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3. A student sets up the apparatus exactly as shown to measure the speed of

sound in air.

timer

metal plate and
hammer

Tmicrophone B

T

o
&

T

Striking the metal plate with the hammer produces a sound. Timing
starts when the sound reaches microphone A, and stops when the same

sound reaches microphone B.

(a) The student carries out the experiment three times and records the
results shown in the table.

trial |distance between microphones (m)| time recorded on timer (s)
1 100 000287
2 100 000282
3 100 000286





[image: image2.png]Space for working and answer

average time = 0-00287
0-00282
0-00286
0-00835 /3

002855 (1)

100 o,
=Foozss
=351m/s (1)

350, 351, 3509, 350-88

(b) Suggest a reason why the student’s results do not give the value of
340 m/s for the speed of sound in air, as quoted in the data sheet.

distance used is not 100 m (as recorded)
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A mains vacuum cleaner contains a motor that takes 3-0s to reach full
speed after being switched on. The graph shows how the current in the
motor varies from the time the motor is switched on.

10

9

8

current 6
inA

25
time in s

ate the current when the motor has reached full speed.

40A





[image: image4.png](i)~ Caleulate the power of the motor when it has reached full speed.

Space for working and answer

P=IV (%) (1) for 230(V)
=4%230 (%)
=920W (1)

(b) The vacuum cleaner is connected to the mains supply by a flex fitted
with a fused plug.

() All the fuses shown are available.

3 ampere, 5 ampere

10 ampere 13 ampere

Which one of these fuses is most suitable for fitting in the plug?

10 (ampere)
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A post office contains an emergency alarm circuit. Each of three cashiers
has an alarm switch fitted as shown. Lamps come on and a bell sounds if
an alarm switch is closed.





[image: image6.png](a) The alarm circuit is to be controlled by a master switch.

Which position, A, B, C or D, is most suitable for the master switch?

D
1
(b) Each lamp has a resistance of 4 and the bell has a resistance of 8Q.
The circuit uses a 12V supply.
(i) Caleulate the total resistance of the alarm circuit.
Space for working and answer
1 0
R 2
2
2
3
) aceept 150
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(b) (continued)

(ii) Caleulate the current from the supply when the alarm is

operating.

Space for working and answer
v
V=IR 1= R
- 12
=16
=754 m
2

() Brighter lamps are fitted in the alarm circuit.

Explain how this change affects the resistance of the circuit.

{ (brighter tamps)  more power

‘ m

| more power = more current

[

[¢Y]
| tess resistance/tamp - less resistance (n circuit) |
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In the eye, refraction of light oceurs at the cornea and at the eye lens.

(a) What is meant by refraction of light?

h: f speed whe

(b) The diagram below shows light rays entering the eye of a short-sighted
person.

cornea
retina

(vays must
continue to
retina)

eyelens

() Complete the diagram above to show how the light rays reach
the retina of this short-sighted eye. 1
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[image: image9.png]() Complete the diagram above to show how the light rays reach
the retina of this short-sighted eye.

(i) A concave lens of focal length 400 mm is needed to correct the
vision in this eye.

Caleulate the power of this lens.

Space for working and answer
P 2

2

[
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(©) Short-sight can be corrected using a laser to reshape the cornea.
For this treatment a pulsed laser s used. Each pulse lasts for a
time of 0-2ms and transfers S m] of energy.
Caleulate the power rating of the laser.
Space for working and anszeer
p =E
«
= sx10”
22x107
=W
2
What effect does laser surgery have on the focal length of the
cornea?
(D increases .

(iii)

When a laser is in use, a warning sign similar to the one shown
must be displayed.





[image: image11.png]20/402]

LASER RADIATION

Avoid eye or
skin exposure

Why must a warning sign be displayed?

radiation
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Radioactive sources are used in medical investigations.

(@) A technician uses a Geiger-Muller tube, a counter and a timer to
‘measure the half-life of a radioactive source. The source and the tube
are placed in a lead box to exclude background radiation.

Describe how the apparatus is used to measure the half-life of

LIIIIT1] o
counter
lead box
@)

the radioactive source.

count measured for fixed time period (1);

- Geiger-Muller tube

timer

radioactive
source

several counts taken at intervals (1)

plot graph of count rate(:
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The half-life of the source is 10 minutes. The initial count rate
is 1200 counts per minute.

Caleulate the count rate after 40 minutes.

0
10
20
30
40

Jidll

Space for working and answer

1200
600
300
150
75 (counts per minute)

(%) for halving

(%) for correet
number of ¥ life
periods

m

Page trelve





[image: image14.png]7

(continued)
Marks
(b) Dose equivalent measures the biological effect of radiation.
(i) What unit is used to measure dose equivalent?
1
(ii) State two factors that dose cquivalent depends on.
2from _type of radiation / type of tissue / weighting
factor / quality factor / time (of exposure) /
2

cnergy (absorbed) / absorbed dose / mass of

tissue @x1
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10. A bobsleigh team competes in a race.

(a) Starting from rest, the bobsleigh reaches a speed of 11 m/s after a time
of 325,

Caleulate the acceleration of the bobsleigh.

Space for working and answer





[image: image16.png](b) The hobsleigh completes the 1200 m race in a time of 42

Caleulate the average speed of the bobsleigh.

Space for working and answer
vo=% &)
_ 1200 .,
e )
=286m/s (1)

() Describe how the instantancous speed of the bobsleigh could be
measured as it erosses the finish line.

measure length of bobsleigh (%)
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10. (continued)
(d) "To travel as quickly as possible, frictional forces must be minimised.
State two methods of reducing friction.

streamlining/lubrication

@x1)





[image: image18.png]11. A train travels up a mountain carrying skiers in winter and tourists in

summer.

(@) The graph shows how
journey in winter.

the speed of the train varies with time for the

specd

inm/s 5
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[image: image19.png](i) Calculate the acceleration of the train during the first 200 s.

Space for working and answer

)

= 00325 m/s? (1)

(ii) Caleulate the length of the journ

Space for working and answer

distance = area under graph (%)
(X 200 X 6:5) +(200 X 6:5) + (% X 200 X 6:5) (%)
650 + 1300 + 650

2600m (1)

Page twenty




[image: image20.png]DO NOT
WRITEIN
i
MARGIN

Marks|ksU| ps

1. (continued)

(b) The mass of the train is 15000kg. During the journey the train
travels through a height of 460 m.

Caleulate the potential encrgy gained by the train.

Space for working and anster
Ep mgh (%)

5000 X 10 X 460 (%)
=69x107] (1)

() In summer, the train takes a time of 1200 to travel up the mountain
so that tourists can enjoy the view. The acceleration and deceleration
of the train remain the same as in winter. The graph below again
shows the motion of the train in winter.





[image: image21.png]13
12
11
10

speed
inm/s ¢

0

0 200 400 600 800 1000 1200

time in's

Using the axes given above, sketch a sccond graph showing the
motion of the train in summer.

(Caleulations are not required.) maximum speed less (1)

time duration = 1200s (1)

Page twenty-one





[image: image22.png]DONOT
WRITEIN
i
MARGIN

Marks|ksU| ps

3. Two students are investigating voltage, current and resistance.

(a) The first student builds the circuit shown.

-4

“The ammeter displays a current of 0-10 A and the voltmeter displays a
voltage of 30 V.

() Calculate the resistance of R when the current is 0-10A.

Space for working and answer

Voo
R=T A
)
8}





[image: image23.png](ii) The student inserts another ammeter at position X.

What is the reading on this ammeter?

0:10A/_(no Y mark)
01A

(b) The second student uses the same resistor in the circuit below.

-4
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[image: image24.png]3.

(b) (continued)

This student obtains the following set of results.

Result number| — Voltage across R Current through R
V) (A)
1 60 0-20
2 75 0-25
3 9:0 0-30
4 10:0 035
5 12:0 0-40

(i) Describe how these different values of voltage and current are
obtained.

by

OR_ch:

resistance

(ii) Explain which result should be retaken.
or identificd
by values/ ..result4 (1) because the calculated resistance

is not 30Q/not the same (1)
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[image: image25.png](&) What additional information about resistance does the second
student’s experiment give compared to the first student’s experiment?

resistance is independent of current/voltage
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(continued)
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(b) A5 ampere circuit breaker is used in a houschold lighting circuit
which has three 60 W lamps as shown below.
A circuit
breaker
60w 60wl 60w
230V
(i) Show that the resistance of one lamp is 882 Q2.
Space for working and answer
2
2

(ii) Calculate the combined resistance of the three
circuit.

lamps in this





[image: image27.png]Space for working and answer

1,1, 1 & OR R &
AR R 0 )
) =B o
o) =2940 (1

(iii) Show by calculation whether the circuit breaker will switch off
the lamps when all three are lit.

Space for working and answer

2230
= g no sig. fig. penalty

unit must be included

_(n)

(This is less than 5 A) so

11 NOT switch off

[[]
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[image: image28.png]5. A radioactive source is used for medical treatment.

activity of this source over a period of time.

The graph shows the
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[image: image29.png](a) Use information from the graph to calculate the half-life of this
source.

Space for working and answer

80 - 40kBq
0 - 3% days

half-life is 3:5 days (1) (1) or (0) marks
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(continued)

(b) Describe a method that could be used to measure the half-life of this
radioactive source, using the apparatus shown. You can ignore
background radiation.

clock

detector

stopelock counter
source j

Record counter reading over a fixed time on stopelock (%)

Repeat for a period of time (%)

Draw graph of reading/ - v~ time to find half-life (1)
: activi





[image: image31.png](&) A sample of this source is to be given to a patient at 9.

0 am on
May 17. When the sample is prepared, its initial activity is 200kBq.
The activity of the

sample when given to the patient must be
12:5kBa.

Calculate at what time and on what date the sample should be
prepared.

Space for working and answer
200 = 100 =50 — 25 — 12:5kBq (%) for halving

1 2 3 4 halflives (%) for four half lives
4halflives = 4 35days = 14 days (2 weeks) (%)

so 9.30am on May 3rd (%)

Page trelve





[image: image32.png]6.

The table below gives information about some types of laser.
Type of laser Wavelength (nm) Output powwer (W)
Krypton fluoride 248 10
Argon 488 20
Helium neon 633 0005
Rhodamine 570 t0 630 500
Carbon dioxide 10600 200-0

(a) The visible spectrum has wavelengths

700nm.

ranging from 400nm_ to

(i) Name one type of laser from the table that emits visible

radiation.

(i) Name one type of laser from the table that emits ultraviolet

radiation.

Krypton fls

(iii) Give one medical use of ultraviolet radiation.

_any suitable, cg treat skin complaints/set dental fillings

Jinerease vitamin D level
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[image: image33.png]A rhodamine laser can be adjusted to emit a range of wavelengths.

®)
What difference is observed in the light from this laser beam as the
wavelength changes?
colour (changes)
(&) The beam from the carbon dioxide laser is used to cut steel. A section

of steel is cut in 10 minutes.
Using information from the table, calculate the energy given out by the

aser during this cutting process.

Space for working and answer

E=Pt )
=200%10%60 (%)
=120000] ()
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[image: image34.png]Atable from the Highway Code giving overall stopping distances for

vehicles is shown.

The overall stopping distance is made up of:

the thinking distance — the distance travelled while the driver “thinks”
about braking. This distance depends on the driver's reaction time.

plus

the braking distance — the distance travelled while braking.

Speed of vehicle (m/s)

Overall stopping distance (m)

" |o®

thinking distance

braking distance
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[image: image35.png](i) How far does a vehicle travelling at 13-4 m/s travel while the

(a)
driver thinks about braking?

unit required

9m (1or0)

(ii) Use information from the table to calculate the reaction time.

Space for working and answer

=4 ()
v
=6 %)
=39 2
=067s (1)

accept any correet pair of d, v, values
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[image: image36.png]9.

(b) A car travels along a road. The driver sces traffic lights ahead change
from green and starts to brake as soon as possible. A graph of the car’s
motion, from the moment the driver sees the traffic lights change, is

shown.

speed in
m/s

4)

(continued

18

16

14

12

10

6

0

04 08 12 16
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[image: image37.png](i) What is this drivers reaction time?

0-4 1or0

(ii) Caleulate the overall stopping distance.

Space for working and answer

distance = area between graph and time axis

(18 x oﬁ’ih ($x18x Sg) (%)

=324m )

(iii) Calculate the acceleration of the car from the time the driver
applies the brakes.

Space for working and answer
)

~0-18 (%) 2
28 ~64m/st (1)

no negative sign—deduct final mark
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