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QUALIFICATIONS 1.00 PM - 3,30 PM FHYSICS
e HIGHER
Read Carefully

1 Al questions shouwld be attempied.

Section A (guestions 1 to 20)

2 Check that the answer sheet iz for Physics Highar {Section A,

3 Answer the questions numbered 1 to 20 on the answer sheet provided.
4 Fill inn the details raguired on the answer sheetb
B

Rowgh working, if required, should be done only on this quastion paper, or on the first two
pages of the answer book provided—not on the answer sheet.
For sach of the questions 1 to 20 thare is only ane comect answer and each is worth 1 mark.

7 Instructions as to how 1o record your answers 1o guestions 1-20 are given on page threa,

o

Section B (questions 21 to 29)
B Answer questions numberad 21 fo 20 in the answer book provided,
g Fill in the details on the front of the answer hook.

10 Enter the question number clearly in the margin of the answer book beside each of your
answars 1o quastions 21 o 28,

11 Care should be taken to give an appropriate number of significant figures in the final answers
o calculations,
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DATA SHEET
COMMON PHYSICAL QUANTITIES

—_— —_— = o -

| Clundiny 'S}mbaﬂ-i_ Falue Chantity Hymbol Falue |
Speed of light in ' .
VLT L 0 x 10 ms™ Nlass of electran I, 911 % 107 kg
Magnitude of the [
churge an an | |

\ electron | r 160 107" C Muss of neutron i, | 1675 % 10 kg

| Grravitational |

| acceleration on Earth | g | 98ms" Mass of prowoen mi,, | 1673 107 kg

| Planck's constant | k| 663 1 Is

REFRACTIVE INDICES
The refractive indices refer to sodium light of wavelergth 589 nm and to substances at a temperature of 273 K.

[ o _."-‘ub.-r.r.::-:r:e_ 1 Hefracioe :'mj';.r Substance | Ra:_.l'r.:i.:le.:-'m Trdex
" Diamond | 2:42 Water | 1-33
| Crown glass | 1-50 Air L -0k
| I o _ e— 1
EPECTRAL LINES
- - = T - :
| Element Wavelergth/nm ooy Element | [ avelengthnm {olour _
| Hyvdrogen [ f50 I Hed Cadmium | 44 Red |
45 | Blue-green 509 Green |
434 | Blue-violet | 450 Rlue |
410 Yinlet
L_u |
[ | 397 Lilrravioler e T R Lk
| kE Ultraviolet Element | Wavelength/nm Calonr |
_-| . -—Iu_._l — -— —
Sodinm | 550 qutltlu“_ Carbon l:lll'ﬂ:“ie ‘;55[' Eﬂﬁ-‘ﬂ-T‘-ErJ
[ 10590 | |
B | Helium-neo hid I Red i
PROPERTIES OF SELECTED MATERIALS
Substancs Densityl | Jifp_né;:;}ﬁr[m’e;}'i
| kg K | Porm/
(ST, R T -
Adumaninm 270 = 10 433 | 2623
| Copper |96 e Y 1357 2831
lce 920} = 10° 173 | =5 |
| Sea Water x| 264 | 377
| Water | 100 % 100 273 373
Air | 1-2% . [ vven
Hydrogen B 0w 10 14 | 20

The gus densities refer to a temperature of 273 K and a pressure of 101 = 10 Pa
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SECTION A

For guestions 1 to 20 in this section of the paper, an answer is recorded on the answer sheet by

indicating the choice A, B, C, Il or E by a sircke made in ink in the appropriate box of the answer
sheet—ser the cxample below,

EXAMPLE
The energy unit measured by the electricity meter in vour home 15 the
A ampers
B  kilowatt-hour
O want
[} eoulomibs
E volt

The correct answer to the question s B—kilowart-hour, Record vour answer by drawing a heavy vertical line

jotning the two dote in the appropriate hox on yvour answer sheet in the column of boxes headed B, "The entry
an your answer sheet would now look like this:

00000

[T after vou have recorded vour snswer vou decide that you have made an error and wish o make a change,
vou should cancel the original answer amd put a verdcnl stroke in the box vou now consider o be correct
Thus, if VoM WENL L E ||','.|ng|- an wnswer [ tooan answer B, vour answer sheet would ook Hke this:

D E

0000

[P

If vou want to change back o an answer which has already been scored out, vou should enter a fick (#) o the
BIGHT of the box of YLLr -:.'|::u:||.'v|:. thius:

B D E

0E000~0E00

Ao
=
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1. Which of the following ure both veciors]

SECTION A

Answer questions 1-20 on the answer sheet.

A Bpeed and weight
B Kinetic encrgy and potential energy
' Nlass and momentum
T Weght and momentum
E Force and speed
[X069/301)
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2 A vehicle is travelling in a arraight line,
Graphs of velogity and acceleration  against
tame are shown below,

Which pair of graphs could represent the
mmeotion of the vehicle?
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J. A block of mass #0kg and o block of mass i,
G-0kg are linked by a sprng bBalance of
negligible mass
The blocks are placed on g frictionless
homeontal surfece, A force of 180N = :a:p|1|jr.;|
tion the &) L'g blnck s shown.

BTG
kg balomee
What is the reading on the spring balance?
A TN
B b
o AN
D 1EGN
E kN

4. A ewr of mass 1000 kg = travelling at o speed of
4hms™ along o straight road. The brakes are
applied and the car decelerates to 10ms™.

How sroueh kinenic energy is lost by the carf
A 15kl
B S0k)
0 4a0k])
D 750k]
E  ®00k]

5. A car is dessgned with o “crumple-zone” so
that the front of the car collapses during
impact

wall
driver crumple-zone

The purpose of the crumple-zone is oo

A& decresse the dover's change 10 momentam
per secnnd

B mmwerease the driver’s chanee in momentuny
prer seconl

C decrease the dover s final velocity

[} merease the driver's total change n
IGTRE ML

E IlL'ﬂ.'!'I.'iIZ"il:' H1L' |Jri'.'|.'1"5 |1Jt.ﬂl I.'J'I'-IIIHL' :ill
IR T LT

D69 30 | Page five

[X

A fixed mass of gas condenses ar atmospheric
pressure o formm a liguid.

Which rew in the table shows the appreximane
ingresse  in density and  the  approximane
decrease im spacing between molecules?

Approximate Appravimeate
Imeredse i decreane (i Sl
densify herwoeen moleciides
A 101 trmes 2 times
B 1041 timnes I rimes
C 1000 Birmes 1400 tacmis
I 1 OEE0 (Y times 1O Timnees
E 1 (HEN O taprves T fames

[Turn over




7. A rnigid meral ¢vlinder stores compressed gas.
temperature of the gas remains constant.

Gag is pradually released from the evlinder. The

Which set of graphs shows how the pressure, the volume and the mass of the gas in the cylinder change

with tarme?

A
presslere
. 4]

I
SRy
L

C
Jrressiiee
i

I
prressurr
1]

E
hreisnre
YN

[XO69/301]
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B. Two parallel metal plaes, B and 5, are 1, In the fellowing circuir, the supply has

connected wa 20 doo supply as show, neghgible internal resistance,
40}
+ —_— plaote % +
1Y 1 2-0%
b — plate 5 =
I H! 0L

An electrod is moved from plare B to plate 5. The p.d. soross the 30 62 resistor is

The gain i elecirical potential energy of the A ROV
electron is

o0 B TI¥
A BD=1077)

i C 6OV
BO16x107") ;

iy I 4-8B%
R L 4 I i |

I E 440V,
| B TR T |
E 1:3x107".

11. A student sets up the followang cirout,

% In the follovwing crcuart, the battery has an
e of 80V and an neernal resistance of

(-2 Lk

The intensity of light incident on the LDR is
reduced.

Which row in the table shows the effect on the
voltmeter readings V) and 1

The reading on the ammener is $04,

Tt pesistance of His Iy I'r.‘
A 050 A inereases ineFEaRes
3 Ik £ decreases decreases
c 20141
D 230 i LTRSS decresses
E &40 I decreases INCFEAEEs
E no change ENEFEaRes
[X069301] Page seven [Turn over




121.

13,

A srodent wrees the following  staternents
about b copreitor.

1 The current in & circuit conkaining 4
capacttor  decreases when  the  supply
E:r\er.luul:u:[.- i PEARES,

[T A copscitor can store charge.

111 A eapacitor can block d.o

Which of these is/are cormect?

A 1 only
B Honly
C 1 only

1 amad IT onls
E  ITand I11 only

A Farad s

A wvolt per ampere

B valt per ohm

C couleinb por volt

[ coulemb per second

E soule per coulomls,

A 10pF capacitor 15 connected w oa 50V
supply. The muaximum charge stored by the
capacitor %

A x107C
B sOxitc

Co 500

5401000

E  s0=10°C.
[X069/301]

15. In the following passage three words have been

replaced by the letters X, Y and &,

“ Momachramiatic light &5 rmcedent oit a grafing
amd e reialting interference pattern @ oietced on
The distance befmvern  reiphibotring
areds af corsirictive inderieremee o e creeit

W ECreEeM,

85 X when the serecn s mouved

feerther aeeay from Hie grafing;
B dorined Mol when light of a greater
gearedenetl i ued,

7 ol wher dhe distaee Dhelioeen
the slits iz tnereared ™

Which row of the table shows the mssing
wi:lrd."'lz'

Page eight

X | ¥ £
A | incressed ' | mcreased | increpsed -
B | incressed -_ increased | decressed
C decreased | decreased” | inereased.
[0 | decreased | decreased’ | decreased

incrensed | decreased' | decreased
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16, An engimesr crestes an experimental window 18, When hght of frequency f 15 shone on o oa
using sheets of transparent plastes P, Qoand R certain metal, photoelectrons are ejected with a

A ray of light directed ar the window follows Bl Veloe o 0 and Kinedc tedy .

the path showmn. When lighs of the same frequency and owice
the intensity is shone on the same sweface then
ab p Q n ol I twice as many electrons are ejected per
secomid B
'__.-"'--d Il the speed of the fastest electrons 3 now 2o

// TIT the Binetic energy of the fagtest electrons is

/ naw 28
Which of the stutements above isfure correct

A Tonly
10 anly
C I only

Which row in the wable gives possible values
for the refractive indices of the three plastics? ¥ [ and I enly

E  I1and ITT only

P Q R
N s == = 19, A srudent writes the following statements
: = phout n-type semiconductor material
B -3 -5 1.1 I Muost charge carrers are neganve,
- 21 3.3 I'5 I1 The n-type material bas a negavive charge,
== T Tmvpurity ptoms in the materisl have 5 outer
5} i3 1-9 I3 electrons,
E ['_5- o {-§ {-3 Which of these statements s/are true?
A Tonly
: . . o B 10 anly
17. A umit for the ntensity il ||,H;|‘|I: 1% :
B* Co T only
A Il b ]
3 I Tand IT anly
B Jm "
P E land LI only
C Js 'm
D Jam™
E IE-?m-z 200 Which of the following statements describes
fiuchear Nssiodn?
A A nucleus of large mass number splits into
twe muclel, releasing several neutrons,
B A nucleus of large mass number splits into
tw meclen, releasing several electrons,
C A aucleus of large mass number splits oito
twas muacler, releasing several protons.
¥ Twe pucled combine o form one nucleus,
releazing several electrons,
E  Two nucles combine o form one nuclews,
relensing several neutrons,
[X069/301] Page nine [Turn over
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SECTION B

Write your answers to guestions 21 to 29 in the answer book.
Marks

21. A polfer on an elevated tee hits a golf ball with an initial velocity of 35-0m s at
an angle of 40° to the horizontal.
The ball travels through the air and hits the ground at point K.

Point R 15 12 m below the height of the tee, as shown,

diagram not to scale

The effects of air resistance can be ignored.

{2} Calculate:
(i1 the horizontal component of the initial veloaty of the ball;

{ii) the vertical component of the initial velocity of the ball;

{ii1) the time taken for the ball to reach its maximum height at point P

i From its maximum height at point P, the ball falls to point Q, which 1s at

the same height as the tee.
It then takes a further 0-48 s to travel from Q until it hits the ground at R,

Caleulare the total horizontal distance d travelled by the ball.

[Turm over
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Muarks
22, Two ice skaters are initially skating together, each with a velocity of 2:2ms™ to
the right as shown,

The mass of skater R is 34 kg, The mass of skater 5 is 38kg,

Skater R now pushes skater S with an average force of 130N for a short time.
This force is in the same direction as their original velocity.

As a result, the velocity of skater S increases o $6ms to the right.

Z; g — G ms

ghater R shater 5
ta) Calculate the magnitude of the change in momentum of skater 5. 2
(07 How long does skater R exert the force on skater 52 2
(¢} Calculate the velocity of skater R immediately after pushing skater 5. 2

{d) Is this interaction between the skaters elastic?

You must justify vour answer by caleulation. 3

(%)

(2069301 | Page twelve
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Marks

23. A tank of water rests on a smooth horizontal surface.

{a) A student takes measurements of the pressure at various depths below the
surface of the water, using the apparatus shown

pressure
tubing mcter

glass tube

tank of water

The pressure meter is set to zero before the glass tube 15 lowered into the
water.

(i) Sketch a graph to show how the pressure due to the water varies with
depth below the surface of the water,

(1)  Calculate the pressure due to the water at a depth of 0-25 m below its
surface.

(1) As the glass tube is lowered further into the tank, the student notices
that some water rises inside the glass tbe. Explain why this
happens. 4

(%) The mass of water in the tank 15 2-7 x !l]"'kp:- The tank has a mass of
300 kg and a flat rectangular base. The dimensions of the tank are shown
in the digram below.

Atmospheric pressure is 1-01 x 10°Pa.

I'1m

['3m

Calculate the total pressure exerted by the base of the tank on the surface
on which it rests. 3

(7)

[ 3068930 Page thirteen [Turn over




Marks

24. A technician designs the following apparatus o investigate the pressure of a
gas at different temperatures.

sealed rignd contaner &

The heating eélement 15 used to raise the temperature of the gas.
{a) Initially the gas is at a pressure of 1.56 % 10°Pa and a temperature of 27 °C.
The temperature of the gas is then raised by 50°C,

Caleulate the new pressure of the gas in the container. 2

() The power supply shown above has an em.f of 30V and negligible
internal resistance, The resistance of the heating element is (-30£) and the
resistance of the variable resistor is set to 1-50 £},

(1} Calculate the power output from the heating element.

{11} How would vour answer to part (#)1) be affected if the internal
resistance of the power supply was not negligible? You must justify
VORLT ANSWEE. 4

(6)

[XO69/3071] Page fourteen




Marks
25. (a) A signal generator is connected to an oscilloscope. The output of the
signal generator is set to a peak voltage of 15 V.

The following diagram shows the trace obtained, the Y-gain and the
timebase controls on the oscilloscope. The scale for the Y-gain has been
omitted.

-

1 division

N

L

bes
\ 1 divigion
Calculate:
{1} the Y-gain setting of the oscilloscope;
(ii}) the frequency of the signal in hertz. 3

{F) The signal generator is now connected in the circunt shown below.

[ :: a.c. ammeter
¥

signal M, C =— 220uF

gl‘.‘l‘ll’.‘t‘ﬂlﬂ-l‘

The signal generator is adjusted to give a peak output voltage of 12V ata
frequency of 300 Hz. The internal resistance of the signal generator and
the resistance of the a.c. ammeter are negligible.

(i} Calculate the rm.s. value of the output voltage from the signal
generator.

{ii) Caleculate the maximum energy stored by the capacitor during one
cycle of the supply voltage.

(i11) The frequency of the signal generator is gradually increased.
What happens to the reading on the ammeter?

(iv} When a capacitor is connected to a d.c. supply, the current quickly
falls to zero. Explain why the current does not fall to zero in the
circuit above, 6

(%)
[Turn over
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Morks

26. A washing machine is filled with water, emptied and refilled several times
during a wash cyele. A water level detector is used to ensure the water does

not overflow,
One design of water level detector uses a speciallv shaped glass prism, as
shown below,

narrow beam of light lighr sensor

glass prism

maximum level

When the water in the machine is below the maximum level indicated in the
diagram, the light sensor is illuminated by the narrow beam of light.

(a) The light sensor consists of un LDR connected in a Wheatstone bridge
circuit with values of resistance as shown,

o+d-8V
5500 L2 J30 kO
X 0
b g o
Q 150 kL2
LDR
=TI RY

When the water in the machine is at the maximum level, the bridge is
balanced.
Calculate the resistance of the LIDR when the bridge is balanced. 2

[X069/301) Puage sixieen



26. (continued)

(#) Points X and Y of the Wheatstone bridge are connected to the inputs of an
op-amp cireuit as shown.

+ o+4-8V

550002

X

N

N\ 150k 225k |V
LDR

cliAY

The potential at Y is 1-530V. When the washing machine is filling with
water, the narrow beam of light illuminates the LDR, the bridge 15
unbalanced and the potential at X 15 1-28V.

(i) Name the component in the cireuit which has the following symbol.

BRI

(i1} Caleulate the output voltage I, of the op-amp when the LDR 15
luminated.

{iii} When there 15 4 current in the solenoid, it holds a valve open and
water flows into the washing machine.

When the water reaches the maximum level, the valve closes.
Explain how the circuit causes the valve to close when the water

reaches the masimum level.

(¢} When the water iz at the maximum level, the narrow beam of light no
longer illuminates the light sensor, because light leaves the prism at ().

narrow beam of light P I light sensor
L glass priﬁm
maximum level

Explain why the light leaves the prism at (3.

[X069/301] Page seventeen [Turn over
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27. (a) Electrons which orbit the nucleus of an atom can be considered as
occupving discrete encrgy levels

The following diagram shows some of the energy levels for a particular

atom,
E-| _1"1'}:1[._“]
E, =24 % 107™]
E, =56 % 1077]
E, —21-8x 107"]

(i} The transition between which two of these energy levels produces
radiation with the longest wavelength? You must justify vour answer,

(i) Caleulate the frequency of the photon produced when an electron
falls from E, o E,.
(B A laser produces light of frequency 474 = 10" He in anr.

A rav of light from this laser is directed into a block of glass as shown
below.

[}
| normal
I

The refractive index of the glass for this light s 1-A0.

{i} What is the value of the frequency of the light in the block of glass?
(i1} Calculate the wavelength of the light in the glass.

[XO06%/301] Page eighteen
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Marks

28. (@) An experiment with microwaves is set up as shown below,

B

t]'l i]d urd::r ]TIH.HZi.ITELi [Tl

682 mm

MICrowave I
souUrce

&l = tral 1
central maximum
metal plate
with two gaps detector 0

meter

(i} As the detector is moved from A to B, the reading on the meter
'i.I'IETEE.H-'EH- E.'I!'I:Ii dEEIL"E.HEH- b ek ' m1 ti.lTlIf‘E.
Explain, in terms of waves, how the pattern of maxima and minima is
produced.

(1} The measurements of the distance from each gap to a third order

maximum are shown, Calculate the wavelength of the microwaves.
(# A microphone 1s placed inside the cockpit of a jet aircraft.

The microphone is connected to the input terminals of the op-amp circuit
shown below,

10 kL2
10 kC2
v, * [Hm
{from microphone) (to pilot's headphones)
+ s

A noise 1in the cockpit produces the tollowing signal from the microphone.

voltape/V

0 timme s

005 01702 03] 04

(1) Sketch a graph of the corresponding output voltage I against time.
Values are required on both axes,
(i) The ourput from the op-amp is connected to the pilot's headphones,

Explain why the sound produced by the headphones reduces the
nose level heard by the pilot.

[X069/301] Poage mineteen [Turn over
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29. A technician ig studying samples of radioactive substances,

(a) The following statement describes a nuclear decay in one of the samples
used by the technician.

23K, . 23 4
U = orTh + He

(1) What type of particle is emitted during this decay?
(ii) In this sample 7-2 % 10° nuclei decay in two minutes.

Calculate the average activity of the sample during this nme.

{(#) The technician now studies the ahsorption of the radition emuarted from a
different a.umph: ur.ing the apparatus shown below.

absorber

counter

radicactive
sample @ E_-'

detector

Different thicknesses of the absorber are placed in turn between the
sample and the detector. For each thickness, the technician makes

repeated measurements to obtain an average corrected count rate,

These results are then used to produce the following graph.

[XO69/301] FPage twenty

Marks
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29, (b) (continued)

(R .

&)

50

Kl E PR

20 :

averige corrected count ratefcounts &7

AR EEE
I ..

20 4-4) fi-1 H-( 1O thickness/cm

{1} LU=e the graph to calculate the half-value thickness of the absorber
material for this radiation.

(i1} The technician has plotted each value of the average correcred count
rate as a point with a vertical “bar” as shown.

—

Sugpest a reason for this. 3

{r} The technician receives a total doge equivalent of 6-4 % 107 Sy from these
EyWil SOLTCes,

The guality factor of the radiation used in part (a) is 20,

The absorbed dose received by the technician from the source used in part
ib)1s 1-2 % 107Gy, The quality factor of this radiation is 1.

Calculate the absorbed dose received by the techrician from the source
nsed in pare (a). 2

(%)

[END OF QUESTION PAPER)
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