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NATIONAL WEDNESDAY, 31 MAY PHYSICS

DUALIRICATIONS GO0 AM — 1130 AM
2000 HIGHER
Read Carefully

1 All guestions should be attempted.

Section A (questions 1 to 20)

Check that the answar shest is for Physics Higher (Section A).
Answear the questans numbearad 1 10 20 on the answer shaet provided.
Fill in tha datails required on the answar shaat.

Rough working, 1! required, should ba done only on this question paper, or on the firsl wo
pages of tha answer book providad—not on the answar shaat,

For sach ol the questions 1 b 20 there ks only one cormect answer and each s worth 1 mark
7 Instructions as o how 10 record your answers 1o guestions 1-20 are given on page three
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Section B (questions 21 to 29)
8 Answer guestions numbered 21 1o 29 in the answer book provided.
8 Fillin the details on the front of the answer book.
10 Enter the question number clearly in the margin of the answer book beside sach of your
answers io guestions 21 1o 29,

11 Care should be taken o give an appropriata numbar of significant figuras in tha final arsswans
io calculations.
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DATA SHEET

COMMON PHYSICAL QUANTITIES

51-1-:.;:;1'15 iy

| Svwival I afee

l;}uurlfl-H S vl Viakie

Bpeed of light mn
VAL r 300 10 ms ™
MMagnitude of the
charge o an
electron e 160 1077 C
Ciravitationsl .

aceeleration E GEms
Planck’s conatant K eebix 107 [ s

REFRACTIVE INDICES

Mlass of electron

Msns of nearron

Mlass of proton

m |1k 107 kg

| m, | 1675 % 10T ke

1673 % 10 ky

The refractive indices refer to sndium hight of wavelength 389 nm and to substances at o cemperature of 273 K.

Substanee Refractive index Swhatamce | R.er.:_m. inlex
Dreamoed 242 Woter 1131
Crown glass 1-30 Air ' 100

SPECTRAL LIMNES
Elvwent H"_ﬂl.:n:'!:n:;':frfnm__l Codatr FElemont Wn;l;-.myﬂr,."nm Clolonr
Hiydrogin 656 | Red Cacsiuem G4 Red
A5 | Blwe-green 209 Cireen
434 Blue-violet 480 Biue
410 Violet . Lrikiis
347 Uttraviolet ) ] B
3EN Ultraviolet Flement Wavelenghh/nm o
Sodium 580 Vellow Carbon dioxide D350 Infrarved
' (R
Helium-neon K] Red

PROPERTIES OF SELECTED MATERIALS

Substance Density! | Melting Poirt! | Boding
kg m K Paint)
| K
| Aluminivm 270% 10" 5313 2623
Copper 806 x 10° 1357 2853
lce §20 = 10° 273 e |
Sea Water 1:02 x 10 T4 77
| Water 10 = 107 273 373
Air 129
Hydrogen G x 10 14 3|

The gas densities refer to a temperature of 273 K and a pressure of 1001 = 10° Pa,

[X069/307)
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S5ECTIOMN A

For gquestions 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
shesi—ssee the example belosw.

EXAMPLE
The enerpy unit messured by the elecimoity meter in vour home 15 the
A umpeTe
B Eilowat-hou
L wartt
[ eoulomb
E vl
The correct answer to the question 1= B—kilowatt-hour, Record vour answer by drawing a heavy vertcal line

joiming the two dots in the approprimte box on yowr answer sheet in the column of boxes headed B, The entrey
om vour answer sheet would now look hke this:

00000

If after vou have recorded vour answer you decide that vou have made an error and wish to maoke 2 change, vou
ghould cancel the original answer and put a vertical stroke in the box vou now consider to be correct. Thus, if
ol want to change an answer [ to an answer B, vour answer sheet would look like this:

O000ED0

B

aca

I vour want to change baclk tooan answer which has already been scored our, you should enter a vck () w the

RIGH'T of the box of your choice, thus:

B g ] E

ABO00-060a

|
e

[ Xt 30 | Page three [Turn over




SECTION A

Answer guestions 120 on the answer shect.

1. Which of the following is a scalar quantityf 3. The following velocity-time graph describes
A Weloe the motion of a ball, dropped from rest and
elowity _ .
bouncing several times.
B Acceleration
C Mass velotity M P
D F 5
) A
E Momentum V L/ I-""FTII:'I:'I.f
2
2. A woman walks 12km due North., She then
turns round immediately and walks 4km due Which of the following statements is/are true?
; ' ! : Mo
Emufh i ol Ao H:h!s o [ The ball hits the ground at P,
Which row in the following table gives the _ :
correct values for her averpre 'I-'Gl.i.il:iT'_i' and IT The hall s DY u'p“':lrdﬁ between O]
average spesd? and H.
[1I The ball s moving upwards berween R
and 5.
Average velocaty Average speed [ onily
A 4km bl due N 4 b -l B 11 onky
B $km h"! due N 2km bt % anly
-1 D [ and [l only
" b -1 f 4 =l
ol T i e i E  TLand 111 only
K 2km b ddue N 4+km k!
2kin b due N Jkm b 4. The momentuns of a eock of mass 4 kg s
12kg ms .
The kinetic enesgy of the rock iy
A fi
H 18]
C 1)
D 144]
E 288)
5. Density 15 measured in
A Nm™
B Nm™
i ]l;Jz:rn:I
D kgm™
E kgm™
[MORS 00| Page for




f. The pressure of o fxed mass of gas 8 100k
at @ temperature of <5250, The volume of the
Ras rermains constant,

At what temperature waolld the pressure of the
gas he 2061 kPa?

A =26 "I
B 520
C +147°C
0 +16%°C

E+442°C

. The end of a bicycle pump iz sealed with a
stopper so that the air in the chamber is

Lrappied.
HLOpP per
—— e
o
plunger

The plunger 15 now pushed noslowly causing
the air in the chamber to be compressed, As 2
result of this the pressure of the trapped nir
inCreases,

Assuming that the temperature  rernains
constant, which of the following explain/s why
the pressure increases?

| The wir molecules inerease their avergge
speed

Il The air molecules are cLl]]:ir]i.nu mure iien
with the walls of the chamber

Il Each air molecule is arriking the walls of
the chamber with greater force.

Il only

I11 anly

[ and 11 anly
[ and 11T only
I, 11 and 111

15 S0 SO o O <~

], Onevaoltis

A one coulornt per joule

B onepoule coulomb
C omejoule per coulomb
[F  ome joule per second
E  onecoulomb per second,
[HO6%7E0 | Page ffue

9 In the folbewing circunt the reading on the

vilimetler is 2ero.

I"he resistance of resistor | s

A 0EQ
B 0450
[ -0
D ing
E 276

[Turn over




10, The circuits bebow hove wdentical a.e. supplies
which are set ot 2 frequency of X0Hz A
current it registered on esch of the ammeters
Aq and Ay

constant amplimude
variable frequency
A P [ T

(a))
———{4)

comstant amplitude
viarialsle Frequency
——) P —

T
e,

The frequency of each ac supply 35 now
inceeased to 500 Hz,

What happens to the readings on amimeters A
and A, F

Ay Ay
A increases decreases
R decrenses TN TEAREs =
( ne change na change
1 iz na change decreases
E tur change IMCTENSES

[X069/301]

1L A student makes the following statements
about iden] op-amps,

I An op-amp wsed i the mvertng mode
inverts the in|'|ul H:ig'.rlu.|.

Il The gan equation for the inverting mode
14

B
L

==

where the symbols have their  usual
TREANINES,

1 An ap-ump used i the differential mode
amplifies the sum of 115 two input voltages,

Which of the above statements is/ame correct !

A lonly

B Ilonly

¢ 111 onky

0 T and 1T only

=

[, 11 and IT1

12, An op-amp circuit is connected as shown

bBelow.
,Llj_%:
1k
i3 | ] = 1—
i —i
1 | kL2 |..

What 15 the value of the [SETLERITYS '.-ulmg-.* I"ﬂ.:'

A 10V
B 0l¥
L oV
D -0l w
E -10V

FPage six




13, The cireuit below s vsed wogenerate squarec
waves, The aimplitude of the alternating input
violtage s 6%,

It
—L1
&
uu:npl::l-:lh- 6 sutpul
i o

Which wvalues for resistors B, and R; will
produce an spprokimate square wave outpur?

R, R,
A ki [ EL2
B ke et
<4l | ko 10k
D | ke 5 k{2
E Mk | k42

I4. Waves from coherent sources, 5, and 5,
prodisce an interference pattern,  Maximn of
imtensity are detected at the positions shown

b b 1.,
muaxima of
i:ltl-_'ruit].'
.
The path difference I'_"..IH - ﬁzl{ % 154mm.
The wavelength of the waves is
A 154 mm
B 257 mm
. 28:0mm
[ 308 mm
E 342mm.
|}'_|If|‘-i'||'3ﬂ| 1 Fage reven

15. When whire light passes through a grating,

maxima of intensity are produced on a8 screen,
as shown below.  The central maxmuom s
white. Continuous - spectra are obtwmed ot
positions P and O

EL'I'L'\L'I.'I
red
F continanis speEctrum

; winlet
white

light

centritl maximum

I vinlet
grating OB continuous spectrum
red

In the continuous spectra, vioket s observed
closest to the central maximum.

Which of the following statements is/are troe?

1 Vialet |ig’h1 has the shorzest wa-.:n:|en.gr]: of
all the visible radiations.

I Violet light has the longest wavelength of
all the visible radiations,

1I1 Violet light travels faster chrough air than
the other vizible radianions

A lonly

B I1 cnly

C IIf only

D T and 11T only
E  Iland ITI anly

A ray of light passes from air into s substance
that ha= a refractive index of 24, In air, che
light has a wavelength & and frequency £

Which row in the following whle gives the
wpvelength and frequency of the light m the
subsiunce?

Wamelemgth Frequeney
A A I
i = _ﬂﬂ Tz
C Afd ;
[ 23 2
E 14 !

[Turn over




17. The diagram below shows a ray of red light 19, A  radinective source  that  emits  gamima
paussing through a semicireular block nt'glmm. radiation 1= kept in a large container. A count
rate of 160 counts per minute, after correction
for background radiation, is recorded outside
the container,
The contamer s o be shiclded so that the
corrected count rate at the same point cutside
the container 1 ne more then 10 counts per

normal  Fal | finte,
Lead and water are available as shielding
qir materials.  For this source, the half-value

thickness of lead is 11 mm and the half-value
thickness of water ia 110mm,

Which of the following shielding arrangements
will comply with the above requirenent?

A 40mm of lead only

The refractive index of the glass for this hight B 33mm of lead plus T10mm of water
¢an be caleulated from o 20 mm of lead phus 220 mm of water
[ 11 ;i of lead plus 275 mm of water
e
A m—* E  10mm of lead plus 330 rm of water
sy
B Bin 2, The disgram below represents possible energry
#in iy levels of an atom,
c sury iy g —5-2x10r"]
sinfls
0} -0 = 10577
n STl H‘:
i £y
R__ =1f4 e 10-11]
g 5o El'l_
" minfs '
5 =240 x 101

Which of the following statements isfare truef

18, The statement below represents a nuckear T There are four emussion lines in the

PR spectrum  produced  as & result  of
transitions between  the energy  levels
15 ' 1 ] + | i
Tl + 40— NKr+ 1iBa + in +n + in shown.

Il The radiation emitted with the shortest
This iz an example of wavelength is produced by an electron
Falling from level I* to level 5,

A nuclear fusion
Il The zero energy level in an energy level

B slphe particle emission diagram is known as the ionisation level.

[ beta particle emission A 1and IT onls

I spentancous nuclear fission B IandILI only

E  induced nuclear fission. ¢ Tland 111 only
[ TIT only

E I, 11 andII1

[M069,300] Page eight




SECTION B

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

Marks
21.  Arva funfar, a prize 1s awarded if a coin is tossed into a small dish. The dish 1s
mounted on a shelf above the ground as shown,
e TR AR
A contestont projects the coin with a speed of 7'(lms! at an angle of 607 to the
horizontal. When the coin leaves his hand, the horizontal distance between
the coin and the dish is 2:8m. The coin lands in the dish.
The effect of air friction on the coin may be neglected.
{er) Caleulare:
(1) the horizontal component of the initial velocity of the coin;
{i1) the vertical component of the initial veloaity of the coin. 2
(b} Show that the time taken for the coin to reach the dish is 0-8 s, 1
(¢} What is the height, A, of the shelf above the point where the coin leaves the
contestant's hand? 2
() How does the value of the kinetic energy of the coin when it enters the dish
compare with the kinetic energy of the coin just as it leaves the contestant’s
hand?
Justify vour answer. 2
(7)
[Turn over
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Marks
22. The apparatus shown below 13 used to test concrete pipes.

15 ke mags —___

guide

pipe to
be tested ——

soft sand —-_

When the rope 1s released, the 15 kg mass is dropped and falls freely through a
distance of 2:0 m on to the pipe,
{a) In one test, the mass is dropped on to an uncovered pipe.

(i} Caleulate the speed of the mass just before it hits the pipe,

{ii} When the 15 kg mass hits the pipe the mass 15 brought to rest in a
time of 0-02s8  Calculate the zize and direction of the average
unbalanced force on the pipe. 5

{h) The same 15 kg mass 15 now dropped through the same distance on to an
identical pipe which is covered with a thick layer of soft material.

Describe and explain the effect this layer has on the size of the average
unbalanced force on the pipe, 2

{¢) Two 15kg masses, X and Y, shaped as shown, are dropped through the
same distance on o identical uncovered concrete pipes.

:

When the masses hit the pipes, the masses are brought to rest in the same

tirme.
Which mass causes more damage to a pipe?
Explam vour answer in terms of pressure, 2

2

[HOMEa 30 Pape ter
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Marks
23. A sonar detector 1s attached to the bottom of a fresh water loch by a vertical
cable as shown,

The detector has a mass of 1 kg, Each end of the detector has an area of
-4 m?. Armospheric pressure s 101 000 Pa,

(a) The total pressure on the top of the detector i3 108 350 Pa.
Show that the roral pressure on the bottom of the detector 18 111 290 Pa, 2

(&) Calculate the upthrust on the detecror. 3

{c) The sonar detector is now attached, as befare, to the bottom of a sea
water loch. The wop of the detector 15 again 0-75 m below the surface of
the water.

How does the size of the upthrust on the detector now compare with your
answer to ()3

You must justify vour answer. 2

(7)

[Turn over
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24, {a)

In an experiment to measure the capacitance of a capacitor, a student sets
up the following eircuit.

coulombmeter

When the switch is in position X, the capacitor charges up to the supply
voltage, 7. When the switch is in position ¥, the coulombmeter indicates
the charge stored by the capacitor.

The student records the following measurements and uncertainties,

Reading on voltmeter = {256 0:01)V
Reading on coulombmeter = (32 = 1)pC

Calculate the value of the capacitance and the percentage uncertainty in
this value. You must give the answer in the form

value * percentage uncertainty.

The student designs the circuit shown below to switch off a lamp after a
certain tume.

e

L, ™ | L,

i
i
12V !
1

L]
2200 uF —— !

L ey
o s oam d
=

T | o @T_

[X0a9/ 5]

| |

The 12 V battery has negligible internal resistance.

The relay contacts are normally open. When there is a current n the relay
cotl the contacts close and complere the lamp circwt,

Switch S iz initially closed and the lamp s on.
(i) What is the maximum energy stored in the capacitor?

(it} (A} Switch 5 is now opened. Explain why the lamp stayvs lit for a
few seconds.

(B) The 2200 uF capacitor is replaced with a 1000 uF capacitor.

Diescribe and explain the effect of this change on the operation
of the circuit,

Page twelie
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Marks
25. A phorodiode is connected in a circuit as shown below:

"o
B
N L®
.I"’E""l. 2002

1 NS

Switch 5 is open.
Light 15 shone on to the photodiode.
A reading 15 obtamed on the voltmeter.

{a) (1} State the mode in which the photodiode 15 operating.

(11} Describe the effect of light on the material of which the photodiode 18
made.

(i1} The intensity of the light on the photodiode is increased.
What happens to the reading on the voltmeter? 3
(k) Laght of a constant intensity 13 shone on to the photodiode in the circuit
shown above.

The following measurements are obtained with 5 open and then with 5

closed.
5 open 3 closed
reading on voltmeter/V 0-508 0-044)
reading on ammeter;mA (r-(M 1-08

(i)

(i}

(e} In the circuit above, the 2082 resistor 15 now replaced with a 1082 resistor.

What is the value of the em.f. produced by the photodiode for this

light intensity?

Calculate the internal resistance of the photodiode for this light

intensity.

The intensity of the light is unchanged.

The following measurements are obtammed.

5 open

5 closed

reading on voltmeter/V

0-508

011

Explain why the reading on the voltmeter, when 5 18 closed, is smaller than
the corresponding reading in part (f).

[X069/301]

Page thirteen

2
(8)

[Turn over



Marks
26. A circuit is set up as shown below. The amplitude of the output voltage of the
a.¢. supply 15 kept constant.

l

o 2M)E2 @ oscilloscope

constant amplitude

T

The settings of the controls on the oscilloscope are as follows:

v-gain setting = 5 V/division
time-base setting= 2:5 ms/division

The following trace is displayed on the oscilloscope screen.

M/

1 divaision I

i

1 divizian

fa) (i} Calculate the frequency of the output from the a.c, supply,
(11} Calculate the r.m.s. current in the 20000 resistor. 3

[0 301 ] Page fowrieen




Marks
26. (continued)

() A diode is now connected in the circuit as shown below,

T i~ 2002 G"u oscilloscope

| constant amplitude
| T
3

The settings on the controls of the oscilloscope remain unchanged.

Connecting the diode i the circuit causes changes to the origpinal trace
displaved on the oscilloscope screen. The new trace s shown below.

1 division |

-

1 division

Describe and explain the changes to the original trace. 2
i (7)
[Turn aver
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Marks
27. A stadent is investigating the effect that a semicircular glass block has on a ray
of monochromatic light,

She obscrves that at point X the incident ray splits into two rays:

T — atransmitted ray
R — areflected ray
T
i
ar p,

light

: meter
light

ST OC

The student uses a light meter to measure the intensity of ray R as angle 815
changed.

() State what iz meant by the ratensity of a radiation. 1

(h) Explain why, as angle # is changed, it i3 important to keep the light meter
at a constant distance from point X for each measurement of intensity., 1

[MO69/301] Puage sixieen
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Marks
27, (continued)

(e} The graph below is obtained from the student's results.

100 T e e e T T e T T T T T T

Bl

intensity
aof
reflected
light/units

30

20

0 10 20 30 40 50 60
fidegrees

(1) What is the value of the critical angle in the glass for this light?
(1) Calculate the refractive index of the glass for this light,
(1)  As the angle #1s increased, what happens to the intensity of ray T'? 4

()

[Turn over
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28, {a)

()

[ty 31 |

Marksz
The apparatus shown below is used to investigate photoelectric emission
from a metal surface when electromagnetic radiation is shone on the
surface.

The intensity and frequency of the incident radiation can be varied as
regquired,

— incident
. ! E radiation
| |
| |

constant voltage

o supply E

(i) Explain what 1s meant by photoelectric emission from a metal,

(iiy What is the name given to the minimum frequency of the radiation
that produces a current in the circuit?

(iti) A particular source of radiation produces a current in the circuit.
Explain why the current in the circuit increases as the intensity of the

incident radiation increases. 4

A serniconductor chip is used to store information. The information can
only be erased by exposing the chip ta ultraviolet radiation for a period of
time.

The following data is provided,

Frequency of ultraviolet radiation used = 90 x 10" Hz
Minimum intensity of ultraviolet radiation 5 ¥

: 3 = 25 Wm
required at the chip
Area of the chip exposed to radiation = 18 x 107" m?
Time taken to erase the information = 15 minutes

Energy of radiation needed to erase the information = 4035 p]

{i) Caleulate the energy of a photon of the ultraviolet radianion used,

(i) Caleulate the number of photons of the ultraviolet radiation required
to erase the information.

{iii}  Sunlight of intensity 25 W m, at the chip, can also be used to erase
the imformation.

Srate whether the time taken to erase the information is greater than,
equal to or less than 15 minutes.

You must justify vour answer. 5

(%)
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——— e #



29. Radium (Ra) decays to radon (Rn) by the emission of an alpha particle,
Some energy is also releazed by this decay.
The decav i3 repregsented by the statement shown below.

226

X e
H-."?-Hu -an + EHE

The masses of the nuclides involved are as follows.

226 -
?"IH'-\':;E (]I:. HHH:I - 3'?5‘425‘1 ![]_zjl‘.g

X =
Massof ~Rn = 3-68771 % 1072 kg
.

4 -
Mass of  He - 664832 x 1072 kg

{a) (i) What are the values of x and ¥ for the nuclide * g3
. o : . N
(1} Why is energy releascd by this decay?

(1) Calculate the energy released by one decay of this tvpe,

(#) The alpha particle leaves the radium nucleus with a speed of 145 x 10 7ms™.

The alpha particle is now aceelerated through a potential difference of
25kV.

Caleulate the final kinetic energy, in joules, of the alpha particle,

[END OF OUESTION PAPER]

[ 30 ] Poge mineteen

AFarks

LA

(8)




