the term ‘focal length’ with respect to a converging lens.

.................................................................................................................................
.................................................................................................................................
.................................................................................................................................

(ii)  On the diagram in Figure 8, complete the paths of the other two rays.
(2 marks)

GO ON TO THE NEXT PAGE
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(c)  Figure 9 shows a ray of red light from a source incident on the face PR of a glass prism
at point S. The source emits visible light.

P

.Normal

R

Figure 9. A glass prism

The angle of incidence, i, of the ray is 42°. The refractive index of the glass for red light
is 1.5.

(i) Calculate, to 3 significant figures, the angle of refraction in the glass at S .

I
B T T T ST ; T T P

(3 marks)

(i) On 9, draw the refracted ra R and the ray emerging from face PQ
| ' (2 marks)

Total 15 marks
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(a) Figure 10 shows three nuclei, £, F and G, of different atoms, two of which are isotopes.
% % % QO Proton
OO 50 O Neutron
@® Electron
E F G

Figure 10. Three nuclei of different atoms

Define the term ‘isotope’.

G

=

.................................................................................................................................
..................................................................................................................
.................................................................................................................................

.................................................................................................................................

(i)  Assuming that the chemical element symbol of the three nuclei are E, F and G, as

A
shown in Figure 10, write the nuclide notation of each in the form . X.

E
- F
G
(3 marks)
(iii)  From Figure 10, identify which atoms are isotopes.
....................................... R

GO ON TO THE NEXT PAGE
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(b)  Acertain radioisotope is administered just prior to a severe medical procedure. T.he graph
isotope given to the patient over

in Figure 11 shows the activity of the sample of the radioi
a few hours.

80 TR [ - E.d ! ] .
3 N e
1 ol NI
g LIt \ Mo
- i i, N W Wi B
8 % e
= n A
g \\\ B &
ni— + Gt
\\ a5 &
T — ]
0 5 10 15 20 25 30 35 40
Time (hours)
Figure 11. Graph of radioactive decay
(i) Define the term ‘half-life’ of a radioactive nuclide.
<
S e ————————————— et e
(2 marks)
(ii)  Using the graph in Figure 11, and assuming that all the radioactive substance stays
in the patient’s body, state the original mass of the sample.
(1 mark)
GO ON TO THE NEXT PAGE
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(iii)  Determine the average half-life of the radioactive substance. Draw lines on the
graph, or otherwise, to illustrate your answer.

..............................................................................

------------

(iv)  Estimate the mass of the radioactive substance that remains after four half-life
periods. Show your working.

Total 15 marks
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