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A

1 (2} Analrcrattis coming In to land. It Is at a point P 500m above tha ground and has a speed of
65 m/s. The total mass of the aireralt at P is 150000 kg.

Calculale

(i} the potential energy of the alrcralt,

(i} its kinetic energy.

(4



3

(b) At P, the landing wheels ol the alrcralt are lowarsd. The alrcralt then descands, touches
down and ralls 1o a stop at the end of the runway. The pilol malntains a constant compass

course during the landing.

Skeich on the axes below {Fig. 1.1} graphs 1o show how the three quantities Indlcated

change during tha landing.

S
potential
energy
;
P wheels touch stop
down
kinstic
gnergy
F
P wheals fouch stop
down
veloclty
]
) 1
p wheaels touch stop
' down
Fig. 1.1



4
For each quantity write a brfef explanation of the changes you have shown,

potential energy

[ T L T LI LI Ll e

£
kinatic energy
velocity

I _ : (5]

(c) A pendulurn hangs from the roof of the cabin of the alrcral. A vertical angular scale was
placed alongslde the pendulum, as shown In Fig. 1.2, befors the alrcraft began Yo land.,

front of
S —

plane

pendulum w

Fig.1.2

Describa how the reading of the pointer wouldvaty (if at alf) as the alrcrafl travelled between
P and the end of the runway. Give reasons for your answers.

L T L T LT T R T e T T Y P P TP Py D T P IY o
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5

2 (8) Two students, Marda and Elena, had a discussion about the efficlency of two types of
domestic freezer. The two lypes are shown In the diagrams In Fig. 2.1,

Fig. 2.1

{b) () Marla sald, "The chest freezar is mora efficlant when you consider what happens to the

alr inside when the freazer s cpened™.
What actually happens to the air Inslde each freezer when the freezer is opened? Give

a reason for each answer,

chest freaZar

upright freezer

s el

5
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6
(i) Elena réplled, "The alr In the fregzer lsn'l lmponam when the freezer Is lull”. Comment
on her statement given the following information: )
Amount of space occupled by food = 80% of lolal volume of freezer
denslty of alr at ~20°C = 1.0kg/m® average density ol food = 500 kg/m®

specific heat capacily of alr = 1000 J/{kgK}
average speclfic heat capacity of food In lraezer = 3500 J/{kgK}

)

(b) The oulline of a heat pump system Is Hlustrated in Fig. 2.2. A suitable refrigerating liquid or
its vapour Is circulated round a loop of pipes. In one parnt of the loop (the compressor) the
vapour condenses Info fiquid; In ancther part (the expansion valve), this liquid evaporates.

compressor

evaporation .eondsnsalion

expansion value
Fig.2.2

(i} Explain wha! transler of thenmal energy occurs
1. when aliquid evaporaies.

2. when a vapour condenses.

LT LR N T Y PP Y Y L)
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(i) An arangement of this kind Is instafled in Stockholm harbour. Heat Is drawn from the
sea and a ns! powsr output of 160 megawalts {1.60 x 10° walls) Is given outl lo heat
local houses. The system Is llustrated In outline In Fig. 2.3,

— condensation e

Fig. 2.3

Only 35% of the heal drawn from the seaIs Iransferved to the houses.

The refrigerating liquid has a specific latant heat of 550 000 J/kg. What mass of the
liquid must evaporate par second to produce this output?

8]

7
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3 (s} Some of the ideas of the kinetic molecular model of matter are given in Column 1 of the

table.
In Column 2 glve one lact lrom the physlcs of sofids, quids or gases which each idea helps

to explain,
* One example has been done for you.
_ ..

Column 1: ldeas Column 2: explalns the lact that

molecules cahnot be seen with even
molecules are very small the best microscope

molecules are in random molion B

kinetlc energy of molecules JRT—
increases when temperature '
fises

----------

molecules have mass

e

there are altractive forces between
molecules '

the molecules of a gas are much | .. O
futher apast than the molecules of a

fiquid

nnnnnnnnnnnnnn

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

(5}

[r e )
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(a) The table belaw (Fig. 4.1) shows tha values of the angles of incidence and the
coresponding values of the angles of refraction when rays of light pass from air into a pfane

plass surface, B

angle of incidence angle of refraclion

ey f r

1 10.0 6.9 _
2 25.0 17.0 .
3 40.0 26.3
4 55.0 34.4
5 70.0 40.4

Fig. 4.1

Use one set of values to calculate the refractive Index of the glass,

13

(b} When the rays of {ight fall on the surface travelling from gfass to alr, some of the
comresponding sets of angles are as shown In Fig. 4.2,

angle of incldence angle of refraction

ay in glass, [ fnalf, r
; ;g'g 148

’ '37.8
3 40.0 68.8
4 55.0 )
5 70.0

Flg. 4.2

What happens lo the fourth and fifth rays? Support your answer with a calculation.

3]

9
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10

5 (a)} (I} Aboyhasaz2V,3Wlamp,
Calculats the normal working current through the lamp,

-

(1} The bay wished to fight the lamp but had only a 12V battery avallable. Ha set up the
clrcuit shown In Fig. 5.1,

R
pé—i 100 | 'Q
Flg.5.1

Caleulate
1. the total resistance betwsen P and Q,

2. the potential difference between R and Q.

&)

{ill) The boy connected his famp In paralig! with the 2 Q resistor.
Would the lamp work normally when connected across tha 212 resistor? Give a reason

for your answer.

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

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

Lt L L Ly T P L L e L PP P e ]
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{5) It s extremely dangerous to connac! several appliances to the same electric socket The
diagram Flg. 5.2 shows a sltuation In which that has been done. '

fuse
—0250Vo- OO

—o\

o o—{ B 2k |
t—a o-{ € 3

Fig. 5.2

Calculate

() the current through each appliance when It is In use:

A

3]

(i) the current through the fuse when all thrae appliances ara used.

Explain two dangers Involved In making such'a multiple connection.

LT T TT PRSP TS Y

3}
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12

6 (a) The amangemant fllustrated In Fig. 6.1 conslsts of an open coil connected In a clrcult, with
several small magnetic compasses set around it. The first diagram shows the positions of
the compasses whaen no currant flows through the coil.

magneté «
North

.-
\/

Flig. 6.1

Show on the second diagram the directions int which the diffarent compasses will polnt when
a large current flows through the cofl In the dlrection shown, -

Draw the magnetic field pattem around the coll due to the current. [4)

12
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(b} A similar coll Is wound round a soft-lron ring as shown in Fig. 8.2, Draw Enes {o indicals the
direction of the magnelc fisld {flux) through Lha lron when a direct current {3 passed through
the coll AB.

Fig. 6.2

What will happen lo the fleid (flux} when the sama currenl is passed through two coils
wound round the ring as In Fig: 6.37

Flg. 63 3]

{c) Ancther cofl, C, Is wound round the Iron ring shown In Figs. 6.2 and 6.3, The voltmeter
connected to It can reglsler both d.c. and a.c. voltages. What would you expect to ebserve
on the meter when:

) 1he cument through the other coils Is direct;
{{or Fig. 6.2}

e Tl e st LE e 2L Ll S s ias Rt L e Y

13
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(i1} the cumrentls altemaling?
(for Flg. 6.3)

seyaesrasnpany

. varsrannanes ,*.-'-_u-

Glve a reason for your answer In each casa. [3]

(d} An arrangsment similar to that in Fig. 6.3 can be used lo cut off the power to an appfiance if
It davelops a fault, 8.g. an accidental conneclion of the appliance 1o earth. The circuit

dlagram of the arrangement Is [fustrated In Fig. 6.4.

springy soft-lron rod pivoted at P
r
copps coll with sofl-lron core
e o
P
c neutral
0, D,

APPUANCE
Flg. 8.4

If the eflect of tha fault is that the curreni In D, Is less than the cument in D,, the power
supply 1o the live wire will be cut off, Explaln why this occurs.

FrrFey »s rorgan

eramawe LT TTT asamensspmsansaets
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15
7  (a). Much of our understanding of atomic physics is based on the idea of a nuclear atom.
“ In the space below draw a labelled dlagram 1o represent the model of the carbon atem '3 C,
Include detalls of the nucieus. o
= v

i3

(b) The diagram [Hustrates a famous scatlering experiment, the rasults of which led to the
acceptance of the Idea of the nuclear atomn.

thin metal foil
i
!
source S |
) S
_______,7—‘5\“9\“’0{ scalter
!
a—particles | _ S a-particle
' ~~ detector
Flg. 7.1

State how the results of the experiment support the ldea of the nuclaar atom.

ooooooooooooo

---------

L L ITIT LI YL AT
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(¢} Q) 1g of carbon from a living plant always contalns the same amount of radioactive
carbon. As soon as the plant dles the radicactive carbon In it begins 1o decay and Is not

replaced.

A carbon-daling experiment was carrled out In a laboratory whera the background
count was 300 counts per hour,

When a 1g-sample of carbon obtalned from a fiving plant was tested, :he count rate

was 1300 coun's par hour, -,

A 1g-sample of carbon from an anclent religlous scrolf gave a cournt ratg, In tha same

laboratory using the same equipment, of 1100 counts per hour.

Identify on the graph In Flg. 7.2 the two points to which these observatlons apply.

Hence determine the age of the ancient scroll.

rate of emisslon/particles per hour

0 T - - :
v 2000 4000 6000
time/years

Flig.7.2

14]
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(f) What detection difficulties arise, in carbon-dating ofd materlfals, from the fact that for
svery radicactiva carbon atomin the sampls, there are 8 x 10'! normal carbon atoms?

- 12)

LT

{d) Radoactivity on ths Earth Is as old as the planel itsall, Suggest two raasons why radioactivity
was nof discovered until the nineteenth century.

1‘ dppane
12

2, .

17
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1

2

Answer all the questions.

{a} Fgure 1.1 shows a bubble of air in water.

" 9

- o w— A o -
P N e
- e we ms ow w m—-

o - - - -
- o W e W

- oy o m -

-t~ =4 ____—hubble of alr

- e -
S -

Fig. 1.1

{l Why is the pressure aty greater than the pressure at x?

crunes

(i} Explain why the pressure differencs causes an upward force on the bubble.

eravsran

{iii) Suggest a reason why the bubble will fise to the surface.

- {41
(b) Figure 1.2. shows the same welghted balloan In cold liquid and In hot liquid.
cold fiquid hot liquld
denstty 1 g/cm?® density 0.9 g/cm®
\

volume of (

air In

balloon e

100em® -

\_1.5 N welght

fot mem = pem

= . e o e

heat

volume 50 ecm®

Fig. 1.2

When any cbject is immersed in a liquid it displaces a volumae of liquid squal 1o the volume
of the object z:.a. a volume which would occupy the space taken up by the object).

In carrying out the following calculations, you may assume that the balloon itself has no
mass and that the atmospharic pressure coes not affect the balloon.

The bailoon and weight are in equilibrium in both cases.

Lo+ ]

19

LA “‘:5 '§‘h‘ ~
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M Find
1 the total volume of cold liquid displaced by the balloon and weight,

2. the mass of the cold fiquid displaced,

3. the weight of the cold quid displaced {take the force of gravity on 1 kg to ba 10N),

4. the upward force on the balloon and weight, given that the upward force is equal
to the weight of the liquid displaced.

(@) -The fiquid is then heated to a constant temperature and the balloon.rises to a new
equilbiium position as shown in Fig. 1.2,
Remembering that the balloon Itself has no mass, find

5. the upward force on the balloon and weight in the new equilibﬁum position,

6. the weight of fiquid displaced,

7. ths total volume of hot liquid displaced,

8. the volume of hot liquid displaced by the balloon.

20
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4

(s) Theresa set up an experiment to determing how far a wire stretches when a weight is hung

2
from it. The srrangament she sat up is shown in Fig. 2.1,
G-clamp wirs held between blocks of wood magnitying glass
A3 pullsy
- L- : ‘\ -
heavy wooden bench
scale variable
welghts

. Flg. 2.1

What procedures would Theresa need to use to find by how much the wire stretched per
newton of weight hung from it? )

‘ [3I
(b} Figurs 2.2 shows the greph of extension against Joad for a particular spring.
extenslon/cm 3
5 a 7'.
-
E*
|
‘ -
[
!
i -
: -
load/N e S
Bz
Fig.2.2 -
0w 21

e



A bad was suspended by two such springs in two diflerent ways, as llustrated in Figs. 2.3(a)
and 2.3(b}.

strong support ) strong suppart
20N
2.
Fig. 2.3{a)
20N
Fig.2.5b)
State, with a reason, the extension of each spring in each cases.
(s} (b}
spring 1 extsnsion = extension =
reason; reason:
sprng 2  extension = extension =
reason: reason;

weeas

........................... _ | - =

22
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6

3 A student’s meal has an average energy content of 6.5x 10%J and he eats two such meals
every day.
(a) Cakulate the enargy he uses each day in carrying out each of the following activities.

{f

n

(i)

{iv)

He cycles to and from school every day, a total dis{ance of Bkm, and applies an
average force of 100N whila doing so.
Calculate the energy ha uses cycling to and from school.

In school, he has to climb soma stairs four times during the day. The difference
in lavels fs 4m and his mass is 60kg. Calculate the energy used each day in
¢imbing up the stairs in school. Take the force of gravity on a mass of 1kg to bs 10N.

He walks a distance of 8 km during tha day, exerting an average force of 50N when he
does so. Calculate the energy used in walking about.

He goas swimming every day, exarting a force of 70N whilst he swims 20 lengths of a
poal which is 50 m in length,
Calculate the enargy used for swimming.

4]

(b) Aperson's "work efficisncy” may be defined as

energy used in the activitias in {a) per day
total anergy intake from his meals

Use your rasults, and the information at the beginning of the question, to calculate a value
for the studant’s work efficiency.

23



Camment on your result.

e e e SRR RARSALEE N OS IR

........ o (3]

(] The student’s body grvos off heat ali thraugh the day and mght at a rate of 100W.
Calcutate the total energy given off by the student in this way during 3 24-hour period.

Work out a valua for

energy given out as heat by student in 24 hours v
total anergy intaks from his meals

Evplk .

Suggest one method by which this value could be reduced.

2 2o *owas.

131

24
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8

4 [(a) ()} Cakulate the wavelength in zir of the sound of the musical note middle C (frequency
{ = 256 Hi).

Take the spead of scund in air to be 330 m/s.

12

(i} A source of this sound {f = 256 Hz) is placed in a tube in which there is also a
microphone (see Fig. 4.1); the terminals of the microphone ars connacted 1o the
Y-plates of a cathode-ray oscilloscope (c.r.0.).

: T vacuum
pump
_ sourca!of sound microphone
E ' I 3 —> C.I.0
Fig. 4.1

Draw a sketch on Fig. 4.2 to show how many waves would be'seen on the screen of
the c.r.o. if the spot is set to cross the screen in about 1.0x T072s,

Fig.42 2]

25

2 =i
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(i} Show. grving a reason for your answer in each case, what you would expect to ses on
the screen of the oscilloscope in (1) when

1. the air between the source 2nd the microphone is pumped out of the tube [use

Fig. 4.31,
-

Fig.43

2. the air is replaced by 3 fiquid in which both the source and :ﬁe microphone
continue to work normally {use Fig. 4.4). :

" Fig.4.4 ‘ 131

{lv) A panticular species of bird can just be heard clearly, In still air, from a distance
of 100 m. The hurnan ear will respond to 2 minimum incident power of 1.00x1072W/m?,

Given that the sound from the bird Is propagated equally in all directions and that the
araa of a sphers of radius 100m is 1.2x 105m?2, calculate the total power received

over the surface of the 100m sphere.

Why will this be less than the powe: emitied by the bird?

et e e s e e [3l

e et EEL L EL treme

o3t ITurn over
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5 (a} Two students, Jorga and Emil, decided to investigate how the resistance of a wire varied
- with its thickness and its temperature. They began by setting up the circuit shown in Fig. 5.1,

resistance

®¢‘P wire

Fig. 5.1

{}} In their first experiment, they used a wire 50cm long with a cross-sectional area of

0.25mm?
The ammeter reading was 0.25A and the voltrneter reading 0.55V, Calculate the valye
they cbtained for the resistance of the wire.

(2]

(il The two students repsated the experiment several times with different wires of the

same materizl. They used the same langth of wire in each experimant, but the wires

were of different diameters. They recorded the readings on the ammeter and the

voitmeter for each experiment. From diameter measurements they calculated the

radius of the wire and its cross-sectional area. _

Jorge plotted a graph of resistance against radius of wire whilst Emil plotted a graph of-
. resistance against 1/{cross-sectional area).

resistance

1

radius of wire 1/ (cross-sectional area)
Fig.52

Sketch, on the axes in Fig. 5.2 above, the graphs you would expect them to obtain. [3]

27



1

{b) When they tried to measure how the temperature of the wire changed when a current was
passing through it, they had to decide how to measure the temperature of the wire. Jorge
suggasted winding the wire tound a thermomaeter (Fig. 5.3), whilst Emil said it would be
betier to immerse the wire in oil and 1o put the thermometer in the oil (Fig. 5.4).

P test wire
o h / : thermometer _
]Ui% ) . ' .
o T I
a Q #——m
Fig. 5.3 | test
oil —- wire
.
Fig.5.4

Comment on each of these arangements as a- way of measuring the temperature of the
wire during the experiment. :

13]

28
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(c) In 2 data sheet about lamps, the two students discovered some facts about a panicular
filament lamp.

These facts were:

Filament:
length ~» = 800mm 7
diaMeLer ..ovremrennn vmree = 0.0Ymm .
temperature when hot ............ e m 2000°C
resistance when hot meciecceenens = 5000

Operating voltage of Iamp ..wecreecsssaniee - 250V

Efficiency of lamp as a
source of light . = 15%

Calculate
(tff the current through the lamp when hot,

{fi) the power it dissipates.

13

29
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The amangement shown in Fig. 6.1 represents an experiment to investigate electromagnetic

cenlre-zero galvanometer

& (a)
"~ induction.
Y
\c
- e
B | 1
—_—

&,

~ D

Fig. 6.1

State, giving a reason for your answer in each case, what is observed as

{7+ switch S is closed,

(il switch S remains closed,

(i) switch S is then reopened.

observation:

FeaSON: svcerserernssecsane

observation: .
reason: .
obsenvation:
reason:
I3]
38
[Turn over
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{b) The battery B of Fig. 6.1 is replaced by an a.c. supply as shown in Fig. 6.2.

voltmelar registers both a.c. and d.c.

S
J‘\c u‘v }
- ac
suppfy (\I v
Fig. 62
With switch S closed, what will be observed?
Give a reason for the obsewvation.
_ (2
{c) Using the outline provided in Fié. 6.3, draw 3 diagram to llustrate the structure of a

step-dowwn transformer.

Fig.63

Selact two differances batwesn the arrangemants shown in Figs, 6.1 and 6.3 and explain
the advantage gained in the performances of the transformer by each of them:;

Difference 1 ...... - , -

AGVANTAZE oot e seessesssensbrnesestessssresssstenarsestnsbess nsbesssensban

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

DIEIONCE 2 oooeeoeesoeee oo omoeeseeses e es s s e ssesseesssseses s s e ee e e s seesssesetesesstsaes e srnon

AOVENBGE veveeerrereertrreeeesimerssssestesrssnss st siesassssseraenesanstarssessssessssssemaseteserensspasasstssesese

R L T T L T e L T T Y L PY YL P Y P ] » .[21
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{d} Front-door bells in houses are often connected 1o the main electricity supply through a step-

7 {a)

panticular absorber,

down transformet.
Two circuits by which this can be done are shown in Figs. 6.4(3) and 6.4(b).

ns & ' ' on/elf
h‘:‘-’* ns output \ bel
L — —0 F—LT:‘ J push
transformer bell -
Fig. 6.4(a)
o -
ﬁa’u‘;” output T:] bell
Pt o ——— [ to
N
transformer
magnetic bell-push operaling
nomally-open reed swilch
Fig. 6.4(b}

Which circuit, {al or (b), do you consider lass expensive to aperate once it has been installed?
State the reasons for your choice.

(31

Figure 7.1 illustrates the apparatus used to determine how the absorption of radicactive
emissions varies with the thickness of the absorber.

absorber

v ¥
7 e
I
|

Q ratemeter

delecior

Fig.7.1.

State what readings would be necessary 1o find the percentage absorption caused by a

.......

srrpanpemess
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(bl Inone exper:ment. absorbers of ditferent thicknesses of the same material were placed in
the position shown in Fig. 7.1. The ratemeter reading was taken using each absorber and
the resuits were plotted on a graph which is ifustrated in Fig. 7.2, The absorbers used were

alurpinium sheets.

ratemeter reading

a absorber thickness

Flg. 72

The source was known to have a long half4ife and to emit only one type of radiation. State
the type of radiation emitted and your reasons for rejecting the other two possibilities.

{1 Type emitted:

{i} Reasons forrejecting

-radiation’

~radistion

{lli} Explain why small ratemeter readings were obtained even when thick absorbers were
used.

31

{¢) A nuclear power station produces an output of 75 megawatts {i.e. 7.5x 107W). If the
process for converting nuclear energy into efectrical energy has an efficiency of 30%,
cakulate the rate at which the mass of the uranium fuel must be converted into other

forms of energy.
Take the speed of fight to ba 3x 10%my/s.

33
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2

1 (8) {I) Usethe axes of Figs. 1.1 and 1.2 to [lustrale the difference between uniform
velocity and uniform acceleration.

velocity 4 veloclty 4

s =

tims tima
shows uniform velocity shows unlform accelaration

Flg. 1.1 | Flg. 1.2

{} Explain how your graph In Fig. 1.2 shows Ihat the acceleration Is uniform.

................. - r. o » . Fretctnatongens

ey

(b} David has a mede! traln. The engine pulls a loaded truck of mass 0.64kg along a |
horizontal track as shown In Flg. 1.3,

Fig. 1.3
When the Yraln is moving at a uniform speed, the force In the string Is 0.10N,
{1} Whatls the total force opposing the motion of the truck?
..... . JRSR— veosorsnsessas 1} .

{il} Calcutata the force in the string when the acceleration of the truck Is
0.25 mvs?, (Assuma that the force opposing the motion of the truck remains as

In{1).) '

5.
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(c) David devises an Instrument to show diractly whether his train is travelling at Gae

unllorm speed, accelerating, or slowing down. This instrument s Hlustrated In

Fig. 1.4,
pointer
. / scala fixed ta box

32 1 1 2 3 A _ )

— Lt block on wheels w» «
spring —__| —"]_ . spring

[ 0000 ——~ FORWARD

box

Fig. 1.4

The Instrurnent Is fixed to the truck. David makes tha truck accelerate forward and
watches the pointer on the instrument.

{l) Drawon Fig. 1.5 allne showlng whera the ppinter could be.

rest position of pointer

3 2 1 01 2 3
N N Y (0N N B &

Fig.1.5
(1) Explain your cholca for the positlon of the IIne.

Ll WhplpbedRpkhpiriediiindbaie asre (LLTTT [21

(if) What [s the advantaga of having two springs in the Instrument?

L e T L TR T R P T PP YT Y Y T T LT T Y TP TP P sasse

T T Ty S PP L P Y FY T P L I LT ] [EFLLT S XS LT TN P T YT L P PP FPFS PP FEre ) "o

unlform?

36

03 [Turn over



4

2 (a) A sampte of alr has volume 6000 em? al 20°C and is at atmospheric pressure.
Calculate the volume tha sample will occupy I It Is healed to 70 *C whilst the pressure
on It Is kept constant,

3]

(b) Another sample of alr of mass equal to hat In (a), and at 20°C, was contalned In a
glass bottla which was he!d with Its opan end downwards as shown In Fig. 2.1,

<>
bottle
-y support
Flg.21

“The temperaturé of the alr was agaln ralsed to 70°C. Calculate tha fraction of the mass
of the sample which would escape from the bottis. (Assumae that the expansion of the
flask Is negligible and that almospheric pressurs remains conslant)

14

{c) A hot-alr balloon can float clear of tha ground if lIts total welght Is less than ihe welght
of the cold alr it displaces (l.e..the walght of cold alr which occuples the same volumae).

{I) A balloon Is Inflated with cold alr to & volume of 250 m3, The dsnsity of cold alr Is
1.3 kg/m?, Calculate the mass of cold alr in the balfoon. _

37
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L Exarminar's
(i1} The air insida the balloon is now heatsd to 70*C. The volume of tha balloon Uss
temains constant, but the density ol the alr inside i decreases o 0.975kg/m3,
Calculata the mass of hot alr in the balloon.
-' "
() Thera Is an upward forca on the balioon given by
vpward force = weight of cold alr - walght of hot alr
" balloon displaces in balloon
Calculate the upward force on the balloon,
Taks the force of gravily on T kg to be TN.
| [4]
(dj The botliom of the balioon Is open {o the alr so thatl the pressure Inside It Is equal to
atmaspharic pressure. Explala, In molecular terms,
(I} how the less danse alr Inside the bafloon can exert a pressure equal o that of
the atmasphers, .
(1} how, In tha absence of further heating, the alr In the balloon wiil coo! down.
38
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3 {8} An eleciric healer has a label altached te it by the manulaclurer.

The labsel Is Mlustrated in Fig. 3.1,

= {|- FORUSE WITH 200/240V 50Hz SUPPLY

POWER : 2kW
NOTE : This appfiance must be connected lo earth when in use.
Flg. 3.1
(i} Explain the meaning of the following terms used on the label.
240V RS AEAELN AR SAEN O Bade i PRI TTTIRIY YR RL R ] haahebeibndennnty LR IR Y T LTI L T T T L T T Py P "
50 HZ. a.c. P RERPEREAP APPSR PA PR R A SRS ENSRapanERiridaadibbpbintony TT I TT TrTyrae
Power 2kW .ccovvenne enasenrsreresssanssesnrnases
(it How should the applianca be ‘connected to earth'?

(1) Why should the appliance be connecled fo sarth?

rengegbrotrniaivey

LILIIFE R PR PR DAL PY L2 SR P BTy P Y

verses [7]

39 -
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Uss
(b} Calculats
{1} the current In the healing elemen! when Il Is used on a 240V supply,
b A
() the resistance of the heating element when in usa.
(4]
(c) A different electric heater has two heating elements, A and B. These are usually
connacted to a 220 V supply as shown In Fig. 3.2,
Fig.3.2
This heater now nesds to bs operatsd from a 110 V supply. Draw on Fig. 3.3 to show
how the two elements and the supply should ba connected to glve the sams power
as the arrangemenls In Flg. 3.2,
A
WA W W P C WV W W WV Vot v,
100000000000000000
11ov |
8
Flg. 3.3
g ' 40
[Turn over
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Figure 5.1 shows the structure of a tube used in a cathode-ray oscilfoscope (c.r.0.).

/C
. y .
—
] f 1 7
g L | L7

Flg. 4.1

(2) {I) Statethe function of each of the lettered components.

A oo reevcssmaasiesssnmssisssra s e s pn R RS nasasasaens .
o P phpt b el i et i an b An kbR RU I FRAAA AR AP F AR TR ARRRT PR AN SRS d A SRR TRL N ARAAES IR e

B RESFERETRSREIRARINLIEABENE SR AR AP SR FEG S VP ed b i L eSSk R NN SRR SR RERA SR AT PR bb L]
[X11) LR D TIAL TN II R LRI L A AL Ayl dl ra [YYY

c debeppbdtpetisgda pepidpdidan A atdisd bt R LRI DY

GELESLAR LR LS AR AR LR R SRR LLd d »na

D rsmessessismsmsscamsasssssssssiss e staReT RS AR RSB S A R SRR ARt SR R e 058
— R— crereresssss s s snaasessse st eas R vess Rt
14]

(i) Caleulate tha number of electrons per second which flow through the tube
when the tube current Is 1.0x10~4A, Tha charge on an electron Is

1.6x10°%C.

[= S S B 24
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k)

(i) State the energy changes which fake placa after an electron has been emitted
unlll energy Is released as light lrom the screen,

(b} Thec.r.c. Is used lo display the culput of a simple a.c. generalor. See Fig. 4.2.

AT T T~

// | N
/1 AN
/ B

AR
\ %

Fig. 4.2

rd
AN
>

Explaln how tha p.d. produced by the generator causes this trace. :

e T e T T T L L R T e T P L P L ]
beriveerry sersene ) toed LI Io LT
- tossasena esri sy srensnen
[T trsnytansesea NesyEsasssnusRe
L T T LR T Ty e P e P e TreTssTItestrsRsstLeasIteseissstsen siness Ferhece AR IS IRIRIRNRETISRER RIS [3]
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5 Figure 5.1 shows one design for a delector badge lo be worn by workers who may be

gxposed lo radicaclive emisslons.

thin aluminlum

hole

Flg. 5.1
In uss, the badge Is as shown In Fig‘. 5.2,

film detector Inslde wrapped
in very thin paper

Flg. 5.2

= Sl e

43
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(a) Oescribe and explain how the film would appaar after developmant if It had baen ve
gexposed to
‘], a-!ad!a”on Om)’, + L L L T R P e E L L L T L L T T T T Ty ey
‘"} ﬁ—fadlaﬂon Only| + IbllQiuo.ol-tta.-l$-lpb00ln|.nlln.n“l-lo-ivﬁl-IouuU.iclloo--.'.,‘..
(it} y~cadiation only. + eervisnenes -
&)
{b) Suggest why the badgs Is not sultabls for dsfecting short, Inlense bursis of
radiation.
POTTI PP TR B PR TR RSB P ARG e TP r e T P e P R e P e Y ] [1]
44
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(a) Oraw a circuit diagram to show how a tramsformer and a dicde can ba used in a

12

circuit to charge a 12V batlery from a 240 V- a.c. malns supply.

(b) Many electrically powered lools now have rexchargeabls batteries bullt into them.

Some of the characteristics of three types (A, B and C) of battery ara shown In

Fig.6.1.
BATTERY ’J‘S’L‘;’;‘g‘g C’Sgﬁgﬁﬁ CAif._cr:!m
LA 12V &A 80
B 12y 12A 25
c 24V B.A 45
Fig. 6.1

State, glving a reason for your answer In each case,

{1} which battery could give the grea!a_s: powar,

For
Examinar’y

[5)

Py

spssonssanrs YY)

aue

shasdva

L

------------------------- besben

{11} which baltery will last longest when supplying a steady current of 1A.

---------------------------------------------------------- T T PP T Y ]

45
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(c) Acircultls arranged as shown In Fig. 6.2.

1202

—% o
®—— 20Q

Fig. 6.2 B}

The ammeter and the batiery have negfigible Intarnal resistance, and the szfch Sis
open.
(1) Calculate the effective resistance of rasistances P and Q connecled In paralle!.

(1) Calculate the current reglstered by the ammeter, If the e.m.l. of the battery s
3V.

46
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(1) Resistors P and Q are constructed of wirss of the same malerial but of different

thicknassas. The wire used for Q Is 5,0m long and has & cross-sectional area
16 Umas grealer than the wire used in P. Whal is the Jength of the wire used 10

make resistor P7

{lv) Explaln why closing switch S will have very litlle elfect on the ammaeter reading,

T e N Ly L T Y L Y T

----- -

— erens 18]

-
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2

Fig. 1.1 shows part of a children's roundabout {carousal).

- o mr e e o

total welght of Carmen ni
and seat 400N

Fig. 1.1

At one Instant, Carmen Is sitting in a seat attached by a cable AB to the horizontal arm BC
which rotates around a vertical axis through C. Carmen Is geing round in a circular path at
steady speed.

49



3

(s} By means of a scale dlagram, determine the resultant of the tension and the total -

welght. | : [6]

o

{b) Explain how Carmen can be travelling at a steady speed but still have an.acceleration.

-

: 13)

{c) Explaln how the resuitant force snables Carmen and the seat to travel in a circular
path.

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

L Y R R T T T e e T LT T Y RN LT}

B e L ——

50
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2

4

(d) As she moves round, Carmen drops a small bail. Describe the motion of the ball and

(a)

(b}

the path it follows after It starts 1o fall,

P LT Y LY YT Y TP T )

..... 3]

A fully loaded, flat-bottomed tanker with vartical sides has a welght of 135x 107N. It is
floating in sea-water of denslty 1.05x 10°kg/m3, and the keel of the tanker Is 18m

below the surface of the sea. _
Assume g= 10mmVs?.

Calculate the water pressure at a depth of 18m. [3

The tanker, unloaded, Is taken Into a dry dock and settled on to kee! blocks of tolal
area 1000m?2, The unloaded welght of the tanker Is 60x 107N,

Calculate the pressure which the tanker exerts on each, i.e. any one, of the keel
blocks. ‘ {2

T

51
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Exnrary
(c) Sea-water Is gradually allowed into the dry dock until the keel blocks, which are each
2 mhigh, are Immersed and the sea-water reaches a final dapth of 20m (see Fig, 2.1),

J&_E;HLAmQ_

W aVaVoVaVaV. i nnonnnn B
I e i Pl st Y

AN
AN

MR

NN

\
N

these dlagrarns are :%t' o scale

Fig. 2.1

On the axes of Fig. 2.2, skeich a graph to show how the pressure on each of the kee)
blocks changes as the depth of waler Increases. {5

4

pressure on
a block

b I I T 1
0 4 8 12 16 20 24

depth of water In dock/m

Flg.22

(d) The power of the tanker's engines Is 45000 kW whilst the tanker is travelling at a
constant speed of 7 mvs. Calculate the magnitude of the forces resisting the tanker's
motion. ‘ {31

52
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3 (a) Whatis meant by the specific heat capacity of a substance?

6

{b) Describe a single experiment to show thal differant fiquids {e.g. waler and glycerine)

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

have differant specliic heat capacities. t 2%
B sessressenens[B]

{c) The heat capacity of a thermocouple Is small. Give two advanlages resulting from this. -

advantags ¥ ...

szesary
....... :

LI IE LT R Ty e T I P TP S P P Py ) nees

AOVANIAQRE 2 ....c.cvrecrrrerrrereseaesses st esst i st snsesram s b absas SO
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detected by a blackened thermocouple.

e e e . e San . — i —— —— — —
B i e R R PPy —
e e e e S TR A TS SRR P AP M e S SR e
— S . AE. me— TS v —— ey —— — — —
e atmr . —— Ve v S Sy W et et SN SR TS WS —
— e w—— — — —— e G AS et

{d) Flg. 3.1 shows an experiment to investigate the radiating propertlas of diffarent
surfaces. Heal energy is radiated down from the surface S of a metal shell and Is

_— radlating surface S

/J_. .
base 8 / & to temperature

recorder

blackened tip of thermocouple
to detect haat energy radiated from S

Flg. 3.1

(I} Two experiments were canied out. In the first, surface S was matt black and, in

the second, surface S was slivery.

How does the temperature recorded in the second experiment-tompare with that

in the first?

water at constant
{emperature _
» .
_— metal shell

Sysmsdanants

e D e e T L e L L P e L Y T LY P L)

(1} State one advantage of having the radiating surface S abova the tip of the

thermocouple.

.2
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Enmiary
4 (=) State a law of reflection of ight. U
......... . 12]
_ {b) Figs. 4.1(a) and (b) show rays reflacted lrom the surface of each of two mimrars, one
& * piane and the other curved. The normmals N, at the points of incldence have been
o drawn in, L
A B
Fig. 4.1{a}
observerY
C D
Fig. 4.1()
() Complete the diagrams in Figs. 4.1 (a) and (b) by drawing In Incident rays which
have started from the line AB or the line CD, respectively.
(i} Measure, and record below, the different lengths of lines AB .and CD which
observers X and Y can see in the two mirrors. '
Length of AB In Fig. 4.1 () .ovvermrmcrnsessnrsrsssssens ceemestnsntasstasesssasssesrets
Length 0i CD in Fig. 4.1 (D) .ovvevrrviricnisicinirennnns teetsetbtsastestian s esnsrsatsaeasarperen
55



L

9
(I} Most cars have a plane mimror as the rear-view mirror inside the car and a curved
mirmor outside.
Give one advantage of aach mimor as compared with the other,
advantage of plane mirror
advantage of curved mirror
- {6]
56
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10

(c) Rays from a lamp immersed in some water are Incident from below on the water
surface, as shown in Fig. 4.2.

Fig. 4.2

.On Fig. 4.2, skelch the possible paths of the rays after they meet the water surface. [31

{d) Fig. 4.3 shows an optical fibre.

Jess dense

_ Fig,43

() Explain the action of an optical fibre. You may draw on Fig. 4.3 if you wish.

L LTI PRI YY) rasssarenses

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

(il) Optical fibre cables can be used to examine the inside of a human body.

Suggest a reason for having a cable made up of many thousands of very fine
fibres.

57
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11 fo
Eamne’s
(3) Describa how you would show Lae
{) that there Is a magnetic field around a long straight wire camying an electric
curent,
.
(@) that the direction of the magnetic field is determined by the direction of the
current.
{5}
{b} Complete Fig. 5.1 and Fig. 5.2 to show the pattem of the magnetic field around each
.of the coils when currents pass through them in the directions shown. [4]
Fig. 5.1 Fig. 5.2
58
0w Wi [Tumover
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12

{¢) The clrcuit which operates the starter motor In a car Is simllar to that lilustrated
in Fig. 5.3,

C, l
key K @p:—..
solenold C, T

-y
7\

f
I
softron /
lunger P
pung contact
plate
—®;
starter motor
Fig.5.3

() Wnen the spring-loaded key K Is turned, it completes the connection between C,
Cxr
Explain why this causes the soft-iron plunger P to move.

{il) Explain why the movement of P causes a cumrent in the starter motor.

(L] -l I LT L PT Y AT TR S T Y

(Hl) When the car engine starts, kay K Is released so that C, and C, are no longer
connected,

What is the function of spring §7

.....

L L e P T Y ST L T
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L)

13 Fr
Exstirary
(a) Z4Th and Z8Th are two Isotopes of the element thodum. =
(1) What ls meant by the term ksotopes?
.................... 215 P Y v
(i) What information about the nuciei of the atoms of these two isotopes can be
deduced from the numbers 80, 230 and 2347
90 .
230 i ras
B34 eeetsren st s s s B e Tt B bt RS bt
. eetsertesieE s AL b L SO LR S RO R e b SRR R SRR ASaR SRS RS SR SRS SRR R s [3]
(b} Two equations which describe the decay of radicactive nuclel are
24Na -——- 2iMg + particle A,
2%Ra —» 22Rn + particle B.
() State, giving a reason for your answer in each case, the nalure of each particle.
particle A
particle B vorome versrarre -
It Is not possible o tell from these nuciear equations whether or not y-radiation Is
emitted in the process of decay. Suggest a reason why the emission of y-radiation
is not always written info nuclear equations.
...................................... 4]
60
of43 e [Turn over
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Exniay
{(c) A method of monltoring tha level of fuef In a storage tank is shown In Fig. 6.1. e
level Indicator
detactor of radloactive
emisslon linkad to
Indicator
u T
tank —|

_____________ P

el :—:—:—:—:—_‘5;1:- BEy

radivactive source embeddsd
in light plastic to float In fusl

Fig. 6.1

Explain how the detactor could give a reading appropriate to the leve! of fusl In the tank.

-[2]
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1 A highspeed traln has a mass of 4x 10 kg and runs &l & maximum speed of 100m/s, A

2

simpiified speed-time graph of a Joumey lasting two hours is shown In Fig. 1.3,

120 4
100 - P
”-
spood in
" -
ms
40
m—-
-] T T 7 L IS R D TR DL N NS e’
e 2 % 4 5 & 7 112 113 114 115 118 17 18 19 12
time in min
Fig. 1.1

(s) Athoughthe speedofthetrainis constantbetwsen points P and Qonthe graph, tts velocity

may vary. Explain how that Is possible,

a raason jor this,

12)
(b) Rtisnotpoessibie to calculate the acceleration of the trein from a speed-time graph. Suggest

- the part of the joumey marked QR.

{2]
(¢) () Ussthe graph to determine tha rate at which the spsed of the train decrasses during

{2

63

For



T N,

3

{\) i this part of the Journey is over a horizontal straight track, calculste
1 tha force required to slow down the traln f this rate,

2 how far the train travels whilst it Is slowing down. {4]

(d) Thecurvesintracks used for high-spead tralns have much larger.radil than thosa In tracks
usad for slower trains, From your knowledge of motion In a-circle, axplain why this is

necessary. )

(2]

64
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2 (e) Statewhatls meant by the specific latent heat of veporisation of walsr,

_ . [2)
g ' ~ (b} Appanatus you could use lo measur this quantity ls ilustraled in Fig. 2.1, S
The method does not invoive any femperature change; all the measurements are mada
aftar the watar starts to boll.
1 /hsating coll
doublewalled  H bofling watsr
vessel Nt .
5 closed switch .
T
—_—
| P Sy
? a——-—- waler.ouflet
i
Pl e oot :
T cold-watarinlst
ok petance ' .
B = L s
o
Fig.2.1

@ Describs, In outline, how the experiment is camiad out. .




b

.0

5

- (). Listthe measuremants you would need to taks, giving each measurement s symbol.
Show how 1o calculate the spacific lalant heat ol vaporisation of water from the

measurements, -

RUS

(¢} Caleutate the maximum mass of snow which will melt when a kilogram of water vapour at
0°C condenses on a snow surface also at 0°C. {Take the specific latent heat of
vaporisation of waterat 0 °C ta be 25 x 10° Jkg and the specific latent heat of fusion of snow

tobe 3.4x 10°Jkg.) , 13)
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0
3 m (N Completa the scale diagram (Fig. 3.1) to show how the converging lens forms an

Image of the object O, adding any necessary labels, 13
scale: 1cm represents 6cm
, ‘}
object O 1‘ o
. . s
l F F
converging lens
Fig. 3.1

| () State whatis meant by an /mags.

(2}

() Explain how the light coming from & while card placed In the Image position enables
" the eye 1o see the image.

(2

{iv} Using measurements made on the scale diagram, write down values for

1 the distance of the image from the lenS e,
2 the magnification of the image (i.e. the length of the imaga +the langth of the

object) ..

- 2

A e e e e e e
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(b) Figure 3.2 shows the lens from (8) used In a photographic enlarger. Tha object is a photo-

graphk: negative.This amangement forms an Image on the photographic paper,

[

)
|

é'ﬁ'..

lamp o

movabla coltar

object or nepative

1

flexible bellows
allowing lens fo
move up or down

lens

. - photographic
/ paper

Flg.3.2

(@ In an enlarger, the lens can be moved nearer 1o, or further sway from, the object.
Assuming that the lens and the object were originally positioned as shown in Fig. 3.1,
what Is the effect on the size of the image of moving the lens in'the-enlarger a small

distance upwards?

(1

() When tha lens In the enlarger is moved upwards, the image distance ﬂ'nanges also.
Suggest one way of making sure that the image on the photographic paper is sfill

shamply in focus.

2]

(i} The image formed on the photographic paper is a rectangle of sldes L and 5. How
does the amount of light reaching unit area of the photographic paper change when an
Image of sides 2L and 28 s produced? Give a reason for your answer.

(2]
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4 {s) Mariawas prasented with three small metal bars, Identical in appearance and size, marked
A, B and C respectively. She wxas also ghven a gmall pivoted compass, She was asked to
investigate the magneltic propertias of sach bar, To do s0, she used tha small pivoted com-

pass which sha allowsd 1o come 1o rest (Mg, 4.1).

She then brought one of the bars near to the compass, placing i first In posltion X, then
moving It round 10 Y, observing the movemenl of the compass In each case. '!ha resulls

sha obtalned are shown in the dlagrams in Fig, 4.2,
F s

Maria marks line
in which compass
sats with no bar
prasent
9. 4.1
!
! -
{
X X
Y ey 0o
| ( ’%//; L
Maria usas bar A

>€m
>£—
&
N
K"\
&
&

»

Y it Y :f: ;x

-3
—£z
)

;
§
V4
O
(fea

Maria uses bar 8

= o e # o .- -

P —
e
i
-

&
&

>< -+
<
>

Flg. 42
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{}) Wila down the conclusions Maria could draw from har tests, giving reasons for your
e answers.

[6]

(T) Suggest one precaution Maria should have taken in sefecting the piace whers she
meda her tests, giving & reason for your suggestion.

[

{b) One form of bumrptar aiarm which can be fitted to & window Is Nlustrated in Fig. 4.3.

70
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10
() Explain why opening the window will cause the slam 1o fng.

12

-

(i) Suggest a sultable material for bar X, glving a reason for your answer.

m|
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8 Anelectic lght conslsting of thres connected iamps is wired as shown in Fig. §.1.

1 ew_!e & i
po?“%supplv’ ’ d’@ b @

Fig. 5.1

(8) Eachlamp was marked ‘240 V, 150 W', Cakculate Ihe current through each of the lamps
when in normal use. {2)

(b) Write down tha currenis in the wires a, d, and 8 when the st of thres lamps was connecled
lo the 240 V supply.

cunentinwire a |,

am'_eminwired Seortmascsvosmast e somanrs

current inwiro 8

i3]

{c) Whenconnsctedioa supply voltage of only 120 V, the lamps were found to be much less
bright than bafore. Use yourknowledge of the heating etfact of an elactric current to exptaln

the change in brightness.

[}

(d) Whenthe igit was usedonthe 120 V supply, each of the original lamps was replaced by &
newona marked ‘120 V, 150 W', Write down the current in the wires 8 and b inthis situation.

cumrent N wireS 8 ANA D —w.cvserssrmermecsmmene [1)

(e} ANthewiringused in the dlrcult llustratedin Fig. 5.1 was labelled ‘maximumcurrent 1.25 A",
Suggest a way In which the wiring could be changed to make it safer.

- (2]
[Turn over
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6 (a) () Completa the diagram (Fig. 6.1) to show the structure of a transformer designed to
produce an output of 12V from a 240 V supply. Add to tha diagram all the labels

necessary (o maks the structurs clear, (1]
o g i
240V 4000 3P
a.c. ums TP
g
{ =
. Fig. 6.1
o 1 Thacurrentin the primary collls 0.5 A. Calculate the maximum pawsravallabte lrom
the output of the transformer, o

2 Whatis the maximum current avallable from the output terminals?,

&]
(N} Why does the transformar work only i & is connectsd fo.an.a.c-supply?-

f

- (V) Suggest wo reasons why the meta! core bacomas warm when ths transformer s In
use. ]

2
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13
{t) Ametal datector, used for findfing pleces of metal a short distance baiow the surface of the
ground, works by electromagnetic induction (see Fig. 6.2).

handls
wires carrying
pulse of current -
deteclor coll
within head I lk
current '
fed inlo A A
detoctor ’ tme

-~ - " Flg.8.2

‘Short pulseé of current 7, are passed through the detector coil, as indicated. When the
detector is held over a metallic object, a set of pulses of another current Z, occurs in the

detector coll. 7, is in the oppostie direction 0 I,.

Why does I, occur?

Why are /, and I, In opposita directions?

i3]
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———ac npl
{containg radioective - . microcicul —* kalm
- sourca S) . "'3 unit a.¢ lnput
+ -
slactrodas slectrode d.c, oulput o slecimdes
Flg. 7.1

.- Aweak radioactive source S lonises the alr between the electrodes of the detector so that a
- current passes between them. When smoke Is present, the lons produced by the radjoactive |
source are altracled to the smoke particles and are nsutralised, This reduces the current - |

through the detector and an alarm sounds.

(s) Explain
() whatls meaant by an fon,

(1) the expression Tonisss the air’,

() how a current passes through the alr In the detactor.

{4]

(b) From your knowledge of radioactive emissions, suggest which type of source Is most
sppropriate for use In the detecior. Glve a reason for your answer,

(3
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{c) Describe one other arrangement with which you are famillar In which the lonlsing proper-
ties of radioactive radiations enabla thelr presence to be detected and thelr type 1o be
delermined. You may draw a labelled diagram if you wish.
(2]
{d) (1) Explainthe meaning of the term hall-/ifa as applled to a radioactive source.
: [2]
{) Comment on the relevance of half-fiis to the chelce of the radicactive.scorce 1o be
-used In the smoke detsctor.
[1)
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1 (s) The results oblained in an experiment to determin
Hustrated In Fig. 1.1. ‘

plastic material
75 e

Fig. 1.1

(0 Calculate the denstty of the plastic from these results, making your method clear.

() Suggest, In terms of molecules and the way they are arranged in'different states of

matter, why substances vary in density.

e the denstty of a plastic material are

93cm?

| _plastic’
- materfal

13

{2
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(b) The beakaf Hustrated m Fig. 12(a) shows equal volumes of two liquids (densities
0.65¢/cm® and 0.85 g/em® respectively) which do not mix naturally, stimed together to
produce temporarily a untiorm mixtura of tha same total volume.

mixture

of hquids Aand B

T~ —
(b)
Flg.1.2

(I) Complete Fig. 1.2(b) 1o showthe contenis of the beaker sometime afterthe hqunds are
left to separate. [1]

(i) Calculate the change in gravitational potential energy which occurs in the interval”
between the two diagrams. (Take the force of gravity on 1kg to be 10N.) {4]

(a)

(if) . What becomes of the energy involved in this change?

- i = [1]
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2 (a) Theactionof onelype of lemperature gauge used in motor cars is shown inFig. 2.1(a} and
Fig. 2.1(b). A thermistor is a device which has less electrical resistance when it is hot than

different amounts,

when tis cold. A bimetallic strip is made from two strips of ditferent metals which expand by

rrrerr B coss.
4 . o

Fig. 2.1(a) Flg. 2.1{b)

() Explainwhy the gauge shows differentindications when the engine is cold and when
itis hot.

3]
() Howls the distance the pointer moves related to the expansion of the two metals in
the bimetalfic strip?
— [2]

80
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(b) A student made hersell a thermometer which Is illustrated In Fig. 2.2, using air as the
thermometric substance,

flask containing alr

glass tube

r

r—=-— cofoured Indlicator liquid

Fig.2.2
(i) Describe how she could mark the 0°C and 100°C fixed points,

(4]

(i) Mark on Fig. 2.2 possible positions for these two points, Lebel the positions.  [1]

{Ii) State the effect on the temperature recorded by the thermometer of a decrease In
atmospheric pressure. Give a reason for your answer,

12)
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3 (a) Whatismeantby the refractive index of a substanc, e.g. glass?

(@)
(b) The first part of the path of a ray of light emitted from an object under water Is shown in
- Flg. 3.1, _ . '
{
|
alr f
water |
30.1
-
!
|
Fig. 3.1

Given that the refractive index of water is 1.33, calculate the angle at which ':he ray
emerges from the water, On Fig. 3.1, show the approximate path of the ray.as it emerges
into the air. {3

<

(c) Calculate the critical angfe C:for & ray of light travelling from water (o .
3]
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(9) Arowolsixequallyspacedlamps L, Ly L, L. Ly, Lyis fitted to the side of a swimming pool,
as shown inFig. 3.2,

overhanging lip
of pool

_ , ]

LQ —— P - ,.. :

Ls/ _ _
lamps L, —— e m— . T

La —— e S —_—— e ra.

Lg - ' — —

L

Flg.3.2

- Amanstands onthe slde of the pool opposile tothe lamps. With his feet flat onthe ground

he can see L,. When he stands up on his toes, he'is unable 1o see this lamp.

(i) When he stands with his feet flat on the ground, which othertamps is he able to see?

(i) Explain your answer to (GX1).

(ili) Explain why he is unable to see the other lamps.
M
83
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(z) Light ls transmitted as transverse waves and sound travels as longiudinal waves. Fig, 4.1

shows a dlagram of a transverse wave. Flg. 4.2, shows a dlagram which represents the
osclllations of a point as a different ransverse wave passes.

} displacement
0 N AN AN
(A A O G

-—

1 Fig. 4.1

0\/\/\/\/\/\
IAVAAVALVARAVARVARVA

i
Flig.4.2
(1) One fight wave may be distinguished from another light wave.by three quantities:
ampiitude, wavelength and time pariod. Label Fig. 4.1 and Fig. 4.2, so as to showthe -
meaning of these threa quantities. {3]

(1) Whensound passes through alr, it causes the molecules of airtomove. State howthe
motions of the moleculss are affected by the loudnessand thepiich of sound.

ioudness

pitch

i3]

) (b) Sound travels through air as a serles of rarafactions and compressions. Mark-on Fig. 4.3

the posttions of some of these rarefactions and comprassions for a sound of frequency

250 Hz passing through air at a speed of 330m/s. (3]
source
distance scale —». . P . .
1im Zm 3m 4m
Flg. 4.3
84
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(¢) Soundwaves are emitted from ships and are reflectedfrom objects belowtha surface of the
sea.Theralsa2.0s htervalbemaenmenﬂssbnafasonarwaveandhmmwm;hlp
from an object 1500 m below tha surface.

Cakutate the spoed of the wave In sas-waler,
State why It ls necessary to emit waves used In this way In short bursts,

1§,

§ (a) Anelectrically charged sphere S Is hekd near a long metal bar B which Is suspended on
Insulafing threads, as shown In Fig. 5.1. ) :

| reads ~~

melalbar
s@ I - B

Fig. 5.1
(M Complele Fig. 5.1 fo show the distribution of charges you would expect 1o find on

tha bar. |
(1) State the eﬂécl cn the charges you have shown of ‘earthing:the bar without

removing S.

14]
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(b} To clear: the air in a restaurant where smoking Is still aliowed, an air cleaner is used. The
principles of operation of the cleaner are shown in Fig. 5.2,
&ir Cleaner - Gutsr casa removed 1o reveal structure
Fig. 5.2
() Explaln how the cleaner removes particles of smoke (some of which are positively
charged and some of which are negatively charged) from the alr.
= ~ Action of positively charged grid . -
Action of negatively charged grid
Action of fan
)
(i) Inpractice, there is a battary connected betwesn the two charged grids. Why is this
needed?
)]




g

% B
L,

&,

11 Fa
6 (a) Figure 6.1 shows the structure of a simple sleciric motor and two positions of its armature
* asthe coil lums.

solt-lron
core

e L

Fig. 6.1
() Mark oneach disgram the direct_icn of the current thror.'igh the side BC of the coil.

(1} Figure 6.2 shows the coll from above. On each didgram In Fig. 6.2, mark the
directions of the forces acting on each of the colls.

L J

N 1S
A
- eore coll
Fig.62
(fll) Using the information on the completed diagrams, explali why the motor will rotate
continuoustly.

{lv) Indicate two ways in which a practical electric motor differs from this simple model.

87
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(b) The electric motor driving an ascalator has o drive the stalrway and has lo raise the weight
of the people using it. )

() The motor works ona supply voltage of 480V and needs a powerof 12kW to keep“lhe
escalator moving at a steady speed without any people on it.

Calculate the cument through the motor undar these conditions.

(i) Atone time when the escafator is in use, it raises 20 peapls, of average mass 80kg,
through a height of 15m in 45s. Calculate the extra power which the motor must
davelop In order to do this. {Take the force of gravity ont kgtobe 10N.) {6]

j~
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7 (8) Figure7.1ilustrates the results of a famous experiment in which a-particleswere fired ata
thin matal foll. :

T ,
OO0 OLOOODD
clolozeoleIololelon

e

track numbers —» 1 2 34 5 67 8 9
Flg. 7.1

~ By refering 1o some of the numbered tracks, explain how the results shown help us to
understand the structure of the atom.

(4]

(b) The sodiumisotope’;Na is radioactive. The equation répresanﬁng the disintegration of an
atom of the Isotope may be wriiten as '

¥Na -+ ;Mg + emission R,
ldentity R, showing how you reached your concluslon, and write the completed equation.
. Emission RIS ween o

(4]

Equation:

89
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1 A manufacturer of motor car tyres

) in viet condi

tions.

L T TTETTEEART T e e 1T e e,
e e N I Sy

2

A T s o e

To do this, velocity-Uime data were laken with the same car.
The test was done on a level straight track. Pressure pads were placed on the track at

suitable points. The positiona of the pads ara labellsd A, B, C, D, E and F in Fig. 1.1,

tested a tyre to see how well it gripped the road In dry and

e e D T il e 3
s

[ - L 14 T | r—m, . Y
tost 4 ,'._ directlbr of i i ¢ i
. car Vvl i | | {
.- B ! U : ! i : ' ’
mo A B C D £ F
polrt
Fig. 1.1

All the pads were connected to a computer, As the test car passed overa pad, the velocity
of the car was recorded. The test staried with the car at rest.

Tha test results are given in the tabla below.

StartPolnt | A . B | c i D | E{F

Velocity, kmvh o) .25 ) 44 | 65 | 79 |.85
ory Time/s O J22|388)56]72|87]10
- | Velocity, kam/h o 16|32 | 45 | 536065
et Timels o 18 |34 { 50|64 89 | 10

o615 508

91




) 3 =y
’ Zaahner §
{a) On the grid shown, plot two graphs o! velocity/(knvh)(y~axis) against time/s (x-axis) for -
the dry and the wef conditions, 3]
J
=" .
. 100 —
—F
1 Ay
80 ; T - L TI1 7Y N
velocity/ E‘:'i‘. e —rJ_L s
(km/h}) — o ~ e e & et
60~ v Fr T ﬁ cn *_
_L.l_E;_;_l_rk.L f LI - _ll_ﬁi :;:_El Ll T‘r
40 B LA B S I ?‘Ilr L ‘,__ -r
e L e T
s T v [y L] N N I A
de fmelnede, Lol L IR Llipot: I
—— Tt . '
o-F AN S FNA SR R BN Rk S SR ¥ SRS N R =Y .
0 2 4 6 8 10 12
time/s T
(b} () Why were hoth tests dons with the car starting at rest?
i) Why Is the manufacturer correct In using velocity rather than speed In this test?
(il Suggest what calculation the computer might be work!ng outin orderto determine
the velocity al any one pad.
{4
92
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- {¢} During both tests, the car enginé was sel to produce a constant driving force £,
M Describe the motlon of the car on dry tyres, over the 10s of the test.

s

(M Compare the motion of the car on dry tyres and on wst tyres. - .

(i) Suggest a reason for the shape of the graph for dry tyres.

{iv) Suggest why the motion with wet tyres and with dry tyres is differsnt.

151

{d)} The car and driver had a total mass of 750kg. Using the dry-tym information for the
time Interval 8.7 s to 10s, calculate

[ the changs In velocity, In s, of the car,

(M the change In momentum,

(i} the average force causing the carto accelerate.

(51
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(¢) The constant driving force exerted by the engine was 2500N and tha average
accelerating force betwgen 8.7 8 and 103 in the wel was 400N,

() Calculate the averags force ol resistance on the car betwasn 8.7 s and 10 in the
wet.

ATy T
ot

(I} Calculate the average force of resistance on the car between 8.7 8 and 103 In the

dW‘

(i} Suggest why the average force of resistance In the wet apd dry are different
between 8.7 5 and 10s.

&)

94
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2 Figure 2.1 shows the principle of a doméstfc hot watar system, using a solar heating panel.

house direction of
rool / Sun's rays

hot-water /
outlet
twbe +—— hot-warar solal.;'n;:nel of
,  continuous
 Cyllnaer _ direction of copper tubing
l water flow
cold- in the tube
;zlaette ! J - heating coil
- tube
\M;Jl/—-ﬂ
Flg. 2.1
(a} {) Explain how some of the energy of the Sun's'rays is- transferred into the tubes of
the solar heating panel,

State what Is done so as to make the propartion of this energy absorbed by the
tubes as lazge as possible.

(i Explain how the energy absorbed by the tubes is transferrad to the water in thé

lubes, and why the waler circulates through the heating coll In the hot-water
cylinder as shown,




e

:d‘l i

{iif) Suggest what ditferenca it wouki make 1o the heating of the water in the cyfinder,
and on the quantity of hot water stored, if the heating coll was positioned nearer
the bottom of the cylinder,

(5]

(b} Water is a good fluld to use as the circulating fluid In the solar panel and the heating
coil, because it has a high specific heat capacity.

() State whatis meant by specific heat capacily.

(i) OQutline a mathad of finding the specific heat cagacity of a liquid under the fodowing
headings.

-Labelled sketch of the apparatus.

f 8’
Soeny s
T

96
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List of readings taken. - ‘ ﬂ_ Lo
Stats the equation you would use to calculale the specific heat capacity. _ (4]

3 Figure 3.1 shows how a blologist uses a magnilying glass o view a fiy. The lens Is placed
over the fly and quite close ta it

Fig. 3.1

97



9
(8) On Fig. 3.2, draw rays to determine the posilion and nature of the image of the fly. To
make it easier to draw, the fly is shown as an arrow {abelled ‘object’.
The polints marked F are each at a distance {from the lens equal to the focal langth of
the lens. )
L - +
1 1!} i e P Y I 4l L
e e fans PR
e et pesition it
I T e i - i —— ~ —
Y . v + £ L] - :L 1.7
rim I J_r‘ iy v N Tl: I ;.. P r— 3 »
e B = t-ablect iifﬁ Jﬁ-ﬁiﬁ Lri—
S s e :
Y S et = i :
3 A ar ST
.: . v % T_;_IL - 1.
e Y e ST ST Ka Ao
e R T
H LA e Car 14 Ly 1'_5 "
SN RN TS0 S WS e e o B T T T a
L s da L1t T 1.1 1) ) L T R LI L L LI LT
Flg. 3.2
2
(b} The type of lens used s ..
Lenses of focaf length 100cm, 10cm and 2cm were avallable.
Which one would you use as a magnifying giass? [1]
{c} The magniflcation of tha imaga produced by the magnifylng glass is given by
le of image
Magniﬁmllon = !engmo Ob}BCt
From your diagram, work out the magnification..
Magnification = [1)
{d) State the nature of the upright, enlarged image.
K4}
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(e) The Eight falling on the 1ens is represented by a wave, as shown In Fig. 3.3.

10

/\/

[\
VARV A

Fig. 3.3

{l What s the wavelength of the light?
() Given that the speed of light s 3 x 108 ms, calcutate the frequency of the fight

(N The blologlst noticed that tha image of the fly had edges whldh-wsra-mlaured ke the
* rainbow.

The colour was due fo the thickness and curvatura of the lans,

Figure 3.4 shows the lens outline.

position =\ _{hick lens
ity ﬂ

U

Fig. 3.4

Explain the colour in terms of refraction and dispersion. You may draw on‘the diagram If

it makes your answer clearer.

3]
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4 Figure 4.1 shm the main parts of a medlum-s!zed wind turbing which could be used io

Fx

-3

(a) Explain what is meant by a ganerator output of 300 kW.

generate elgctricity for a small community,
’I
f”
J‘ a.c. generator mounted horizontally
L 4 * j diraction of the rolatlon of sail
Generator
output 300kW
- at 415V S0 Hz
transformer
power cable
p— - — _gmund level
Fig. 4.1

1

elactric current,

{b) Starting with the wind, state the energy changas which accur In the generation of en

includa any changes which ams usually stated as /lossas.

[4]
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Eximrary
{c} Assuma thal the generator is a rotating coil type. On Fig. 4.2, sketch the form of the e
expected output voltage.
voltage f
0.01 0.02 0.03 0.04 0.05 0.08 —
' time/s
Flg. 4.2
Using your sketch graph or otherwise, answer tha following.

() Whatlis the time Interval between successive changes of voltage direction?

() Explaln why the direction ol the voltage reverses.

(i) State and explain one factor which changes the magnitude of the voltage in this
gensrator..

{v)} As the speed of the wind changss, the sail turns at different rates, Why must there .
be soma amrangement fo make sure that the genamtor rolates at & fixed rate?

{9

{9) [ Given thatthe output is as shown in the bax on Fig. 4.1, calculale the current.

101
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i} . Figure 4.1 shows the generator connected to a transiormer by a pbwer cable,
Describe the essential fealures of the powsr cable, bearing in mind your answer to

().

The total resistance of this power cable Is 0.1 Calculate the pow:i' loss in the

@i
cable.

- -Caleutate by how much the vo!tag’e geross the transformer primary Is less than the -
415V output of the generator. ' '

Hence explain why a transformer Is needed.

7

(e} In a particular arrangement, the potentlal differance across the transformer primary (s
400V and the power Input to the transformer Is 275 kW. The transformer primary coll

has 500 tuma.

M I the voltage Is to be Increased from 400V to 33kV in one step, calculate the .
- . number of tums which would be required on the secondary coll of ths transformer.

() What would you expect tha output power to be? Explaln your answer In terms of
transformer efficiency.

------

{4
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=z (a) Write brisf notes about the conditions required for electrons to be emitted and the origin

14

3 Figure 5.1-and Fig. 5.2 represent two ways of obtaining electrons,

radioactive sourcs of
cathoda anode carbon emiiting f-particles

_ /
T DFsm--- e ) ey

\dlrecllons of

|
UJ

path of be
of electrons emitted B-particies
Fig. 5.1 Fig. 5.2

of thesa electrons In the case of

(i) the cathode-ray tubs, see Fig. 5.1,

-(ll) - the radioactiva carbon, sea Flg. 5.2

[4)

- (b) The symbol for radioactive carbon is '5C.

-_

() State the name, charge and the number of each typs of particie fn the nucleus of
one of thesa carbon atoms. ~

103
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(if) Afer the emission, the nucieus of the carbon atom bacomes the nucleus of a
nitrogen atom, symbol N.
Writs an equation for the emission of B-particles from one of the carben atams,
4

-

(¢} Wih the aid of a sketch, dascriba how you could use a magnetic field 1o show that the
charga on an alectron and tha charge on & B-particle both have the sama sign.

104



Candidate
Centre Number Number

Cancidale Nama

International General Certlficate of Secondary Education
UNIVERSITY OF CAMSRIDGE LOCAL EXAMINATIONS SYNDICATE

PHYSICS 0625/3

PAPER 3
Thursday 14 NOVEMBER 1596  Moming 1 hour 15 minutes

Candidates answer on the quastion peper,
Additonal materals:
Electronic calcutator and/or Mathematzal tzbles

Ruler (30 cm)

TIME 1 hour 15 minutes
INSTRUCTIONS TO CANDIDATES

Write your name, Centre number and cendidate number in the spaces at the top of this page.

Answer ali questions.
Write your answers in the spaces provided on the question paper.

INFORMATION FOR CANDIDATES
The number of marks is given in brackets { ] atthe end of each quesuonnrpart question.

FOR EXAMINER'S USE

TOTAL

This question paper consists of 12 printed pages. 105

QKET388
S1996

g 4
03



1

2
For
Earminery,
Safety m:?m were gg‘gut on]a hotel ift. The tests lnvolved finding the velocity Vol the lin |
at various times { throughout its Journsy through three floors without stoppi i
at vas foors. pping at either of the
The velocily was determined by a serles of sensors at varlous pol
B : points connected to a
- floor3
floor 2
—— i eosimtian
_ | flocr 1
ground .
Fig. 1.1
106
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4
{c) The mass of the lift, vithout passengers, Is 350 kg.
The acceleration of free fal Is 10 V82, A nermal load is six passengers,
The average mass ol & passenger is 5§5kg.

Caleutate

i

(D the total weight of the it and a normal load of passengers,

() the increase-in potential energy of the it and passengers afler having risen
through three floors to the pasition shown in Fig. 1.1,

(it} the power of the electric motor needed to raise the fift and passengers. (Assume
that only potential energy neads to be supplied and that there are no power

iosses.)

[3)r

{d) The hotel lift actually completes the journey in 10 s. Give three reasons why the electric
motar, working the (i, should have a higher power than the.answer you have calculated

in (c)(ii). '

{3)

(=} Cne of the passengers in the lilt noticed, at the start of the upwards joumney, that the
floor ¢f the lift seemed to be pushing bard upwards on har leel. Alter about two
secends, she could no longer feef an upward force. On approaching the third floor, after
aboot eight seconds, she felt as though her feet were coming off the floor. Explain these
observations, using ‘physics-temms’. You may find it helptul to refer to the graph.

------

-----
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{ lnatuther test on the lif, the velocity reduced from 1.9m/s lo zero In 2.2 s,

Ca'wfa!o.mo average decelsration. ‘ : ‘ {2

1:7
2 Fig. 2.1 shows a saction through a car tyre when it was new and Fig. 2.2 shows § seclion
E through the same tyre when it was old and had stretched.
new, unstretched tyre old, stretched tyre
Fig. 2.1 . Fig.2.2
The table shows les! information for both tyres.
‘ Odtyra | Newtyre
Atmospheric pressure/Pa . 1.0x10° 1.0x10%
Excess pressure in tyre/Pa 0.9x105 1.1x10%
Temperature/*C 23 23
Mass of alr/kg ."0.019 0.018
= ) Volume of alr/m? 0.015

(a) From the values in the table,

'sEa-

(1) calevlate the volume of the old tyre, 4
(i) determine by how much the volume of the fyre changed during use, [4)
109
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(b) A furthaer test was done on tha old fyre by raising its temperature.considerably, This
 caused no detectable changa in the volume of the tyre. ;

{c)

Stata what happened lo the prassure of the alr In the tyre.

Explaln your answer, using the ideas of the kinatic theory.

sssss

{4)

A tyre on a stationary vehicle vzas found to contain a small quantity of water when the
temperature of the air In the tyre was 0°C. The temperatureé of the air in the tyra was

raised o 20 °C, and the new pressure was noted as 7,. The same tyre, under exactly the
same condltions at 0°C, except that it contained no water, had 2 pressure.of £, at 20°C,

Suggest a reason why P, was graater then P,.

(3]
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3 (a) Fig.3.1, whichis drawn (o full scale, shows how the direction of plane waves changes

. when the waves pass from dagp water to shallow water.

The waves are produced by a horizontal sirip of wood vibrating 45 times per minute,

deep

waler “~—. step In tank bottom

to change water depth

-

Each line Is a wavelront
separated from the next

The arrows Indicate
the directions of trave!
of the wavefronts.

Flg. 31

(I} Calculate the speed of the waves both in the deep water:and.in ihe shallow water.

Stale any assumptions you make In working out these speeds.

-

T e e et S A pi e RSt N P,

wavefront by one wavelsngth,

elr

LR L LT L L YT LT LT Y )

(if) State two changes 1o the arrangement which would increase the amount by which

the direction of the plane waves wou!d change.

20 Y PPy LT P FYT P T

111
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{b) Fig. 3.2illustrates how the direction of plane light waves changes when the light passes

R e N e R R T B e o OV VA
. - =
R RN E )

from air fo glass.

¢

direction of
light waves

Flg. 3.2

(1) Inair, the speed of the. wavefront is 3x 10® m/s and, in glass, it Is 2x10% mvs.

()

()

Show how to obtain the refractive index of glass from this information.

Describe what happens to the direction of a ray of fight when it.is refracted at the
air-glass boundary.

A ray of light strikes a glass block at an angle of incidence of 55~
At the point of incidence; the ray changes direction by 22°.

Calculate the refractive index of the glass. 5

BETS 3 AVRG
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4 Flig. 4.11s the wiring diagram for three lamps A, B and C, Une
A and B arg each marked 240V, 100 W,
: F A
. e N B S I
; — e S
240V o A
| 50Hz o~
Y mains supply 1
Flg. 4.1
4 (a) Identily the components D, E and F. Outiine the purpose, in this circuit, of each of
these three components.
D ueereeseseeomes o« PUIPOSE Of D,
E issscerrisnssrriserean PUIPOSG Of Euuou
F ereecerseessessenens »  PUIPOSE Of F,
{4]
(b) When the circuit Is connected as shove 'a Fig. 4.1 and all three lamps are woerking, the
currentin Eis 1.46A.
(i} Calculate tha power of lamp C,
&
() Calculate the resistance of the filament of lamp A
113
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(¢} The three lamps in Fig. 4.1 are connecled in parallel. Explain what would happen If the

{d) A manufacturer mistakenly made a batch of the lamps, -using the same metal for the

{e) An electrician checked the mains supply to the lamps, using a test meter connected to

- On Fig. 4.2, draw the trace that the electrician obtained. {4)

10

electrician connected the thres lamps, each with a switch, in sedes. Inciude in your
answer a reference lo the potential differences across the lamps and to the cuments
- through the lamps. ‘ '

-----

(6}
filament as lamp A but using vire of ha!f the cross-sectional area and of half the length,

How does this mistake afiect the resistance of the filament of one of the lamps in this
batch?

13}

an oscilloscope. 1

From the oscilloscope trace, the electrician found that the maximum potential difference
was 280V and that the frequancy was S0Hz.

potential o =

difference == e ==
v ZNE=

- 114
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{N On another occasion, the mains supply voltage was reduced. The electrician then
measured the p.d. across the 240V,-100W lamps and found that it was 200V, .

| Explain tha effect that this'lower p.c. would have on the lamps.

[T

"~ [2}

§ Fig.5.11s a researcher’s idea for controiling the thickness of aluminium cocking toll during
manufacture. It uses a radloactive source emitting fast 3 - particles.

outpu

signal

9

G Mtube

ratemeler

*\ foll

Flg. 5.1
(8) The researcher had previously triec
(I} ana-particle sourcs,

() a<y-raysourca.

() «-particla source

racioactive  aluminium cooking
scurce '

B | Explain why these sources were not satisfactory.

foll

(@) y-raysource

(3}
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(b) 11 the foil was too thick, or too thin, the ratemetar output was used to switch off the motor
driving the rollers, This stopped the production of the foil,

Explain how the ratemeter readings changed when the thickness of tha foil changed.

2]

-~

{¢) Further experiments showed that strontium-90 is a suitable Isotope to use, bé:nusa it
emits p-particlas of high energy and it has a long half-life. '

(D Given that the symbol for strontium-90 Is $3Sr and that the decay product Is yttrium,
symbol Y, write an equation for this decay process.

() ‘Whatis the meaning of the term halt-life?

Explaln why an isolope with a long hall-lfe would be helpful in this plece of-equipment.

{4
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Fig. 1.1 shows & modal railway track.

11y focomotive

connections.

centre polnt

of clreular track

spring
buffers

DE

Fig. 1.1

The powaer Is switched on and the locomotive starts at A. It reaches its maximum speed at B,
then moves at a constant speed to D. At D, the power Is switched off and the locomotive

continues unti it hits the spring-loaded buffers at E, where it rebounds.

{a) Although the locomotive ravels around the circular track at a constant speed from B to
C, there is a constant net force acting on the locomotive.

() OnFig. 1.1, draw an amow 1o show the direction of this force, when the locomotive
isatP.

(i1) State where this force is applied to the Jocomotive and how It is produced.

------- L Y R e Py L L L T L R Y T P R Y T )

‘re

sy

--------------------------------------------------------------
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3
Examine
()} The mass of the locomotive is 0.40kg and the constant force acling on it is Use
0.032 N. Calculate the acceleration of the locomotive.
(iv) Explain why the locomotive Is accelerating, even though its speed is constant.
....................................... seessnserisasenrernen wvesrssenssssnd 7]
(b) Betwesn D and E the speed of the locomotive, of mass 0.40kyg, decreases from
0.20mvs to 0.15m/s. It takes 0.30s to travel from D to E.
(1) For this locomotive travelling from D to E, calculate
1. the change In momentum,
2.the average force acting,
3. the average power loss.
119
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butfer plate \(1

---------

{(c) Fig. 1.2 shows the design of the spring buffars used.

strong metal bar
fixed to frack

-

plece‘ of metal which

)

/stides to the right when
the buffer Is hit

TmY

0

J

\strong spring,

both ends fixed

[

Fig. 1.2

The limit of proportionality of the springs used was found to ba oo low.

() With the ald of a lahelled sketch graph, explain what fimit of pfopcrﬁonaﬁty means.

08237 3§87 120
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Examinar's
() In a laboratory test to ﬁnd a replacement spring, that has 8 suitable limit of Use
proportionallty, describe how you would

1. apply the force and accurately measure its size,

llllllllllllllllll

A%

2. work out the value of the limit of proportionality.

(6]

2 (8) A thin-walled metallic petrol can had a small amount of petrol Jeft in it. The cap was
scrawed on firmly enough lor it to be gas-tight. The can was thrown on o a rubbish dump
where it was exposad to the Sun on a very hot day. After a time, the can burst open.

() Using kinstic theory ideas, explain why the can burst open.

() Suggast why the can might not have burst open if it had been made of plastic.

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

(s}
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(b) Fig. 2.1 shows the path in alr taken by a s_fow-rﬁoving smoke particle. (This is an
axample of what Is often called Brown/an motion.) -

m

(¢) A cylinder of volume 0.15m? is full of gas at a pressure of 5.0 x 105Pa. In use, 70% of
- the mass of gas in the cylinder is removed, leaving 30% of the mass of the gas in the
cylinder. The temperature of the gas does not change throughout. What is-the final gas

pressure in the cylinder?

e PP, SRS RPN i l -
TRl e L S
T Z3

Flg. 2.1

Explain the path of the slow-moving smoke particle. include In your answer a
reference to the mass of the smoke particles and the motion of the air molecules.

SRt IR AUSERESINITATEENIRINS -

llllll GSsBEREsApITpILS

Avtgyagen

Write down two concluslons about alr molecules which can bs drawn from the
movemant of smoke particlas in air. '

CONCIUSION 1 evecrrrirecrerenreraensaons

conglusion 2 ..eivievrecincnn —
{5}

&)
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3 A thunderstorm lasted for 12 minutes. Ouring this time, the following observations were Use
made. ‘ )
time from start-of storm{ minutes 00§20 40|60 8.0 |10.0]|12.0
time between seeing lightning and hearing thunder/s { 3.0 (22 (16 (01 {18 | 25 3.1
(a) (1) Explain why there was a time Interval between the lightning belng seen and the
. thunder being heard.
(i) The speed of sound in air Is 340 m/s. Estimate how far the centre of the storm was
away from the observer when the last reading was taken (i.e. at 12.0 minutes from
the start of the storm). -
() Estimate the speed, In km/h, at which the storm was moving.
(lv) Suggest which path the storm Is taking relative to the observer.
1]
{b) () The type of wave camying the light enargy from the lightning may be Nustraled as In
Fig.3.1.
N\ /N N\ drectiont
7 \/ \/ \/ wave travel
Fig. 3.1
- Namae the type of wave Illuslréted and explain what the trace shows.
123
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() The type of wave carrying the sound energy from the thunder may be Hiustrated as in
Flg. 3.2 '
Q ' P Q

, ‘ direction of

' ’ wave travel

S ittt —
e .

Fig. 3.2

On Fig. 3.2, label one region of rarefaction and one region of compression. Explain
what Is happening at P and at Q.

sevssbadsnssiodefinannane

ELIE R P R T

LI TR L PR L AL L E P YR Y T DY LY

. a0 LTI

(c) As the stormn passed, a rainbow,ivas seen. This was caused by light passing through
raindrops. Fig. 3.3 illustrates one way that this may happen.

Sun's rays

N

rainbow seen
from here

Flg. 3.3

Describe what Is happening at each of the points M, N and O.

.
atM; . Ceebtseersebnretatserrsbenassarrasivantenesans sesserrassrsarsusssnstsassnessesassasranseren
................................. bpanppanputhagdnddBaddb it B pibindbanitiabin ddoad
atN:
» gsRadgea L Y R Y E Y L R Ly L Y R LY P I YA RPN PR Y Y]
......................................
atO:
S evrererrebetrtrtesear ot sa et nee st et betaes e e hesS s e e PAPS SISt s8R AASTR AR SAS s A a s s s e st e b e e s abeIs
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4 Fig. 4.11s a possible wiring diagram for a fan convector heater. Use
: * ,motor driven fan
Hot light
plot’e X / 2 equal power
Lo— \ heating elements
heater plugged Into
240V a.c. mains socket
and switched on -
NO
EC - -0 connection to metal
case of heater
Flg. 4.1
{a) () Why would the pilot light, the fan and both heating elements all come on as soon’
as the heater Is plugged In and switched on at the socket?
(i} Only the pilot light should come on when the heater is plugged in and switched on
at the socket. Mark, with a cross and a letter A, a point in the clrcult where a switch
could be placed to allow this to happen.
(i) When the pliot light Is on, it must be possible to switch on the fan without the
heating elements. Mark, with a cross and a !stter B, a switch position to allow this
to happen.
(lv) The heater must have two heating levels, maximum and minimum. Mark, with a
cross and a letter C, a switch position to aliow this to happen.
{v) Explain how another component could be Iincluded In the circuit to change the
: speed of the fan.
5]
(b) Inthe table are the power ratings of the parts of the heater.
name of part - power/W
flot ight 15
fan at maximum speed 75
first heating element 850
second heating element 850
The mains supply Is rated at 240V.
125
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Calculate the greatest current from the socket for this heater.

1. Suggest a value for the rating of the fuse lo be used in the plug on the heatsr.

-
sassyhshaNdenninnenang

------------- ETTTTTTTY YR PRTTY

2, Explain your cholce of fuse rating.

3. Explain how the fuse would be affected if the Insulation on the live lead was wom
and this allowed the liva wire to touch the metal case of the heater.

dusss e

Calculate the circuit resistance when Just the fan (running at maximum speed) and

the pilot light are switched on.

This socketis in a country which uses 50p colns.
The socket Is wired o a pre-payment meter which takes 50p coins. One kWh of

energy costs 6.2p. The heater was switched to maximum power and maximum fan
speed. Two 50p colns wers put in the pre—paymenl meter. Calculate how fong it
would be bafore the heater switched off. [12)

S —_— .
- S T . .
e e e e e T -
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(¢) The heater gave out heat at a lower rate'and the pliot light was dimmaer than normal. An Uss
electrician, called to test the malns supply, used a cathode ray oscllloscope (c.r.0.)

connected as shown In Fig. 4.2,
4 )
mains supply
L
N : )
\'/ - y

Fig. 4.2

Fig. 4.2 also shows the trace the electrician obtained. The spol on the screen took
0.04 s {o travel from A to B. '

() On Fig. 4.3, sketch the trace which the electriclan would have seen if the mains

supply had not been faulty.
a A
\ /

Fig. 4.3

127
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an Suggest a reason why the faulty supply would glva a dimmer light and less heat, Use
quoting evidence from Fig. 4.2. ;

------

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

-

lllllllllllllllllllllllllllllllllllllll

(i) The normal mains frequency Is S50 Hz, Using the trace shown In Fig. 4.2, show that
the frequency of the supply was correct.

5

§5 (a) When a-particles bombard a very thin sheet of metal, most of the a-particles pass
through the metat sheet but a few are scattered through a very large angle. This effect

is shown In Fig. 5.1.
\ ' /very thin metal sheet
N

a-pamdas \

{

VVJV rvﬁ
/

‘Flg. 5.1

) An a-particle Is made up of cther smaller particles. State the names and numbers
of the particles in an a-particle and also the types of charge on these particies.

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

-----------------------------
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(1) Why do most a-particles pass through the metal shest without any scattering?

cccccccccccc [T s T T Ty Y PP PP T e T T T YT TP
SeIteRtisnsnnterittssrnaaunEninstacageningg » LY LT
----------------------------- 4ssnavesnes enaveesn

) (i} Why do one or two a-particles become scattered through large angles?

-
--------- LT . (I TYYTT T R PR PP R YT T YAy

------ st2ssnes SEESEERAEAIREPNSITA RPN NI R EROAASE

(lv} What conclusions about atomic structure can be drawn from this exparlrhent?

- Besssven LT TATT LTI TTTY PR YN TS LT . s senadynner LILTTTRY]

T L Ty R R T T L Y PP PR TP AT LT T [ITTY T [6} '

(b) Fig. 5.2 shows the outline of a tube (called a Geiger-Muller tube) which Is Used to detect
a-particles, B-particles and y-rays.

metal cylinder

connectedto Y
i \ /
mica \ ~7
window \ ﬂ \ \ / 'f \
T e m—————— vty o

y A" °Y

gas at low pressure
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" (i) Explain why pulses of current occur in the circult connected to Xand Y.

AL e e

T b B EL SR

14

When radiation enters the tube through the thin mica window, pulses of current occur in
a circult connected to X and Y. ’

() What effect does the radiation have on the low-pressure gas in the lube?

----- LT L L T P Y e T e T L L L e T R I R T L LT T R TR T P L PP T T PP Y PO
------------ +* sesanveny
FYTTTT LYY T (1] e L L Y T Y T T T LY PR PYTY PR P ey

—

(I Why must there be a potential difference connected betwesn X and Y?

“aunee LRI LL L LR AR L LI L LS LT L)

sevdvanie e

(iv) How are these pulses of current used to measure the activity of.a radicactive
sourca?

oS3 397 130
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1 Fig. 1.1 shows a capsule from a space mission as it is returning to Earth and when it is
close to the Earth's surface and the pardchute has opened.

parachute

g capsule
B Fig. 1.1
(a) - The capsule has a volume of 36 m3 and an average density of 765kg/m?. it is at a

point in the Earth's gravitational field where the gravitational field strength Is
9.5N/kg.
Caiculate
(i} the mass of the capsule,

(i} the weight of the capsule.

14

132

0634 WIT



(b) To estimate the average densﬂy of the capsule, some scientists made an air-tight
scale model, 0.0001 times the volume of the capsule. This model had an overall

height of 0.22m and a maximum diameter of 0.18m.

{i} With the aid of labelled diagrams, describe an experimental method to find the
average density of the model, Put your answer under the headings below.

labslled diagrams

L
description of experimental procedure
how the result is worked out

L L T L Y Py Ry ey Ty Y Ty SR T T L L P L IR e ey T Y 1)

(i) Explain why the materials used to make the model must be the same as those
used to make the actual capsule.

B T R T LT T LT Ty T Ty T S T T P T PP T T TR T TP PP T

ssasanasnee T L I L L I LT T L L L Ty T e T T P T P T T P T L Py Y LTy TP PR APy PP

oooooo L A T Y L T Ty T P e L Y R FY YT T P

saguasrepean

Nesetbrssarssassnbesnrrnassndannsrsenbiloddiiviviitadubbpanittonidibannniia aetdunierieidddtanvoniuneibonatitess
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(c) Fig.1.21s a graph showing the varjation of the speed of the capsule with time as the
capsule approaches the Earth, starting at the point P when the parachute opens.

+

Ps
speed
Q R
0 ' S
. time
0
Fig. 1.2

() Explain, in terms of the forces acting on the capsule, what is happening to the
capsule during its fall, as shown by the section QR on the graph.

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

PrYY

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

(ii) State what happens at R and explain why the section- ‘RS of the graph is a
vertical line.

Fheaingitpaiysinashsoiarrnanasy

BesPssFeeRINERIIIINSRERITYRSCLI RO ENSIN LI LT EY LT

B {5
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(d) Another falling capsule, with its parachute open and of total mass 1200kg, was tee
observed whilst It fell from 800m above the Earth until it was stationary on the
ground. The average gravitational field strength over this distance was 9.7 N/kg.
(i) Calculate the decrease in potential energy during the fall,
(I} State the form of energy that increases throughout the fall, as the potential
energy decreases.
{lii) Explain the energy transformation that is taking place.
{5]
135 F
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6
2° Fig. 2.1 shows an culdoor waler storage tank. A

. waler Jevel.

water tank

concrets
base

Flg. 2.1

(a) () For the water molecules in the tank,

1. describe the distance between the molecules compared to those in solids
and gases,

LT T L e T Y LY Y PP Y R PR P PR P Y P

2. describe the movement of the water molecules.

(i) Explain in molecular terms why water is a liquid, and not a solsd at a
temperature of 20 °C.

[T 11 [TLTYLILIL]

- o

(b) In terms of molecular movement, explain how evaporation takes place.

(IITTIY L))

LA LR LT LI R L R e P P VLI LT L P LA L S S LT

- 12]

AL I LI R e P e L T R TR N L S LY LT LT LI A DR S L L

Etersptavtgarecarasnaniarrnins dstarhsrersrany L e T L T LY L] war
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. (c) Water tank designers wished to reduce the amount of water evaporating during hot
weather. They Investigated three factors, which they thought would alect
“evaporation. In each case write down the most likely conclusion reached, explaining
your answaer In terms of the water molecules. All other factors were kept:constant.

() changing the depth of the tank (assuming It is always full)

......................................... ‘ollloll’loclcoo----.c-cr.-i'.cc--Ionucl"l!ll.ll!c.|-.u-o¢|..|ccllll'c||n.lll.-.-.
--------- L TR T T L L L e Y R S AL R L R LT LS L DR T AT LT T Ty Ty T Ty PO P Py ey
L T Ty P Y Y Ty PR EAIEEIIN SRR nniony duvsotiasispenie Pudscpnpndbidn LTI TT TN TPy Trerererasss [TITIYT)
(if) fitting a
g a lid
------------------------------------------------------------------------------ . rasene
....................................... L Y P I PR LR T TP PP Y YT - tasdsetranrnassnany
---------------------------------------- L T T T P FY PR YL Y PP PY Y Ty .

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

P T L T LI LI TP T TTI YT T Y A T PPry

| 3]

(d) In further tests; open-topped tanks of the same.size were-constructed:and placed in
the shade for the whole of the day. These tanks were made of steel, concrete and a
rigid plastic, only one material being used for each tank, The tanks were all filled, at
the beginning of the day, with water at a temperature of 15°C. Suggest which one
would have the lowest rate of evaporation during a day when the air temperature

averaged 35 °C, and explain your answer,

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

s -[2)

(e) On a hot day the water leve! in an open tank of cross-sectional area 100 m2, dropped
by 0.005m in 8 hours (3 x 104s). The density of water is 1000 kg/m? and the average
specific latent heat of vaporisation of the water is 2 x 10%J/kg. Calculale the average
rate at which energy is taken from the Sun's rays 1o evaporate the water. [3]
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3 (a) 'Flg. 3.1, shows the crests of plane waves Incident on a reflector. The dlagram Is
drawn to a scale of 73th full size.

UL,

reflector

direction of
. movement of
incident wave crests ‘

Fig. 3.1

(I) . On Fig. 3.1 draw in the reflected wave crests.
(if) Label the angle of reflection and write down its value,
Angle of refiection = ......cceeuees

The speed of the waves is 3 x 108m/s. Calculate the frequency of the reflected
waves.. ,
(5}

(i)

"(b) A coach driver has a plane mirror arranged to that passengers on the coach can be
seen without the driver turning round.

{I} Write down a description of the type of image seen.

(LRI T AT R L PR LAY LD PAL L ALl T

() State two advantages and one disadvantage of using a plane mirror In this

situation.
advaniage 1 .. weessssseans
advgnlage 2 rirereirasninens ceesennenns cosonarasas rersesessansessrannrrens
disadvaniage ...... rrasasnesaasassenss veerenrassenssie
[4)

T
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9
{c) Fig. 3.2 shows a length of optical fibre with a ray of light passing through.

cladding

Fig.3.2
(i) Explaln why the ray of light

1 does not change direction at P or at S,

AN A IR SN RSN THI PSRN RPNt etinididisitntodviorinatend rapsavanss

SeeNscssntnstrinataninadnsinontinta PR IBACESIARSEY PEEN A NNN SRR ETNAT IR DIttt nt Byl [T LT PYTTTY tavsenEsRasIRESS I Iyl

2 is totally reflected at Q and at R.

LEITETTY PP YT T TPY AT YTy seseracan seerrrsden

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

(ii) The refractive index of the glass of the cladding is less than that of the core.
" Suggest why a fibre with cladding is better than a fibre without cladding.

----------------------------- trsdesdnsincdigidatigioninatna

SIS NI R P R At r SRR O BT E R E NN SO RN SRt iaiinabaddrbiiinans . . [IEITIS I TEE ALl T

...... . ta
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. Examingr’y
4 A model car runs on a track and Is powered by an electric motor rated 12V d.c., 24 W. (e
The power supply is a 240V a.c. mains transformer-rectifier unit with a variable low~-
voltage d.c. output, :
(a) Fig.4.11s paﬁ of the transformer~rectifier circuit.
laminated
/ soft-iron core _
& / h |
" i N
v p P R
— {( == electric
240V <3 - | track t_motor in
a.c. connections model
input  — — 0 Omm ar
O ] J \ Q S
e }
&W Y,
primary secondary
coll coil
Fig. 4.1
(i) Complete the circuit between PQ and RS so that thers is a low—voltage d.c.
output across RS, which can be varied from 0 to 12V. Labe! all components
added to the circuit.
(ii) Explain why varying the p.d. across RS varies the speed of the mode! car.
(i) To enable the p.d. across RS to reach 12V d.c., it Is found that the e.m.f. across
- PQ must be 15V a.c. There are 960 turns on the transformer primary coil.
Calculate the number of turns needed on the secondary coll.
(lv) Explain why the e.m.f. across PQ should be 15V a.c. and not 12V a.c.
140
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(v) The current in the primary. colf produces a magnetic field. On Fig. 4.1, draw the
pattern of the field lines. Why is it not possible to state the direction of this

magnetic field?

Il
lllllllllll L L Y T N e Ly T Ly LT ey Ly P Y P Y TPy T T ]

(v) Explain how an a.m.f. is indyced across PQ.

P T T T T P Y Y Y Y [P YYITR LT sesuseie T T P T YT PR VI YT IY ) [TIYT T T LLTE T T PR ST PPy tsassavsrtusninane
—
* (113 LA AT T Y P Ty YT

P N N R T T D A A L Y T A T A Y LS T YR

1)
{b) The e.m.. across PQis 15V a.c.
{i} Explainwhatis meant'by an a.m.f, 9f 15V.

-y

L L T T T Py Y TP P P PPy Py P Py DLV YL P DL L PR PR YR L Y ]

saded

AesaresraRSAIR IR RICITARR ALY CELY T T LY LR L A LT L LR L L R P P 2 Y ) avsases

(i1} When the p.d. across RS Is 12V d.c., then the electric motor in the car has a
power rating of 24 W. Explain what is meant by a power rating of 24 W.

esps

----------------------------------------- Fophoveidabndrsdatibnadidirrantiy

{lil) Calculate the resistance of the electric molof, 5
FIN (-
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(c) Fig. 4.2 shows the basic construction of the electric motor used in the model car, The
motor in the car picks up the electric current by means of two contacts with the track.

- connecting

split-ring OOQUB'OF : , / leads to motor

i ——
pre———
fr—————

eyl
7N

iron core

Fig. 4.2

(i) When the current flowing is maintained at the same value, state two changes .
that could be made to the construction of the motor to increase the tuming

effect. '

(if) InFig. 4.2, the current in the coil is Into the paper at X and out of the paper at Y
Draw two arrows, one on the coil at X and one on the coil at Y, to-show the

" direction of movement of the coil.

fa

#f

After some lime the car began to make poor elsctrical contact with the track.
Explain why this made the car slow down.

(i)

S L P LI YL D X T R L )
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. 5 (a) A plece of cloth made from synthetlc fibres Is generally more easily charged with
static electricity than a plece made from natural fibres like wool. Suggest reasons for

this statement.

tunesenidenaanns LITTIT) LI YT YR Y Y PP YL AR Y Y T T LITYTIY TS LT TYS sedvgnne Ly e L Y P T L LY P YT T LTy P e
----------------------------------------------------------- L TR L L T L Ry L T e Ly I e Y R Y Y P T YY T LY

tasssestitaranas FEReRIIcENTIMIS RIS EI RIS ERR R ERAIR Y Y Y PPy YT Y PP tetasesevansnsennens sssceens ...-.----.1‘.....-.....[2]

{b) A cloth made from synthetic fibres was rubbed on a piece of rigid plastic.
The fibres were found to be negatively charged and the solid plastic was found to be

positively charged.
(i) Suggest what might have happened to the atoms of both the cloth and the
plastic.

----- AT LTy P Ty r L e R e e L L T P Y LY P T T T TP P T T Ty

.
sasspranens

--------------- LTTYYFYTTY

comb?

dadvide LLTTr Y LR LYY

S [ﬁ
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14
' (¢) Fig. 5.1 shows the outline of a piece of equipment which could be used to remove
solid particles out of the waste gases from a power station.
'
{
= !
%, :
- ; high 1
; p.d. I metal plates, =
] 10 cm apart
A {
i
J
rods coated with
- a—~emitting substance
wasle gases pass
up between the two
plates
Fig. 5.1
() Explain the purpose of the a—particle source.
(i) State the advantage of using an a~particle source rather than a B-particle
source or a y—ray source.
(iil) Explain why a large potential difference is applied across the plates.
[4]
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2 ‘
Exai

1 (a) Fig.1.1 shows two breakdown vehicles pulling a heavy lorry out of a dilch and back on

to a road.

/ road
breakdown
vehicles

ditch

Fig. 1.1

The constant tensions in the steel tow-ropes are 25kN in CA and 35kN in CB. The
angle between the two ropes is 45°.

({) On Fig.1.1, draw arrows to show the directions of the forces exerted on the lorry
by the two breakdown vehicles.
State why these forces are described as vector quantities rather than as scalar
quantities.

LR R S L Ly ¥ S, vaanisa evrasimans L L T P

P T R PP TP TP P 4sunvaaae srrsranann Yrrasseg s anaagy
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3 For
Examiner’
" . . . v
(i) In the space below, determine, by means ol a scale diagram, the magnitude of the *
resultant force exerted by the two breakdown vehicles on the loiry and the angle it

" makes with CA.
Use ascaleofl 1¢cm : 5kN.

(6)
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Exan

{b) When the lorry is back on the road, the rope CA is detached. The lorry is towed, in a
straight line, by one breakdown vehicle, using the rope CB.

Fig. 1.2 shows how the velocity of the lorry changes over the first 100 s from rest.

¥ o: . SIS IR T - Sy Iy
B A A B RN Rt aring MARS S BN fatat b
T4 q T 1310 T T Ty T i I -y
iatr 3 LY L33 * L] Lt r . T T
Pk L v b LR 4 LA 43 L T 1 LRI g
1511 T JORR RO T AT NI B ~
i Vv q 2 1 ., O] ] f it v 0 » [
I ' DK L DN A ] T T N T
VGIOCﬂY/ -lf ] + « | dg ORI N Pt PR RN ] [ - [
. i 3 T T~ ok i > L R N P
{mv/s) it T MRS RO AT R AN S :
T 3 A AT 0 I ot . T 0
T T ] MY s t 3 [ 1 v LA
[ [} Y [} [ ] ] (O 4 [y Ll W Y L 1
T Al T T " T I [ I L 5
10 il 1 i ] CIEACR BH
i1 s L P L]
[ : [ i | i
A ] A SUE WK
. D 2
[ T
] s
| [
P 13 4 v
5 T T
U i

0 20 40 60 80 100
time/s

Fig. 1.2

(i) By referenca to the values on Fig. 1.2, describe the motion of the lorry throughout
this period of 100 s.

L L L T e R P R T T YR YFEY P aPS FET Py
B L T L LT s T L L e S S PR PR

P L T T T T L T L T L P R T P P,

seeee e AR esb e b RS SRR A AR AR RS S AR R Se s s AR RS e neren vereenees [3)
,

(i) What can be deduced about the resuitant force acting on the lorry from the facts
that

1. the velocity at 80s is the same as that at 100s,

P L T T T e P T T
..................... LT T P T P PP PP PP P PP PRy

........ R T I L R L T T T T T T L L L L L L T Y

2. the acceleration has the same value when the velocity is 2m/s as it has when
the velocity is 4 m/s?

DCI L5
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(iii} The mass of the lorry is 1.5x 104 kg. Calculate

1. its momentum change over the first 20s of its movement along the road,

2, the resultant force on the lorry over the first 20 s,

3. the kinetic energy of the lorry when It has been moving for 20s.

[7)
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2 Fig.2.1 shows an evaporator which is a piece of industrial equipment used for Boiling a
solution in order, to separate a solid and a liquid.

L
BRi:

boiling
solution

electrical ___.__ electrical
supply | === " heater
leads

Fig. 2.1

{a) When the evaporator in Fig. 2.1 is in use, the values of the temperatures at A, Band C
are to be measured. The range of temperature is from 150°C to 250°C. The
temperatures at the points A, B and C are likely to change quickly.

(i) Name a suitable type of thermometer {for this use.

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

(ity What feature of your chosen type of thermometer makes it suitable for measuring

1. the staied temperature range,

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

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

2. rapidly changing temperatures?

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

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

DE2L73T e
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-(b) (i) Using kinetic theory ideas, explain the process of evaporation.

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

(i) The inside of the evaporator is designed to aflow as much liquid as possible to
evaporate. State two factors which affect the rate of evaporation in this

evaporator.

i e eseser e s tma s eSS e RRRA SRS RS RRRR R bRt bR [51

(c) The heater used in the evaporator has a power of 30kW. The evaporator is now kept
at a constant temperature and the rate of evaporation of the liquid is constant. The
specific fatent heat of vaporisation of the liquid is 210kJ/kg. Assuming that all the
energy supplied is used to evaporate the liquid, calculate the rate of evaporation.

4]
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3 Fig.3.1, whichis drawn 10 scale, shows the shape of a small harbour into which waves are vse
travelling. : _
. X
+
!
I
I
- ‘ C. waveironts
I a
: e
| - SIR T
A P ! - \direction of
-] :
harbour_ . : - “'“” wave travel
l * -
| ~
1
— ) sea
C oy -

Fig. 3.1

(a) On Fig.3.1, complete the wave pattern inside the harbour as far as the dotted line XY.
Use the same scale as shown on Fig. 3.1. (3]

(b) Name the effect which produces the wave pattern you have drawn.

Nk
h
(5]



9

(c) (i) The width of the harbour entrance is 4 times the wavelength of the incominé
waves. State how the pattern would change if the width of the harbour entrance
was reduced 1o 0.5 times the wavelength of the incoming waves.

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

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

(if) Explain why the effect you have shown on Fig.3.1 is not observed when light
passes through a window.,

nnnnnnnnnnnn D T T L L e L Y T P T P P,

s s srrans cerses s asneaeees e anenseseaR e ees s sssnsssries 5]

(d) The distance from one trough to the next trough of the same wave is 2.2m and the
wave speed Is 2.0 m/s. Calculate the frequency of the wave.

- (3]
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‘4 A small generalor is labelled as having an output of 5kW, 240V a.c. (at constant frequency). Use

It is used 1o provide emergency lighting for a large building in the event of a breakdown of
the mains supply. The circuit is shown in Fig. 4.1,

C _________
generator
output
5kW, 240V a.c.
L, L, Lag
c —————————
Fig. 4.1

There are 35 light fittings on the circuit, each with a 240V, 60 W lamp.

(a) Calculate the maximum current which the generator is designed to supply.

{2

(b) (i) Calculate the power needed when ali the lamps are turned on at the same time.

(i) Explain why this generator Is suitable for supplying the power required but would
not be suitable if all the 60 W lamps were exchanged for 150 W lamps.

(4]
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(c)

(d)

11
Write down two reasons why all the lamps are connected in parallel rather than in
series. In each answer, you should refer to both types of circuit.
€31 T3 o o e O USSP
TEASOM 2 .errcsuriastienirisbrnes st eiesntesinsssnssssssssrsinssossnsssenssstnsnsensestsssossasastsnesssrssbosnsnsstsssasssinne
..................................... HeeserrsesisessisssabinttaasesinitsrReEbstEessbnaneessssasennreresstanssnesarersisassss | )
Calculate the resistance of the filament of each 60 W lamp.

4]
(e) Fig.4.2 shows the current output of the generator when it is supplying .all 35 of the
60W lamps.
i _
current B

output

0.01 0.02 0.03 0.04 0.05 0.06 timefs

Fig. 4.2

(i) Calculale the frequency of the supply from the generator.

(i} On Fig.4.2, sketch another graph to show the approximate current output ¢f the
generator when 17 lamps are removed from their fittings. 141
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(f) The generator is a fixed magnet, rotating-coil type.

(i) Explain how this arrangement generales an e.m.1.

attrssreanssenanen danrusssvasntsnnnan L T P E PP T “etasanssse st sratsasaanans L L T T T T T TP terdassnrn
--------------------- T T T L T P P P LT Y

P T T L L L L T T T T T T P T P P PP T ttberranesaisssnna s ravsaassen T TTTTT LTI

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

(ii) State two factors, either in the construction or the operation of the generator,
which would increase the maximum power output. In each case, state whether the
factor is increased or decreased. '

FACIOT T veverversnsscaserensensersressessnrssnsassnsnssosssssssssrensasssesssssss nessessersenmusvessasessesesasasssssrsss

PO Y T L Ll T T T T R PP T T YT 4scenensns .

LT T L R L L L e L L e e L L L L L P L R L LT L L TR L LT R P e

FACION 2 oveericreverrssenssessnnsasassarsenntssessntesserannsbatesnessabensssas s 1eassesesnssosaessennatentonssnsrnbarasesss

servccasscsenas T T T LT T LT L T T Y R P T TP YT Y}

eeeveeeeseeetea cesessesos et enasesas RSO RE s b ba bt bemaesss s s ssnrs e ssssrssssnsssssmmsssasoastsssess [5]
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5 ({a) Fig.5.1 shows the trace on an oscilloscope which was being used to time the interval ¢
between two runners, A and B, completing a 100m race.

Flg. 5.1

The time-base of tha oscilloscope was set at 1 ms/cm.

(i) Which runner wins the race? Suggest a reason for your answer.

Ly Ty e Y P T ST T PR YT R LA L) P LI L LT T T R L T PP Y P PP P T P PP TS

------- Pastbsnsacan st s i natennesat it ir bR R et AR AP AR RNl e AR a i n Rtk nattidddsrasitiorocertndnesennpunans
*neanssrItsnsssannstnncene B T T T Y T T YT VL Py DR TP TN trvanen beeeesa trteenasysenaennrassanang
sessamerascen T T T e P T T T PP T T T PP P ) tasveas “esbutrsateroranssaTasnuinaRe RNy .

(i) Calculate the time interval between the runners.

(4]
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Examing
© (b) Fig.5.2 shows an arrangement for investigating the effect of a magnetic field on the Use
emissions from a radioactive source. The apparalus is placed in an evacuated box.

X X X X
radioactive X x X X oA _ magnetic field
f source / into paper
X x X x
f eB
X % X X
lead =" | X X X X
screen
X X X X
oC
- »!
3cm - '
Flg.5.2 .

In Fig.5.2, a Geiger-counter is placed at A, B and C in turn. The results are given in

the table,
position A B c
counts/minute when no isotope is present 20 22 21
counts/minute when the isotope is present 21 186 163

(i) Explain why there are counts, and why they are slightly different, when no isotope
is present.

EXTTTR LRI TP AR RYY T L P T T Y P dvdesaatisneibeditintonnn vauseroan bersuenan Wevesamsttttens sesssaPetanes Sedubabannne

......... T T R T R P T I T P T T P PP

158

D2 vioe



. (ii} State which of the three types of emission, u-panicles, B-particles and y-rays, are

(i)

15

coming from the radioactive source.

»

R P Y TP L R LR TR vesssrvnnna P L L L L TR Adrereberneitacenenanas 4eivenan .

.......... L I e T D P T P

Explain your answers to (ii), quoting figures from the table,

Rt etvaRrILANAASISININTE RSO RO L L R R R E LR R N T T RN}

s s ns e et e s e S

L1442 144188 4414444 R RS AR e s

vt in e e s vttt

et et st )
:
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2

A student was asked to design two simple methods for fifting building materials up to a
platform.

Fig. 1.1 shows two deslgns suggested by the student.

steel rod T
lever
builder’s pulleys 4
\
rope |~ T0p8 ~—_
] load load
support box box
method 1 method 2

Fig. 1.1

(a) Method 1 is based on an idea called the principle of moments.

(I) Explain the conditions for the lever In method 1 to be In equilibrium.

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

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

() State and explain two reasons why this method is better than trying to lift the load
directly.

TBASOM 1 oreiiiiiiiiiieecreitteeentrrereessrsssr st st sbenststhssssietstnrtnssennsrasnsseonsnsnonnssssrsssennassannanes

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

..................................................................................................................................
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(iil) Suggest one change that might be made to this arrangement to make it more
effective. Explain your answer.

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

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

............................................................................................................................ (7]
{b) The student feels that. method 1 has disadvantages and suggests that method 2 is
better. '
() State and explain one advantage of method 2 when compared to method 1.

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

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

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

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

(It} The student does expariments which show that method 2 requires a larger effort
force than method 1 for the same load. Explain why this is so.

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

L T T T T T P T P T T P PP

............................................. peeeesseesessssesssssseanssssossssmsmmsmsssssssssossossssmassossesssessesseenss 1]

{c) In a test on a building site, & load of 1700 N was raised 2.4 m using method 2.

(i) State the nature of the energy galned by the load.

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

(il) Calculate the energy gained by the load.

(itf) During a test with the student’s design, the load had just reached 2.4 m above the
ground when the rope snapped and the load fell. Calculate the speed at which the

load hit the ground. (g = 10 N/kg)

-~ 7y
o

Tern over
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4

(d) As a precaution agalnst this type of accident when raising the load 2.4 m, the student
suggested fiting two long springs. Each spring was of 1 m unstretched length and was

attached as shown in Fig. 1.2,

o 1 = 3
unstretched springs
each 1m long
empty load
box

Fig. 1.2

Bafore use, each spring was tested for loads up to 1000N. The results of these tests
were the same for each spring and are shown in Fig. 1.3.

i ".
L
15007 -
foad on n —
one = -
spring/N e —
1000 ; .l‘ e
1L :
| R p
I -
11 3 T
: K
- T ;
500~ =
T i i
I 7 —
ll! 1 1
Ll T ;
o HH
0 0.5 1.0 1.5

aextension/m

Fig. 1.3

(022" XY




By reference to Figs. 1.2 and 1.3,
(i} describe how each spring extends as the load increases from 0 to 1000 N,

tEtsherventnes PRI EY I SRt Gbreassaniaraersne ssrenssa bbbtvetancasaraes #esNsnsmarsnenenanane tasbpasntamansaaays
e 4euvittacasenr .- . ewsssnrears PR LR L r L L LN T P P P trvesnaasTRRIen trsena
AFS AP IS ISR ARES P IS A HININRI T oo sasnTar Y P Y T FY F L) LAZTETERLLLE RSl VENsANEd v RETAS N sanasRsRRRENEY srsrscassansrrsny

(H) find the length of each spring when a load of 1700 N is placed in the load box,

(I) comment on the suitability of the design as a way of preventing theTgad Talling to
the ground if the rope breaks.

L L L L L T T Y P P T T P PP TP PP PP T e

AR et et a R e s e et sarancaritadoiuittadt st talntvabatabibiansbbtnrrnrsarnans etnesnunsanuan weaeen

asssssssansesassdaddsosannsenan

PR T T L L T O T P T L T P T TP PP P P T Y FYTY ST

ettt ereert et st eee st et e sbeessens s et b aeeaasseassssnsersssmnsersstesessasasernessrsensesasenssssoscemssesss [B]
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2 Flg. 2.1 shows the plan of a room designed so that it can be used to dry crops.

L T
H ) u
front
it surface | heater
L of \ i
i heater

. 1 | \
| I 3

plan of drying room

Flg. 2.1

The walls of the room are lined with radiant heaters, with enclosed heating elements. Four
different coatings are available for the front surfaces of the heater casings. These are matt
black paint, white gloss paint, aluminium paint and black gloss paint.

(a) Describe an experiment, which could be done in the laboratory, that could be used to
investigate which of the four coatings would give the highest rate of emission of infra-

red radiation from its surface.
Place your answer under the headings given.

Labellad dlagram of the apparatus

165
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Meathod

List of readings taken

How to use the readings to form a conclusion

{7}

(b) Once the drying room was at operatiiﬁg temperature, an average of 70% of the energy

of the heaters was absorbed by the crop and produced water vapour. The tota! power

of the heaters was 12kW and the specific {atent heat of vaporisation at the operating
temperature was 2500 kJ/kg.

Calculate the average rate of production of water vapour.

(3]

|
1h6
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" 3 Fig. 3.1 shows & swimming pool with a spectator looking down into It.

B spectator

Flg. 3.1

The spectator might be expected to ses the bottom over the length OX but can actually see
the bottomn over the length OY. '

AB is a ray of light emerging from the water which just misses the corner of the pool on its
direct path to the spectator's eye when the spectator can see the region QY.

(a) On Fig. 3.1, draw the path of tha ray in the water which emerges along AB. Explain
with reference to the dlagram why the whole of OY can be seen.

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

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

(b) The spectator also sees a lamp which appears o be at point X but knows that it is
actually the reflection of a lamp which is over the top of the pool. On Fig. 3.1, draw a
dot to mark the actual position of the lamp and label It L. Explain your choice of the

position of the dot L.

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

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

O3 3
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(c) The light travels from A to B at a speed of 3.00x 108m/s and has a wavelength of |
5.00x 1077 m. Calculate its frequency.

(3]

(d) Light travels through the water at a speed of 2.25 x 108 m/s. Write down an expression
for the refractive index of the water.

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

(e) On Fig. 3.1, the angle @ is 45"..Calcufate the angle of the ray in the water, from the
normal at A, which continuas in the air as the ray AB. Assume that the refractive index

of water has a value of 1.3.

(3]

168
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Fig. 4.1 shows a possible dasign for a transformer.

»  laminated soft
iron core

— 0
secondary
output

o

\

Y
I

primary
input

Fig. 4.1

(a) Expfain how, in the transformer,
() a continuously varying magnetic flux is produced In the primary coil,

L L R L R L T e P L T T LY D TR R T

P Ty T T T P PR T P T T I LYY TP TP PP PP

Wemzsudsdstarenan sesssens L P P T P L ]

R Py PP T L PP P Ty Y L Py P T TR P PP TP PP P S Ty PP PP TP

L R R L R R L Y e Ty L Py PP T LT

(i} the varying magnetic flux is passed from the primary to the secondary coil,

........ T L T R Rl L T Ty D T T T Y T Py L P T T PO TN Sy e U
FETTIIY Y aenenansas teseersantsssnsrnassrnsnenny I R TP TP T TR P P LT LTI T YT T ISP raransiie ’e s

snesscns edensnnsnsnrns NS B e AR R R PR AR e et O I PN N R AR IP R I I AP I ae PPN SN Tt dNausabiberstdfitasarsanidbnrsotinageninen
RPN AN NN E N AR e bt taansasassnatnl Senaannes sesmnsre arruennane Fetteesneenivanes thdasssanenn tivatstgenacans etbubttaeans oan

(li) an e.m.t. is generated across the secondary coil.

..................................................................................................................................
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[s e lang”

For
Exams
Usa



11
(b} The primary coil has 600 turns and the secondary coil has 30 turns. Assuming that no
energy is lost In the transformer, calculate the input voltage when' the output voltage
across the secondary coil is 12V.
| [2)
(c) A lamp of resistance 480 is connected across the secondary coil of tha transformer.
The resistances of the primary and secondary coils are negligible.
Calculate
(1) the current in the secondary coll,
(i) the charge flowing through the tamp in 20s,
(ili) the current in the primary coil.
(6]
(d) The lamp across the secondary coil Is removed and replaced by a clrcuit which would
give & d.c. output to re-charge a 6 V battery.
Complete Fig. 4.2 with a suitablg circuit, marking the positive and negative terminals of
the final output,
—————
secondary
output
——
Fig. 4.2
Explain the purpose of each component in your circuit.
. 151
170
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(e) Fig.4.3. shows an ammeter and a iength of resistance wire connected across a

6 Vd.c. output.

length of
6Vd.c. resistance wire

output

Fig. 4.3

The ammeter reads 2 A. Using as many more identical fengths of resistance wire as
you require, explain how you could changa the circult so that the ammeter would read

the following values. (You may use clreuit diagrams If you wish.)

0 1A

(I 4A

(3]
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(a) 228U and 233U are Isotopes of uranium.
(1) State the simllarity and the difference in properties of isotopes, using 2;‘gU and
233U as examples.

L L Y T Y Y R P PP R TPy PP

SIMIArItY e

P L L L L R TPy P T L YT P PP PP 4ndsgsesvessncassnpana

L T T Y P TP T P PP Ty

diffarence ......cvvevcannenan,

T T L L LI T L L L L LT T T T TR T Y Y P PP P r e ppppapuppepes tesmreascarsains

P L Y T P Ty Y YT

(if) Name, and state the numbers of, the particles present in a nucleus of 238u.

P L T T Y Y TP YT E Y I T L T I P P I R Ty Y ey esereiasnas
L Y Ry P T P T Y Y T Y T T Yy P T T T YT T T P
P T T L R L T R T R R ey P L YT I N T T Y T Sevavane e [5]

ssevassesncograsanavabibernar

(b} The results of an a-particle scattering experiment are given in the table.

angle of scatter 0° between 0° and 90° greater than 90°

number of a-particles .
in one minute 1641 54 3

() Explain in terms of atomic structure why most of the a-particles are not scattered.

L T Y Y Y P T PP YT TP T PP PR T YT Y T PP

Ty Ly L T e P P T P T P T T P TP TP P T TR LT FYR YT )

L Ty N T L e T T P Y T Y PP YRR PR TR EL

L Py T TP P TY PP PP T YY )

T Y R L T LYY T P ey P Y I

R RN Ny T L L R TY R T ] AP RSN a s R d s DRI g BT R AR AR O al i i as s R nd b b e eI rcoRunpiarsadidding

Dy L T Ry T R Y T P Ty PP Y e R PP T Ty GuersstevedtabisRasn s

Explain in terms of atomic structure why a small number of a-particles are
scattered through an angle greater than 80°.

()

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

..................................................................................................................................
..................................................................................................................................
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2
1 Fig. 1.1 shows a plan view of a rotating sprayer used for the watering of crops.
N
w E :
i
I
S F2
] L
! \
holes through which
water sprays out horizontally
I
!
I
1
]
I
|
P direction of rotation
Flg. 1.1
(a) The device rotates about O at a constant rate of 0.2 revolutions per second. OP Is 10m
long. :
Calculate the speed of the polnt £. (The clrcumference of a circle Is 2r x radius.)
speed = ...... . [4]
(b) (1) Use your answer 10 {a) to write down the veloclty of the point P when P |s at the
polnt shown in Flg. 1.1.
() Explain why the speed of palnt P is constant but its velocity changes as the
sprayer rotates,
[4)

B
§




{c)

3

Explain how you know that there Is a net force at the end of the arm P, acting towards O.

D T R T R N Y T T P R P TP T Y PP B L T Ty P Y PP TP P PP P T T T Y PP

L T L Ty T R LY T T YR P EEA AT P

D R L Ty Y T L T Y e T L ey Y T P P PP T Y Y PP TP TN
LTI R VY PP Ty re CEEvssEssERPRIRRYASRRIOIRRSTR NS L L L L e P TR P L T Y
LTI I T T Y P T T Y YT P T Ty R T R Ty T r e Y T P Ps PY TSP L PP ......13]

Question 1 Is continued on page 4
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(d) Water is forced out of the sprayer horizontally. Fig. 1.2 shows how the horizontal speed v
of the waler changes between leaving the sprayer and hitling the ground.
12
10
horizontal speed
n/s 8
6
4
2
0 t :
0O 01 02 03 04 05 06 07
time/s
Fig.1.2
(/) Explain
1. why the horizontal speed decreases slightly aver the 0.6 s of the motion,
2. why the line Is approximately vertlcal at 0.6s.
(i) The acceleration of frea fall Is 10m/s?, Calculate
1. the helght above the ground at which the water leaves the sprayer,
helght = ...covieneen.
2. the horizantal distance travelled by the watar.
!
QISIBNIE T it e eiiie e e e
{71
ers’s B i -.'(‘
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For

(e) Fig.1.3 shows the path of the water at one Instant. The pressure of the water on an
object placed at point Q Is much greater than the pressure of the water on the same
object when placed at point R.

Q
sprayer
ground P
v, AR RIS SRR R IAY
Fig.1.3
The pressure exerted by the water on the object at point Q Is 5x10°N/m? and the
pressure on the object at R Is 1x 105N/m?,
Explaln this decrease In pressure.
..................................... {4]
177
0675 894 [Turn over
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2 A student attempted to find the specific heat capacity of water using the following data
obtalned from the heating system of a small swimming pool:

mass of water In the pool, heating system and circulation plpes, 54 000 kg;
power of the heating system, 30kW,
rise In temperature, 2°C in 5 hours (18 000 s).

(a) Assuming no energy loss, use these data to calculate a value for the specific heat
capacity of water. Show your working.

specific heat Capachy .....cccmissncorsnisecsesissseniarassses [6]

178
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(b) The student found that the value for the specific heat c;apacity of water, worked out by
this method, was higher than tha accepted value.

The average temperature of the water in the pool during the test period was 24 °C,
whilst the average temperature of the alr was 19°C.

(1) Describe, in molecular tarms, ways In which the water loses heat from its surface,

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

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

nnnnnnnnnnnnnn

-------- Ly T Py r LT T Y Y P YT T T YO

LI T T PRI T YT T PP P T Y saspgutIRIIRALNY $iesidgninuss XY TTYTTTTY dsnsnasarssnsn ALY PR LT T AT YYYTTTEYY sansn

LR L Y TN TR T LI ) dReNIRBIIRIIRSIRRRNIV S aEssssnane

(i) Explaln why the loss of heat from the water led to the student’s-higher value.

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

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

------

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

|
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3 (a) A converging lens of focal length 4.0cm is used to produce a virtual Image which is

3 timas the helght of the object.
Fig.3.1 shows the lens poslition and the focal length PF. The length PF Is o scale.
The object and the image are both on the left-hand slde of the lens but their positions

ere not shown. :

4

/ lens position

line which passaes through the top of the Image

line which passes through the top of the object

iine which passas through the bottom of the Image and the object

Fig. 3.1

Draw rays on Fig. 3.1 and determine

(1) the SCale USBA, ...cueiriiicrenrieminnririinreesssssssncsessssenssssnsvesons
(ll) the distance of the Image from the [ens, ......ucmmiviiciniininsies. rereresnsssnnsssssnnsniares

(I} the distance of the object from the lens. .........ccreveeeeae rerareseseiresttir st sserasattaesantosssstanse
(6]
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(b) Flg.3.2 shows a wide parallel beam of monochromatic light incident on a block of glass vee
at an angle of 37°,
alr
glass
Fig.3.2
() What is meant by the word monochromatic?
(I1) State the approximate speed of light in air.
(i) The angle of refraction in the glass is 22° Calculate the refractive Index of this
glass. :
refractive INdex = .....cuvvnncmensnninssnens
(lv) OnFig.3.2, use ydur protractor to draw in the path of the beam of light in the glass.
(7]
181
o B [Turr over
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Fig. 4.1 shows part of a cathode-ray tube.
An elactron beamn PQ ig entering the region between two horlzontal, charged metal plates.

tube wall 0+ V
\ positively
vacuum charged plate
R
[ —
P Q
negatively
$——————0 0V charged plate
Fig.4.1
(8) (I) On Fig.4.1, draw the electron beam from Q to show Its path between the charged
plates.
(i) Explain any change of direction of the electron beam when It is between the
charged plates.
(it)) On Fig. 4.1, show the direction of the conventional current In the electron beam by

- drawing an arrow and labelling it D.
(5]

(b) The voltage across the plates is increased so that one of the plates collects 1014
elgctrons In 10s. Each electron carries a charge of 1.8x10~17C,

(0

(i)

Calculats the total charge collected by the plate in 10s,

Charge = ...couevvrecmiessisinsisenrisssenns

State an equation linking charge and curmrent. Hence calculate the current in wire RS.

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

(o]0 {4 123 2 - PPN
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(¢) - Air containing charged dust pariicles flows between two metal plates. A high polential
difference is connected across the piates as illustrated in Fig. 4.2.

(A )—
B—er

direction of alr flow
containing charged ———»- large p.d.
dust particles

Flg.4.2

The charged particles are attracted to the upper plate and move through a potential
ditference of 10 000 V. The ammeter records a current of 2.1 x 109 A.

Calculate

(1) the energy supplied by the voltage source In 10 minutes (600s),

energy = ... esressressnsnnessasnsen
(it} the power supplied. |
POWBT = crvrresrnicssusssssesssssiassassasesssanese
(6]
18>
MMure over
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(d) Fig.4.3 shows a beam of electrons entering the magnelic field of a coil. This magnetic

field is directed into the paper.

beam of _
7 electrons /vacuum
+0— =
12V -
=

Fig.4.3

(I) On Flg.4.3, sketch the path of the electron beam until it hits the end of the tubas.
Explain your choice of path. '

oooooo

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

(li) The resistance of the coll producing the magnetic field Is 1000, Calculate the
‘ current in the coll,

CUITENE = L iieicierrrtirannisiinsriraisssnens

() State the effect on the electron deflection of Increasing and reversing the potential
difference connected across the coll,

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

...................................................................................................................................
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§ (a) A laboratory needs to find a radioactive isotope which will produce very Intense
lonisation of alr.

The apparatus Is shown In Flg. 5.1,

thick copper wire

+ 0
high potential difference Insulator
5000 V /] A A A A A A A e A AP A T e A AP el A ;
i l copper gauze
— ) radioactive isotope
Fig.5.1-

(f) Explain why sparks jump between the gauze and the wire when a radioactive
Isotope with high lonising properties is brought near the gauze.

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

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

() An c-emitting source, a B-emitting source and a y-emitting source, each of the
same activity, are tested. One source gives no sparks at all, the second glves only
a few sparks per second and the third many sparks per second. State the relative
quantities of ionisation produced by each type of emitter.

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

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

{b) Some of the resuits of a comparison between a-particles, B-particles and y-rays are
shown in the table beiow.

a f Y

mass 4 units

constitution | 2 protons + 2 neutrons

charge +2 units

Complete the table by filling In the biank boxes. 14]

e B
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1 Fig. 1.1 shows the oulline of a machine for driving steel pillars (called piles) into the ground. “

suspension
stoel mass

tube

steel pile

/ ground

Fig.1.1

4

The steel mass is raised by an electrlc motor and then falls under gravity.
The falfing steef has a mass of 200 kg and falls a distance of 6.0m.

(a) The acceleration of free fall is 10m/s2. Calculate

{i} the potentia!l energy gained by the mass each time it is raised,

polential energy gained =........ccresnrnsnsarsressessansnnas

(i) the maximum speed at which the mass hits the pile.

SPERM = Lot snresenrren

i7)

]
(8
]
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{b) When thé mass hits the pife, it has kinelic energy. This energy is transformed into other
forms of energy as the speed of the falling mass rapidly reduces 10 zero. As this
happens, the pile Is forced a small distance into the ground,

(I) Stale the energy conversions which take place, starting from the kinetic energy of
the falling mass.

Cearsagsrenne LYy 4ntitsienesvetiana Cesnearsssves T L LELITTPTRY derbambens dussssttatinnenuts Sedratvnatasy dacracuracstasassnunsay
------------ LR L P TP Y N T R PR R Ty er rapes “ane tan Sradatritannrasantranes
R L T T Y Y Ry Y YTy ST PP TP T T T XY TTITY TS trecassnes 4onsbcsidisionansbansey
LR T R Y P T P FY LI Y T Y IYE LT R [XITTIYTTY “tsssetrenee

(i) Explain how a large force is produced when the pile is driven a short distance into
the ground.

{c} In raising the steel mass 6.0m;, the electric motor uses more energy than that
calculated in (a)(i).

Wrile down and explain two causes of this higher energy requirement.

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

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

......................................................................................................................................
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(d) The equipment design is i:hanged so that when the mass falls once, the pile is driven
further into the ground than belore the design was changed.

Suggest three changes that could be made to do this.

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

2  Fig. 2.1 shows a piece of apparatus which could be used to find the specific heat capacity of
a metal at high temperatures.

electric heater insened
L centrally in the block

/

thermocouple inserted
in the block

lagging ————
) __/

DARNIN

metai
block

&\\w

/}7///// /4’//

Fig. 2.1

Results from an experiment using the apparatus are recorded as foliows:
mass of the metal block, 1.0kg;

powet of the heater, 200W;

time for which the healer is switched on, 2.5 minutes (150s);

rise in temperature during this time, from 160°C to 210°C.

{a) Describe the experimental steps which were taken to obtain these resulls.

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

........................................................................................................................................
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(b} Use the results to calculate an average value for the specific heaj,capacity of the metal .

over this lemperature range.

specific heat capacily = .....cceivieennnen. et 4]
{c) The temperature of the metal was measured by using a thermocouple.

(i) Drawa labelled diagram of a thermocouple being used as a thermomeler.

{il) Describe the action of a thermocouple when measuring a temperature change.

(iii) Suggesl two reasons why use of a thermocouple might have an advantage over a
mercury-in-glass thermometer,
L D USSP PPRNPIRBRPOIOL OO UOPOUTO PO
T U U OO SO TP ST USSP PUPPPORPPROR
(6}
160
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3  Fig. 3.1 shows a ray of light, PQRS, passing along a simple optical fibre. *
e ———ar
Q
—————
p——> 85 R
Bs°
S
T N
M
\ glass
air
Fig. 3.1
(a} Calculate the angle between the ray PQ and the ray RS.
NGIE = cvircrisernierssasrienisnsse s (2]
(b) Explain why the ray PQ does not ieave the fibre at Q.
...................................................................................................................................... 2]
{c) Another ray TQ also strikes the surface at Q.
) The refractive index of the glass is 1.50.
{i} Calculate the critical angle for this glass.
crilicat angle = ......oovivvverroricnienciiinnen.
(i) Explain why the ray TQ leaves the fibre.
......................................................................................................................... [.d}
1o]

LI W
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(d) The light waves ftravelling towards Q are monochromatic and have a frequency of ve

4x 10" Hz and a wavelength of 5x10~"m,

{I) Whatis meant by monochromatic?

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

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

(ii) Calculate the speed of these waves in the glass.

speed = ....crrraeerrrre e

(iff) Waves travelling along TQ pass into the air. The refractive index of the glass
is 1.50. ‘

Write down an expression from which the speed of the light waves in air could be
found.

2

033 v - Turr oeer



. ’ 8 ) 7 For
- Eranex

4  Fig. 4.11is a block diagrarm of an electrical generating and distribution system. o

{several km)

turbine generator  transformer transformer  consumer
No.1 - No.2 circuits

Fig. 4.1
{a) The generator produces an e.m.f. by a process called electromagnetic induction.

(i) Name two factors and state how they are changed in order to increase the outpul
e.m.f. of the generator,

L Ry Y Ly Y YT L P R P T P ]

Samedsstasseatsnsonssparasanssncrsransrssgsannssrarssnrsrennbonisghorsnnboaseronn roses erstatarerransanesnrrinn

(H) Explain what is meant by the stalement ‘the induced e.m.f, acts in such a direction
as to produce effects to oppose the change causing it’.

- o2 Wi
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(b) “(i) - Fig. 4.2 shows the basic parts of translormer No. 1 which is 100% efficient. N
o r : 0
"—'—-h pm——
input = = output to
from generator j'_::“: ' supply cables
400V, 80 A — 30000V
:::
o— -t —0
Flg. 4.2
Using the information on Fig 4.2, calculate the current in the supply cables.
CUITBNE = oveiieiiinsisiinnnincsnnnas
(il) Describe the function of transformer No. 2.
(iii) EXxplain why the use of the two transformers results in a big reduction in power loss
in the supply cables.
{6}
!
194
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(c) Fig. 4.3 shows one ol the consumer circuits with three electrical appliances R, Sand T,
connecled into the circuil. :

-
\‘
>

a3

Y

46 A 23A

110V 24 Q| IR 48 Q1] (S T

Fig. 4.3
Using the current, vollage and resistance values shown on Fig. 4.3, calculate
{i) the current at point X and at point Y,
~currentat X = ccvenenncnnicreens eernrennne '
cUTent 81 Y = i |

(i) 1the resistance of appliance T,

FESISTANCE = eeveeeeveseeermeeesssssecenssnssone

(i) the combined resistance of appliances R and S,

TESISIANCE = i s snnisesasssnsens

(lv) the power developed in appliance R,

POWETE = i ctinsa e

(v} the energy converted by the appliance S in 2 minutes (120s).

energy converfed = ...
[10]

L) WiE

>
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5 Lengths of steel may be joined by welding them together, as iillustrated in Fig 5.1.

/_’( steel weld

11 R
\
steel

Fig. 5.1

A liquid radioactive source is 1o be used to test that the welds joining lengths of steel pipe
are of equat thickness.

The diameter of the pipes is 120mm and the pipé wall thickness is 5 mm.

The liquid runs through the pipes whilst a suitable detector moves around the outside of the
joints, : .

(a) With the aid of a labelled diagram, explain how this method detects places where the
welds are thinner than 5mm,

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

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

...................................................................................................................................... £3]
;
!
;
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{b) Inordér to find oul the most suitable type of isotope for this purpose, tests were carried
out on the ability of the radiations from an a-emitter, a B-emitler and a y-emitter to
penelrate steel,

)

(1)

Write down what you would expect to be the results of these tests.

(o =101 (- O TTPSOTU e rerva, tersnassernesreseessssaanrrtreanennsrsnrers

AL AL L L LE R S L R L L L R Y LY P R T T R PP T ] L L LR Y R S R T ]

.

-emitt

13 T I BT huyeusetontncionannroresssannsssssarusenssorassserssssnssssssnssserasisreassnstisssssstssrinsersseensasnsss

qreosanenne eersenssasaernea Eheearsesettearar hbbnraneearrast el et itieutretntranereshannnsernien cerrrens ceerresessuaiannes
.

Y-emitter ..ocererrearen

dsbensas sassneenas seesesans R T L R Y P Y e T Ty Y Y tesnsdaneEniTiTIRIbINAL,

State and explain which type 'of emitter would be most useful for testing these
welds.

LR L T R T Y Y PR TY T Y R T T Ty Ty T L e R Y P T Y Y P PP T Y T
--------- PR R LT L L T P T T T LT T T e T T P L T TP

L T T L R L E R R LY

[4]

L e T Y F Yy T Y P Y P PR T T T YT PR T LR LT P

(¢) Describe three precautions which should be taken to ensure the safety of the operator
who is making these tests.

2...

ccccc

------------------- R T L T P R N L L]
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A firework leaves the ground with an Inltial velocity of 45 m/s, travelling vertically upwards. It
reaches a maximum height of 100m.

At this point the firework fails to explode and falls back down the same vertical path to the
ground.

At any point on Iits path, the firework has both a velocity and a speed.

(a) Using the terms vector and scalar, explain the difference between velocity and speed.

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

-------

..... S PPt |

(b) Flg. 1.11s a graph which shows ths heléht of the firework above the grdund during the
first 5s of its journey.

120

height 100
above ground/m
80

60

40

20

0 1 2 3 4 time/s 5

Flg. 1.1

() Use the Information on the graph to

1. find the time taken for the firework to reach its maximum height above the
ground,

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

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

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

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

...............................................................................
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() The acceleration of free fall Is 10m/s2 and air resistance on the firework Is
negligible, :
- -
State
1. . the deceleration of the firework as it is rising,
deceleration =......iiinine s
2. the total time taken for the firework to rise 100m and then to fall back to the
ground. : ~
time taKON = .vverierrvrrnensesrierarissssans besriessbneetenasssasanes
() State the velocity with which the faliing firework hits the ground.
VEIOCHY =..ivieicmsiensinnianns s s sseaes st b rsrsesan
-8
200
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4 | R
In an experiment to find the specific latent heat of fusion of ice, an electric heater, of power
200W, is used.
The following readings are taken.

mass of ice at 0°C, before heating started, 0.54 kg
mass of ice at 0°C, after 300 s of heating, 0.36kg

(a) Calculate a value of the specific latent heat of fusion of ice.

specific latent heat of fusion of ICE = ...cccernvieeiicnneee [4]

(b) Exhlain, in molecular terms, how heat is transferred from the surface of a block of ice 1o
its centre. S .

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

.q,_“"h
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Fig. 3.1 shows a simple beam balance made from a plvot and a metre rule,

2 cmmarkings - 50 gg - Metrerule
T L L] _l'/
—.—-cotton
bag of 0.25kg
sand mass \ % 0.50kg
pivot mass
Egnch top
/7777777777777 77777777777 777777
Fig. 3.1
(a) Find
(i} the mass of the bag of sand, -
MIASS Furcveerrrirrnsssrssssserasrsnssssearsessssaerasss

(I} the weight of the bag of sand. (The acceleration of fresfall is 10 m/s2.)

WeIght =...civicecnriniisisicrncstrisssesnan. — [3}
(b) Explaln, in terms of moments of forces, why the beam balances.

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

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

............................................................................................................. STRRPPOURN (< )

(c)' The cotton holding the 0.50 kg mass snaps and the mass falls to the bench.
It strikes the bench at a speed of 1.2 m/s.

Calculate its kinetic energy just before it hits the bench.

e e

kinetic energy of the Mass = .....cuimemmomniniim. [3]

{d) Onimpact with the bench, the mass bounces up a small distance. Some transformation

of energy occurs during the impact. State the forms of the energy just before and just
after the impact. '

.
a2 30T £ L PP RPSOURpPT

BRI e, OO PO ST OPUPPUUUT PO SPIOOOTTRTRS 202
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Fig. 4.1 shows a sealed box containing only dry air. At a particular instant, one of the air
molecules in the box Is snuated at P and it is moving towards face ABCD along the direclion

shown by the arrow.
G

0

\

-

Flig. 4.1

(a) Describe and explain a possibla path of the molecule within the box.

YT . e st s s s R s e st aa s st s e b e s sasaaenassbsarasenesssnsasts | 2]
{b) Explain how this molecule
(I} helps to cause a pressure on the side ABCD,
(I} helps to cause an equal pressure on all the sides.

ettt set e nasrens e sbrnesenne v eensessenaseees R (2]

----- LR T TN PP PP YT YTy

58z

| 3]
(7S]
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(c) The box s squashed but no alr leaks out. By calculation, complete the table below.

" volume of box pressure temperature
jm3 /Pa S
before squashing 0.09 1.0x 10° 20
after squashing 0.04 20

2]

Fig. 5.1 shows how a right-angled prism may be used {0 change the direction of a ray of
light.

A
»D E
90° g c
B Y \\

Fig. 5.1

(a) Explain why the ray of light does not change dirsction at D and at F.

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

(b) State one property of the light which does change at D and at F., At each point say
whether it Increases or decreases.

L T T T T T Ty T Ty P T P PP P P T YL L TP SRy R P [2]

{c) AtE the light splits, with one ray along the surface of the prism and one ray along EF.
Draw the normal at E. Label the critical angle with the letter X and state its value.

critical angle = .....ceeeirerriernieninecsensisneenns (2]

{(d) The refractive index of this glass may be calculated using the formula
refractive index of glass = 1/sin c,

whete ¢ is the critical angle.
Use your value of the critical angle of this glass to calculate its refractive index.

refractive INdeX = ...ccovvec v {2]

0620y 6
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(a) A sound wave In air Is made up of compressions and rarefactions.
{) State what is meant by a compression.

................................................................................................... FegraspsnceussnnnssennsRRRRrany

{ll) State what is meant by a rarefaction,

------------------------------------------------------------------------------------------------------ L T T T Y TR Y P Y PP PET T

{(b) The distance between two consecutive rarefactions in a sound wave Is 25m. The
speed of sound In air is 330 m/s.

Calcutate the frequency of this sound wave.

fIEQUBNCY = ivcriiisesriissscrmnssssssssssrssrsasnenss veourvmsasiase [2]
(c) Aperson makes a loud sound and hears the echo of this sound 1.2 later.

Calculate how far 1he'person is from the object causing the echo. Assume that the
speed of sound is 330m/s.

GISIANCE =.iiirierirrissseosnsenssnnssnrsinessesssnessssssscesess reassens [2]
08253 500 205
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A student is given a battery, a switch, two insulated thick copper leads and a coil of
resistance wire. On Fig. 7.1 only the coil is drawn in.

coil of
rasistance
wire

cardboard B

tube

Fig. 7.1
(a) The student set up the apparatus to make a current flow through the coil.
Using standard symbols for components, complete a circuit diagram on Fig. 7.1. Also
on Fig. 7.1, draw the magnetic field lines in and around the coil, with arrows to indicate
the direction of the lines. [4]
(b) A charge of 16 C flows through the coll in 40s.

Calculate the current in the coil, -

CUITONE S.rvrcnviersniscnrinesssinsieninesssanosesisssssssssasssestssnes (2]

206
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(c) The potentiaid:ffe_arence écross the coil Is 1.2V.

(1) Calculate the energy released as heat in the coil in 40's.

BNBIGY = vvcverirereresiirieiereteresesnsessesesesrnsossassnssrnsssene

() Calculate the resistance of the coil.

rESISIANCA = ittt e, terereresarnerearseanes {4)

(d) The battery suppliss 24 J of energy to drive 16 C of charge around the circuit,
Define the e.m.f. of this baltery.

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

207
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- B8 Fig. 8.1 shows & transformer,

6

240V a.c,

t

12Va.c.

primary ~ secondary
coil coil

Fig. 8.1

(a) Explain why there Is an e.m.f. across the secondary coil even though there is no
electrical connection between the primary and secondary colls.

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

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

{b) When the transformer is in use, the current in the secondary circuit is 3.2A. The
transformer may be considersd 100% efficient.

Calculate the current in the primary coil.

currant = e breteeeets ettt esrannaesseses (3]

208
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(a) Fig. 9.1 shows a beam of electrons about to enter lhe raglon between two charged
metal plates.

Fig. 9.1
: On Fig. 9.1 continue the path of the e!eclron beam between the plates
() for plates with a very small charge {label this path P),

(1) for plates with the opposite charges to those shown on Fig. 9.1 (label this path R},
(3]

(b) Fig. 9.2 shows another arrangement, similar to the first, but in this case the electron
beam continues in a straight line because a magnet (which is not shown) has been
placed near the plates. -

Fig. 9.2

Explain where you would place the N-pole of the magnet In order to achieve this effect.
You may draw on the dlagram If you feel that it will make your answer clearer.

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

-------------------------------------------------------------------------------------------------------------------------------------------
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10 {(a) A radioactive source contains an isotope'of thorium.
Thorium (223 Th) decays by a-particle emission to radium {Ra)

Write an equahon to show this decay.

(2l

(b) The radium produced is also radioactive. Fig. 10.1 shows a laboratory experiment to
test for the presence of the radioactiva emissions from the thorium source, using a

radiation detector.
In the laboratory there is a background count of 20 counts/mlnula

] .
/ 5mm thick

aluminium
[ ] ‘,

/ P Q

radioactive e—a

source i —

-1

Flg. 10.1

The readings are given In the table.

position reading in counts/minute

P 2372

Q 361

State and explain

() which radiation could be causing the count at Q,

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

D T P R T T e P T P T T P PP PP T T Y

-----------------------------------------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------------------------------------
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{c) Allthree types of radicactive emission cause some ionisation of gases.

() Explain what is meant by the term ionisation of gases.

sssapyusssnran driinanan I T P PP PP PP PP T T rrstnernane Haareirnany Ly

() Suggest a reason why vy-radiatlon producés very little ionisation.

L L T T T L T R P P T I T T ae

e psasatearariEirsnnane Wbraaieereran L L T LN T T T P P PP R PP BEsaBadIIN e AR Ees It A b
............. Sasanreerber D P I L L L Ll LRy T P P T P

Iy
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Fig. 1.1 shows a 0.5 kg mass hanging freely on a length of sleel wire.

LLLLLS

——— length of steel
wire

ﬁ_ 0.5kg mass

Fig. 1.1

(a) On Fig. 1.1 use labelled arrows to indicate the direction and line of action of each of the
two farces acling on the 0.5 kg mass.

The acceleration of free {all is 10m/s2. Calculale the values of the two forces which you
have indicated.

firstforce = v, second force = vrverecvinivionnicnnnne. [4]

(b) Suggest what causes the two forces to act on the mass.

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

B R P L L L L L R R T R Y PR R
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(c)

3

The 0.8kg mass is increased by 'sleps.of 0.5kg up to 10kg. The corresponding
extensions of the steel wire are measured. When the muss on tha wire is 10kg, lhe wire

snaps. Fig. 1.2 shows part of the graph of exlension against load for the wire.

For
Examinét’s
Use

l" E—]-H f'{g' THT . 11T AERERER ‘___ ERNARANSR RN RN
THAT THHTHAETTET T T R
extension | 1L LY F RANERENN RN NS . e erbor
/mm U THHEECE L TR R
]'1'0
-ft:tli:fi‘]: A1 LA e LR
il ' |
|
5
- | T AR R _ .
T {Zfl'jffl HIH LAY T
| //
IR |
Ao TR 2.0 T T T it T e [1H 1 1o L ool FLEHT

mass/kg
Fig. 1.2
{i)y On Fig. 1.2, sketch a possible graph line between Y and Z.
(I} Determine the mass necded to produce an extension of 3mm.
MASS T rovivieeeeeeeereerereresnasneessnsessseenes

(i) Determine the extension of the wire just before it snaps.

EXLENSION = i renaes

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

sassssasssevans
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2 Fig. 2.1 shows a sludent's-design for a thermomeler. The student stated that the material
labelled M could be a copper rod, alcohol or nilrogen gas. :

free pivat

© M

—- fixed pivol

cylinder sten

scale

Fig. 2.1
(a) Explain what is meant by the lerm sensilivily of the thermometer.

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

{b) (i) | Slate which of the three suggesled materials would give a thermometer of greates!
sensilivily.

(i) Explain your answer,

(c) (i) State which of ihe three malerials would allow the thermometer to measure the
targest range of lemperature.

L R L L Rl L T T T e Ll L L L L LR T N L T R e T I L

(i) Explain your answer.

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

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

(d) The student found that the lemperature scale of this thermometer was non-finear.
Explain whal this means.

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

215
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5

Fig. 3.1 shows a person raising a concrete block from a river bed by using two pulleys.

\ // ¢ —pulley

Flg. 3.1

{a) As shown in Fig. 3.1, the top of the block is 6.0 m below lthe waler surface. The density
of water is 1000 kg/m? and the acceleration of free fall is 10 m/s2,

Calculate the water pressure acling on the top of the block.

PrESSUI = 1evorierrermrissnnriensssnerinsinsesnensss I3}
(0) The block is raised through the water. At one point, the waler pressure acting on the top

of the block is 4.5 x 10%Pa. The area of the top of the block is 0.015m?. Calculate the
downward force exerted by the waler on the top of the block.

fArce = s [2]

{c) When the block is clear of the waler, il is raised a furlher 4.0 m. The weight of the block
is 550 N. Calculate the work done on the hlock as it is raised the 4.0 m through the air.

WOTK =i e [2)
{d) Some ot the energy the person uses 1o raise the block is converted into heat energy.

Indicate on the Fig. 3.1, using an arrow and the leller H, two places where heal is
released. For each place, explain why heat is released there.

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

..........................................................................................................................................
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4 Fig. 4.1 shows walct waveiionts which are approaching o’ small'gap in a wall which divides

(=2}

two stretches of water of the saune depth. The diagram is drawn lo scale.

wavelronls

(a)

(b}

{c)

D

2/, |

//
//

gap in wall

Fig. 4.1

The waves moving fowards the wall have a wavelength of 1.6 m and .a frequency of
0.80Hz.

Calculate the speed of these water waves.

speed of Waves = ..., i2]

State the wavelength and frequency of the waves alter they have passed through the
gap in the wall.

wavelenglh = ...
frequency =......cooeeveiniecnenne e 2]
On Fig. 4.1, cofnblele the patlern of wavefronts lo the right of the wall. 3]

For
Examiner's
Use
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(a) A student dete;msnes the specmc heat capacily of water. It is found that 15. Skd of
energy supplied raise the temperature of 0.45kg of water by 8.2°C.

Calculate the specific heat capacity of water,

specilic heat capacity Of WalCr = v (4]

{(b) A cylinder, which is closed by a gas-light moveable piston, contains 0.0060 m® of gas.

The gas has its pressure raised from 2.0 x 10°Pa o 3.5 x 10°Pa, without any change in |

temperature.

(i) Describe now this could be achieved.

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

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

(i) Calculate the volume when the pressure is 3.5 x 10°Pa.

VO S eiiii e eiveevrreeeec v earessa e e e s eanaenan

[4]
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- Examiner’s
6 Fig. 6.1 shows an object placed 2.0cm from a thin Iéns, which is lo be used as a magnifying ue

glass. - '

The focal length of the lens is 3.0 cm. The diagram is drawn to full scale.

T ”] HIH TR T
T e 10 : } T TEREE A
[ ’ il
Il
L--\L I ,
| H
T : | EHL
AL l ! n A T ) HE‘
ang |- object SRR
FEELL I ] . ! ;
NRRNMNER R | e FHE ]
T i
Hi |
AR ) I
ARNARARRARGS A : ' N ¥ FLE
| | T
L T HH R
A ] T FH R
FEAE L T TR R e
SEEF R R T R PR
PR R R } Ty 1t T TEEE R
T | | 1] | T
Fig. G.1
(a) On Fig. 6.1, draw any twa rays from the tip of the object which enable you to locale the
tip of the image. Draw in the image and label it I, (3]
{b) On Fig. 6.1, draw in an eye position which would enable image I o be seen. (1]

{¢) By taking measuremenis from Fig. 6.1, work oul how many tirnes bigger lhe image is
than the objecl.

The image is ..ccovveenneen. times bigger than the object. [2]
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) For
g Exanuner’s
Fig. 7.1 shows how a student set up a circuil using.ihree identical lamps. Assume that the | - v
resistance of each lamp does not change with the brightness of the lamp.
'Each lamp is labelled 12V, 2.0A,
<12V -
P R
- %
®-°
Fig. 7.1

{(a) Calculate the resistance of one of the lamps.

FESISIANCE =ittt 2]
(b} Calculate the combined resislance of the three lamps as connected in Fig. 7.1.

combined resistance = ...coeveveevvvivennne [2]
(c) Calculate the current which would be shown on the ammeter in Fig. 71,

CUITENT = oitiriireiiiense e ssreersesniasineenins | 2)
(d) Explain why lamp R is less bright than normal and why tamps P and Q are both equally

very dim. :
...................................................................................................................................... 3]
220
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{(e) Inthe space bcTow draw a circuit daagram which shows P'Q ‘4nd A connected so that
Ihey will all work al norial brightness.

[

Fig. B.1-shows a simple eleclrical generator. By turning the handle, the single coil may be
spun between the poles ol Ihe magnel.

221
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(a) The handle is turned so that the coil makes two complete revolutions per second. The vse

maximum cutput is 7 V. On Fig. 8.2, sketch this dutput over a period of 1s.

B
E
i

Yo

{
3
!

i
|
|
I

I"ll
e ——

{3]
Fig. 8.2

(b} Explain

(Y how an e.m.f. is induced,

(i} why the e.m.1. varies in magnitude and direction.

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

...................................................................................................................................
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| 97' B Fig. 9‘.1 shows an uncl:mrged melal piate held in a woomdeln. clamp and stand.

[

.

metal plate
wooden clamp

and stand i% J

Fig. 9.1

(a) A polythenerod is charged negatively by rubbing it with a duster.
Suggesl, in terms of the movement of eleclrons,
{i) how the polythene becomes negatively chargbd,

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

plate.

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

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

(b) A strong a-particle emitling source is brought close to, but not touching, the posilively
charged metal plate. '

Explain why the plate rapidly ioses its charge.

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

------------------------------------------------------------------------------------------------------------------------------------------
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10 (a) A nuciide, symbo! AX, decays by ﬂ parlicle emission 1o a nuclide, symbol Y
' Al paruc{e has thc symbol Se.

Wrile an cquation for s decay.

(2}

(b) Fig.10.1 shows how a fi-parlicle source may be used to measure the thickness of paper

as it is being produced.

B rollers

{3- particle
:/ source
papér
wound
gk on roll
detector
Fig. 10.1

(y Explain why the reading of the deteclor changes with lhe thickness of the paper.

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

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

() Write down lwo reasons why f-parlicles are more useful than y-rays for this

purpase,

(=22 E-T0 o B O U DU O SRS
...................................................................................................................................
...................................................................................................................................

2
reason 2 \ ...................................................
...................................................................................................................................
N

............................................................................... beereereensesnrensiesesinsnsesrssereersseranrses 8]
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(¢c) Fig.10.2 shows a beam of fi-parlicles entering a magnelic field, the direction of which is ve
into the paper. o : -
X X X X X
beam of magnetié
fi-particles XXX X >(/ field into
X X X X X paper
—
X X X X X
X X X X X
X X 7 X X X
Fig. 10.2
On Fig. 10.2 continue the palh of the beamn of yi-particies as they pass through the magnetic
field. [2]
225
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2

7771 Fig. 1.1 shows the speed of a small, very dense object which is falling vertically from an
aeroplane, up to the point at which it hits tha-ground. The air resistance on the object is
negligibly small for the first 5s of its fall. The object Is fitted with a parachute which springs

open after a certain time of fall,

150

100
vertical spaed
m/s

- 50

(W E & :
0 5 10 15 20- 25 30 35 40 45 50
' time/s '

Flg. 1.1

(a) State the type of motion

() between 0 and5s,

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

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

--------------------------------------------------------------------------------------------------------------------------------------
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3

{c) On Figs t.2and 1.3, indicate by labelled arrows the vertical forces acting on the falling
object : ‘ :

(I) atter 3soffall,
o faliing object

Fig. 1.2

() after 45soffall.

falling object

Flg. 1.3 (3)
{d) State whether or not there Is a resultant vertical force acting on the faliing object

(Iy after 3 s of fall,

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

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

(1]

{e) Calculate the distance fallen In the first 5 8 of fall.

distance fallen = ........ccccrerenecimncoseisnens [2]
CO2VIMIRN _ ' 228



2  Fig. 21 shows a hﬁoizinb car on a level road.

uniform speed of

20rvs In the ' '
direction shown /7

mass 800kg
Fig. 2.1
(a) Calculate the momentum of the car.
momentum of car= ..........., eererereeneeeentsats 2]

(b) Thé brakes of the car are applied for 4 s, which reduces the speed of the car o 5 m/s.

{i) Calculate the average force of the brakes.

average fore = ..rnironmneeiceniiines

(ll) Calculate the average deceleration of the car.

L)

average decelBration = ...

229
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3 Describe an experiment to find the average den:‘sity of a small rock sampie of approximately 7
100 g mass. - : ' .

i

(a) In the space beiow draw a labelled diagram of the apparatus.

{2}
{(b) List all the measurements which must be taken,
(2]
(c) Explain how to work out the average density from the measuraments taksn,
.............. Heeeuseertoetr bt e b serred e s e bengRe s seera s e b red S he e e s e r et st n e st et anabansanariuse b saestasebss il O]
230
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4

Flg 4.1 shows a very magnlf‘ed view of tiny dust partrcles suspended In still air, as seen

under a microscope.

air-tight container

Flg. 4.1

(8) In the space below, draw a diagram to show how the particle labelled P would move
when it Is observed for a short time, .

[1]

(b) With reference to dust particles and air molecules, explain the movement which you

have drawn.

.................................................................................. T T L L L T Ty P P TT T T

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

L T T R T Y bR AR R dr Rt bbb R d RS a o L T T F P P P Y T PY A LEEEE R} [2]

(c) Describe and explain how the rﬁovemenl would change [t the temperature of the air in
the container Increased.

N R R RN RO R AR e TR D PR RO A R E TR F T NCR P RO RPN PRl T AR NI Y

L Ry T P Y YT L]

Lt h PR il
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’ e

Fig. 5.1 shows apparatprs,wﬁich may be used 1o find the specific heat capacity of a tiquid.

elactric 1 '
immersion —— L thermometer
heater 7 .
| ] lass beaker

iquid—__ —"8

Filg.5.1
The readings taken arg;
powsr of the heater, ' ‘ 50w
time heater is switched on, 600s
initial temperature of the liquid, : 20°C
final temperature of the liquid, 65°C
mass of the liguid heated, 2009

{a) Use the data 10 calcufate the specific heat capacity of the liquid.

speclfic heat capacily = ....c..ccocvrvvvervrirenne

{(b) () Explain why the value obtained from this data will be higher than the actual value.

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

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

(1) Describe one addition to the apparatus which would make the calculated

experimantal valua nearer to the actual value.

D T T R S T P R ey R TR T

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

DD SSVNL SN
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6 Fig. 6.1 shows some apparatus [n use In an experiment to find tﬁe critical angle for blue light.

Incident ray
of blue light

emergen

Flg. 6.1

The ray hits the prism at point P, then crosses the prism to point Q. Part of the ray emerges
along the surface QR as shown. )

(a) (I) By using measurements taken from the diagram, find the critical angle of the glass
for blue light.

critfcal angle = cvvecircrirrerre e

(if) Use your value to explain how total Internal reflaction of blue light could be made to
occur at point Q. L

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

T T TN T T LT L LT P P P P T T PR T Y P TP PP TP PP PP PP T PR PP

{4]
(b) Using measured angles on the diagram, calculata the refractive index of the glass for
blue light.
rofractive INGBX = ...ccccvvervrevrrinenrnnersrasssines [4}
233
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7 Fig. 7.1 shows an unlabelled diagram which a teacher draws to represent a sound wave In
: air. ' ’ - S
”H; 1 H”}IH AT
T T T
P Q
Flg. 7.1
(a) What label should be put on the line with the arrow?
...................................................................................................................................... (1)
{b) (I) Whatdoss the uneven spacing of the lines show?
(il Whatis being shown at P?
(i) What Is being shown at Q?
(2]
(c) Describe the motion of an alr particle at R.
...................................................................................................................................... [2]
{(d) From Fig. 7.1, measure the wavelength of the sound wave.
P wavelongth = .o {1}
234
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8 {a) Fig. 8.1 shows a coil of-t.hln wire and a lamp connected to a 4 V supply.

4V

r —0 " O -

Fig. 8.1
The lamp Is marked 1.5 V, 0.6 W. The lamp lights at normal brightness.

Calculate

() the currentin the iémp,

CCUITBIL £ e
(ll) the resistance of the lamp,
resistance = ......cccecivecreneens arerereassens
(I} the charge flowing through the lamp In 20.
Charge = ......cccumminereresenns _
)
235
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(b) The resistance of the coil of wire shown InFig.8.1ls6.2N and its !enqth s 1.0m.
Using.only 1.0m lengths from the same reel of wire and without cutting any of them,
state how you would produce a reglstance of

{n 31q,

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

P T L L L LT T T Py P P Py T T T Y T TYY TP P P P P

Complste the circuils in Fig. 8.2 and in Fig. 8.3 to show how the lengths of wire are

connected in each case. ) {3)
[ : <}4 Vc r 44 V‘>
 reslstance resigtance
3.10 : 1240
R S
Fig. 8.2 Flg.8.3

{c) In a similar circult {o that shown In Fig. 8.1, the reslstance of the coll Is 5.0¢1 and the
current through it Is 0.6 A.
Calculate the heat energy produced inthecollin20 s.

BNBIPY = covrerrrvrerenvrrncrmseasnessareenes {3)
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9 - Fig. 9.1 shows a transformer.

r

240V a.c.

f

“12Vac.

Fig. 9.1

(a) Explain

(i) why a secondary output is obtalned even though there Is no electrical connection

between the primary and secondary coils,

...................................................................................................................................
D T R T N R R N R L L L Ly e N N P PR L R R TR

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

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

(1) why there would be no output voltage If the primary coil were connected to a 240 V
d.c. supply. '

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

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

(b) The transformer is assumed to be 100% efficlent.
() There are 100 turns on the secondary coll. How many turns are there on the
primary coil?
tUrNS ON the PHIMATY = cuuceveeirrseernrerereresrsarerenns
(1) The output current is 4.0 A, Calculate the input current.

Input current = ...

(4]
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10 (a) Complete the following table for d-par_ticleé. The first answer has been given.

e 13

properfy/nature

complets this column

symbol

% He (hint;

mass
number

~ charge

(hint:

ionisation of gases

(hint:

electric field

defiection in a ¢hint:
magnetic field
deflaction in an {hint:

06257 W I

For

itis a helium nucleus)

write down the number of
proton charges)

choose from: strong, weak
or almost none)

choose from: towards N,
towards S or at right angles
to the magnetic fleld fines)

choose from: towards +ve,
towards -ve or no deflection)

(5]
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(b) Fig.10.1 shows the paths ot a-parﬂcl'es scattered by the nuclel of metal atoms in thin foits.

O

@& \ key:
- e oa-particle
O O nuclei of metal atoms

Fig.-10.1

Eiplaln what can be deduced from the paths shown in Fig. 10.1 about

(I) the mass of the nucleus of a metal atom compared to the mass of an a-particle,

......................... P T P L L L T T R T N T T T T P S T T TP PPN
llllll L R L Y R Y Y Y Y L Y R R Y Y Y R R AR Ly R L R L N NN L R NN
.............. B R Y T T Ty T L T

(ll) the charge on the nucleus of a metal atom,

L P P R PN Y Y] LTI TRy ELY LYY L T L R L L L P R e L R R .
---------- P Ry R R P Py N TN N LR N Y YA LY
sasssnensasneranca T T T LY PPTR PR Y Y T P “Essnseistanans I T YT YT IS SR TR TR LI I T

FrenensnaavesaarRRaPARaRLEY

(Hl) the volume occupled by a metal atom compared to its nucleus.

dusensrers TP P T RYFTTY Iy Snesstsrrnena sarere XYY TTTYY I SRR EINRIT IS Pss NI NP tidsssenantrdddsessncrnree Y L L P P TR T Y R Y)
PP T T N T L T L T L R e R R L PR L LR LR ) sassurrvaps
T L T PR LY PPN PR T A Y ) R BT R AR R NN R R PR RV A e bSO NI PR R AN SO T PR IN RN I NI T PR a AR esn
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1 Fig. 1.1 shows the motion of a train over a seciion of track which includes a shérp bend.

T T
05 ! ,; l;i! ppo ! AEREARBARRA BN R
TTRHER RN
20 M T T NP DS Dy Bt SR
il LLIES L,

A X RN ETEI FEEEE ERRRY (RS
o B
ST }1 EEEE ETE FEETY BETRY by
o il jiii
0 10 - 20 30
time/s
Fig. 1.1

(a} The section of the track with the sharp bend has-a maximum speed restriction. The train
decelerates approaching the bend so thal at the start of the bend it has just reached the
maximum speed allowed. The train is driven around the bend at the maximum speed
allowed and accelerates immediately on leaving the bend.

{i) What is the maximum speed allowed round the bend in the track?
maximum speed = .

{ii) How long does the train take to travel the bend of the track?

Hme taKeN = voviveievevereeee e e aeees
(iii) Calculate the length of the bend.
length of bend = ..o
{3]
(b) The train has to slow down to go round the bend. Calculate the deceleration.
deceleration = .....ccvecinenicicrniniennes i2]

241
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- 3

(¢) As the trainis driven round the bend, there is an extra force acting, called the centripetal
force. ' ' ’

(i On Fig. 1.2, draw an arrow to show the direction of this force.

train

curved
“track

direction
of motion
Fig. 1.2
(i) State the effect that this force has on the motion. !
(iii) State how this force is provided.
; )
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2 Fig. 2.1 shows a car with a dummy driver before and afler a coilision test.

just before impac! ' " just after impact

- ' ( V=0m/s
(CCD\ V=4a5mis - ‘ )

- — 7

A

™ 7

O) &) C) O)

Fig. 2.1

The mass of the dummy driver is 90kg. The impact time to reduce the dummy’s speed irom
45mfs lo zerois 1.2s. :

(a) Calculate

(i} the momentum of the dummy just before impact, ;

MOMENIUM = o oriiseietnn e reeeessieeraenans

(ii) the average force on the dummy during impact.

fOrce = i
{4
{b) State the main energy transformation during the collision.
...................................................................................................................................... 1}
(c) Calculate how much of the dummy’s energy is translormed during the collision.
‘- \ ENErgY = wouvers Crertrarsrerrsernmnnsirenens 3]

243
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B S S e e g e n 5
"3 Abody is in equilibrium and is acted upon by two vertical downward forces in such a way -

that there is no net moment about a pivol. A student is asked to show this experimentally.
The student-is provided with a suitable pivol, a metre rule with a hole drilled in the centre,

two sels of masses and strong cotton.

(a) Inthe space beiow',. draw a labelled diagram cof the apparatus se! up ready for use.

(2]

- (b) Describe how two sets of readings are taken, ekp]ai_ning how equilibrium is achieved in
each case.

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

(c) Write down, in table form, two possible sets of values and use them to show that there

is no net moment. : {3}

244
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4 -Fig.,4.1 shows the path that one molecule, M, in a gas might take.

[———-- ﬁ_....__...._._._____ e —_—

start of
movement
e
etk
B
,/

™ posilion after
a short time
interval

Fig. 4.1

(a) Explain why, in Fig. 4.1, the path of M has sudden, sharp changes of direction.

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

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

R e LR L LR L R I I O R T L RN L I S I e N L L L s T

(b} Atthe end of the short time interval, M is a short distance from its starting point. Use this
observation to explain why a gas spreads slowly through air.

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

082V WOMNOL
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(b)

(c)

1582

A student concludes that the results of his ekpé:rirh'énté show that it requires more

By reference to this thermometer, explain what is meant by

(iii) finear scale.

7' . —

energy to convert 1 g of water into steam at 100 °C than it does to raise the temperature

of 1 g of water from 0°C to 100°C.
Use the student's data to confirm that this conclusion is correct and calculate the

difference between the two amounts of energy.

experiment 1 experiment 2
mass of water used 250¢g _ mass of water evaporated at 100°C 15g
heat energy supplied 10500 J heat energy supplied 33900 J

rise in temperature 10°C

enérgy diffErenNCe = .vovvveveeeeiii e (5]

Explain, in molecular terms, why considerable heat energy is needed to convert 1g of
water into 1g of steanr at 100 °C, without any change in temperature taking place.

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

The mercury-in-glass thermometer used in experiment 1 above is said to have

f
l
l
t
— moderate sensitivity, ;
- a good range, ’
—a linear scale. ;

(i) sensitivity,

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

L ereeeieeeeresesesa e \ ....................................
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6 (a) Flgs 6.1 and 6.2 show what happens to wavb$ at two different types of boundary.

Y

i 1]

Fig. 6.1 ; Fig. 6.2

Complete the table below.

- Fig. 6.1 Fig. 6.2

name of the elfegt shown

wavelength change, if any i

frequency change, if any l

1562
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bigger the image is than the object.

number of times bigger

L

\
T r_i;_
Fig. 6.3

Draw an eye on Fig. 6.3 to show a suitable place 1o view the image.

(i) By drawing rays from the tip of the objéct, locata the position of the image.

(b) Fig. 6.3 is drawn to full scale. The.distance CF is the foal length of the lens.
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(a) Fig. 7.1 shows a current-carrying solenoid and the position of a plotting compass.

cardboard \

direction of current
in the sclenoid
indicated by
arrows

compass
originally
placed at A

Fig. 7.1

The plotting compass is used to follow magnetic field lines.

On Fig. 7.1 draw in one magnetic field line which links A and B, both through the inside
of the solenoid and round the outside of the solenoid.

Mark the direction of each part of the field line with an arrow. [3]
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S T R T LT R AT T —— B - . 3 . e e e . W’
(b) Fig. 7.2 shows the resuit of a similar experiment with a current-carrying, straight wire. e

direction of

current vertically

upwards through

the cardboard h

D B
horizontal
cardboard
Fig.7.2
(i} On Fig. 7.2, draw another magnetic field line starting at C. Mark its direction with an
arrow. _ ' [
(ii} _Expfain why the line from C could never pass through B.
(iii) What would be the effect on the strength and on the direction of the magnetic
field of
1. reversing the current without changing its value,
Srength.....occe e AireCtion.....ocev e eeeveencnn. SO
2. increasing the value of the current without changing its direction?
SUENGth. e direction. .o e
(S}
[Turn over
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Fig. 8.1 shows how two security lamps are connected to a mains supply. ra
240V
O ac O
Zz X 8!\
: ®"
Fig. 8.1
Lamp A is labelled 240V, 600 W and lamp B is labelled 240V, 300 W.
(a) Calculate the currents at points X, Y and Z in Fig. 8.1.
current at X = oo
currentat Y = oo,
curment @l Z = ..coviiiiiivii v e rnaeanees 2}

(b) The resistance of famp A is 96Q and the resistance of lamp B 192 Q. Using these

values, or by an alternative method, calculate the total circuit resistance. (Ignore the
resistance of the circuit wiring.)
FESISIANCE = tuierreeerecerereaeeenreeanenienens [3]
{c) Fig. 8.2 shows the same lamps connected diferently.
240V
©ac ©
P 1 A
B
96 Q® 192 Q®
Fig. 8.2
(i} Calculate the current at P,
current at P = ..ot
(ii} Calculate the potentiatl differance across A and across B.
potentia! difference across A = ....cccvvvcciiivninnnicinnnnnns
potential difference across B = ....ccovvvvvccvriinvnenrnnnnnnns
(3)
082%YONDY 251
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(d} (i) Wlth reference to values already worked out, explam why ‘the lamps should be Use
: connected asin Fig. 8.1 and not as in Fig. 8.2.
(ii) The two lamps are to be switched on and off independently. State and explain
which circuit is better for this purpose when suitably piaced switches are included.
(4 |
022530MY) _ [Turn over
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9 Fig. 9.1 shows a cireuit and a cathode-ray oscilloscope {c.r.a.).

d.c. supply
0 O
*——@—C:j-——‘ g
- .
o1 O@el
Fig. 9.1
(a) Complete the cdnnection_s to show how you would use the c.ro. o measure the
potential difference across the lamp. (1]
{b) Fig. 9.2 shows the screen of the c.r.o. when measuring this potential difference. )
N trace when
p.d. connected
\ trace before p.d. connected
N 7
' Fig. 9.2

When calibrated, each vertical division corresponds (o a potential difference of 0.4V

What is the polential difference across the lamp?
potential difference = ... 2}

{c) Suggest one advantage of using this method of measuring potential diflerence rather
than using a standard voltmeter.
............................................................................................................ everarreacserereerenesens[ 1] "\
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'10. (a) Radioactive sodium has a nuclide represented by the symbol 2} Na.
Complete the equation below to show how this nuclide décays with the emission of
a B-particle. _ Cm '
WNa— Mg + e (2]
(b) Fig. 10.1 shows a narrow beam of B-particles entering an electric field created by two
charged plates.
T +
narrow beam P
of B-particles
- Fig 10.1
(i) Complete the path of the B-particles, étarting from the point P,
(ii) Explain any change of direction which you have shown.
(3]
#
0825/YON0! [Turn over
1562 '
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(c) () Inthe space below, draw a labelled diagrarri ol an arrangement, using a radioactive
source which emits f-particles, for finding the variation in thickness of a sheet of

paper.

(if) State the readings which need to be taken and how they would be used to decide
whether or not the thickness of the paper varies.

R T R T B T R LN L R L LR T T N T T e Y T R i
...................................................................................................................................
...................................................................................................................................

...................................................................................................................................
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A group of students attempts to find out how much power each student can genarate. The

TSI NI, T T - ’ . 2 R e N ]

students work in pairs in order to find the time taken for each student to run up a flight of
stairs. ' .
The stairs used are shown in Fig. 1.1.

finishing point

starting point

-
-

Fig. 1.1

(a) Make a list of all the readings that would be needed. Where possible, indicate how the
accuracy of the readings could be improved.

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

B L e L T Ry e T e T L T L Lt T TR LT ]

............................................................................ srerstnesesaisraresarsssrssasasenssrnansarsrarsnasrass (4}

{b) Using words, not symbols, write down all equations that would be needed to work out
the power of a student. '

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

P T T R T L R L L ey Y R T e YR LR R L I T L

(¢) (i) When the student has reached the finishing point and is standing at the top of the
stairs, what form of energy has increased to its maximum?

------------------------------------------------------------------------------------------------------ LR R T R L XA it

(if) Suggest why the total power of the student is greater than the power calculated by

this method.

-------------------------------------------------------------------------------------------------- TR IR NNEARAN PRI VAP P RO TSP R PO
N

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll AR NN PR RN YA RN LI AL N A PRI TN LR IR YY)
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2 A small rubber ball falls vertically, hits the ground and rebounds vertlcally upwards.
Fig. 2.1 is the speed-time graph for the ball, .

10-HHE B:
speed g I -
m/s
; 6
4 :::::'4’?::?:::_-‘_ : PN
1 i
27 .
. 01 G E
0 0.5 1.0 1.5 2.0
time/s
Fig. 2.1

(a) Using information from the graph, describe the following parts of the motion of the ball.
. (iy partAB

B e T P TR T PR T Y P Py e e PrEeTREsIRRREALY

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

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

{b) Explain what is happening lo the ball along the part of the graph from B through C to D.

........................................................................................... reetesateesnarentasianensasasnrsssssesen [ )
(c} Whilst the ball is in contact with the ground, what is the
(i) ove;ra!l change in speed, \
change in speed = ......crueee. srssrssssntressssssnrannan
(it} overall change in velocity? ‘_
change in velocity = .vuccvcreennen. veenses 258

[2]
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(d} Use your answer to (c) to explain the difference between speed and velocity. Loe
..................................................................................................................................... ;2]
{e) Use the graph to calculaie the distance travelied by the ball between D and k.
distance travelled = ..oieiieeriimserrecerssessrins 2]
{f) Use the graph to calculate the deceleration of the ball between D and E.
decelaration = ....c.eeeccmncesinnn 2]
259
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3 Fig. 3.1 is an attempt to show the molecules in water and the water vapour molecules over
the water surface. :

0\\
water vapour

d o molecules
° o

(a)

(b)

()

\ water molecules

Fig. 3.1

Explain, in terms of the energies of the molacules, why only a few water molecules have
escaped from the water surface.

L L Ly Ly e T T T P T Y L]

D T L L T ey T Y T Y P TP P T YRR T I TE YT YL Y

N eeereeesseeeseasseesmes et sesiene rereetonseessseaneesessenessensessssesssnenpsoessasssusoasemmsseeassensoesssnsosienss [ 2]

State two ways of increasing the number of water molecules escaping from the surface.

1 B T R N Ny T S L LT T T LYY TeassrRaen sense

2 B T P P N T Y T Ly e Ly e PR e T PR I LY [2]

Energy is required to evaporate water.

Explain, in molecular terms, why this energy is needed.

mapsesaysrsarraganes t9vessensanse Avesspsssyenaa sssarenagans svaseenes L L I L I T T Py T Y T Yy PP P R TR LY ]
2esyscepancansnn 4vessarssgeasanesisTnnTan PYTTPPT T tesssinnnrens P TR T T T P L LT R P P TP T R Y R R Y P P P L PP TR TP Y T T YT L)

R L e L L L RS L L L LI LIl L [2]

Uss
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(a) Fig. 4.1 shows a cylinder containing air at a pressure of 1.0 x 105 Pa. The length of the
air column in the cylinder is 80 mm.

80 mm i
. air—1"_ ¢
\pislon '
cylinder /
Fig. 4.1

The piston is pushed in until the pressure in the cylinder rises to 3.8 x 10% Pa. ~

Calcutate the new length of the air column in the cylinder, assuming that the
temperature of the air has not changed.

Naw 1ength = ...ccvveiriencerieenssesscenes v [3]

(b) Fig. 4.2 shows the same cylinder containing air.

air—

e v 7 g A

Fig. 4.2
The volume of the air in the cylinder changes as the temperature of the air changes.

(i} The apparatus is to be used as a thermometer. Describe how two fixed points, 0 °C
and 100 °C, and a temperalure scale could be marked on the apparatus.

{ii) Describe how this apparatus could be used to indicate the temperature of a large
- beaker of water.

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

R e L L Y T P T R L P LT Yy

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

...................................................................................................................................
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Fig. 5.1 shows an arrangement where a plane mirror is used in a shop to watch a display Uso
counter. The arrangement is drawn to a scale of 1 cm : 1 m.
- plane mirror _
. D =
[77)
2
- ,
7
7 /waii
7/ .
2 display counter
Z
Fig. 5.1
(a) (i) State the law of reflection.
(ii) On Fig. 5.1, draw rays to ;how how much of the.display cannot be.seen from P.
Indicate this by shading in the part that cannot be seen.
3]
(b) By construction on Fig. 5.1 and by using the scale, calculate how far the mirror must be
moved so that all of the display counter can be seen from P.
. _ distance moved = ....ccceriernen S 12)
(c) State the characteristics of an image seen in a plane mirror.
............................................................................................. sevessasssassssssntsaasssosasisnanssrssner | &)
) 262
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(b) The interval between the lightning flash being seen and the thunder being heard is

8 —_—

Observations ot a distant thunderstorm are made. Use

{a) During a lightning ftash, the average wavelength of the light emitted is 5 x 107 m, This
light travels at 3 x 108 m/s.

Calculate the average frequency of this light.

-

froqUeNnCY = e [2)

3.6 s. The speed of sound in air is 340 m/s.

(iy Calculate the distance between the thunderstorm and the observer.

ISTANGE = .oveereerrcerversaessesnesseressarassassasss

{(ii) Explain why the speed of light is not taken into account in this calculation.

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

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

----------

{c) A single ray of white light from the lightning is incident on a prism as.shown InFig. 6.1.

prism

screen
ray of

light

Fig. 6.1

Complete the path of the ray to show how a spectrum is formed on the screen. Label the
colours. ' ' [2}

263
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7 (a) Two non-conducting spheres, made ol different materials, are initially uncharged. They

are rubbed together. This causes one ot the spheres to become positively charged and
ong negatively charged,

Describe, in terms of electron movement, why the spheres become charged.

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

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

.................................................................................................................. ereresssesersenne [2]

{b} Once charged, the two spheres are separated, as shown in Fig. 7.1.

Fig. 7.1

On Fig. 7.1, draw the electric field between the two spheres. Indicate by arrows the
direction of the electric field lines. [2]

(c) A conducting wire attached to a negatively charged metal:object isconnected to earth.

This allows 2.0 x 10° electrons, each carrying a charge of 1.6 x 10719 C, to flow to
earthin 1.0x 109 s,

Calculate

(i) the total charge that flows,

ChAarge wcccceermmniessssssssassasnasnens .
’ {ii) the average currentin the wire.
CUITONt ...veerairnersas ceesrarsrsassransssse

0625AMIV02 [Turn over
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Fig. 8.1 shows a transtormer and a rectifier used in a battery charging circuit for a 12 V

battery.
) ] N _ Ti
o — Dt Q
240V a.c. = T
—— $ L —02 $=
primary j}\ secondary

Fig. 8.1
(a) The transformer produces an output of 15 V across the secondary coil.

Calculate a suitable turns ratio for tho transformer.

turns ratio = ..ccveeecseeersane. cosnnersans [2]

(b) Fig. 8.2 shows the 15 V output across the secondary coil,

potential &
difference

Fig. 8.2

* On the same axes, skeich the graph of the potential difference across thé terminals Ty

time

and T, before the battery is connected. 21
(c) Explain how the circuit converts an a.c. supply into a d.c. output.
eveeeetatesstesetetesseseeeteessaeeatatenseearetetaanteasansaesbaaseatasaeseaset st st e sen et et sr s s tasennatanns S [2]
(d) On Fig. 8.1, draw in a baltery connected so that it may be charged. n
265

052502



9

(e) When fully charged, the 12V battery can supply a current of 2.0 A for 30 hours (1.08 x Loe

10° ).

Calculate

11

(i) the battery power when supplying a current of 2.0 A,

o

POWET = ..uvevrennenvassnenens beeeneensnnsenee

(i) the total energy that the baltery will supply during the 30 hours.

Fig. 9.1 shows three resistors connected across a low voitage d.c. supply, and a c.r.0.

A d.c. E
—0O supply

Fig. 9.1

ENOIGY = ererererresnesrsrsnse

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

For

(4]

Oy
oY input

{(a) Explain how you would use a 1 V d.c. supply to calibrate the c.r.0.

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

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

(b) On Fig. 9.1, draw in the connections betwsen the c.r.o. and the circuit so that the

potential difference between points C and D may be measured,

{c} The potential differences between A and F, B and C, C and D, and D and E are

measured. :

State the relationship between them,

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

0825/ W02
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10 Some liquid from an atomic power station is known to be radioactive. A sample of this liquid
is tested in a laboratory.

{(a) In the space below, draw a labelled diagram of the test apparatus used to verify that
a-particies are emitted from the liquid. , [2]

(b) Explain how the apparatus may be used to estimate the ‘quantity of a-radiation being
emitted from the sample.

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

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

.................................................................. ceormsemsesasssssssasersssssrassssirssessssssraseesssssssssnases [2]
(c) State any two safety precautions that the technician might take whilst making the test.

TPFECAULION T .oeeeeireeeeierecircter e rectereesseeseesssantressessaserarannninanennssnsssbrusesre esresssbonsmnaneasesstans

D P L T T P S T Y PP YL T Y
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2

1 Fig. 1.1 shows a smooth metal block about to slide down BD, along DE and up EF.
BD and DE are friction-free surfaces, but EF is rough. The block stops at F.

Fig. 1.1

(a) On Fig. 1.2, sketch the speed-time graph for the journey fromBto F
Labet D, E and F on your graph.

speed $

B -
T ) time
Fig. 1.2

b) The mass of the block is 0.2 kg. The vertical height of B above Ais 0.6 m.
The acceleration due to gravity is 10 m/s2,

. {f) Calculate the work done in lifting the block from A to B.

WOIK dOne = .uviecesiierisssnnnens

(li) At C, the block is moving at a speed of 2.5 m/s. Calculate its kinetic energy at C.

Kinetic energy = «..cccvvcerrererreceeansns

3]

For
Examings' s

nase
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(d)

3

As it passes D, the speed of thé block remains almost constant but the velocity
changes, Using the terms vector and scalar, explain this statement.

[P drssssnsavasssertsteinnnans WemabbteteREE AT sd it ransrnenansrantan P,
ety e AT A Y kY b e e SR En TR RS RN EESS N dibs ey e e s e RN ASE Lttt teiinribinbenititninsonne reassesnen
3 2
P et et S Rt bbb biarsaniekbbrsasseenns
¥ -

F is the point where the kinetic energy of the block is zero. In terms of energy changes,
explain why F is lower than B.

T bbb A bR bR bR e st e bbb s sae e
eematesteeesesr e RS RR SRR RA S bt e ARt bmms et se e ceerer st re st eenen
ceveeeesesmes s sa s e s rraee emeeesesmsesemassens
cereetesr AR AR AR SRR e sn s bn e s RR s sn s srnessssssesenessisnsssnsssamasssssmsssesasssssnsssnasssceaoe| 3]

For
E xaminer’'
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4 For
A student is given the following apparatus in order to find the density of a piece of rock.

100g mass

metre rule

suitable pivot on which the rule will balance

measuring cylinder that is big enough for the piece of rock to fit inside

cotton
_water

The rock has a mass of approximately 90 g.

(a8) (I) Inthe space below, draw a labelled diagram of apparatus from this list set up so
that the student is able to find the mass of the piece of rock.

(if} State the readings the student should take and how these would be used to find the
mass of the rock.

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

N ARSI Pt lvearrneddunei i Rat s aNT Pt tansarvandandtusrrdtdtsidddnencnannnnesnsersrresadesstsnnacisrsetiosrasnastibioncssassasvaasessthin

terresne e neian s b r s s naresean E OSSP SO ORDIRURRON sseasersensassens [2]
(c) The mass of the rock is 88 g and its volume is 24 cm3,
B Calculate the density of the rock.
density Of rock = ..cccceiviennsicnnsriscnnes 2]

271

QE25rOM07

T T T TS N e T G e i S S RN e i e Ly 4 N e O W AT g N AL T ot e W



5
3 Athermocouple is used to measure the temperature of the inner wall of a pottery kiln,
(a) In the space below, draw a labelled diagram of a thermocouple that could be used for
this purpose. : : 2)
= '(&) Describe
{l) how you would read the temperature of the wall from the thermocouple,
(1) how the thermocouple works.
(2]
(c) State two conditions in which a thermocouple is very suitable for temperature
measurement.
T rteteeretsteestseteeattsesasa et sae s s eR SR SRR RS R RN RSO E A SRRttt s b e s emtebesentsberesssrstsmsasfons peressasmesanens (2]

272
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6
(a) In an experiment to find the specific latent heat of water, the following readings were

taken.

my, mass of water at-100 °C, before boiling starts 120g
m, mass of water at 100 °C, after boiling finishes 80g
V voltage across the heater 12V
I current through the heater : _ 20A

"t ftime that the heater was supplying energy 37508 —

() Using the symbols above, write down the equation that must be used to find the
value of the specific latent heat L of water.

T (i) Use the equation to calculate the specific latent heat of water from the readings
above.

specific latent heat = ...

(4}

(b) Explaln, in terms of the energy of molecules, why the specific latent heat of water has a
high value.

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

273
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7
(a) Fig. 5.1 shows the air pressure variation along a sound wave.
air pressure 4§
above normal
. A \ +B
betow normal distance along
wave

Fig. 5.1

() OnABIn F‘ig 5.1, mark ons point of compression with a dot and the !etter C and
the next point of rarefactlon with a dot and the letter R.

(if) In terms of the wavelength, what is the distance along the wave between a
compression and the next rarefaction?

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

(b) A sound wave travels through air at a speed of 340 m/s. Calculate the frequency of &
sound wave of wavelength 1.3m.

rEQUENCY == ..ccnrerersereirenenseas [2]

For
Examing
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(a) Fig. 6.1 shows the resuits of an experiment to find the critical angle for light in a semi- e
circular glass block.
air
- Q
I
I
I
]
- I
1 -
1
i
I
i
i
! 2
i
Fig. 6.1
The ray of light PO hits the glass at O at an angle of incldence of 0°
. Qs the centre of the straight side of the block.
() Msasure the critical angle of the glass from Fig. 6.1.
critical angle = .......cverererenenss
(i) Explain what is meant by the critical angle of the light in the glass.
{3]

275
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(b) Fig. 6.2 shows another ray passing through the same block.

Fig.6.2

The speed of the light between W and Q is 3.0 x 108mv/s. The speed of the light
between Q and Y is 2.0 x 108m/s.

(i) State the speed of the light between Y and Z.

speed = S—

(ii) Write down an expression, in terms of the speeds of the light, that may be used to
find the refractive index of the glass. Determine the value of the refractive index.

refractive indeX = ...ceecveecisnernn
(i) Explain why there Is no change of direction of ray QY as it passes out of the glass.

(iv) What happens to ihe wavelength of the light as it passes out of the glass?

T L T T T N P T L L T T Y T P T PR Y]

for
Examinar's
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10

Fig. 7.1 shows an arrangement that could be used for making an electromagnet or a
permanent magnet.

12vd.c.
© supply
A
turns of thick
— copper wire
\cardboard tube
Fig. 7.1

Two bars of the same size are aiso avallable, one made of iron and the other of steel.

(a) (i) State which bar should be used to make a permanent magnet.

#ssnsernny TR PRI PN TR T P sassnneens . CEEEEENIPINARAN RS RTRIIRONIARSY savessarsnsanssnsvsRsReRan dadnsanan suases

(i) Describe how the apparatus would be used to make é permanent magnet.

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

(lil) Suggest one reason why the circuit contalns an ammeter and a variable resistor.

sessens L Ty Ty Ty T Py Y T P PP P T T YT Y | T Y Y Y P R P PP YT YT TRTYTTY T teaassssns

(3]

For
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(b) During the making of a permanent magnet, the ammeter reads a steady current of 4.0A v
throughout the 5.0s that the current is switched on. The voltage of the supply is 12V.
Calculate
(i) the total circuilt resistance,
resiStance = ....nnirerarvsnenes
(ii) the power of the supply,
POWBT == eerreerrmssasssasnans S
{(ili) the energy supplied during the 5.0s.
BNBIGY - vreresivessererssrassassansassons
[6]
(c) The potential difference across the variable resistor is 7.0 V and that across the
ammeter is zero.
(i) Calculate the potential difference across the magnetising coll.
potential difErence = ......uuereeeceeversemerensee
-(if) State the general principle used in making this calculation.
{3]
e " ¢
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Fig. 8.1 shows a long straight wire between the pgles of a permanent magnet

It is connected through a switch 1o a battery so that' when the switch is closed, there is a
steady current in the wire.

- N[ S

wire in a direction
at right angles to the page

Fig. 8.1

-

{a) State the direction of the magnetic field between the poles of the magnet.

(b) The wire Is free to move. The current is switched on so that its direction is into the page.

(i) State the direction of movement of the wire,

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

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

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

(c)" This experiment is the basis of an electric motor.

Describe two changes to the arrangement shown in Fig. 81 that would enable
continuous rotation to take place..

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

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

O625/30WNA2
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9 Fig. 9.1 shows a beam of electrons, two charged plates and a screen. These components toe
are inside an electron tube, the outline of which is not shown,
charged plate . ' \
P
beam of
electrons .
- SCTeen
X v B>
[ R -
‘charged plate /
.- Fig. 8.1

The beam of electrons hits the screen at the point P,
{a) OnFig. 9.1,

(i) complete the path of the electron beam,
(ii) mark the charges on both plates,

(liiy mark with an arrow and the letter C the diraction of the conventional current in the
electron beam,

14]

{b) In this electron tube, the electrons are produced at X and are accelerated towards Y.

In the space below, draw a labelled diagram of the components needed to produce and
accelerate the electrons. {4)

280
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10 Fig. 10.1 is part of the decay curve for a sample of a B-emitting isotope.

.. 100
% activity

- 75-FN

50 i

25

0 5 10 15 20
: time/days

Fig.10.1

-

. (@) Use Fig. 10.1 to find the half-life of the Isotope.

RAHHS = voveeereeseees s 1]

{b) Complete Fig. 10.1 as far as time = 20 days, by working out the values of a number of
points and plotting them. Show your working. . 2]

{(¢) The decay product of the B-emitting isotope Is not radioactive.
Explain why the sampie of the radioactive isotope will be safer after 20 days than after
1 day. Support your answer by reference to the graph. _

-

' (d) The isotope used for this decay curve may be represented by the symbol QX.
Write down an equation, by filling in the gaps below, to show the B-decay of this isotope
to a decay product that has the symbol Y.

AX — + Y - 2]

OS2AMMOL
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—o— e . . For
L EMS
Fig. 1.1 shows apparatus that may be used o compare the strengths of two springs of the e
same size, but made from different materials.
spring
masses
Fig. 1.1
.- (@) (i) Explain how the masses produce a force to stretch the spring.
(if) Explain why this force, like all forces, is a vector quantity.
(2
(b) Fig. 1.2 shows the graphs obtained when the two springs are stretched.
20
force/N SO
15 HAgH:
pENg:S
10 7
5 osa
0 = :
. 0 10 20 30 40
extension/mm
Fig. 1.2
06252
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3 For
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(i) State which spring is more difficull to extend. Quote values from the graphs to v
supporl your answer.
s PO IF" lllllllllllllllll
{(ii} On the graph of spring 2, mark a point P at the limit of proportionality. Explain your
choice of point P.
(iii) Use the graphs to find the difference in the extensions of the two springs when a
force of 15N is applied to each one.
difference in extensions = ....uweeriisenseee,
(6]
2 The speed of a cyclist reduces uniformly from 2.5m/s to 1.0 m/s in 12s.
(a) Calculate the deceleration of the cyclist.
deceleration = .......... R — [3)
(b) Calculate the distance travelled by the cyclist in this time.
diStaNCa = ...cvvvevvcenraerenerrrrssnrenanes 2}
06253M/203 [Turn over



3

Fig. 3.1 shows the arm of a crane when it is lifting a heavy box.

Fig. 3.1

-~ (a) By the use of a scale diagram (not calculation) of the forces acting at P, find the
of the box. :

062513103

weight
[51

285



~.4) Another box of weight 1500 N is raised vertically by 3.0 m.

(i) Calculate the work done on the box.

WOTK QONB = ..ccvveeerrvercrrerssnesserrasens

(i) The crane takes 2.5s to raige this box 3.0m. Calculate the power bu!put of the

crane.

POWET = ...oevrcrereenecresassensessennns

4" Fy 4.1 shows a sealed glass syringe that contains air and many véry tiny suspended dust

[t ticles,

syringe

Y
.
.
.
-

TS
.'..‘ \-\pislon

dust particles

Fig. 4.1

(a* Explain why the dust particles are suspended in the air and do not settle to the bottom.

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

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

(v' The airin the syringe is at a pressure of 2.0 x10%Pa. The piston is slowly moved into the
syringe, keeping the temperature constant, until the volume of the air is reduced from

80 cmd to 25 cm?, Calculate the final pressure of the air.

PreSSUTE = weevveervrcrvvarsvreenesisrneers i3t

EPR—— A EE ST S

ity AT A L
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5 Fig. 5.1 shows a thermocouple set up to measure the temperature at a point on a solar
panel. '
y / Sun's rays
7
_ surface-‘*"‘;' /
of solar %
panel 7
7
7
- 2 :
2 hot junction -
7
Fig. 5.1
(a) Xis a copper wire,
(i) Suggesta material for Y.
(ii) Name the component Z.
(2]
(b} Explain how a thermocouple is used to measure temperature.
L L LT LT T P T TP ) ssamssenana tanssnsurrsans L e T L P ) [3]

(c) Experiment shows that the temperature of the surface depends upon the type of
surface used.

Describe the nature of the surface that will cause the temperature to rise most.

LR L L T P T D T Y TP Ry ) L T Y E TR LT P T T Ty T R L T R LRI Y

.................................................................................................................... CSPVPRIIIN & § |
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- 7. Examiers
Fig. 6.1 shows wavefronts of light crossing the edge of a glass block from air into glass. Use

air
direction in which
wavefronts
are moving

{a) OnFig. 6.1

) draw in an incidant ray, a normal and a refracted ray that moet at the same point on

the adge of the glass thock,

(ii) label the angle of incidencs and the angle of refraction,

{iii} measwre the two angles.and record their values.
angle of incidence = ...c.vcvceviennns erevenereranares

angle of refraction = «.vrciecniicinnnnn,

(b} Calculate the refractive Index of the glass.

OS25/W41/.L03

K ¥
/ ;
/‘ g
/ ﬁ

Fig. 6.1

refractive iNdeX = vveeeeereeennees

cerceesesensnd 3]

{4

288
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8
7 In a thunderstorm, both light and sound waves are generated at the same time.
(a) How fast does the light travel towards an observer?

SPEAU = e aees

(b) Explain why the sound waves always reach the observer after the light waves.

................................................................... eemeermmsssssssssessensessssssssssnssesssssssssssssssasesssssssn 1]
PA

o
(c) The speed of sound waves in air may be determined by experiment using a source that
generates light waves and sound waves at the same time.

(i) Draw a labelled diagram of the arrangement of suitable apparatus for the
experiment.

(ii) State the readings you would take.

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

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

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

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

For
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Lmlr L R A P e s o e e

e 9

Fig. 8.1 shows a battery with a resistor connected across its terminals. The e.m.f. of the

battery is 6.0 V.

| 6.0V

- —
Fig. 8.1
The battery causes 90 C of charge to flow through the circuit in 45 s.
(a) Calculate

(i) the current in the circuit,

current = ....ccocvveemenes

(i) the resistance of the circuit,

resistance = ...iceeneeen

(iii) ~ the electrical energy transformed in the circuit in 45s.

ENEIGY = ceereccriresnae
(b} Explain what is meant by the term e.m.£ of the battery.
” . i

COZAAM IS

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

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

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

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

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

For
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[Turn over

T D T AP TR



10

A transformer has an oulput of 24V when supplying a current of 2.0A. The current in the
primary coil is 0.40 A and the transformer is 100% efficient.

(a) Calculate

(I} the power output of the transformer,

POWEL = ..ncereemrriennressensarassnees

(ii) the voltage applied across the primary coil.

VOIAGE = veeeereraerenrestornvssnnneane
[4]
(b) Explain
(i) whatis meant by the statement that the transformer is 100% efficient,
(i) how the transformar changes an input voltage into a different output voltage.
{4

Examiner’s
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10 Fig.10.1 and Fig. 10.2 show two views of a vertical wire carrying a current up through a
horizontal card. Points P and Q are marked on the card.

/vqmcal

P, 09/ wire

view from above the card

Fig. 10.1 Fig. 10.2
(a) On Fig. 10.2,

(f) draw a complete magnetic field line {line of force) through P and indicate its
direction with an arrow,

(i} draw an arrow through Q to indicate the direction in which a compass placed at Q
would point. N

. (3]
{b) State the effact on the direction in which compass Q points of
(i) increasing the current in the wire,
(i) reversing the direction of the current in the wire.
(2]

{cy Fig. 10.3 shows the view from abo{fe of another vertical wire carrying a current up
through a horizonta! card. A cm grid is marked on the card, Point W is 1 cm vertically
above the top surface of the card.

T _vertical
"] wire carrying
" current

Fav ¥

Fig. 10.3

State the magnetic field strength at S, T and W in terms of the magnetic field strength
at R. Use one of the alternatives, weaker, same strength or stronger for each answer,

AW st rerrrrereearinns 292
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11 (a} A radicaclive isotope emits only a-particles.

(i) In the space below, draw a labelled diagram of the apparatus you would use to
prove that no B-particles or y-radiation are emitted from the isotope.

- o
"(if) Describe the test you would carry out.
(iii} Explain how your results would show that only a-particles are emitted.
(6]

{b) Fig. 11.1 shows a stream of a-particles about to enter the space between the poles of a
very strong magnet,

o
o-particles

Fig. 11.1

Describe the path of the a-particles in the space between the magnetic poles.
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2
Fig. 1.1 shows the speed-time graph for a bus during tests.

Atlime { = Q, the driver starts to brake.

speed
m/s

Fig.1.1

(a) Fortest 1,

(i) determine how long the bus takes lo stop,

D T L L D L L L LT L L L L T P R O T S T TR

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

(iif) use the graph to determine how far the bus travels in the first 2 seconds.

AISIANCE = cirrvirrcevvirrerrcerresestssiraresraranas

[4]
(b) Fortest 2, a device was fitted to the bus, The device changed the deceleration,

(3) State two ways in which the deceleration during test 2 is different from that during

test 1.

L O PPN

U U USROS PP UO PSR OUPORBIPPYPP
e (ii} Calculate the value of the deceleration in test 2. !

deceleration =

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

. DE2S/0I0MA3
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Exar
t
(c) Fig.1.2 shows a skelch graph of the magnitude of the acceleration for the bus when it
is travelling around a circular track at constant speed.
magnitude % ; =
of acceleration |+ ; i
i R b |
- L] -
o
: ISR
O H] i i —
b . time
Fig.1.2
(i) Use the graph to show that there is a force of constant magnitude acting on the
bus.
{(ii} State the direction of this force.
’ (3]
296
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2

Fig. 2.1 shows & diver 50 m below the surface of the water.

I - water surface

Fig. 2.1

{a) The density of water is 1000kg/m® and the acceleration of free fall is 10 m/s2.
Calculate the pressure that the water exerts on the diver.

PIESSUIE = ivrrivrseencrinemstannnsanssssenens (31

(b} The window in the diver's helmet is 150 mm wide and 70 mm from top to bottom.

Calculate the force that the water exerts on this window,

o] (o7 I e {3])

- _ 0B250I0MAI
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Fig. 3.1 shows a simple see-saw. One child A sits near to end X and another child B sits
near to end Y. The feet of the children do not touch the ground when the see-saw is
balanced.

Fig. 3.1

(a) Child A has a mass of 18.0kg and child B has a mass of 20.0 kg.

Without calculation, indicate where the children could sit so that the see-saw balances
horizontally. You may draw on Fig. 3.1 if you wish,

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

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

(b) State the relationship between the moment caused by child A and that caused by
child B. ' ' .

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

LAy

.................................................................................................................................... {1}
{c) Child Ais 2.50m from the pivot. Calculate the distance of child B from the pivot.
distance = berareetr et st {2}
298 .
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Fig. 4.1 shows water being heated by an eléctrical heater. The water in the can is not

boiling, but some is evaporating.

T water

.- Fig. 4.1

(a) Describe, in terms of the movement and energies of the water molecules, how
evaporation takes place.

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

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

.................................................................................................................................... [2]
(b) State two differences between evaporation and boiling.

B i ettt e eet et et e et s eeer et eaeeetaee e bbb et bemeaRataarne b Rbhe e s bhan s taermenriann

- S O SOOI e

T eeaSeeeresteeeeeetmeeieesteresiartessseniiennnttananaettegeeeeeeaeteeeeeaateanaeeeaeeseaaaeaneassaseeeantbeeantbeans S ereereees (2]

{c) After the water has reached its boiling point, the mass of water in the can is reduced
by 3.2g in 120s. The heater supplies energy to the water at a rate of 60W. Use this
information to calculate the specific latent heat of vaporisation of water.

specific latent heat = .vveeevrniieen, {3]

DE25030M/02
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Exa;
. L
5 (a) Equal volumes of nitrogen, water and copper at 20 °C are heated to 50 °C.
(i) Which one of the three will have a much greater expansion than the other two?
(i) Explain your answer in terms of the way the molecules are arranged in the three
substances.
- -
{3}
(b} Fig. 5.1 shows a thermometer with a range of =10 °C to 50 °C.
- I n
-10C 50°C
Fig.5.1
Explain what is meant by
{i} the sensitivity of a thermometer,
(ii) the linearity of a thermometer.
(2]
0GISOVOMIED [Turn over




8

6 Fig.6.1 shows the diffraction of waves by a narrow gap.

P is a wavefront that has passed through the gap.

T ' Fig. 6.1

{a) On Fig. 6.1, draw three more wavefronts to the right of the gap. (31

(b) The waves lravel towards the gap at a speed of 3 x 10®m/s and have a frequency of
5 x 10" Hz. Calculate the wavelength of these waves.,

wavelength = ....eeviieeennnenens. [3]

06250303

301
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9

T ] il - - v
R B e o LTt

(a)
(b)

(cl)

(e)

Fig.7.1
On Fig. 7.1, mark each principal focus of the lens with a dot and the letter F [2)
On Fig. 7.1, draw two rays from the tip of the object O that appear to pass through the
tip of the image. © (2]
On Fig. 7.1, draw the image and label it with the letter 1. (1]

Explain why the base of the imagé lies on the axis.

State a practical use of a convex lens when used as shown in Fig.7.1.

ereerter e e e A brersetrreasnetes s P PR . (1

“For
Examin
Use
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8 ' Fig. 8.1 shows the outline of an a.c. generator. The peak output voltage of the generator is
6.0V and the output has a frequency of 10 Hz.

output

L J  coil
/

/iron core

- ' _———bearing

rings
connected
one to each handie to
end of coil turn coil

Fig. 8.1

{(a) Fig.8.2 shows the axes of a voltage-time graph for the generator output.

-voltage/V s

Fig.8.2

On Fig. 8.2, L
(i} mark suitable voltage values on the voltage axis,

(ii) draw a graph of the generator output. |
: (3]

052500/

303
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Exam

(b} The generator shown in Fig. 8.1 works by electromagnetic induction. ¢

Explain how this effect produces the output voltage.

sessesnssdintrrn

sebrrdesberensarasantrnn

Brwdnanmttrdrdirrane b Lo s Lt asasdd A Attt r e YT AR A
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12

- {(a) Fig.9.1 shows the screen of a c.r.o. (cathode-ray oscilloscope).

The c.f.o. is being used to display the output from a microphone.

The vertical scale on the screen is in volts.

T TR

voltage /

Fig.9.1 B !

(iY Describe the output from the microphone.

L R R P P P R YT Y] LT T TR E R Y

R R T e P T PR T TR Y) wEssassrasma menemnnas vassssaprn

(ify Use the graph to determine the peak voltage of the output.

D T T P e T L LN L L L L N I I I T T e

(iiiy Describe how you could check that the voltage calibration on the screen is
correct, .

4tianeditracetiacnar 4amren D R T YL T TY P YT TR PR PN T PP T T T R R T Eweeas tenrans IETEYEY]

OOIHOWOTNHD
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Exar
. t
{b) Fig.9.2 shows the screen of the c.r.o. when it is being used to measure a small time

interval between two voltage puises,

- Fig.9.2

(i} What is the distance on the screen between the two voltage pulses?

(ii} The time-base control of the c.r.o. is set at 5.0ms/cm.

Calculate the time interval belween the voltage pulses.

HIMIE = vcivrricerirrerrerersnrerreraees

assaas

(i) Suggest one example where a c¢.r.0. can be used to measure a small time
interval.

L L R e e T R T Py Ty Y Y P T R T PR Y P PR R L PR

(4]

306
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10 Fig. 10.1 shows a battery with an e.m.f of 12V supplying power (o two lamps.

The total power supplied is 150 W when both lamps are on.

———

®}2

Fig-10.1

-

(a) Calculate the current supplied by the battery when both lamps are.on.

(b} The currentiniamp L, is 5.0A.

Calculate

(i) thecurrentinlamp L,

~ (i) the power of lamp L,

(iii) the resistance of lamp L,.

062503003

currenNt = e, erernresnse {2

(o10] ¢ =12 | BSOS

FESISIANCE = e

(6]
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