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NATIONAL FRIDAY, 28 MAY T
QUALIFICATIONS 1.00 PM - 3.30 PM PHYSICS
i HIGHER
Read Carefully

1 All guestions should be allempled,

Section A (questions 1 1o 20)

2 Check that the answer sheel is for Physics Higher ({Section A).

3 Answer the guestions numbered 1 to 20 on the answer shaet provided.
4 Fill in the details required on the answer sheel.
o

Fough working, It ragquered, should be done only on this quastion papers, or on tha first twao
pages of e answar book provided-—not on tha answar sheat,

For each of the guestions 1 1o 20 there is only one comect answer and each 1s worth 1 mark,
T Instructions as to how to record your answers to guestions 1-20 are given on page three,

=13

Section B [guestions 21 to 30)
B Answer guesticns numbered 21 to 30 in the answer book provided.
8 Fillin the detaids on the front of tha answer book.

10 Enter the gquestion number clearly in the margin of the answer book beside each ol your
answears o guastions 21 o 30.

11 Care should be taken to give an approprate number ol significant figures in the linal answers
to calculations,
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DATA SHEET
COMMON PHYSICAL QUANTITIES

ity Sy Fafue Cheandity Foalue

Speed of light in

VAT ¢ 300 10" ms ™ Mass of electron m, 9epl x 107 kg

Magnitude of the
charge on an
electran '3

160 10 1675 = 107 lg

Muss of neutron L

Garavitataomil

acceleration on Earth 98 s Mazs of proton 4 1673 % 107 kg

Gt 107 )5

Planck's constunt ]

REFRACTIVE INDICES
The refroctive indices refer to sodinm bght of wavelength 358% nm and to substances ar o temperature of 273 K

Substamee Refracthive midex Subsfanee Refraciree e
Dhismond 242 Water 1-33
Crown glars 130 Air (R

SPECTRAL LINES
Efemeni | Wavelemgth/nm Calemr FElanent Wavelength/nm | Caliar
Hydrogen ' 656 Red Cadnitem ik | Bad
486 Blus-gireen 209 Gireen
434 Blue-vialet 4800 Bluse
440k Vialed
397 Ultsaviolet : o
389 Liltravialet Elevient | Wavelengtly/nm Colour
Sonabiiie G Yllaw ﬂarhﬁn dioxide I Q350 Intrared
[kz%Hk
. Heliurm-necn fi33 Hed

FROPERTIES OF SELECTED MATERIALS

Seehifance Densit J,]-,-' ' Melteng Palnt! [ Hliey '
kg m™ K Fotut/
K

Aluma i 200 x lﬂ] Gix 2623
Copper -4 % 10° 1357 2853
Joa 920 % 10° 273 f e
Sea Water 1-02 % 10 T 377
Water 1006 % 101 273 373
Air 1-24 ! T
Hydrogen g0 % 107" 14 20

The gas densities refer toa remperature of 273 Koand o pressove of 1-0] = 10° Pa
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SECTION A

For questions 1 fo 20 in this seclion of the paper, an answer is recorded on the answer sheet by
indicating ithe choice A, B, C, D) or E by a siroke made in ink in the appropriate box of the answer
sheet—aee the example below.

EXAMPLE

The energy umit measared by the electmeity meser i vour home 15 the
A ampere
B kilowats-hour
L wate
I coulomb

E vaoli.

The correct answer i the guestion is B—kilowarr-hour, Record your answer by drawing a heavy vertical line
Joining the two dots in the appropriate box on your answer sheet in the column of boxes headed B, The encry

oy yvour answer sleet would mow ook like thas:
i, B C D E

IF after vou have recoeded vour answer you decide that you have made an efror and wish o make a change,
v should caneel the ongnal answer and put a vertical stroke in the box yvou now consider to be correct
Thus, of vou want to change an answer T o an answer B, vour answer sheet would lock like this:

If wou want o change back to an answer which has already heen scored out, vou should enter w tick (¢ to the
BIGHT of the bax of your choce, thus:

0

D E

000-0803

-
a
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SECTION A

Answer questions 1-20 on the answer sheet,

1. A box is pulled along a level bench by a rope 3. A vehicle of mass (1 kg is moving fo the right

held at & constant angle of 40° to the hornzongal
n= shown,

100 ™

_—— o o oo

IErrry bench

A constant force of 10N is apphed to the
rope,

The box moves a distance of 10m u]-:mg the
bench.

The work done an the box by the rope in
A 1001

B 643]
¢ 76A]
[y s3]
E  10600].

A stuntman on 0 motorcycle jumps 8 miver
which 15 51 m wide. He lunds on the edge of
the far bank, which s 20m lower than the
bank fraom which he rakes off,

=
JI'lJm

1 m

His muinirmum horzontal speed at take off s

A 20ms’

B 32ms
C  55ms
¥ ] B0ms
E G8ms
[XO0A9/301]
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n|1}ng’ a horizongal friction-free gr track. A
vehicke of moss (02 kg 15 moving to the left on
the same track,

TN kﬂ' 'I'J'Il-ig

The vehicles eollide and stick topether,

Which of the following quanties 1s/nre
conserved mn this collision?

I The total momentum
Il The kinetic energs

11 The total energy

A lonly

B Il anly

¢ lLond LI only

x 1 amd 110 enly

E IlandIII only

. A canmon of mass | 200 kg fires & cannonball of

mass 15 kg at a velocity of 60m s East

Asauming the foree of friction is negligible, the
velocity of the cannon juse afver fiving is

A Oms™’

B 075ms" East
C 075ms West
D 60ms ' East
E  6&0ms' West
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5. Car X is designed with a "grumple-zone™ o

that the front of the car collapses during
itrpact @& shown,

“crumple-zone"
e P

A simmilur car, Y, of egual rmass is buole wathoot
a crumpleszome, Inoa sotery test both cars are
drrven at the some speed intoe denteesl walls,

Whech of the following statements isfare truc
during the collisions?

I The average force on car 2 s smaller than
it on car Y.

[T The time taken for car X o codme b orest 55
greater than that for car Y,

I11 The change in momentum of car X i
simaller than thar of car Y,

A [only

B Tand LI enly
C [ und [T onky
v Il and IT1 only
E 1, Il and Il

Pape five

6. A polt ball, initially at rest, is hie by 8 club,

The graph of the force of the club on the hall
agaimst time s shown.

Sforce/lE™

1 02
fimems

A different type of golf ball of the same size
and mass is now hit with the same club, This
ball moves off with the same velocity ss the
first ball.

Which graph shows the Torce of the club on the
second ball apainst tme?

A &
force/lM
e
time ms
It 1
Saree k™
[ t T
T 02
terelrms

C
Sorce kN
frmie s
]
Jaree{kM
it e
(-2 (4
temne) ms
E 12
JureekM
(¥ : T T .
2 (4
femie s
[Turn over
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The densaity of steam st TO0°C 15 less than the
density of water at 100°C, The explanation for
this s that when water changes to steam s

particles

A move further apart

B move with greater speed

L I'IH'I'I.‘: H’l‘lltl |1,:r ITiaSS

D are no losger joined vogether

I colbde more otten with each aother,

In un experiment the following messurements
and uncertimbies are recorded.

Temperature rize = 0% £ 190

Heater current = 50A 024
Heater voliage = HIV 05V
Trme = Mzt 25

Maes of liguied = M kg £ =005 kg

The mepsurement which  has  the  largest
PerCEnEARe uncertyingy is the

A temperature rise
B heater current
L heater voltage
17 e

E  rmass of hguad.

A balloon of volume of &#0m” contains a fixed
mass of gas at a temperature of 3K and a
pressure of 2<0kPa, The maz is heated o
GNP and the pressure reduced do [-0kPa.
The new volume of the gas 18

A 15m
B 30m'
C  H0m
D 124m
E 240m’

Page six

1. A student wrtes the following stavements

abour electre fields.

I There is a force on a charge in an clectric
facld,

H When an rlr:-l:trlr. f'h:ll:l 15 upplied to m
n:mn.‘iu:.h::-l_', rhr. frr.l: r.l.rc!rir. I'_]'JFI.I.'RH n the
conductor move,

11T Work 12 done when a cliarﬂ:& i moved i
dnt eleceric Tueld.

Which of the above staterments i8fare correct?
A only

B L enly

C I and LI only

I3 1 and 111 only

E I, 11and [11




1. A resistor and a capacitor are connected to idenvical s supplies which provide constant voltge
throughout their whole frequency range.

Which of the following pairs of graphs illustrates how the current varies with frequency in the two
circuits shown?

My o— A e———
E ::l | |
2] lL."l
A
CHFred R cHFFERE
Ll (1]
Sreqpisney Tregieency
B CUFFEHT IrrEsl
i i 5
Sevgpiieney Frviiieniy
i currend \/ crrrds
ik Ll
Sfrvapuiency Seeguency
|} Curret crrrend
¥ ]
freqliency frequency
E faiFren V crEreni
il il =
Sregqurency Frequency
[Turn over
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12.

13

[X069/301]

The output from s signal  generator s
connected o the input  termamals of  an
oscilloscope,  The trace chserved on  the
oscilloscope screen, the Y-gam seting wnd the
time-hose setting are shown o the diagram.

A

Y -grun ||:|||.*=|:|:I£|:
| n@ﬁ 1) @
a0 1 o1
W divasion tns i vision

The frequency of the sigmal shown s calculated
using the

A Yegamn sething and the vertical height of
the trace

B Y-gain setting and the horsizental distance
bepwesn the peaks of the trace

e

Y -gain seeting and nme-hase setting

[ time-hase setting and the vertical height of
the trace

E  bmelbase setting and  the  honzontal
distance between the peaks of the troce.

Which of the following sratements isfare proe
For an ideal op-amp?

[ It has infinite input resistance.

Il Both inputs are at the same potenteal,
[T The mput current to the gpe-grmp i3 semo,
A Tenly
11 only
1 omed T ondy
Il and 111 l:ml:.'

L IT and 111

m.Q o |

14, Two identcal Ioudspeskers, Ly and L,, are

15.

Page exght

apereted ot the same fregoency and in phase
with each other.
procuced,

An imterference pattern 15

At position P, which is the same distance from
bath  loudspeakers, there 8 a  maximum
intemeiy,

The next maximum mtensity s oat position B

wieTe I“'IR =5bhmuand 4R =53m.
The speed of sound is 34Hms :

The frequency of the sound emitied by the
loudspeakers is given by

5653
A —3__“} Hz
340
B giigali
140
C sEsa®

I A1 (5-6-5-3 Hz

B 340x(5-6+5-31 He.

Liltravielet radintion is incident on o clean zinc
plare. Photoelectrons are cjected.

The clenn zinc plote 15 replaced by a different
meral which hes o lower work funcoon, The
ANTRE  INtensity
incident on this meeal,

of ultravicle: radiaeion s

Compared to the =ine plate, which of the
following statements isfare true for the new
metal?

I Thea FTEANATTLITY apeed of the
phiotoelectrons 15 greater.

I1 The maximum kinctic energy of the
photoclectrons is greater,

ITT There are mare photoelectrons ejected per
sgeond,

K Tidy
B Il anly
C 11 only
[ Tand IT onky
E I,1Tand Il




16, Anatom has the energy levels shown. 1%, A radianen technician works 130 hours each
manth in an argn exposed o radiation from o

EI Lt Ton hr—nm The 1;||||1.|'it'_|.'.fm:rn1' fnr thas

b racdintton 15 3. The technicin recerves an

= absogrbed dose rate of 10uGy h™' from this
ricliteon.

E,

Im a period of 3 months the toral dose
equivalent received by the technician is

A 250x 1077 Sv
E, B 2251075y

C 150 1077 Sy
Electron transitions aceur between all of these

2 =
levels 1o pn’tulur:u emisson  lines  in the n |00 10 5"

Fpectram of this wtorm E {75x |_|:r'3 S,
How many coession lines are produced by
transitions between these energy levels? A A& Coiger anter el . eoreeted
A 3 count-rare of 1000 counts per second when it &5
B 4 placed a distance of 4imm from 8 radicactive
BOLIPCE.
. -
A shees of metal 55 placed between the source
D6 und the counter. The helf valus thickness of
E 7T the metnl for madiaton from the sooarce s

Hlmm.

The corrected count-rate i3 now 123 counts
17, Materials are “doped” o produce n-type per second.

semicenductor material
The theekness of the metal sheet 1=

Im n-tvpe sermiconducter materal =
A 25mm

A the magority charge carriers aré electrons

Hmm
B the majority charge carriers are newtrons -
i 0 T
C  the majoritv charge carriers are protons
¥ Hoam

¥ thers sre more profons than neutrons
E 14 mm.

E  there are more electrons than newtnens.

[Turn over

18. A student writes the following  starcments
about the IIJEI:E'I}' of radisnuclides.

I During alphs emission o particle
congisting of 2 protons and 4 newtrons is
eminted from da nucleus,

Il During betn epussion o fast moving
electron iz emitted from s nucleus.

1] Dunng gamma @mussion a hgh encegy
photon = ermitted from s nucleus,

Whiach of these statements isfare true?
A Il only

B IandIlonly

C T and I only

1T and 11T only

E I [1and LIT

[X062/301] Page nine




SECTION B

Write vour answers to questions 21 to 30 in the answer book.
Narks

21. (a) State the difference between speed and velocity 1

{# During a tall ships race, a shup called the Mir passes a marker buoy X and
sails due West (270). It sails on this course for 30 minutes at a speed of
10-0kmh™, then changes course to 20° West of North (340). The Mir
continues on this new course for 1'% hours at a speed of 8-0kmh™" until it
pagses marker buoy Y.

(D00

(315) NW NE ((45)

(270) W E (09())

(225) BW SE (135)

B 3
marker (180)
buoy X

(1) Show that the NMir travels a wotal distance of 17 km between marker
buovs X and Y,

(i) By scale drawing or otherwise, find the displacement from marker
buoy X to marker buoy Y.

{iiiy Calculate the average velocity, in kmh'', of the Mir between marker
buoya X and Y. i}
{c} A second ship, the Lecuvin, passes marker buoy X 13 minutes after the
Mir and sails directly for marker buoy Y at a speed of 73 kmh™
Show by calculation which shap first passes marker buov Y, 2

(%)

[XDa%9301] Page ten




Marks
22, A train of mazs 75 = Il]"“kg 15 travelling at &llm g along a arraight horizontal

Lruck.

The brakes are applied and the train decelerates uniformly to rest in a time of
4 5.

{a) (i) Calculate the disrance the train travels between the brakes beng
applied and the train coming to rest.

(1) Calcalate the force required to bring the train to rest i this fime. 4

(b)) Part of the tram’s braking svstem consists of an electrical circuit as shown
in the diagram.

PESIATOF

— wheel

.0, Fenerator

=R

-l a &0 Ebdﬁﬁﬁﬁg-&- il

we) R o -

While the train is braking, the wheels drive an a.c. generator which
changes kinetic energy into electrical energy.  This electrnical energy is
changed nto heat in a resistor, The .z current in the resistor is
2-5 % 10 A and the resistor produces 8:5 M] of heat each second.

Caleulate the peak voltage across the resistor, 3
(7)

[Turn over
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Mavrks

23. A crane barge 15 used to place part of an oil well, called 1 manifold, on the
seabed,
cable
crane barge )
cross-sectional
A area 80m’
manifold
The manifold is a cylinder of uniform cross-sectional area %-0m’ and mass
5:0 x 10"ke. The mass of the cable may be ignored.
() Calculate the tension in the cable when the manifold = held stationary
above the surface of the water. 1
(#) The manifold is lowered into the water and then held stationary just below
the surface as shown,
{1) Draw a sketch showmg all the forces acting verticallv on the
manifold, Mame each of these forces.
{ii} The tension in the cable is now 2:5 x 10°F N,
Show that the difference in pressure between the top and bottom
surfaces of the manifold is 3.0 x 10° Pa. 4
ir} The manifold is now lowered to a greater depth.
What effect does this have on the difference in pressure between the top
and bottom surfaces of the manifold?
You must justify vour answer. 2
()
[M069/301] Page twelve




Marks

24, A student zets up the circuit shown,

J i)
A8

The internal resistance of the battery is 2-0£2,
With 5, open, the student notes that the reading on the voltmeter is 90V,

The student closes S, and notes that the reading on the voltmeter is now 7-8 V.

(@) (1) Calculate the resstance of resistor R.

(i) Explain why the reading on the voltmeter decreases when 5, is
tlozed, 4

() The student adds a 3052 resistor and a switch 5, to the circuit as shown,

| I |
IS
3080
The student now closes 5,
Explain what happens to the reading on the voltmeter. 2

(6)

[XO69/301] Page thirteen [Turn over




Marks
25. In an experiment, the circuit shown is used to investigate the charging of a
capacitor.
5
®

23 40052

=—— 100pF

The power supply has an e.m.f. of 12V and negligible internal resistance. The
capacitor = nitially uncharged.

Switch 5 is closed and the current measured during chargmmg. The graph of
charging current agamst time 15 shown in figure 1.

charging I
crirrent ima

0 T T
al) 1100

time/ms

figure |

{ar) Sketch a graph of the voltage across the capacitor against ome until the
capacitor 15 fully charged, Numerical values are required on both axes. 2

{#) (1) Calculate the voltage across the capacitor when the charging current
is 20 mA,

(11} How much energy 15 stored in the capacitor when the charging
current is 200mA7 4

te) The capacitor has a maximum working voltage of 12V,

Sugpest one change to this circuit which would allow an initial chargping
current of greater than 30mA. 1

[X06%,301] Fage fourieen




Mearks
25. (continued)

(d) The 1OOPF capacitor is now replaced by an uncharged capacitor of
unknewn capacitance and the experiment is repeated.  The graph of
charging current against tme for this capacitor is shown in figure 2.

cliarging 1019
. crrrentma

r.l 1 (e

11 100
Frneemms

figure 2

By comparing figure 2 with figure 1, determine whether the capacitance of
this capacitor is greater than, equal to or less than 100pF,

You must justify vour answer 2

(9)

[Turn over

[X069/301] Page fifteen

“



Marks
26. The circuit shown is designed for an alarm system.

+15 WO
120 ki grreess relay e
5 - to alarm
‘ e ol
o ;
I3 120k0 "
Nvao &

Voltage 17 is 7-50'V.
When the temperature increases, the resistance of the thermistor decreases.
{a) Atatemperature of 35 °C, voltage ;18 7-532 V.
Calculate the output voltage 7, at this temperature, 2

(6] When the temperature rises, I increases and the alarm switches on.

Explain how the circuit operates to switch on the alarm, 2

(¢} The alarm s on when V15 greater than or equal to 0-72 V.

The graph of the temperature against voltage V5 is shown.

3? i :. Ir: i i ;-i_ i |
e
3 T = LT
= x e
‘f: 36 T EeditS uad
i ; . E_:ﬂ" i i M
= : T
B S B
SR i peT ii
5 e , :
=~ K
I+ T

i
750 751 ¥ a3 T F3S 7:56 737 7:58 59

L
[

Voltage VoV

Using mformation from the graph, determine the minimum temperature
at which the alarm switches on. 2

(6)

[X0a9301] Page sixteen




Marks
27. A decorative lamp has a transparent liguid in the space above a bulb. Laght
from the bulb passes through rotating coloured filters giving red or blue light in
the lquad.

(a) A ray of red light is incident on the liguid surface as shown.

—~bulb and rotating
coloured filters inside

{1} Calculate the refractive index of the liquid for the red light.

(i) A ray of blue light is incident on the liquid surface at the same angle
as the ray of red light.

The refracuve index of the liquid for blue light is greater than that
for red light. Is the angle of refraction greater than, eqgual to or less
than 827 for the blue light?

You must explain your answer. 3
() A similar lamp contains a liqguid which has a refractive index of 1-44 for

red light. A ray of red light in the liguid 1s incident on the surface at an
angle of 45 ° as hefore,

Sketch a diagram to show the path of this ray after it is incident on the
ligquid surface.

Mark on vour diagram the values of all appropriate angles.

All relevant caleulations must be shown. 3

(6)

[Turn over
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28. The term LASER is short for “Light Amplification by the Stimulated Emission
of Radiation™,

LrHE-iL"I.' L
1T mW b
A=633nm [I light

(@) (1} Describe what is meant by Stimulated Enunission.

{11} Explain how amplification is produced in a laser.

(h) In an experiment, laser light of wavelength 633 nm s incident on a grating.

A series of bright spots are seen on 1 screen placed some distance from the
grating. The distance between these spots and the central spot is shown.

'H.._‘_‘-‘-‘-‘-
.
grating —,
\ | »
- le 0-637 m
laser o L *_ .
i ,.-"r - 0-637 m
4.4
S 1270
central spot =4 i, i
SCTEEN /h\'« =

Calculate the number of lines per metre on the graung.
(£} The laser is replaced with another laser and the experiment repeated.
With this laser the bright spots are closer together.

How does the wavelength of the light from this laser compare with that
from the original laser?

Yo must justify your answer,

[(XO069/301] Page eighteen
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29.  An LED consists of a p=n junction as shown.

phatons

il

— Fl-t:.'E'I{" : n=type ——
I

junction
{a) Copy the diagram and add a battery so that the p-n junction 15
forward-biased.

{#) Using the terms electrons, koles and photons, explain how light s produced
at the p-n junction of the LED.

() The LED emits photens, of energy 368 x 107™],
(1) Calculate the wavelength of a photon of light from this LED,

{if} Calculate the minimum potential difference across the p-n junction
when it emits photons,

[Turn over for Question 30 on Page twenty
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Marks
J0. A shipis powered by & nuclear reactor.

One reaction that takes place in the core of the nuclear reactor 18 représented
by the statement below.

F i i 1 - 04 - 1 ]
|,.2L +gn = jlef_,li + ‘mér 4 Enﬁ+ If:_l-l:*

{a) The symbaol for the Uranium nuclens is Ei;u_

What information about the nucleus 15 provided by the following

numbers?
(1) 92
(i) 235 2

{# Describe how neutrons produced during the reaction can cause further
nuclear reactions, 1

{¢} The masses of particles involved in the reaction are shown in the table.

Pariicles Mass/ kg

235 e i ,

o U IHH17Ix 10

‘1*; Ce 232:242 x 1077

5

gl 55884 % 107

_m‘.-jr |55-884 = |
J]" 1-675 % 107
'II:'.; negligible

Calculate the energy released 10 the reaction. 3

(6)

END QF QUESTION PAPER]
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