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Read Carefully

1 All questions should be attempted.

Section A [guestions 1 to 20)

2 Check that the answer sheet is for Physics Highar (Section A)

4 Angwer the questions numbered 1 1o 20 on the answer sheet provided.
4  Fillin the details reguired on the answar shest,
5

Rough waorking, if requirad, should ba done only on this question paper, or on tha first bwo
pages of the answer book providad—inot on [he answar shaeal.

For @ach of tha questions 1 to 20 there iz only one cormect answer and each is worlh 1 mark.
7 Inatrections as to how 1o record your answars 1o quastions 1-20 are given on page three

i

Section B (questions 21 to 30)
8 Answer guestions numberad 21 fo 30 in the answer book provided.
9 Fill in the detailz on the front of the anawer book.

10 Enter the guestion numbsar claarly in the mamin ol the answer book beside aach ol your
answers to guestions 21 to 30

11 Care ghould be taken to give an appropriate number of significant figures in the final answers
to cakculations.
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DATA SHEET
COMMON PHYSICAL QUANTITIES

Quﬂ'rll'r'!._#' i Symnhd Value

Speed of light in
vACUUm v B0 10 e
Magnitude of the |
charge of &n
electron F 1-60= 1077 C
Ciraviimtionial | -

scceleration ¥ GRma
Planck's conatant h b6l 107 T s

REFRACTIVE INDICES

Mass of electron

Mass of neutron

Mass of proten

Fafae

m, | P11 107 ki

1675 % 107 ke

1673 3 107 kg

T"he refractive indices refer to sodium light of wavelengrh 38% nm and to substances at o temperature of 273 K

Substance Refravtive index Substanse Refractive index
Damond 242 Warer 1-33
Crown glass 1-50 Adr 1

SPECTRAL LINES
Element i Wavelemgthinm Clour Elament | Wandleagth/nm I Calonr
.II-}'dmgen 56 TRed Codimium fi44 Fed
4546 Blusg-green A0 Crreen
434 Bliue-vialet 4H1) Blnue=
410 Wiaalet I
397 Ultraviolet e =
Kttt Ulirmviolet Elerweni IF.-JT.f.I'ﬁT;gi.Elln'nm el e
e Carbyon dioxide BEED Imfrared
bt e
Sodiiim 38 Weellorw denh
Helwrmn-neon h33 [ Red

PFROPERTIES OF SELECTED MATERIALS

Subslanre FDersiyf Melung Point/ | Beiling

kgm K Point/
I':. (|

Aluminiwrmi 270 % 107 931 2623
Copper B9 x 107 1157 28513
lee 020 x 10° 273 At}
Bed Water 102 % 107 24 77
Warer |-l = s 373 173
Air 1-29 " biewon
Hydrogen U [ 14 0

The @as densities refer to o temperature of 271 K and a pressuee of 100 % ]U! Pa,
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SECTION A

For questions | to 20 in this section of the paper, an answer 1% recorded on the answer sheet by
indicating the choice A, B, C, I or E by a stroke made in ink in the appropriate box of the answer

sheet=—sce the example below.

EXAMPLE

Ihe energy unit measured by the electrscity meter in vour horne 13 the
A ampere
B klowatt-hour
L oward
1} coulemhb

E wolt.

The correct answer to the question s B=kilowatt-hour, Record vour answer by drawing o heovy vertical line
Jmming the twa dots in the appropriate box on vour answer sheet in the colume of boxes hended B, "The entry

on vour answer sheet would now ook like thia:

c

ooooo

LF afver you have recerded vour answer vou decide that vouw have made an error and wish o make a change,
vou sheuld cancel the original answer and put a vertical =troke n the box vou now conseder to be correct
Thus, if voeu want to change an answer T¥ to an answer B, vour answer sheet would Iook like this;

000E0

=-

I you want 0 change back to an answer whach has already been scored out, you should enter o tick () to the

0

RIGHT of the box of vour choice, thus:

B

0E000-000

=

E-

[ 269301 | Page three [Turn over
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SECTION A

Answoer guestions [-20 on the answer sheel.

1. The Ffollowmg geaph  shows  how  the L. Which of the following velocity-time graphs
hisphecement of an obpect vares with time, best describes a ball being thrown vertically
min the air and returning tw the thrower's
handf
displacement
* 2
A velocity
[
Trme
1 5
{ Tme
Which row of the table helow hest du:ﬂ:rdws
the maotion of this -::-|'|_1|:~|.'T5' H vr.=|-::-|.':ir:.'
Froag £ to P Frog £* o -l;]' | i :
_ rime
A constant seceleration | constant -.:_-I_q:uit:.'
H wern velocity constant deceleration
1 W
L constant velocity wern velooity C velogity
| - .
D | eero velociy constant velooity
1 - if
E | constant velocity constant deceleration Hme
LY l.'eiuq_'i.l:}'
il :
Lirre
E velocity
i _
e
[F06% 301 ] Page four




3. A force of 180N 5 applicd vertically upwards
o i oo of meass 15 kg,

T80 M

15 kg

Agsuming that the acceleration due o gravity
: = | 4
is Bme 7, the acceleration of the box is

A 2¥Ims™

B Thms™
C  %Ems”
[ 120ms™
E  19%6ms .

4. & box of mass 1kg rests on en inclined plane
The component of the weighs of the box acting
down the incline is 50N, A force of 300N,
parallel o the plane, s spplicd o the box as
shown,

At

The box accelerates at 10ms™ up the plane

The zize of the force of friction opposing the
rnoticn of the box ks

A 30N
H R
C 130N
200N
E 250N,

[XO69/301]

3 A flar boromed  pest-oube conuaming
alurminium rivers i3 Aoared i liguid A,

rIvers

Heguid A

The bottorm of the test-tube i5 at a depth of
5 emi below the surface,

The same test=tuhe ond sluminium rivets are
then flonted 1n |'i-:|uid ]:I-.

5

&

liguid B
The bottom of the est-tube s ar 3 depth of
sSom below the surface,

Which of the follewing statements) isfare
truses

I In ewch lgued the pressure ot the bottom
ol the test-tube 1s the some,

[l The density of liquid A i greater than the
density of haguid B.

I In wach liguid the upthrast on the bottom
af the test-tube ks the same,

A lonly

B Il only

C land [l enly
D ITand LIT only
E I, 1T and Il

[Turn over
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6. A helivm filled balloon of mass 1-5 kg floats at 9. The diagram below shows a balanced
B Constant _h-e:;rh1 nf !L_l'[,h:':t. The acceleration Wheatstone bridge where all the resistors have
due o gravity s P s, different values.

The upthrast on the balloon is

A (17
i I3
C I+ TN
[ £ 11 B
E 14705,

o A sealed hollow baoy  drifts from  warm
Aclanii waners into colider Arctic waters.

The volume of the buoy remsins constant,

The pressure of the air trapped inside the buoy
changes.

This is because the pressure of the trapped air

1% :
Which  chonge(s) woeuld meke the bridoe
A dwectly  proportional e the  kelvin utibalanced !
temperafure 1
pe I Intercharge resistors PP and 5.

B inversely proportional o the kelvin 1
Lemperature

Interchange resistors P and €},

; IIT Change the e.muf. of the battery.
L mversely proportronal to the volume of the e S

air in e |‘_1u-::-:.' .1 [ only
D imwversely  proportionsl  to the  celsius B ITonk
TEm DS rHikLFe ;

. . . C IIT ol
E  directly  proportional  to the  celsius -
LermpeEratire D 11 and TET only

E  land [T only

& In the fellowing circuit the current from the

baintery 18 3 4,
i1

| S |

Assuming that the battery has negligible
internal resistance, the resistance of resistor B

1=
A 3D
B 4L
SR T
o124
E 1860,
[K069/301 FPage six
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I, A sooedent sets up the following cireuit. 13. The operattonal amplifier connected 1 the
cercuit below 15 powered by o supply of 415V

mnd =15
s
Nt S0k
+15V

il T0p |2 1
/ T —
| -5V 1
— ° o

. - : i The mput voltage F iz +5Y. The most likely
When the switch i open, the student notes ¥ s !

1 L L 'l-'iIII:II: .|'1:-|.' |.|'Il‘! aanrtprLnd 1.--:r|r| L i-r i!’ﬂ.
that the reading on the voltmeter i 1'3V, The 3 el

switch 1= then closed and the reading falls w A =23W
bEY: B 13V
The decrease of 32V is referred ooas the C v
A e D +13V
u I‘IJH': "I.FI'L"- I:. +25 1[‘

T peak voltage
0 pomes voloage
14, The amphfier shown below has an owutpul

E  terminal potentinl difference, voltage of -0V

Input visliage 1) is originally 43V and inpui

- ) . , verltage 1, 15 originally o6V
11, The unit for capecitance can be written as LA T

& vy R,
B CvV"
-1 +15V
A "
D ot I
™ ._ﬁ
E Jol [
I
12, Which of the following statements  about
capacitors is'are true?
A . : T ]
I Copacitors are wsed to block a.c. signals. =E

1 Uu[:uﬁ::tum are wsed to block d.c. signils.
T Copacitors can slore erergy. H' = 'H-" and H' = R-"
IV Capacitors cam store electeic charge. ; .
- i P The input valtnges r'l and l-'! wre increased
10V and 1-2 'V respectively,

A [ only
B [ and 111 only The autput voltage 7 iz now
f A B2V
C o THand 11T only
B 32V
B TE 1T smd TY ondy
) C 50V
E T and IV omly
D A0V
E 10V
[KD69/301] Page seven [Turn over




17, I o foser, a photon of radiation & emitied
wheti an electron mabez a tronsiton frimm a
higher energy level o a lower level, as shown
belaw

15, Microwimve rudiation i3 incident on a motal
plate which haz 2 slits, P and (3. A microwave
receiver 15 moved from B te 8, and detects a
series of maxinsa and minima of mtensity at the
paesitions shown,

2,4 14
H i nx1ﬁ ]

TR TR

i phaton

metal plate

maximum

—p
| —33x 107"
| TR
i i | e ey in cach pubse of radiion from the
0 laser is 12 ]. How many phetons are there in
tramsrrier TR each pulse?
(]
A TR=AN
IMAXIMUMmM

B 30xi0"

| c IT=x1n”
I_ EI eI Tm
+5x 10"
A E 91%10"
The microweve mediation has o wavelength of
4em:

The path difference beoween P and QT 18

A lem
B JYem |
C 4em
I Sem
E  fem.

16. Lizght of freguency 500 = 10" Fz passes foiom |

avr inte & block of glass of refracuve imclex 1-5.
Which rew 1 the Tollowing table wives the
correct values for the velocity, frequency and
wavelength of the light in the glass?

velocity/ms | frequeneyfHz | corveltengthim
A 20 10" s0x 10" §eline Wi
1] _3-|| 10" 50« 1™ Bl 1077
¢ 3o 107 33x10™ 1% 107
D 21 10* 33 % 10" Gl 10K
K 10 % 10% 33 x 10" 10
[XO069/301] Page eight
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18, In a durkened rooms, o small lomp s placed Which graph shows covpectly how the ammeter
2em from a photadiode which s conmeted 0 reading changes ag the distance @ hetween the
the circuit as shown, The lamp may be lump and the photodiode ks increased o Gom?
regarded as a point source. The reading on the A

; 1= 3 _
arnneter is AT AL s Sy ;
i i E
T . ] .
] ! r"?‘m, current/pA
e ;
1 opiieiids .
e 1 T i
+ @z = C i
o distimceycm
h
current/ud ;
| j
1 I |
¥ z 4 fi
distance fem
L
current/jLA
¥
: 27-4-eee
currenA ;
R e ™
] 1] ¥
i 2 + fi
dagtamee cm
E EP R
current/ Ly
[ - ]
: :
i T |
i b o 3]
distance/cm
[(X069/301] Page nine [Turn over



19, Which row of the tnble shows the correct
villues of x, v and 7 for the nuclear reaction
described below?

24 P |
D = SBi o+ e

. ¥ 2
A ik 214 |
I K3 211} i |
¢ 85 214 2
o | s | 24 -1
E 52 210 s

20, The sk of bislogical harm from exposure to
rasdintaon depends on

1 the abserbed dose
Il the body orgams exposed

[1] the oype of radiarion

Which sraternentis) is/are true?
A [only

B ITonly

C I only

01 and 111 only

E 1, 1T and 111

[X069,/301] Page ten
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[SECTION B begins on Page fivelve]
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SECTION B
Write your answers to questions 21 to 30 in the answer book.
21. A hasketball is held below a motion sensor. The basketball is released from rest and
falls onto a wooden block., The motion sensor is connected to a computer so that

graphs of the motion of the basketball can be displayed.

motion
SENSAT

[ Lull
basketball ———
lﬂdﬂn hlock

A displacement-time graph for the motion of the basketball from the instant of its
release is shown.

cComputer

ENENEEE= TR H
{ . 11 T
] 1 et .
1lH ul ] 1'.
: ! mEEEE NNNE. S ]
1-6 : : . i ]
- 1 1
v
M4FE f257i i
12 ; REmmamE s < HHH
- ] = . T :
EmmE i N ] o
displacement/m 1-( - mmas W I ,
1 & i T . i -
T n e : : ] |
0.8 A T
s 1 F, - i - lI Ll L] o
(-6 AT ' . !
AT N EEimmEmEn
-4t ""r_i_ sEaaEy =
A HE Saisizaias
0-2 amasmman ' HHH 1 o
n'?". T HH B
01 02 03 04 05 06 07 08 09 10 11 122
tme/s
[XOA9/301) Page twelve
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Mavks
21. (continued)

lab  (1b What 15 the distance between the motion sensor and the top of the
bhasketball when it is released?
(i) How far does the basketball fall before it hits the wooden block?
(i)  Show, by calculation, that the acceleration of the hasketball as it falls

it 8 9ms~, 3

(5} The basketball is now dropped several times from the same height. The
following values are obtained for the acceleration of the baskethall,

BUms™ 9-1ms™ Bdms™ 8-5ms™ O-0ms™
Calculate:
{1) the mean of these values;
(11} the approximate random uncertainty in the mean. 3

(e} The wooden block is replaced by a block of sponge of the same
dimensions. The experiment is repeated and a new praph obtained,

Diescribe and explain any two differences between this graph and the
original graph. 2
(%)

[Turn over
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Marks
22. A rechnician designs the apparatus shown in the diagram to investigate the
relationship between the temperature and pressure of a fixed mass of nitrogen
which is kept at a constant volume.

° e PIESSUTE FALEe

safety valve —_ (mom

HERYY e thermometer

flask—

Witer—

{a} The pressure of the nitrogen is 1M kPa when its temperature 15 15 °C,
The temperature of the nitrogen rises to 45 °C.

Calculate the new pressure of the nitrogen in the Hask, 2

() Explain, in terms of the movement of gas molecules, what happens to the
pressure of the mitrogen as its tempéerature 18 increased. 2

(¢} The technician has fitted a safety valve to the apparatus,

A diagram of the valve 1s shown below.

piston
apring

fitrogen
tulbe

small hole 4/

The piston of cross-sectional area 40 % 10™m’ s attached to the spring.
The piston is free to move along the tube.

The following graph shows how the length of the spring varies with the
force exerted by the nitrogen on the piston.

[X069/301] Page fourteen
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Marks
22 (¢) (continued)

e
0-8-HH e easamsuas qeeee
| f 1 1 - |
! - 5 rH nE
S eeaatEE e : =
ST ! ; s :
force exerted by . ] I u !
the nitrogen on T ] - T ]
the piston/N (44 e e e RS
] u 1 T
.I T
1 1 : 1 I I I!
T mnm HH : -
0-2 H+ -
| B THHH
T I H .I' 1]
mxam Ht - HHHH
'I:i 1 RN | 1 11
0 10t 20 30 40 Sl i)

length of spring/mm

{i} Caleulate the force exerted by the nitrogen on the piston when the
reading on the pressure gauge is 1-75 % 10°Pa,

(1) ‘What ig the length of the spring in the safety valve when the pressure
of the nitrogen is 1-75 = 10/ Pa? 3

{d} The technician decides o redesign the apparatus so that the bulb of the
thermometer 15 placed inside the flask.

Give one reason why this improves the design of the apparatus. 1

(8)
[Turn over
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Mavkhs
23. (a) A space vehicle of mass 2500kg is moving with a constant speed of
0-50m s in the direction shewn. It is about to dock with a gpace probe of
mass 1300kg which is moving with @ constant speed in the opposite

direction.
0-50ms"’
rocket engine I-JM’ rocket engine
i
space vehicle space probe |

After docking, the space vehicle and space probe move off together at
(2 m s in the original direction in which the space vehicle was moving.

0 20ms
i i

Calculate the speed of the space probe before it docked with the space
vehiele, p-

(h) The space vehicle has a rocket engine which produces a constant thrust of
100N, The space probe has a rocket engine which produces a constant
thrust of 300N,

The space vehicle and space probe are now brought to rest from their
combined speed of 0-20m £l

(i1 Which roecker engine was switched on to bring the vehicle and probe
10 rest?

fii}  Calculate the time for which this rocket engine was switched on. You
may assume that a negligible mass of fuel was used during this time, 3

{c] The space vehicle and space probe are to be moved from their stationary
position at A and brought to rest at position B, as shown.

Explain clearly how the rocket engines of the space vehicle and the space
probe are used to complete this manoeuvre,

Your explanation must include an indication of the relative time for which
each rocket engine must be fired.

You mav assume that a negligible mass of fuel is used during this
MARGEUVTE, z

[X069/301] Page sixteen (7)
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Marks
24, A battery has an e.m,f, of 50V and internal resistance of 2-0),

{a) What is meant by an em f. of 6-0 177 1

(i) The battery 1s connected in series with two resistors, R, and R,. Resistor
R, has a resistance of 2042,

The reading on the ammeter is 200mA,

R,

(. T

(1] Show by calculation that K, has a resistance of 8-0£).

(1) Calculate the reading on the voltmeter, 4

{e} The battery 15 now connected to two identical lamps as shown below.

Lamp Lamp

Describe and explam what happens to the reading on the voltmeter when
switch 5 15 closed., 2

(7)
[Turn over
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Markz
258, (a) The circuit below is used to investigate the charging of a 2000puF
capacitor. The d.c. supply has negligible internal resistance.

+l vl ©

— 2000uF

W a0
——i

The graphs below show how the potential difference Vy across the
resistor and the current I in the circuit vary with time from the instant
switch 5 18 closed.

f1- 7.5
/v IimA

0 0

(i1 What is the potential difference scross the capacitor when it is fully
charged?
(i) Calculate the energy stored in the capacitor when it is fully charged.

fiiiy  Caleulate the resistance of R in the circuit above. 5

[X069/301] Page eighteen
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Mavies
25. (continued)

() The circuit below is used to investigate the charging and discharging of a
CAPACILOT,

pwer _I_l_l—l_

supply

T'he graph below shows how the power supply voltage varies with time
afrer switch 5 13 closed.

power supply  § V-
voltage/V

0 15 10 1- 20 25

time,s

1

The capacitor 18 initially uncharged,
The capacitor charges fully in 0-3s and discharges fully in (-3 5,

Sketch a graph of the reading on the voltmeter for the first 2:5s after
switch 5 is closed.

The axes on your graph must have the same numerical values as those in
the above graph. 2

[Turn over
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Marks

26. An alternating voltage signal displaved on an oscillogcope screen s shown
below. The peak voltage is 6-0V and the time base setting 15 2 ms/cm.

EEEEEEEEEEEERTES mEIEEENENE SN N SmmEn EmE AN
11T 11 1 11 R
, . | 1 1
EEEA . B r 1% 1| d LY |
;| T T !?'\1 1 1 __'-_.'H .
Fimm 5 "'!'I | [N
1 1 T e I 0]
Ve RN e "!r H-AHH :{ . .
H-H - 1" +H b i f - 1
ESEESR —-!'a— / T - EEEEE
N o ; ] _
LLL e ;"I i hl_ A
. M . I
AR a FHRRF AR
(@) Caleulate the frequency of the signal. 2

(k) This alternating voltage is used as the input voltage 1, for the operational
amplifier circuit shown below, R, is a variable resistor.

R,

(i1 In what mode is the operational amplifier operating?
{i1) 'The variable resistor B, is set at 3.0kL,

(A} On sguare ruled paper, sketch a graph of the output voltage I
Numerical values must be shown,

(B} Calculate the rnm.s. value of the output voltage 17,

{i11) The resistance of resistor K, is gradually increased from 3 1€ o 5 ki3,
Describe what happens to the output veltage 7, during this time. 7

(9)

[X068/301] Page twenty



Marks
27. A ray of red light is directed ar a glass prism of side 30 mm as shown in the
dhagram below,

B

S | 1

-

B mm

ta) Using information from this diagram, show that the refractive index of the

glass for this red light is 1-52, 1
() What is meant by the term eritical ansle? 1
(e} Calculate the critical angle for the red light in the prism 2

{d) Sketch a diagram showing the path of the ray of red light untl after it
leaves the prism. Mark on vour diagram the values of all relevant angles. 3

(7

[Turn over
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Marks
28, An image intensifier is used to improve night vision. It does this by
amplifying the light from an abjeet.

Light incident on a photocathode causes the emssion of photoelectrons,
These electrons are accelerated by an electric field and strike a phosphorescent
screen causing it to emit light. This emitted light is of a greater intensity than
the light that was incident on the photocathode.

photocathode phosphorescent screen

light from
light from inguaﬂ:u
obyeet electrons  electrons ittt

200 10V

The voltage between the photocathode and the phosphorescent screen is
2-00 = 10"V,

The minimum frequency of the incident light that allows photoerission to
take place is 3-33 x 10" Haz,

(@) What name is given to the minimum frequency of the light required for
photoemission to take place? 1

(k) (i) Show that the work function of the photocathode matenal is
221 x 1077

(i) Light of frequency 5-66 x 10°°Hz is incident on the photocathode.
Caleculate the maxinum kinetic energy of an electron emitted from

the photocathode.
{iii) Calculate the kinetic energy gained by an electron as it is accelerated
from the photocathede to the phosphorescent screen. (]
(7)

[X06%/301] Page twenty -t
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Marks
29, {a) A sample of pure semiconducting material is doped by adding impurity
atoms.

How does this addition affect the resistance of the semiconducting
material? 1

{6) The circuit below shows a p-n junction diode used as a light emitting

diode (LEL).
a

n:p
LED

{11 Explain in terms of the charge carniers how the LED emits light,

(1) Monochromatic light from the LED is incident on a grating as
shown.

The spacing between lines in the grating is 5-0 % 107 m.

_E_ second order

FEAX T

first order

Tmaximum
e -entral
: LED E .LI?:I'I .ra
IR X LITALETR
grating
SCTECT
What is the wavelength of the light emitted by the LED? 4
(5)
[Turn over for Question 30 on Page twenity-four
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Marks
30. (a) Torbernite is a mineral which contains uranium.
The activity of 1'0 kg of pure torbérnite 15 349 ¥ 10" decays per second.

A sample of material of mass 0-6kg contains 40% torbernite. The
remaining 60% of the material is not radicactive.

What is the activity of the sample in becquerels? 2

ih) The table below gives the quality factor for some types of radianion,

| Type af radiation Ohealety factor

_Gamrna rays 1
Fast neutrons 10 '
Alpha particles 20

Exposure to 150uGy of alpha particles for 6 hours gives the same dose
equivalent rate as exposure for 8 hours to #00UGy of one of the other
radistions in the table above,

Identify this radiation, |

You must justify vour answer by caleulation.

[END OF QUESTION PAPER]
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