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3.00 x 10 m s
47x107Hm™

8.85 x 107 F m’
(1/(36x)) x 10° F m™’
160 x 1070 C

663 %1074 Js

1.66 x 1077 kg

9.11 x 103 kg
1.67 x 1077 kg

8.31 J K™ mol™

6.02 x 107 mol™

1.38 x 1072 JK
6.67 x 107" Nm? kg™

981 ms™
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uniformly accelerated motion

work done on / by a gas
hydrostatic pressure
gravitational potential

{emperature

pressure of an ideal gas

mean translational kinetic energy of an ideal molecule

displacement of particle in s.h.m.
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electric current
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4

1 (a) A bodyhasan initial velocity v and an acceleration a. After a time t, the body has moved a
displacement s and has a final velocity v. One of the equations of motion of this body is

S:Ut+1at2
2

State the conditions that must be satisfied for the above equation to be valid.

.........................................................................................................................................................

{b) A hot air balloon is moving at a constant velocity of 11.7 m s, at an angle of 59° from the
horizontal, as shown in Fig. 1.1 below.

11.7ms"’
59°

Fig. 1.1

(i) Determine the vertical component of the velocity of the balloon.

vertical component of the VeIOCHY = e m s [1]

{ii} A slotted mass is released from the balioon. Fig. 1.2 shows the subsequent path of the
slotted mass. The dotted figure shows the position of the hot air balloon at the instant
when the slotted mass is released.

slotted mass

Fig. 1.2
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1. Throughout the motion, the siotted mass is observed to be directly below the hot
air balloon. Explain why this is so.

..........................................................................................................................................

2. Determine how far below the balloon would the slotted mass be after 3.0 s. You
may assume that the slotted mass has not yet landed on the ground and that air
resistance on the slotted mass is negligible. :

distance =

3. Describe qualitatively the changes, if any, to the answer in (b)(ii)2 if 2 100 kg cargo
was dropped from the balloon instead of the slotted mass. Assume air resistance
on the cargo is negligible too.

[Total: 8]
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2 (a) State the conditions required for a body to be in eguilibrium.

.........................................................................................................................................................

.........................................................................................................................................................

(b) Fig. 2.1 shows alamp weighing 5.0 N that is hung from the end of a beam 4.50 m long and
weighing 1.0 N, making an angle of 25° below the horizontal.

hinge

ceiling

l

The beam is held in position by a hinge at its upper end and by a cable 3.00 m lower down
the beam and perpendicular to it. The centre of gravity of the beam is 2.00 m along the
beam from the hinge.

(i} The position of the centre of gravity of the beam is not at its midpoint. Suggest what
this implies about the distribution of the mas®#the beam.

..................................................................................................................................................

(i) Show thatthe tension T in the cable is 7.4 N.

12]
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{iii) Determine the magnitude and the direction of the force acting on the beam at the hinge.

magnitude = N
direCtion = e
{3]

fTotal: 8]

3 The Earth may be assumed to be a uniform sphere of radius R and mass M. At its surface, the
gravitational field strength is g. A satellite orbits the Earth at a height 0.30R above its surface.

(a) Show that the gravitationat field strength at this height is 0.59g.

[2]
(b) Determine the angular speed of the satellite about the Earth. The radius R of the Earth is
6.4 x 10°m.
angularspeed =, rad s [2]
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{c) Calculate the time, in hours, for one complete orbit of the sateliite.

{d} Explain

L1 TR L 4

why the satellite does not fall towards the Earth even though the gravitational force
is directed toward the centre of the Earth. ’

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

4 The piston in the cylinder of

motion.

[Total: 8]

a car engine is made to move in the cylinder with simpie harmonic

Fig. 4.1 shows the highest and lowest positions of the piston.
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The variation of the acceleration a of the piston with its displacement x from position O is as
shown in Fig. 4.2.

afms?
120004

% . . A ™ x/cm

12000

Fig. 4.2

(a) State and explain the features of Fig. 4.2 that indicate that the motion of the piston is simple
harmonic.

.........................................................................................................................................................
.........................................................................................................................................................

.........................................................................................................................................................
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(b) Determine the maximum speed of the piston.

Maximum SPEEd = ... .oooecercermreerarrcsssemnans ms’ [2]

(c} With reference to Fig. 4.2,

(i) explain why the time taken for the piston to move from x = 33 cmto x =0 cmis the
same as that from x = 0 cm to x = -3.3 cm.

..................................................................................................................................................
..................................................................................................................................................
..................................................................................................................................................

(i) The area under the graph in Fig. 4.2 from x = Otox=48cmisgivenby Z
A student calculates K, the maximum kinetic energy of the piston, using the relationship
K=ZxM
where M is the mass of the piston.

Explain why this relationship is valid.

..................................................................................................................................................
..................................................................................................................................................
..................................................................................................................................................
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(d) The piston is made to move by connecting a rod to a rotating crankshaft as shown in
Fig. 4.3. As the pivot P on the crankshaft rotates, the piston will move up and down,

crankshaft

Fig. 4.3

When pivot P is at the position shown in Fig. 4.3, the piston is moving upward with a position
of x=-3.3 cnv. '

Indicate on Fig. 4.3 the position of pivot P when the piston is at the following positions,

(i) x= 3.3 ern moving upwards. (Indicate this position with A)

(i) x = 3.3 em moving downwards. (indicate this position with B) [2]
[ Totai]
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5 An isolated spherical conductor has charge g, as shown in Fig5.1.

sphere,
charge q

Fig. 5.1

Point P is a movable point with a distance of x from the centre of the sphere. The variation with
- distance x of the electric potential V at a point P due to the charges on the sphere is shown in
Fig. 5.2.

Ay T i TR T I R T
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8 N
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a4 R A e e Emms Sasszmann
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0 ResiEsabuiiasntugpaui il o e R R Eaaad
0 2 4 6 8 10 12

xfem

Figm

(a) By making reference to the electric field, explain why the potential is constant for x = 0cm
tox=25cm.

.......................................................................................................................................................

.......................................................................................................................................................
.......................................................................................................................................................
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(b) Use Fig. 5.2 to determine the acceleration of a proton at point P where x = 5.0 cm.

acceleration = m 52 [3]

(c) Describe and explain the variation of the speed of the proton when it moves from
x=50cmiox=90cm.

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

(d) [f the proton has a speed of 1.3 x 10°m s initially at x = 5.0 cm, calculate the speed of
the proton when it is at x = 9.0 cm.

[Total: 10]
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N of the same material are connected parallel in Fig. 6.1.

6 (a) Two cylindrical resistors M and
f N and the radius of M is half the radius of N.

The mass of M is twice the mass 0

i

Fig. 6.1 (not to scale)

Determine the ratio

resistance of M
resistance of N’

)

FAUO = ....ovevrmsnessanssnsarmssssnssasss [2]
(i) average drift speed of electrons inM
average drift speed of electrons in N )
FBHO = oo eeeeeeeressmnssarmssrasrereses L2)
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{b} A cell of electromotive force (e.m.f.) 1.5 V and internal resistance 1.0 Q is connected to a
resistor X and resistor Y as shown in Fig. 6.2.

I

:'cn

=<
];
@]

Fig. 6.2
Resistor X has resistance 2.0 Q while resistor Y has a resistance of 6.0 Q.

{i) Show that the current in the cell is 0.60 A when the switch is closed.

(2]

(ii} Determine the energy dissipated in the cell when the switch is closed for 8.0 minutes.

energy dissipated = J[1]

(iii) Resistor Y is replaced with a component Z with similar resistance value. When the
temperature increases, the resistance of component Z decreases. State and explain
the change to the power dissipated in the cell when temperature increases.

..................................................................................................................................................

..................................................................................................................................................
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(iv) The -V characteristic of X and Z are given in Fig. 6.3.
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mestei st el B s satcan o

0.60 1.00 1.20 1.40

ViV

Fig. 6.3

The circuit is now reconnected such that resistor X and component Z are in series with
the same cell. Using the Fig. 6.3, or otherwise, determine the potential difference across
component Z.

potential difference =

...........................................

[Total: 10]

7 A magnet rotates inside a shaped soft iron core. A coil is wrapped around the iron core as shown
in Fig. 7.1. The coil is connected to an oscilloscope.

to oscilloscope

. soft wron core

spinning
magnet

Fig. 7.1
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The spinning magnet induces an e.m £, in the coil.

(a) On Fig. 7.2, sketch a graph of the variation of the e.m f. induced in the coil against time.
The variation of the induced magnetic flux linkage in the coll is shown as a dotted line.  [1]

emf
magnetic
+ - “, flux
* linkage
0 d ‘.—--
time
Fig. 7.2

{b)} By considering the orientation of the magnet as it spins, explain the variation of the magnetic
flux linkage in the coil with time.

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

{c} At a certain time t; the orientation of the spinning magnet is momentarily as shown in
Fig. 7.1. Mark the time ¢, on the time axis of Fig. 7.2. [1]

b ¥
(d) The coil shown in Fig. 7.1 has 150 turns. The maximum induced e.m f. Vo across the coil is
1.2 V when the magnet is rotating at 24 revolutions per second.

Calculate the maximum magnetic flux through the coil.

maximum magnetic flux=____ .. Wb [2]
[Total: 6]
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8 The range of frequencies which can be heard by different people varies, but most can hear
sounds in the range 20 Hz to 20 kHz.

Loudness is the human mental response to the intensity of sound. For a sound frequency of
1 kHz, the lowest sound intensity which can be heard by normal healthy adult is
4.0 x 102W m2. This intensity is known as the threshold intensity I, and any increase from this
intensity will be perceived as an increase in the loudness of the sound.

The intensity feve! of a sound is a comparison of its intensity and the threshold intensity, and is
given by

Intensity Level =1 Olg]i
where 7 is the intensity of the sound incident on the eardrums. The unit of intensity level is the
decibel (dB).

Fig. 8.1 below shows the typical values of intensity levels for a sound frequency of 1 kHz from
a variety of sources measured at various distances.

Source ~ [ distance from source / m Intensity Level / dB T
Jet engine at takeoff 30.0 140
Speakers at a rock concert 10.0 120
Diesel generator 3.0 100
Wrﬂ’—ﬁj—ﬁ— 80
Normal conversation 1.0 — 80
Whispered conversation 1.0 — 30 |
Healthy hearing threshold - 0
Fig. 8.1
Py

For a sound frequency of 1 kHz, fong term exposure to intensity levels above 90 dB may result
in noise-induced deafness. The onset of pain in eardrums typically occurs at an intensity level
of 120 dB while an intensity level of 160 dB will cause eardrums to rupture.
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(@) The earphones attached to a portable music player can produce up to 0.30 uW of power.
When the earphones are fitted to the ears, all the sound energy propagates through the
auditory canal and is collected by the eardrums with an effective area 1.8 x 105 m2.

For a sound of frequency 1 kHz,

(i) Calculate the intensity of the sound incident on the eardrums.

intensity = W m?[2]

...................................

(ii) Determine the intensity level of the sound incident on the eardrums.

intensity level = ... GB[1]

(iii) Using your answer obtained in (a){ii), comment on the use of the earphones at
maximum power.

..................................................................................................................

............................................................................................................. 1]
(b} Show that if the intensity of sound is doubled, the change in intensity level is 3 dB. 2]
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(c) (i) Using data in Fig. 8.1, determine the sound power of the diesel generator. Assume
that the sound is emitted uniformiy in all directions

sound power =

(il) For occupational health and safety reasons, all personnel are required to wear ear
protection if the intensity level at the ear exceeds 85 dB.

Determine the minimum distance from the diesel generator such that no ear protection
is required.

minimum disStance = __.....cermmnmieisnsens m [2]
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Question 8 continues on the following page.
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The loudness of a sound not only depends on the intensity level of the sound but also on its
frequency. The phon is the unit of measurement of loudness level. In order to define this unit of
measurement, sound frequency of 1 kHz is chosen as the standard for comparison. Hence, a
source is said to have a loudness of 40 phon if a 1 kHz standard source has an intensity level
of 40 dB.

Sounds of different frequencies having the same loudness fall on the same equal-perceived-
loudness contour. Fig. 8.2 shows different equal-perceived-loudness contours for a healthy 18-
year-old man, as a function of frequency of the sound.

130 < T
il Loudncss 1
TR =R T
1 10 I\ \_\\\\ ‘\\-H-'-"%.___ 110 {phons')/ /{,/
Ry | 1
100 \\\\\\\\ a \N\*‘--.. — WE\T r/// /" \/
o R S A4
‘-\‘._‘ L=t e
m 80 \\\\\\_\\- d \\ gg\‘\‘ //(!/ \V
=] N I~ '_._,,—’ |1
= 70 %\ \\\ \ 70 \\L-_é/// \ P
ﬂ>J \\ \ \\ ] ] [ {4 \\ / /,_L., NS
© 0 SN, \\\“\ | Q‘L_ ] 1A \Vl
A N L1 -
£ 5 \‘\v\ N so | AN
LRNAN - mEe ] SN
8 4 ‘§:\ \\ a0 | AN/
£ NERY ~— I ATF
30 RN T 30 | Y N,
N ] %
20 kw\ 20 7 \U/,_
DN ™ AT
10} equal-perceived- e 10 \‘“—/ //! 4
ke Y — 4
0 loudness contour Phon ‘<:_/,’,
10 100 1000 10000

Frequency / Hz
Fig. 8.2

{(d) (i) The frequency axis on Fig. 8.2is plottedon a logarithmic scale. Suggest why this is so.
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(ii) Using Fig. 8.2,
1. state the intensity level for a sound wave of 100 Hz for it to have the same
perceived loudness as a sound wave of 1000 Hz at 50 dB.
intensity level = .....eeecennnnnnn. AB{1]
2. state and explain which of the following sounds louder:

a sound wave of 50 Hz at 60 dB, or
a sound wave of 2000 Hz at 45 dB

............................................................................................................

(iii) Suggest and explain any changes in the equal-perceived-loudness contours for a
80-year-old man when compared to that for a healthy 18-year-old man.

..................................................................................................................

(e} (i} Using Fig. 8.2, state and explain the frequency range that a human will be most
sensitive to.

..................................................................................................................

(i) In movie theatres, sound of all frequencies may be heard with equal loudness.
Suggest how this is achieved.

..................................................................................................................

End of Paper
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3

1 (a) A body has an initial velocity v and an acceleration a. After a time ¢, the body has moved a
displacement s and has a final velocity v. One of the equations of motion of this body is

s:ui‘+1at2
2

State the conditions that must be satisfied for the above equation to be valid.

.........................................................................................................................................................

.....................................................................................................................................................

(b) A hot air balloon was moving at a velocity of 11.7 m s, at an angle of 59.0° from the
horizontal, as shown in Fig. 1.1 below.

11.7ms?

59.0°

Fig. 1.1

(i} Determine the vertical component of the velocity of the balloon.

sinf = -+

v
v,=vsing=117sin(59.0)=10.0 ms™'

vertical component of the velocity = ms'[1)

(i) A slotted mass is released from the balloon. Fig. 1.2 shows the subsequent path of the
slotted mass. The dotted figure shows the position of the hot air balloon at the instant
when the slotted mass is released.

P,

slotted mass

Fig. 1.2

1. Throughout the motion, the slotted mass is observed to be directly below the hot
air balloon. Explain why this is so.

..........................................................................................................................................
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........

(b) Fig. 2.1 shows a lamp weighing 5.00 Nt

...................................................................................................................................

4

Determine how far below the balloon would the slotted mass be after 3.0 s. You
may assume that the slotted mass has not yet landed on the ground and that air

resistance on the slotted mass is negligible.

Smass = 10.0 (3.0) + %(—9.81)(3.0)2

=-141m B1]
Spatoon = 10.0 (3.0} = 30.0m M1]
Distance = 30.0 — (-14.1) =441 =44 m [A1]

QIStANCE = oeeceeeeeresassrsssssesnsseens m [3]

Describe qualitatively the changes., if any, to the answer in (b)(ii)2 if a 100 kg cargo
was dropped from the balloon instead of the slotted mass. Assume air resistance

on the cargo is negligible too.

The distance between cargo and balloon will be greater.

......................................................................................................................................

................................................................................

0. Bl

.............................................................................................................................................

hat is hung from the end of a beam 4.50 m long

and weighing 1.00 N, making an angle of 25.0° below the horizontal.

NYJC 2021
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The beam is held in position by a hinge at its upper end and by a cable 3.00 m lower down
the beam and perpendicular to it. The centre of gravity of the beam is 2.00 m down the
beam from the hinge.

() The position of the centre of gravity of the beam is not at its midpoint. Suggest what
this implies about the distribution of the mass in the beam.

The distribution of mass in the beam would be non-uniform. B’

..................................................................................................................................................

..................................................................................................................................................

(ii} Show that the tension T in the cable is 7.40 N. [2]

taking moments about the pivot
1.00 (2.00 cos 25.0) + 5.00 (4.5 cos 25.0}-T(3.00)=0 %
T=740N ®

(iii) Determine the magnitude and the direction of the force acting on the beam at the hinge.

taking moments about the pivot

1.00 (2.00 cos 25.0) + 5.00 (4.5 cos 25.0) -T(3.00) = 0

where the forces are all in kN

T =7.40kN

(the minus sign meens that this force is actually acting downwards)
Assume the horizontal component of the force at the hinge is F, to the right
F, +7.40sin25.0°=0

F = 31 3 N Bt inding By and K} “‘
F=yF’+F}?
=+v3.13% 4 0.707°
- 321 N {61 lor finding 7
Let 8 be the angle of F below the horizontal
tan @ = 0.707
A0
9=12.8° [B1 for finding 2 and desedbing direction)
magnitude = ...
direction = .. [3]
[Total: 8]
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3 The Earth may be assumed to be a uniform sphere of radius R and mass M. At its surface, the
gravitational field strength is g. A satellite orbits the Earth at a height 0.30R above its surface.

(a)

(b)

(c}

{d)

Show that the gravitational fieid strength at this height is 0.59g.
GM 1
g=-—7=9*7
p
gl r2
F=—5 [B1]
g (Y
R?
= B1
9'= e BY
g'=0.59g (shown)
i2]
Determine the angular speed of the satellite about the Earth. The radius R of the Earth is

6.4 % 10°m.

The gravitational force by Earth provides the centripetal force on the mass.

mg =ma,

0.59g =1.3(6.4 x 10° )’ B1]
w=83x10*rads’' [B1]

angular speed = rad s™' [2]

Calculate the time, in hours, for one complete orbit of the sateliite.

_2r
=

8.34%107 =

43]

2
T
T-75x10>s [B1]
T=21h [B1]

...........................................

Explain why the satellite does not fali tow‘é?&s the Earth even though the gravitational force

is directed toward the centre of the Earth.
The satellite is rotating about the Earth. The force exerted by Earth on the satellite is

.........................................................................................................................................................

...................................................................................................................................................

[Total: 8]
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4 The piston in the cylinder of a car engine is made to move in the cylinder with simple harmonic
motion.

Fig. 4.1 shows the highest and lowest positions of the piston.

highest position lowest position
Fig. 4.1

The variation of the acceleration a of the piston with its displacement x from position O is as
shown in Fig. 4.2.

a/ms?
120003

* xfem

12000
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(a) State and explain the features of Fig. 4.2 that indicate that the motion of the piston is simple

harmonic.
The graph is a straight line passing through origin implying the acceleration is

......................................................................................................................

.........................................................................................................................................................

..............................................................................................................................

-.--..-....4--.--......-.-.......-......."...-.....-..---...--..--..-..-..-. .......................................................................

{b) Determine the maximum speed of the piston.

gradient = —«°

9600 -0
zaa0e ¢

v, = wx, =447(4.8x107) =21 m s [B1]

Maximum SPEEU = .. ..cecevemsersssemmrsmsansnenss

(c) With reference to Fig. 4.2,
{iy explain why the time taken for the piston to move from x = 33 cmto x =0 cmis the
same as that from x = 0 cmto x = -3.3 cm.

..........................................................................................................

NY.JC 2021 9749/02/J2Prelim/21

www.testpapersfree.com



9
(i) The area under the graph in Fig. 4.2 from x = 0 to x = 4.8 cm is given by Z.
A student calculates K, the maximum kinetic energy of the piston, using the relationship
K=ZxM
where M is the mass of the piston.

Explain why this relationship is valid.

.................................................................................................................................................

..............................................................................................................................................

--------------------------------------------------------------------------------------------------------------------------------------------

.............................................................................................................................................

(d) The piston is made to move by connecting a rod to a rotating crankshaft as shown in
Fig. 4.3. As the pivot P on the crankshaft rotates, the piston will move up and down.

A [B1]
crankshaft

Fig. 4.3

When pivot P is at the position shown in Fig. 4.3, the piston is moving upward with a position
of x=-3.3 cm.

Indicate on Fig. 4.3 the position of pivot P when the piston is at the following positions,

() x=3.3 cm moving upwards. {Indicate this position with A}

(ii) x = 3.3 cm moving downwards. (indicate this position with B) (2]
[Total: 10]
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§ An isolated spherical conductor has charge g, as shown in Fig 5.1.

| e AN

sphere,
charge g

Fig. 5.1

Point P is 2 movable point with a distance of x from the centre of the sphere. The variation with
distance x of the electric potential V at a point P due to the charges on the sphere is shown in
Fig. 5.2.

Ay e AT T T TIITE O
12 1 EEESEERARS BEESNESERAEE S BB
VIkV JANESERgEEEE HJ\(_ e e g e R
10 T a
SEENEN N pun NEEEN e
811 N —— u
o Fr o e S R e T REmaREENEEERESE
Y mnanuss T o HE A e BENEEEERS
R e e e HE H e
o e A T
0 2 4 6 8 10 12
xfcm
Fig. 5.2

(a) By making reference to the electric field, explain why the potential is constant for x=0cm
tox=25cm

. Forx=0cmtox=25cmistheregion inside the spherical conductor, so nNo electric field

« Since electric field strength is equal to the negative of potential gradient (ie. E= ’S.—

....................................................................

pgtential gradient is zero, therefore potential must remain constant [B1}. ... (2]

..................................................................................................................
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(b} Use Fig. 5.2 to determine the acceleration of a proton at point P where x=5.0 cm.

Method 1: Method 2.
» Tangent drawn at x = 5.0 cm and » Determine charge, Q, of sphere using formula
chosen gradient coordinates must for isolated point charge IV = Q [C1]

e, r
be longer than half the tangent line,

to find E. [C1]
F=—%_and N2L to find a. [C1]
» Useof N2L and a = £= seen. [C1] ameyr? '

» Correct calculation of final ans. [A1]

» Determine electric force using Coulomb’s law

« Correct calculation of final ans. [A1]

acceleration =

-----------------------------------------

(c} Describe and explain the variation of the speed of the proton when it moves from
x=50cmtox=9.0cm.

Method 1 (COE approach):

= Electric potential decreases, electric potential energy decreases, kinetic energy

T o)

LIRS To N =1 o1=Tste [ Lol =T Rt i N ) O RUR
Method 2 (N2L approach):

..................................................................................................................................................

+ Electric field strength decreases, electric force decreases [C1]

* Acceleration decreases, so speed increases at a decreasing rate [A1]

(d) [f the proton has a speed of 1.3 x 10°m s initially at x = 5.0 cm, calculate the speed of
the proton when it is at x = 9.0 cm.

Ep, + Ek, = Ep, + EK, [C1]

(1.sx10'19)(6.4x1o3)+%(1.6?x10*27)(1.3x1o5)2 :(1.6x10’79)(3.6x103)+%(1.&2.‘.10 v [C1]
v, =7.44x10° m s' {A1]

[Total: 10}
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6 (a) Two cylindrical resistors M and N of the same material are connected parallel in Fig. 6.1.

The mass of M is twice the mass of N and the radius of M is half the radius of N.

o

Fig. 6.1 (not to scale)

Determine the ratio

resistance of M

(i) . ,
resistance of N
mass of M densityyVolumey Ly Ay Ly y I 5 Ly g
mass of N __densityNVoiumeN T Ly An T Ly 4 T %Ly
Ay g _ (1)2 1
Ay i \2/ 4
resistance of M pyL A L A
_ _Pmim N M Tl =g x4 =32
resistance of N Ap pnly Ly Am
L (T
. average drift speed of electrons in M
(i} : .
average drift speed of electromnsJg N
[ = Anvg, for saime charge carriers and same material, I < Av
i
for same potential difference, I « —, 50,V X 7
R AR
v AR 1
oM NN 4 — = 0.125
vy  AmRy 32
FAtO = ...oceeeeeemrsmmssnvencseeeen
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(b) A cell of electromotive force (e.m.f.) 1.5 V and internal resistance 1.0 Q is connected to a
resistor X and resistor Y as shown in Fig. 6.2.

Fig. 6.2
Resistor X has resistance 2.0 Q while resistor Y has a resistance of 6.0 O,

{i) Show that the current in the cell is 0.60 A when the switch is closed.

Total resistance, Ry = 1.0 + 5 ! =250

20 60

E=1IRy

1=1.5/25=060A. (Shown) 2]

(i} Determine the energy dissipated in the cell when the switch is closed for 8.0 minutes.
Energy dissipated = 17 rt = (0.60)? (1.0)(8.0 x 60) = 172.8 = 170 J

energy dissipated =

(iii} Resistor Y is replaced with a component Z with similar resistance value. When the
temperature increases, the resistance of component Z decreases. State and explain
the change to the power dissipated in the cell when temperature increases.

. When temperature increased and resistance of Z decreases, the total current in
the cell willincreases. Thus, the power dissipated in the cell increases.
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(iv) The I-V characteristic of X and Z are given in Fig. 6.3.

¥ 3

va TERHH %zr?a Hisp e |
HHHT jEpaescee i::—‘?*:, Hrzi T
ﬁ iRt SR AR R A il
0.4 guEpaptiniy .’ _ '*—E,:}q:i . jmsp 3 | T
SaminfdndRRsna R Feinsnui inus’ ,i_:iﬁjr Jr:,lr_ ety inSpisaal
it T ;'?7‘:_ T A I g g il ._1_
- - | S QP D B B - H -] ___77 4 g —3 I N i : — - -1 - . -
T LA -'_H;;Zf;- HEtHTog 4405 :{ - 'it 1
0.2 _Lq_l‘_ mES ,—'f' T T : H
TP ESEnNPEEEE SN ,u2 - us RN
sunuENEAREnS : mEEE EEER NN ﬁ %AEE jESENNES
ABEE T R REAr  Gams Anunmn an _%j:
AT ERNNES=< ___,$ RESSS pus SRR
AT T T e D HTiC
‘Z_‘i T __'H’ ”r“‘ﬂ:i"f —*‘a?f_k_ .
0 0.20 0.40 0.60 0.80 1 1.40
VIV
Fig. 6.3
The circuit is now reconnected such that resistor X and component Z are in series with
the same cell. Using the Fig. 6.3, of otherwise, determine the potential difference across
component Z.
Since the components are connected in series, the current passing through the
components are the same, draw a line to find the total p.d. across equal to 16V,
p.d across the X and 1.0 Q is 0.66V, and p.d across Zis 0.84V
potential diffErence = ... vV [2]
[Total: 10]
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7 A magnet rotates inside a shaped soft iron core. A coil is wrapped around the iron core as shown
in Fig. 7.1. The coil is connected to an oscilloscope.

to oscilloscope .
soft iron core

—~coil

spinning
magnet

Fig. 7.1
The spinning magnet induces an e.m.f. in the coil.

(a) OnFig7.2, sketch a graph of the variation of the e.m.f. induced in the coil against time. The
variation of the induced magnetic flux linkage in the coil is shown as a dotted line. [1]

emf }

~
|
- \ / -"-,.linkage
0 3 / \ / g -
/ \ ty{ne
: -_‘.'..‘ :_' /

{B1 for cosine or negative cosine curve]
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{b) By considering the orientation of the magnet as it spins, explain the variation of the magnetic
flux linkage in the coil with time.

There is maximum flux linkage in he coil is when the magnet is horizontal (with respect to fig

rotate further to a horizontal orientation, the flux linkage in the coil due to the magnet
increases. This variation repeats itself as the magnet continues to spin.
3. Explain positive and negative:

When the magnet is in a horizontal orientation {with respect to fig 7.1) with the North pole on
the left (with respect to fig 7.1) there is maximum flux linkage in the coil due to the magnet
because the lines of flux from the magnet are parallel with the axis of the coil. When the col
has rotated by 180° to being horizontal with the North pole on the right, there is again
maximum flux linkage in the coil due to the magnet, but this time it is in the opposite direction,
so the magnetic flux linkage at this position has a negative sign compared to when the North
pole was on the lEft [B1 each for any two features).

(c) At a certain time 44 the orientation of the spinning magnet is momentarily as shown in Fig

7 1. Mark the time t; on the time axis of fig 7.2. [1]
e.m.f. *
T X magnetic

o S .. flux

— = linkage
of . , b

t; t ; time
S B B L

{(d) The coil shown in Fig. 51 has 150 tums. The maximum induced e.m.f. Vo across the coil
is 1.2V when the magnet is rotating at 24 revolutions per second.

Calculate the maximum magnetic flux through the coil.

$ =P, sin® =D, sinwt

Using Faraday’s Law

E = dop/dt = @, w cos wt

Maximum E occurs when cos wt=1
Epax = Pow = (2 X1 X b,
1.2=(2 X1 X 24} D,

®,=523%x 10°Wb
maximum fIUX = [2]

[Total: 6]
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8 The range of frequencies which can be heard by different people varies, but most can hear
sounds in the range 20 Hz to 20 kHz.

Loudness is the human mental response to the intensity of sound. For a sound frequency of
1 kHz, the lowest sound intensity which can be heard by normal healthy adult is
1.0 x 107"?W m2. This intensity is known as the threshold intensity I, and any increase from this
intensity will be perceived as an increase in the loudness of the sound.

The intensity level of a sound is a comparison of its intensity and the threshold intensity, and is
given by

7
Intensity Level = 10Ig T

where 1 is the intensity of tﬁe sound incident on the eardrums. The unit of intensity level is the
decibel (dB).

Fig. 8.1 below shows the typical values of intensity levels for a sound frequency of 1 kHz from
a variety of sources measured at various distances.

Scurce distance from source / m Intensity Level / dB
Jet engine at takeoff 30.0 140
Speakers at a rock concert 10.0 120
Diesel generator 3.0 | 100
Vacuum Cleaner 1.0 80
Normal conversation ' 1.0 60
Whispered conversation 1.0 30
Healthy hearing threshold - 0
Fig. 8.1

For a sound frequency of 1 kHz, long term exposure to intensity levels abovaeg dB may result
in noise-induced deafness. The onset of pain in eardrums typically occurs at an intensity leve!
of 120 dB while an intensity level of 160 dB will cause eardrums to rupture.
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(a) The earphones attached to a portable music player can produce up to 0.30 pW of power.
When the earphones are fitted to the ears, all the sound energy propagates through the
auditory canal and is collected by the eardrums with an effective area 1.8 x 10° m*.

For a sound of frequency 1 kiz,

(i) Calculate the intensity of the sound incident on the eardrums.
power

Intensity =
area
& [M1]

B 0.30x10 7
1.8x10°
—0.0167 W m™ 1

INEENSItY = Lo W m™? 2]

(i) Determine the intensity level of the sound incident on the eardrums.
0.0167

1.0x10 "

=102 dB a1

Intensity Level =101g

intensity level = . dB [1]

(iii} Using your answer obtained in (a)(ii), comment on the use of the earphones at
maximum power.

..................................................................................................................

volume will induce deafess. ™!
R
............................................................................................................. (1]
{b} Show that if the intensity of sound is doubled, the change in intensity level is 3 dB. [2]
o (21 7y
A intensity level = 10 IQLT] —101g [}—}
27 7
=1Bigi —x—
g( Ir.l ‘[ )
=10lg2
=3.01 A1
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(¢) (i) Usingdata in Fig. 8.1, determine the sound power of the diesel generator. Assume
that the sound is emitted uniformly in all directions

Intensity of sound =107, =1.0x10? W m™ €1
Sound power =(1.0x10?) 47(3.0)° ™M1
=1.13w "M

sound power = ... .. W3]

(i} For occupational health and safety reasons, all personnel are required to wear ear
protection if the intensity level at the ear exceeds 85 dB.

Determine the minimum distance from the diesel generator such that no ear protection
is required.

Intensity of sound =10°°7 =3.16x10* Wm?

- . 1.1
Minimum distance = 3 " i
(47)3.16x10°
=16.9 m "
minimum distance = ... m [2]
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The loudness of a sound not only depends on the intensity level of the sound but also on its
frequency. The phon is the unit of measurement of loudness level. In order to define this unit of
measurement, sound frequency of 1 kHz is chosen as the standard for comparison. Hence, a
source is said to have a loudness of 40 phon if a 1 kHz standard source has an intensity level

of 40 dB.

Sounds of different frequencies having the same loudness fall on the same equal-perceived-
loudness contour. Fig. 8.2 shows different equal-perceived-loudness contours for a healthy 18-
year-old man, as a function of frequency of the sound.

130 1=
] dness
120 \\\"‘\ B !Zq"%g’ii s // /}
110 \\t\, :“*.;-\ B E\\(Phpns)/ /;/ \/
e e T
100 \\\\\\\ I N 111100 I ////
90 \\\i\ \\" QQ_\L /| /'/ TN
~l =] 4
% 80 \\\\\\\\ » \_\ 20 T //,.f/ \\/
) i __’_,..a/ 4]
% 70 &\ \\\\‘ \_‘__ || 70 >‘~_—-—Z_/ d _25.:;, n
P NN NG T il —\“"\. L/ AT
Li}] AY \ \\, 60 e L1 \

— 60 \\\ < - me // o \JI
£ 50 \‘W\\\\ — so [ NS
] \\ - T = =i
8 w :\\\ij - :::/ //, AV

i 143 M "'-'—-._______‘_,.d/
30}~ NS T 30 | e 11N
20 o 20 D*-w/ DML
4\\\‘:\ —\\ 75 ‘;\J’
10} equal-perceived- e 10 <2ﬁ7f‘r£_1 N
o} loudness contour 1T === A
T Phon T =_L~
l [
10 100 1000 10000
Frequency / Hz

Fig. 8.2

(d) {i} The frequency axis on Fig. 8.2 is ploited on a logarithmic scale. Suggest why this is so.

............................................................................................................

.................................................................................................................
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(i) Using Fig. 8.2,

1. state the intensity level for a sound wave of 100 Hz for it to have the same
perceived loudness as a sound wave of 1000 Hz at 50 dB.

intensity level= ... ... 60 * 4B f1]

2. state and explain which of the following sounds louder:
a sound wave of 50 Hz at 60 dB, or
a sound wave of 2000 Hz at 45 dB

...........................................................................................................

............................................................................................................

(iii) Suggest and explain any changes in the equal-perceived-loudness contours for a

{e} (i)
P,

(i)

NYJC 2021

80-year-old man when compared to that for a healthy 18-year-old man.

..................................................................................................................

..................................................................................................................

Using Fig. 8.2, state and explain the frequency range that a human will be most
sensitive to.

............................................................................................................. [2j
In movie theatres, sound of alt frequencies may be heard with equal loudness.
Suggest how this is achieved.

Sounds in the low and high frequency regions are amplified. 1
............................................................................................................. [1]

End of Paper
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