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R HIGHER
Read Carefully

1 All guestions should be attempied.

Section & (questions 1 to 20)

Check that the answer sheet is for Physics Higher [Section Al
Answer the gquestions numbered 1 1o 20 on the answer sheat provided.
Fill in the details required on the arswer sheal,

Hough working, if required, should be done only on this question papsr, or on the lirst wo
pages of the answer book provided—not on the answer sheeat.

For each of the guestions 1 to 20 there is only one correct answer and each is worth 1 mark.
7 Instructions as to how to record your answers ta questions 1-20 are given on page three.
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Section B (questions 21 to 29)
B Answer questions numbered 21 to 29 In the answer book provided.
2 Fill in the detzils on the front of the answear book

10 Enter the guestion number clearly in the margin of the answer book beside each of vour
answers to questions 21 fo 29,

11 Care should be iaken to give an appropriate number of significant figures in the final answers

to calculations.
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DATA SHEET

COMAMON PHY SICAL QUANTITIES

' Chientty

| Speed of light m
[ wncuLm

Magnitude of the [
| chargeon an
i et rows

Liravitataomal
o |Eru1i:1n|

Manek’s constant

Sumbol|

= o

HEFRACTIVE INDICES

The refractive indices refer w sodium light of wavelengrh 3539 nm and 1o substances st a temperatuee of 273 K,

Valie I;J.uuwur_v Symhiod Fafie
300 % 10°m s~ Mass of electron m, |[911x107 kg
10 s 10 O Mass of narton a, | 1675 % 107 kg
YEms Mlngs of proten il 1-673 » 107 g

Ghx 107 s

Substanee Refractive index Sulrsrance [ Refracrive fndex
Damond 2-42 Warer 1:33
| Crown gliss 1= 55 Air 1Kh
SPECTRAL LINES
| Etement | Wavelengthjnm | Colour Element Wavelengthinm | Colour
Hydrogen 656 | Red Cadmium 644 Red
[ SHL Hluc-green SiF Cireen
434 Blue-vinlet 440 Blue
41 Vinlet
197 Ulteaviolet inalil
AR | Ulrravicler Flpment W cenred gt fium Cafaaer
Baditin 58y i Corhon diaxide UEE0 Infrared
10500
. Helium-nean 633 | Red

PROPERTIES QF SELECTED MATERIALS

Snbutance Densiiv) ' Melting Peing! | Boiling
kg m™ K Paint!
iis
Aluminium 270 % 10° Y33 2623
Copper B9 % 10 1357 K33
fee G- LOF 273 | g
Sea Warer 1-02 % 10° 204 i)
Warer 1 10 273 373
Adr 1:24%
Hydrogen 0 =1 14 20

The gas densities refer m s temperature of 273 K and o 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, D or E by a stroke made in ink in the appropriate box of the answer
sheci—see the example below,

EXAMPLE
Thae EREFEY LT Widasured hg.' the i'_-le-:!ri-:.':i'r_'.' macter in woue hoae s the
A ampere
B kilowatt-hour
C watt
¥ coulomb
E vl
The correct answer o the question is B—&kilowatt-hour. Record your answer by drawing a heavy vertical line

joinmng the two dots in the appropriate box on your answer sheet in the column of boxes headed B, The entry
ca vour answer sheet would now look like this:

ooooo

If after you have recorded your answer vou decide thar you have made an ercor and wish to make a change,
vour should cancel the original answer und put 8 vertical stroke in the box vou now consider to be correct
Thus, if you want te change an answer T} to an snswer B, your answer sheet would ook hike this;

If vou wank to chenpe back to an ansawer which has alrendy heen scored owd, you should enter a tick (&) 0 the
RIGHT of the box of your choice, thus:
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SECTION A

Answer gquestions 1-20 on the answer sheet,

1. Which one of the following pairs containg one 3. A helicopter s dﬂﬂﬁmﬁ?ﬂ vertically at a
vector quantity and one scalar quantity? constant speed of 3-0ms . A sandbag 15

reledsed from the helicoprer, The sandbag hits

A& Fowe knicenngy the ground 341 s later,

B Fower sppeed What was the height of the helicopter ahove
C  Displacement, sccelerntion the ground et the lime the sandbag was
D Work, potential encriy relcaned
E  Momentum, velocity N Aram
H 4 m
C 107-5m
2. The diagram below shows the resultant of two -
D 122-5m

YECDOrS,

4. A car of mass W0kg pulls a corsvan of mass
4 kg along & straight, horizontal road with an
ncceleration of 2:0ms ",

Which of the diagrams below shows the
vectors which  could  produce  the above

resultanc?
A -
Assurmng that the frictional forces on the
B " caravan wre neghgible, the tension in the
coupling besween the car and the carovan 1s
A A0 [
B Lk Bt
I R M

E D 1RO0MN
E 2600
8§ A mocket of mazs 5-0kg s trevelling
[ horizontally with & speed of 20ms ' when it
explodes into two parts.  One part of mass
140k contmues in the original direction wath
a speed of I00ms"., The other part also

continues in this same direction, Iz speed 15
1

A 150mis
E b
B Mllms
C 300w
D 350ms "

E  Tiims

[X0658/301] Page four




A block floats in water and two other ligusds X
and Y oe the levels shown,

liguid X

wHiET

Which of the

a
Lirrrects

isfare

following  statements

I The density of the material of the block is
lezs than the density of water,

[T The density of liquid X is less than the
denzity of walor

I1E The density of Louid X s grester than the
density of hoauid ¥,

A [ only

B ifasl

Co land [T anly

[ Tand [I1anly

E 1Iund Il only

8.

Im the diagrams below, each resistor has a

resistance of 1-0olim.

Belect the combinatwsn which has the least

value of effective resstence  between  the

terminals X and Y.

A X : ¥

B

C X ¥
o— i - s -

|
3 3| [zj}_a ¥

7o lee at =10°Cis heates) until it becomies water at ko I.'h.ﬂ I‘l_rlluwing “ﬁu“ he mpkT hee
8000, meglhigible imtermnal resisrance,
The temperature change on the kelvin seale iz I
1
THK rl
& ik ko
C Hik —O g
"
I 3K
E #3ibK. o
&)
Switch 5 is now elosed,
Whiech row m the table shows the effect on the
ammeter nnd voltmeter readings?
I ;
Armreter reading | Voltwerer reading
A INCTeses inCreases
B INCTEASES decreases
i decressies decreases
I3 decrasey IR TEs NS
E decicasns rermins the same
[ XOB9/301] Page five [Turn over
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0. A supply with 8 sinusoidally alternating curput

of B0 Y romes. is comnected toa 305 resistor,

J,

B0V 300

T

Which row in the following rable shows the
peak voltage across the resister and the peak
current in the circot?

Pear tl:l.l'.treg.n'll"'l.-r Prak curresr’ A
A b2 p )
B Gad F
i & 2
. |
{54 2 T
2 ¥ W2
E i 12
[X069/301]
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11, A resptor and an ammeter are connected o a

signal generator hoving an cutput of constant
amplitude and variable frequency.

()
L
signal L R

genurator T

Which of the following gruphs shows the
correct relationship between the current § in
the resistor and the output frequency f of the
signal peneratar?

A I

N\

0 7
[ i
L f

{F

TS




12, Which of the following statements igfare troe
for an idlenl op-amp?

I Tt has infinite input resistince,
1T Both input pins sre at the same potential,

[1T The inpur current to the op=amp = Zero.

A lonly

B IT only

€ Tand I only
IT and I1I only
I, lland I11

m

13, Anop-ampeircoit i shown in the diageam.

LI
oo TN

¥ 15V P

IV 100 kg

What is the outpur voluge 177

A =P
b -2V
C =02V
D 0V
E 1y

14, The energy of a warer wave depends on 1ts
&onnal
B wavelength
C o frequency
[} period
E  amphitude,

[X069/301 ]
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S, and 5 are sources of eoherent waves which
produce an interference pattern along the line
XY

X
G
——————— - 4 central maximum
5, =
i
4
.
The [Erst moximom  ocodrs st P where
5,F=2em ond 5,P = 15 em
For the thord maximum, at K, the path
dilference (% R — ‘."rJH.I 1
A dem
H <em
T Sem
D édem
E &em,

The apectoum of whate light from a filament
bamp may be vidwed using a prism or a graving.

A student, ssked o compare the spectm
formed by the two methods, made the
fellemwing staterments.

[ The prism preduces s spectrum by
refractinn, The grating preduces o
spectrum by interferomne.

LI The spectrum formed by the prism shows
all the wavelengths presemt in the white

light. The spectrum formed by the
graping shows nonly a few specific
wavelengths.,

1l The prism produces a single spoctrum,
The pgroting produces more than one
Epectrum.

Which of the abave statements is/are true?

A lonly
B IT unly
C Tand 11 enly

I and 111 only
I, Il and I1]

m.g

[Turn over




17. HRed light passes from air into waier 20, Under certain conditions, o nucleus of nitrogen
absorbs an alpha particle to form the nuclews of

What happens to the speed end frequency of another elemment and releases a single particle,

the light when it enters the water?
Which one of the following staternentz

— T correctly descrihes this process?
Epewd Freguency
14 i W o ]
A INEFEARES LA EARES A GN + 3He = F + 0
B A TR Stavs comstant
14 4 17 i
£ e rases siAvE Cconstant B M 4+ SHe = jjMNe +_je
I decreases decredses
v ldia 1% I
E BtAYE constant decreases c N+ ;:!H: = 30 +p
. : - 14 4 i i
18. The intensity of light from a pont source 18 D 3N +iHe = 4F + 2 _je

W m™ at a distance of 5-0m from the source,

What is the intensity of the light at o distance
of 25 m from the soarce? i

A 0-032Wm™
B 080Wm™
C 12Wm ™
D 40Wm™
E  100Wm™"

"IN+ dHe - To+p

RF

19. Ulersvialet radiation causes the emission of
photoelectrons from a zinc plate.

The intensity of the ultravioler radiation is
inereased.  Which row in the following table
shows the effect of this change?

M axcimum Number of
keittetic eREr Y frlvistoelectroms
of @ piatoelectron per gecond
A increases nie chamge
(] o change INCEENSes
C L v chiiae
[ IMCrenses ImC T
E decreases | incresses
| XO69,/301] Page eight




SECTION B
Write your answers to questions 21 to 29 in the answer book. Meirks

21. {a} A box of mass 18 kg is at rest on a horizontal frictionless surface.
A force of 40N iz applied 1w the box ar an angle of 26 ° to the horizontal.

0N

(1) Show that the horizontal component of this force is 3-6 N,
(1)  Calculate the acceleranon of the box along the horizontal surface.
(1if) Calculate the horizontal distance travelled by the box in a time of
70s, 5
{#) The box 1z replaced at rest at its starting position.

The force of 40N is now applied to the box at an angle of less than 26° 1o
the horizontal.

'I'he force is applied for a time of 7-03 as before.

How does the distance travelled by the box compare with your answer to
part (a){uii)?

You must justify vour snswer. 2
(7)
[Turn over
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22. {a) In an experiment to find the density of air, a student first measures the
mass of a flask Full of air as shown below.

flask —-

balance

The air is now removed from the flask and the mass of the evacuated flask
measured.

This procedure is repeated a1 number of times and the following table of
measurements is obtained.

Experiment number

Liy
=

1 2 L) 4

Mazs of flask and arr kg 0-8730 | 0-8762 | 0-B748 | (-8755 | 0-B760 | 0-8757

Mass of svacuated flash ke (0-8722 | 0-8736 | 0-8721 | 0-8728 | 0-B738 | O-8732

Mass of atr removed kg

The volume of the flask is measured as 2-0 x 107 m'".

(11 Copy and complete the bottom row of the table.

(ii) Calculate the mean mass of air removed from the flask and the
random uncertainty in this mean. Express the mean mass and the
random uncertainty in kilograms.

{iii} Use these measurements to calculate the density of air.

{(ivl Another student carries out the same experiment using a flask of
larger volume.

Explain why this is a better design for the experiment,

[X06a%/301] Page ten

Marks




Marks
22, (continued)

iy The cylinder of a bicyvele pump has a length of 360 mm as shown in the
diagram.
The outlet of the pump is sealed.

The piston iz pushed inwards until it 1s 160 mm from the outler,

final position =T oo
sealed //_ of piston mitial position
" of piston

onetl :[\1 T E

-

1 60 mum
st i

J60 mm

The initial pressure of the air in the pump is 1-0 x 10° Pa,

(i) Assuming that the temperature of the air trapped in the cvlinder
remaing constant, calculate the final pressure of the trapped air.

{11} State one other assumption yvou have made for this calculation.

(iii} LIse the kinetic model to explain what happens to the pressure of the

trapped air as its volume decreases, 5
(11)
[Turn over
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23.

[XO69/301]

Beads of liquid moving at high speed are used to move threads in modern
weaving machines.

{a} In one design of machine, beads of water are accelerated by jets of air as
shown in the diagram,

B

Jet of air
e e 2 e

st
bead

ﬂﬂ.rl‘ﬂ“‘ [:If “‘H.I:-I':'I.'

tube
Each bead has a mass of 2-5 % 107 kg,

When designing the machine, it was estimated that each bead of water
would start from rest and experience a constant unbalanced force of -3 N
for a time of 3-0ms.
(i) Calculate:

(A} the impulse on a bead of water;

(B) the speed of the bead as it emerges from the tube.
(it} In practice the force on a bead vanes.
The following graph shows how the actual unbalanced force exerted
on each bead of water varies with time.

Faorce/™N
5

R TnE

i 3.0
Use information from this graph to show that the bead leaves the
tube with g speed equal to half of the value calculated in part (i)(B),

Another design of machine uses beads of o1l and two metal plates X and Y.

(&)
The potential difference between these plates 1s 5-0x 10°V,

Each bead of il has a mass of 4-0 x 107kg and is given a negative charge
of 63 x 107°C.

The bead accelerates from rest at plate X and passes through a hole in
plate Y.

+5:0 % 10°V
metal plates

fﬁﬂ'““-a,_

0y

65 = 10°C
—hioad of ol

e Sl

| charged bead of oil

>
[
-

R

plate ¥

Neglecting air friction, calculate the speed of the bead at plate Y.

Page twelve
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Marks
24. (a) The following circuit is used to measure the eem.f. and the internal
resistance of a battery.

e maCs

4,
—

Readings of current and potential ditferénce from this eircuit are used to
produce the following graph.

porential
differenceV

i 10 20 current/A

Use mformation from the graph to find:
(i} the e.m.f of the battery, in volts;

(1} the mnternal resistance of the batters. 3

(#) A car battery has an e.m.f of 12V and an internal resistance of (-050.0).

{1} Calculate the short circuit current for this battery.

(1} The battery 15 now connected in series with a lamp. The resistance

of the lamp is 2-50, Calculate the power dissipated in the lamp. 5
(%)
[Turn over
[X06%/301] Page thivteen




Marks
25, (@) The following diagram shows a circuit that is used to investigate the
charging of a capacitor.

$70UF . 5
| |
A

The capacitor is mitially uncharged.
The capacitor has o capacitance of $70UF and the resistor has a resisrance

of 1-53 kL.
The hattery has an e.m,f. of 6:0V and negligible mternal resistance,

(i) Switch S is now closed, What is the initial current in the circuit?
(ii) How much energy is stored in the capacitor when it is fully charged?

{ili} What change could be made to this circuit to ensure that the same

CAPACILOr StOTes MOre energy? 5

{b) A capacitor is used to provide the energy for an electromic flash in a

camera,

When the flash is fired, 6:35 » 107] of the stored energy is emitted as

light.

The mean value of the frequency of photons of light from the flash

is 5-80 x 10" Ha.

Calculate the number of phatons emitted in each flash of hight. 3

(%)

[XO69/301] Page fourteen
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Darks

26. (a) An op-amp is connected in a circuit 48 shown below.
1-6 MO

20k

18 mV

o - o

(1} In which mode 15 the op-amp operating?
(11} A voltage of <18 mV is connected to the input. Calculate the vutput
volmage V.
(11} The supply voltage is now reduced from 215V o 212V,
State any effect this change has on the ourput volrage., You must

JUsTify vour answer. 4
(6] A student connects an op-amp as shown in the following diagram. An
alternating voltage of peak value 5-0V is connected to the input as shown,
input voltage
The sketch below shows the student’s attempt to draw the corresponding
output voltage,
YR e i sl 5
v
ovE
State the two mistakes in the student’s sketch, 2
(6)
[X06%301] Page fifteen [Turn over




Marks
27. {a) Light of wavelength 486 % 10™m s viewed using a grating with a slit
spacing of 216 3 107" m,
Calculate the angle between the central maximum and the second order
MAXITAETL. 2

{5y A ray of monochromatic light passes from air into a block of glass as
shown.

r i 5
normal | %

normal - -

e

(i) Using information from the diagram, show thar the refractive mdex
of the glass for this hght s 1-61
(i1} Show by ealeulation whether the rav is torally internally reflected at

point X. 4
(6}

[X069/301] Page sixteen




Marks
28. (a) Inalaser, the light is produced by stimulated emission of radiation.

Explain the term “stimulated emission” by making reference to the energy
levels in atoms. 4

(fr) A laser beam s shone on to a screen which is marked with a grid.

T'he beam produces a uniformly lit spot of radius 500 x 107 m as shown.

spot of laser light

T

500 3 107'm

-

S 10t m

{1} The intensity of the spot of light on the screen 1s 1020 W m™,

Caloulate the power of the laser beam.

{11} The distance between the screen and the laser 15 now doubled.

Stare how the radius of the spot now compares with the one shown in
the diagram.

You must juetify yvour answer. 5
(7)
[Turn over
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Marks
29, (@) The following statement represents a nuclear reaction.

239 1 137, 100
Pu+4 n—= I'e +

|
Mo + + ;
94 0 532 e TR e

The total mass of the particles before the reaction is 39842 % 107 kg and
the total mass of the particles after the reaction is 3-9825 x 107 kg,

{i) State and explain whether this reaction is spontaneous or induced.

(i) Caleulate the energy, in joules, released by thus reaction. 3

ih) A radioactive source is used to irradiate a sample of tssue of mass 0-50 kg,
The tissue absorbs 96 % 107°] of energy from the radiation emitted from
the source.

The radiation has a quality factor of 1.

(i) Calculate the absorbed dose received by the tissue.
{11} Calculate the dos¢ equivalent recerved by the tissue.

(iti} Placing a sheet of lead between the source and the tissue would have
reduced the dose received by the tssue,

The half-value thickness of lead for this radiation s 40 mm,

Calculate the thickness of lead which would have lLimited the
ahzorhed dose to one eighth of the value calculated in part (5)(1). 5

(%)

[END QOF QUESTION PAPER]

[R6%/301] Pape viplteen




