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The following list of formulae may be found useful :

Coulomb’s law F = %_
dng, r’
Electric field strength due to a point charge E = _e
dng, r*
Electric field between parallel plates (numerically) E = 14
d

Use the following data wherever necessary :

Acceleration due to gravity g =98lms? (close to the Earth)
Charge of electron e=16x1071C
Electron rest mass me = 9.11 x 103 kg

Permittivity of free space & = 8.85 x 10712 C* N1 ;p2

Part A : HKCE examination questions

1. <HKCE 1981 Paper II - 26 >

Two light conducting spheres are suspended from two silk threads as shown. If they are found to attract one another, which
one of the following conclusions is/are correct ?

(1) They carry similar charges.

(2) They carry opposite charges.

(3) Only one of them is charged.

A. (2)only
B. (3)only
C. (1) & (3) only
D. (2) & (3)only

2, <HKCE 1982 Paper I1-35>

1

Three metal spheres X, ¥ and Z are placed in contact as shown. A negatively charged rod is brought near Z. The sphere Y is
then earthed while the charged rod is still nearby. Which of the following statements is/are true 7

(1) Xis negatively charged.

(2) Yis neutral.

(3) Zis positively charged.

(3) only

(1) & (2) only

(2) & (3) only

0,2&O)

gow e

<HKCE 1984 Paper II - 24 >

’,
X

Two uncharged metal spheres in contact are suspended by dry cotton threads. When a positively charged rod X is brought
near them as shown above, the distribution of charges on the spheres will be

<HKCE 1985 Paper I1 - 33 > i
X

Two uncharged metal spheres are suspended by insulating threads as shown in the diagram. A plastic sheet is put between
them. When a positively charged rod X is brought near them as shown, which of the following diagrams shows the resulting
charge distribution of the spheres ?

< HKCE 1986 Paper I - 28 > X Y

e
The diagram shows two conducting spheres X and Y mounted on insulating stands. Sphere X carries positive charges and
sphere Y carries negative charges. As Yis moved slowly towards X (but without touching X) the total charges on X'
A. increase and are positive.
B. remain unchanged.
C. become negative.
D. disappear.

<HKCE 1987 Paper I1- 37 >

In the figure shown, an electron travels in a horizontal direction and enters a

uniform electric field. The direction of the electric field is as shown. What electron

is the direction of the force due to the electric field acting on the electron 7 YYYYYY
A. upwards

B. downwards

C. into the page

D. outofthe page

< HKCE 1988 Paper I1 - 28 >

A positively charged metal sphere X is brought near an uncharged metal sphere ¥ as X Y

shown. Yis then touched momentarily with a finger. X'is then taken away. Y is now
positively charged, @ <=
negatively charged. \

negatively charged on the left side and positively charged on the right side. insulator—

positively charged on the left side and negatively charged on the right side.

Taw
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10.

11.

12.

13,

< HKCE 1990 Paper II - 30 >

A positively-charged metal sphere is mounted on an insulating stand. When the sphere is earthed with a finger,

protons will move from the sphere to the earth.

protons will move from the earth to the sphere.
y % < Metal sphere

electrons will move from the sphere to the earth,
electrons will move from the earth to the sphere.

vow>

< HKCE 1991 Paper IT - 29 >

In the figure shown, X and Y are two insulated metal spheres in contact with each
other. A negatively charged object C is brought ncar X. X is touched momentarily
with a finger, and then X and ¥ are separated. The charges on X and ¥ are

Sphere X Sphere ¥
A. positive positive
B. positive negative
C. negative negative
D. positive Zero

<HKCE 1992 Paper II - 30 >

A positively charged rod is brought near an insulated uncharged metal
sphere as shown in the figure. If the sphere is earthed with a finger,
positive charges flow from the earth to the sphere.

electrons flow from the earth to the sphere.

electrons flow from the sphere to the earth.

the sphere is completely discharged.

Tawp

< HKCE 1993 Paper II - 31 >

An uncharged light conducting sphere is suspended by an insulating thread. The metal dome of an operating Van de Graaff
generator is brought near the sphere. Which of the following statements best describes the motion of the sphere ?

A.  The sphere remains stationary.

B. The sphere moves away from the dome.

C.  The sphere moves towards the dome, touches it and remains there.

D. The sphere moves towards the dome, touches it and then moves away.

<HKCE 1994 Paper 11 - 25 >

Which of the following involve(s) the application of electrostatics ?
(1) A photocopier
(2) A precipitator in the chimney of a coal-fired power station
(3) A Vande Graaff generator

A, (3)only

B. (1) & (2) only
C. (1)&@3)only
D. (1),@)&(3)

<HKCE 1994 Paper 11 - 24 >

An insulated charged metal rod is brought near an insulated uncharged metal

sphere as shown in the figure. Which of the following can charge the sphere 7

(1) Touching the sphere momentarily with a finger.

(2) Touching the sphere momentarily with the rod.

(3) Touching the rod momentarily with a finger and then touching the
sphere momentarily with the same finger.

(1) only

(1) & (2) only

(2) & (3) only

0,2 &3)

M

vowp

14.

15.

16.

17.

<HKCE 1995 Paper I - 29 >

. F

Two insulated uncharged metal spheres X and Y are in contact with each other. A positively charged rod is brought near X as
shown above. Which of the following diagrams correctly shows the distribution of charges on the spheres ?
Al B.

O

(CS D.

O

<HKCE 1996 Paper II - 29 >

A small conducting sphere is suspended by an insulated thread. When a positively
charged rod is brought near the sphere, the sphere is attracted as shown. Which of
the following is/are reasonable deduction(s) ?

(1} The sphere may carry a positive charge.
(2) The sphere may carry a negative charge.
(3) The sphere-may be neutral.

A, (2 only

B. (1) &(3)only

C. (2) &(3) only

D. (1), @) &@3)

<HKCE 1997 Paper II - 27 >

The following are the steps to charge an isolated metal sphere by induction, but they are in the wrong order.
(1) Removing the finger away from the metal sphere.
(2) Touching the metal sphere with a finger.
(3) Bringing a positively charged rod near the metal sphere.
(4) Removing the positively charged rod away from the metal sphere.
Which of the following shows the correct order 7

@,0)@®, M
(3@, M, @
3), @, @, (M)
3)®. 2,

Sowy>

<HKCE 1998 Paper II - 29 >

Three insulated uncharged metal spheres X, Y and Z are placed in
contact as shown. A negatively charged rod is brought near X and
sphere Y is then earthed momentarily. If the charged rod is still near
X, which of the following describes the charges on X, Y and Z ? 7

Sphere X Sphere ¥ Sphere Z
A, positive zero zero
B. positive Zero negative
C. positive positive positive
D. zero zero Zero
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18.

19.

20,

< HKCE 2000 Paper II - 28 >

Two insulgted uncharged metal spheres X and ¥ are placed in contact. A positively-charged rod is brought near X as shown
above. X 'is then earthed momentarily. The charged rod is removed and the two spheres are then separated. Which of the
following describes the charges on X and Y7

Sphere X Sphere ¥
A. negative negative
B. negative uncharged
C. positive positive
D. uncharged uncharged

<HKCE 2001 Paper IT - 28 >

A

Two charged spheres 4 and B hanging at a point on a ceiling by two identical nylon threads. They remain at rest as shown
above. Which of the following statements must be correct ? i

(1) Both spheres carry positive charges.
(2) The force acting on B by 4 is larger than the force acting on 4 by B.
(3) The mass of 4 is larger than B.

A. (1) only
B. (3)only
C. (1) & (2) only
D. (2) & (3) only

<HKCE 2002 Paper II - 31 >

A plastic ruler is placed close to a stream of running water coming from an insulated tap. The stream of water is atiracted
towards the ruler as shown above., Which of the following statements are correct ?

(1) The ruler carries an electric charge.
(2) The ruler and the running water are attracting each other with forces of equal magnitude.
(3) Both positive and negative charges are induced on the running water

A. (1) & (2) only
B. (1) & (3) only
C. (2)&(3)only
D. (1),(2)&(3)

21.

22.

23.

24,

< HKCE 2003 Paper IT - 31 >

Four point charges of equal magnitude are placed at the four vertices of a square. The signs of the charges are as shown. A
point charge C is placed at the centre of the square. What will be the direction of the resultant electrostatic force, if any,
actingon C?

A -

B. T

The resultant force acting on C is zero.

C
D. Itcannot be determined since the sign of Cis not given.

<HKCE 2004 Paper II - 27>

Three conducting spheres are suspended by separate nylon threads. When any two of them are brought near each other, they
attract each other. Which of the following deductions is correct 7

A.  All three spheres are charged.

B. Only one sphere is charged and the other two are uncharged.

C. One sphere is uncharged and the other two carry like charges.

D. One sphere is uncharged and the other two carry unlike charges.

< HKCE 2005 Paper IT- 17 >

Two conducting spheres are hanging freely in air by insulating threads. In which of the following will the two spheres attract
each other 7 Note : N’ denotes that the sphere is uncharged.

(09)] 2 3)
L [ z

A. (1) only

B. (2)only

C. (3)only

D. (1), (@) &@3)

<HKCE 2006 Paper 11 -22 >
A rubbed plastic ruler can attract paper scraps before actually touching them, Which of the following descriptions about the
charges on the rubbed ruler and the original charges on the paper scraps are possible ?

(1) The ruler and the paper scraps catry opposite charges.

(2) Both the ruler and the paper scraps are uncharged.

(3) The ruler carries charges and the paper scraps are uncharged.

A. (1) &(2) only
B. (1) &(3)only
C. (2)&(3) only
D. ),AH&3)
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25. <HKCE 2007 Paper I1 - 19 >

% 7,

In the above figures, P, O, R and § are identical light conducting spheres and they are hanging freely by insulating threads of
the same Jength. Which of the following deductions is/are correct ?

(1) P and @ must carry like charges.
(2) R and S must carry unlike charges.
(3) P and Q must carry the same amount of net charges.

A. (1) only
B. (2)only
C. (1)&@3)only
D. (2) &(3) only

Part B : HKAL examination questions

26. <HKAL 1982 Paper 127>

The diagram shows a negative charged particle inside a uniform electric field £
pointing in downward dircction, At the instant shown, the particle is travelling
in the direction of the arrow v. Which of the arrows 1 to 4 gives the direction of
the acceleration of the particle at this instant 7

1

=
~

O (N ——

S
‘—_-_.—_-_____-
5

Yowp
by

2
3
4

27. <HKAL 1983 Paper I-20 >

Two parallel metal plates are placed horizontally with a separation of 0.05 m. A voltage of 2000 V is connected across the
plates. An oil drop carrying a charge of — 1.6 x 107" C is found to be at rest between the plates. Find the mass of the drop.

(Take the acceleration due to gravity to be 10 m s™2)

A, 1.6 x 1078 kg,
B. 1.6x107kg,
C. 64x10Mkg,
D. 6.4x107%kg

28. <HKAL 1983 Paper I - 40 >

Which of the following statements about the coulomb is/are correct ?

(1) When one coulomb of positive charges flows across a potential difference of one volt from higher to lower
potential, one joule of electrical energy is given out.

(2) The force exerted on a charge of 1 coulomb in an electric field of 1 volt per metre is 1 newton.
(3) One coulomb is the total charge of one mole of electrons.

A. (1) only
B. (3)only
C. (1) & (2) only
D. (2) & (3) only

29.

31.

< HKAL 1985 Paper I - 45>

+ .;_)lastic thread
+o | |
d.c. source of I I
high voltage
—0

A light conducting ball is placed between two meta] plates connected through an ammeter to a d.c. source of high voltage.
The ball shuttles back and forth between the plates, making alternate contacts with each plate. Which of the following

statements are correct ?
(1) The ball carries charges, sometimes positive, and sometimes negative.
(2) If the separation of the metal plates increases, the frequency of oscillation of the ball decreases.
(3) The galvanometer shows a current flowing always in the same direction.

A. (1) & (2) only

B. (1) & (3) only

C. (2) & (3) only

D, (D,@Q&B)

HKAL 1987 Paper I - 30 >

g +1C ~1cC
’ W T X
Z Y

Q -1C

Three charge +1 C, — 1 C and - 1 C are fixed at the corners W, X and Y respectively of a square as shown., A fourth charge,
0, is fixed at Z. If the net electrostatic force acting on the charge at X is indicated by the arrow, what is the magnitude of 0 7

+ ot
A light conducting sphere is hanged from a long insulating thread. It is placed between two oppositely charged metal plates
connected to a high voltage supply. If the sphere is given a negative charge, it will ’
A, move to the positive plate and stick to it.
B. move to the negative plate and stick to it.

C. oscillate, touching each plate in turn, beginning with the positive plate.
D. oscillate, touching each plate in turn, beginning with the negative plate,

A -J2C
B. +42¢C
C. -242¢C
D. +242C

< HKAL 1990 Paper I-27>
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32,

33.

34,

35,

<HKAL 1993 Paper I - 35>

polystyrene
rod
metal metal
plate plate
aluminium
foil strip
- +
© EHT o

Two parallel metal plates are connected to the terminal of an EHT. When a charged aluminium foil strip is placed between
the plates, the deflection of the foil is shown in the above figure. Which of the following statements is/are correct 7

(1) The charge on the foil is negative.

(2) If the separation between the two plates decreases, the deflection of the foil increases.

(3) When moving the foil towards the positive plate, the deflection of the foil increases.

A. (1) only
B. (3)only
C. (1) & (2) only
D. (2) & (3) only

<HKAL 2000 Paper IIA - 26 >

Two parallel plates are connected to an EH.T. supply giving a d.c. voltage of 4.5 kV." If the separation of the two plates is
set at 1.5 mm, caloulate the acceleration of an electron placed inside the plates.

A. 1.0x10°ms?

B. 12x10%ms?

C. 1.6x10%ms?

D. 53x10"ms?

< HKAL 2003 Paper I1A - 23 >

The magnitudes of the charges on two identical small metal spheres are in the ratio 5 : 1. The electrostatic force between
them js Fy. If they are brought into contact and then separated to their respective original positions, the electrostatic force
between them becomes F. Which of the following may be the magnitude of the ratio Fy : F, ?

1 5:9

@) 5:4

(3) 5:2

(1) only

(3) only

(1) & (2) only
(2) & (3) only

Taw»

< HKAL 2005 Paper ITA - 12 >

X, Y and Z are small identical metal spheres. X and ¥ are fixed at a certain separation in air and they carry charges of the
same magnitude. The attractive force between them is F. Sphere Z is initially uncharged. It first touches X and then it
touches Y. What is the electrostatic force between X and Y after Z is taken away ?

A LF
B. LF
c. irF
D. iF

36.

37.

38,

<HKAL 2005 Paper IIA - 13 >

1 l,

A negatively charged oil drop is kept stationary betwcen two horizontal metal plates connected to a d.c. supply as shown.
The oil drop then acquires an additional negative charge. Which of the following changes will be able to hold the oil drop
stationary ?

(1) Disconnecting the plates from the supply and moving the plates closer

(2) Keeping the separation between the plates unchanged and increasing the p.d. between the plates
(3) Keeping the p.d. between plates unchanged and moving the plates further apart.

A. (1) only
B. (3)only
C. (1)&(2)only
D. (2) &(3) only

< HKAL 2007 Paper I1A - 14 >

72

+
e 360

The above figure gives the electric field strength (in arbitrary units) at various points near an isolated point charge +Q.
‘Which of the following correctly gives the electric field strength (in the same arbitrary units) at X and at ¥ ?

electric field strength at X electric field strength at ¥

A, 72 30
B. 72 36
C. 90 30
D. 90 36

<HKAL 2007 Paper IIA - 13 >

X

The figure shows two small charged spheres X and Y suspended by identical nylon threads from a fixed point O. At
equilibrium, the threads OX and OY make angles fand ¢ (@< ¢) with the vertical. Which of the following conclusions must
be correct ?

(1) Both.X and Y carry positive charges.

(2) The charge on X is greater than that on ¥ in magnitude.

(3) The mass of X is greater than that of Y.

(1) only

(3) only

(1) and (2) only

(2) and (3) only

vawp
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40,

< HKAL 2008 Paper IIA - 14 >

X Y

! |
T

]
+Q 20

A point charge +Q is fixed at point ¥ while another point charge ~2Q is fixed at point ¥ as shown. Ex and Ey denote the
magnitude of the electric field due to the point charge at X and Y respectively. For the points on the line passing through X
and ¥, how many of them has/have Ex = Ey and how many has/have zero resultant electric field ?

(No need to consider the points at infinity.)

A.  There are 3 points with Ex = Ey and the resultant field is zero at 2 of them,

B. There are 2 points with Ex = Ey and the resultant field is zero at both of them.

C. There are 2 points with Fx = Ey and the resultant field is zero at 1 of them.

D. Thereis 1 point with Ex = Ev and the resultant field is zero at that point,

< HKAL 2009 Paper ITA - 33 >

A potential difference of 3 kV is applied across two horizontal
metal plates of separation 1.5 cm. A charged oil drop of mass
9.6 x 107"* kg is kept stationary between the plates as shown.
Find the quantity of charge acquired by the oil drop ?

(Take the acceleration due to gravity as 10 m s™2)

A 16x107°C

B. 32x10%C

C. 48x10C

D. 64x107°C

+3kV = ]

negatively
o— charged oil
i

Part C : Supplemental exercise

41.

42,

Two insulated uncharged metal spheres X and Y are placed in contact.
A positively-charged rod is brought near X as shown. X is then earthed
momentarily. The charged rod is then removed. Which of the following
describes the charges on X and ¥ ?

Sphere X Sphere ¥
A. negative negative
B. negative uncharged
C. positive positive
D. uncharged uncharged

| drop
X Y
+
é%
O e O,
R it T TeIepy Supap—

Two identical spheres carrying equal amount of positive charges are placed as shown in the figure above. Which of the
following statements are correct ?

(1) At the mid-point ¥ between the two spheres, it is a neutral point,
(2) Ifasmall negative charge is placed at point X, it experiences a net electric force towards the left,
(3) Ifasmall positive charge is placed at point Z, it experiences a net electric force towards the right.

A, (1) &(2) only
B. (1) &(3) only
C. (2) & (3) only
D. (1,2 &3)

43.

4.

45,

—

A small neutral conducting sphere is suspended by an insulated thread. When a positively charged metal rod is brought near
the sphere, which of the following consequences are correct 7

(1) The sphere is attracted by the charged rod due to the induced charge on the sphere.

(2) The sphere is repelled from the charged rod after touching the charged rod.

(3) The sphere finally carries positive charge.

A. (1) & (2) only
B. (1) & (3)only
C. (2)&(3)only
D. (1),2)&3)

‘When a plastic ruler is placed close to picces of small paper, some of them are found to be attracted towards the ruler.
Which of the following statements is/are correct ?

(1) The attraction is due to the electric force between the ruler and the pieces of paper.
(2) Those pieces of paper attracted by the ruler remain neutral.

(3) The aftraction acting on each piece of paper is greater than the attraction acting on the ruler by that piece of paper.

A. (1) only
B. (3)only
C. (1) &(2)only
D. (2) & (3)only

Point charges, each of magnitude (, are placed at three corners of a square as shown in the diagram. What is the direction of
the resultant electric field at the fourth corner 7

A. Direction 1
B. Direction 2
C. Direction 3
D. Direction 4
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46.

47.

48,

49.

4 B c D

4, B, C, D are four points on a straight line as shown in the diagram. A point charge +Q is fixed at 4. When another point
charge — Q is moved from B to C, which of the following statements is/are correct ?

vows

(1) The electrostatic force between the two charges increases.

(2) The magnitude of the electric field strength at the point D increases.
(3) Point B becomes the neutral point.

(1) only

(2) only

(1) & (3) only

(2) & (3) only

The charge on the uranium nucleus is 1.5 x 1077 C and the charge on the a-particle is 3.2 x 1019 C. What is the electrostatic
force between a uranjum nucleus and an a-particle separated by 1.0 x 10- m ?

A

B.
C.
D

432 x 103N
432x 10N
432x 108N
432N

What is the magnitude of the electric field strength at a distance » from an isolated stationary nucleus of proton number
(atomic number) Z 7

A,

Ze
4rneg, r
(Ze)
dng, r?

Ze
dneg, r?

Z e
4neg,r

The diagram shows a pattern of electric field lines in which X, ¥ and Z are points marked on one of the field lines. It would
be correct to say that

vowpe

(1) the electric field at X is weaker than that at Z.

(2) anegative charge placed at Z would experience an electric force to the left along the tangent of the field line at Z.
(3) the force exerted on a charge at ¥ would be greater than if the charge were placed at X,

(1) & (2) only

(1) & (3) only

(2) & (3) only

1), ) &G)

50.

51.

The above figure shows the electric field pattern around two point charges P and Q. X is the mid-point between P and Q. ¥
is a neutral point. Which of the following deductions is/are correct 7

Tow>

(1) Both charges P and Q are positive.

(2) The magnitude of charge P is greater than that of Q.

(3) The electrostatic force acting on @ by P is greater than that on P by Q.
(1) only

(1) & (2) only

(2) & (3) only

0, &)

A charged particle is accelerated across the gap between two parallel plates connected to a constant voltage supply. Neglect
the effect of gravity, the kinetic energy gained by the particle in crossing the gap depends on

vows

(1) the mass of the charged particle
(2) the separation between the two parallel plates
(3) the voltage across the two parallel plates

(1) only
(3) only
(1) & (2) only
(2) & (3) only

Part D : HKDSE examination questions

52.

<HKDSE Sample Paper IA - 24 >
Two conducting spheres are hanging freely in air by insulating threads. In which of the following will the two spheres attract
each other ?

Note : ‘N’ denotes that the sphere is uncharged.

o . @ . @ .
A. (1) only

B. (2)only

C. (3)only

D. (1,2 &)
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53.

54.

55.

56.

57.

< HKDSE Sample Paper IA - 32 >

The figure shows the location of an isolated charge of size +(. The magnitude
of the electric field strength is marked at certain points. What is the magnitude
of the electric field strength at X and Y'?
electric field strength at X electric field strength at ¥ X
A 72 30 72 Y
B. 72 36
C. 90 30
D. 90 36 +Q 360 40

< HKDSE Practice Paper 1A - 24 >

Three identical point charges ¢ (represented by dots) are situated in the space as shown. Which of the following descriptions
about the direction and magnitude of the electric field E at X and at ¥ is correct ?

Direction Magnitude
~SAL Same Ex > Ey
SRIZ Same Ex < Ey

C. Opposite Ex > Ey
D. Opposite Ex < By

< HKDSE 2012 Paper 1A - 25 >

20 M -0
Two point charges +20 and -~ are situated at fixed positions as shown. M is the mid-point between the charges. W, X, ¥
and Z are points marked on the line joining these two charges. At which point could the resultant electric field due to the two
charges be zero 7
A,
B

N~

C.
D.
< HKDSE 2012 Paper JA - 24 >

P, O, R, § are charged objects. When two of them are brought close to each other, P and Q repel, R and § also repel while
Q and R attract each other. Which of the following descriptions about their charges is/are correct 7

(1) P and R are negatively charged.

(2) Qand S are positively charged.

(3) P is positively charged and S is negatively charged.

A. (1) only
B. (3)only
C. (1) & (2) only
D. (2) &(3) only

< HKDSE 2013 Paper 1A - 25>

Lightning flash may occur when the strength of the electric field (assumed uniform) between a thundercloud and the ground
reaches 3 x 10 N_C=!. A lightning flash on average discharges about 20 C of charge. If a thundercloud is at a height of
300 m above the ground, estimate the order of magnitude of the energy released in a lightning flagh.

A 1087
B. 10%]
C. 109y
D. 10%]

58.

59.

60.

61.

< HKDSE 2013 Paper 1A - 24 >

X and ¥ are two small identical metal spheres carrying charges —2Q and +6( respectively. When X and Y are separated by a
certain distance, the magnitude of the electrostatic force between them is F.
Y

The sphercs are brdught to touch each other and then placed back to their original positions. The electrostatic force between
them becomes

A, % F, attractive —};F, repulsive

C. 1F,attractive D.  }F, repulsive

<HKDSE 2014 Paper 1A - 20 >

N

Two insulated uncharged metal spheres X and Y are placed in contact. A positively-charged rod is brought near X as show1'1.
X is then touched by a finger momentarily and the two spheres are then separated by removing Y. The charged red is
removed afterwards, Which of the following describes the charges on X'and Y ?

sphere X sphere ¥
A, uncharged uncharged
B. uncharged positive
€: negative uncharged
D. negative negative
< HKDSE 2014 Paper JA - 22 >
Two paraliel metal plates P and Q are maintained at a certain p.d. by a battery P 0

(not shown in the figure). An electron placed between the plates would

experience an electrostatic force of 8.0 x 107® N towards P. Which of the .

following descriptions about the electric field E between the plates is correct ? P
A, E=0.02NC'fromQto P force on
electron

B. E£=0.02NC!fromPto Q
C. E=50NC!'fromQtoP
D. E=50NC!fromPtoQ

<HKDSE 2014 Paper JA - 21 >
O O s

O

Three point charges Q1, Q2 and s are fixed on a straight line with O, at the mid-point of Q) and Q5. The resgltmu
electrostatic force on each charge is zero. Which of the following can be the sign and the magnitude (in the same arbitrary
units) of Ch, Q2 and 03 ?

[} [123 03
A. +2 +1 +2
B. +2 -1 +2
c. -4 +1 +4
D. ~4 +1 -4
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62.

63.

64,

65.

< HKDSE 2015 Paper IA - 21 >

Three conducting balls are suspended by insulating threads. Any two of them are found to attract each other if brouggt close
to each other. Which conclusion below is correct 7

A.  Only one ball is uncharged while the other two carry like charges.

B.  Only one ball is uncharged while the other two carry unlike charges.

C.  Only one ball is charged. '

D. All three balls are charged.

<HKDSE 2015 Paper 1A - 22 >
-40 +Q

R

W X Y z

Two point charges ~4Q and + are fixed as shown. At which point indicated in the figure is the resultant electric field due to
these two charges zero ?

A W

B. X

C. v

D Z

<HKDSE 2016 Paper IA - 24 >

+40 +Q
‘> X
o 15¢m

Point charges +4Q and +0 are fixed on the x-axis with +4Q at the origin O and +Q at x = 15 cm as shown. The respective
electric fields due to the two charges are equal at

A x=10cm.
B. x=12¢m.
C. x=20cm.
D. x=30cm.
<HKDSE 2017 Paper IA - 22 >

In the figure, two charged conducting spheres of the same mass m are put in a vertical plastic cylinder. The inner wall of the
cylinder is smooth. The spheres are scparated by a distance d and remain in equilibrium,

Which of the following statements MUST BE correct ?
(1) Both spheres carry positive charges.
(2) The amount of charges on the two spheres are the same.
(3) The separation d depends on m.

A. (1)only
B. (3)only
C. (1) & (2) only
D. (2) & (3)only

66, <HKDSE 2017 Paper JA - 23 >

A point charge +Q is fixed at a distance d away from the origin O as shown.

+Q 0

< d—>

Which of the following graphs best represents the variation of the electric field strength E along the x-axis 7 (Take the
electric field pointing to the right as positive.)

B.
A . £

t

~-d

67. <HKDSE 2019 Paper 1A-23>
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HKEAA's Marking Scheme is prepared for the markers' reference. It should not be regarded as a set of model answers.
Students and teachers who are not involved in the marking process are advised to interpret the Marking Scheme with care.,

M.C. Answers

1. D 11. D 21. C 31-C 41. A 51. B 61. D
2. C 12. D 22. D 32. C 42. A 52. D 62. B
3. C 13, B 23. D 33. D 43. D 53. B 63. D
4, A 14. C 24. B 34, C 44, C 54. D 64. D
S. B 15. C 25. A 35. B 45. A 55. D 65. B
6. A 16. B 26. D 36. B 46. B 56. B 66. D
7. B 17. A 27. D 37. B 47. D 57. € 67. A
8. D 18. A 28. C 38. B 48. C 58. D ’
9. D 19. B 29. D 39. C 49. D 59. C
10. B 20. D 30. D 40. C 50. B 60. D
M.C. Solution
1 D

x (¢)) Repulsion exists between similar charges.

2) Aftraction exists between opposite charges.
3) Attraction exists between a charged body and an uncharged body.

2k Cc

Bringing (~) charge towards Z = (+) charge induced on Z and (-) charge induced on X'

Y is earthed = (-) charge on X moves to the earth but (+) charge on Z is still attracted by the charged rod

Finally, X and ¥ are neutral and Z is positively charged
3. €

Bringing (+) charged rod towards right ball

=> (=) charge induced on right side of the right ball

=> (+) charge induced on the left side of the left ball
4. A

Bringing (+) charge towards right ball

= (-) charge induced on right side of the right ball

= (+) charge induced on the left side of the right ball (as plastic sheet does not allow flow of charge)
= (~) charge induced on right side of the left ball

=> (+) charge induced on left side of the left ball

10.

11,

12,

B
Sphere X is not in contact with other bodies,

thus the total charges on sphere X must remain unchanged.

A
EBlectron carries negative charge, thus the electric force on an electron is opposite to the direction of the E-field.

Therefore, the electron experiences an upwards electric force inside the parallel plates.

B
Bringing (+) charged sphere X towards ¥ and then earthing, negative charges are induced on Y.

When X is removed, Y carries negative charges that would distribute uniformly on the whole surface.

D
The (+) charge sphere is earthed
= the sphere becomes neutral

— electrons flow from the earth to the sphere (as proton does not move)

D

When the negatively charged object C is brought near X,
(+) charges are induced on the lefi side of X and (-) charges are induced on the right side of Y.

When X is touched momentarily with a finger,
the (=) charges on Y flows to the earth but the (+) charges on X’ is still attracted by C.

‘When X and Y are separated, X carries (+) charges and Y is neutral.

B
Bringing (+) chargedrod = (-) charge induced at left side of the sphere and (+) charge at right side of the sphere

Earthed with a finger = electrons flow from the Barth to the sphere to neutralize the (+) charge at the right side

D
‘When the sphere is brought near, attraction exists between the charged dome and the neutral sphere.

After touching, the sphere shares some like charges and thus repulsion exists to move it away.

D
[€))] Photocopier makes use of electrostatic charge to give photocopying
v ) Precipitator makes use of electrostatic charge to attract the coal dust

v 3) A Van de Graaff generator gives large amount of electrostatic charge for demonstrating
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13.

17.

v [0))] Bringing positively charged rod near the sphere
= (-) charge induced at the left side and (+) charge induced at the right side of the sphere
=> upon earthing, electrons flow to the sphere to neutralize the (+) charge at the right side
" the sphere finally carries negative charges.
v 2) Touching the sphere with the rod would make the sphere share some positive charges.
* 3) Positive charges of the rod are discharged upon earthing by the finger
but the human body always remains neutral without carrying net charge
= no charge is shared with the sphere by the finger, thus the sphere remains neutral
€

Due to attraction between unlike charges, negative charge is induced at the left side of X,

Due to repulsion between like charges, positive charge is induced at the right side of ¥.

Cc
x ) If the sphere carries (+) charges, repulsion occurs between the sphere and the rod
2) Attraction exists between unlike charges.
v 3) Attraction exists between a charged body and a neutral body.
B
(3): (=) charges are induced on the sphere at the side near the rod while (+) charges appear at the far side
2: electrons flow from the carth to the sphere to neutralize the (+) charges
: the finger must be removed first before the removing of the charged rod
“): after the rod is removed, the sphere becomes (-) charged.
A

When the charged rod is brought near X, (+) charges are induced on X and () charges are induced on Z.
After Y is earthed, only the induced (+) charge remains on the left side of X due to the attraction by the () charged rod.

Z would become neutral as the negative induced charges would flow to earth during earthing,

presence of positively charged rod => (-) charge is induced on X while (+) charge is induced on ¥
Xis earthed momentarily = (-) charge on X left but (+) charge on Y is neutralized by electrons from the earth

The charged rod is removed => the () charge on X is then shared between X and ¥

® @ & o »

Two spheres are separated => both X and ¥ becomes negatively charged

19.

20.

21,

22.

23.

24,

B
* m Since the two spheres repel, the two spheres may both carry (+) charge or both carry (-) charge
x 2) Since the force acting on B by 4 and the force acting on 4 by B are action and reaction pair,
they must be equal in magnitude but opposite in direction ]
v 3) Assume the electric force F acting on the sphere is approximately horizontal rXa
!
Resolving the tension into two components - !
Tcos @ = mg and Tsinf=F tan&:i
mg
For sphere 4, #is smaller, tan &is smaller, thus m is greater. mg
D
[49) Water is neutral, as the ruler attracts the water, the ruler must carry an electric charge.
) The attractive forces between the running water and the ruler are action and reaction pair,
50 they are of equal magnitude. ’
4 3) The side of the running water near the ruler would induce the opposite type of electric charge
while the side of the running water further away from the water would induce the same type of charge
C

At the centre, the forces due to the two (+) charges on the point charge C balance each other

while the forces due to the two () charges on the point charge C also balance each other, thus resultant force on C is zero.

D

Suppose the three spheres are 4, B and C such that 4 is uncharged, B is positively charged and C is negatively charged.
0]} A and B attract each other since a positively charged body would attract a neutral body.

@ A and C attract each other since a negatively charged body would attract a neutral body.

&) B and C attract each other since a positively charged body attracts a negatively charged body.

Thus, one sphere is uncharged and the other two carry unlike charges.

D
v ) Two balls carrying unlike charges would attract each other.
v @) A ball carrying positive charge would attract an uncharged ball by induced charge.
v 3) A ball carrying negative charge would attract an uncharged ball by induced charge.
B

(1) Attraction force exists between two opposite charges.
* @) No electric force exists between two uncharged objects.

v 3) A ruler carrying charge would attract uncharged paper scraps by induced charges on the paper scraps.
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25;

26.

27.

30.

v 1) Since repulsion exists between P and O, they must carry like charges.
* ) Since attraction exists between R and S,
they may carry unlike charges OR one of them carries charge but the other is neutral.
x (3) Even P and Q carry different amount of charges, same force would exist between them.
D

As the E-field is in downward direction
The negatively charged particle experiences an upward electric force (F = ~g E)

Thus, the particle accelerates in upward direction.

D
Downward weight = Upward electric force from electric field

4
mg=qE=gqg.
d

© m(10) = (1.6 x 10719 x 2x107) oom o= 6.4 x 1075 kg

(0.05)
(S
v )] By U=g¢qV . U=Q10x(1V)=1J
v 2 By F=¢gE . F=(ICx(1Vm)=1N
x 3) Charge on 1 mole of electrons = 6.02x 102 x 1.6 x 1071°C = 96320C = 1C
[€))] After touching (+)-plate, it carries (+) charge. After touching (—)-plate, it carries (<) charge.
v (2) dT = El (by E=g) = F{ (by F=qE) = a3 (by a=£) = frequency of oscillation ¢
m

v 3) Carrying (+)-charge to (~)-plate => current flows in clockwise direction

Carrying (—)-charge to (+)-plate = current flows in clockwise direction
D

Let the length of the square be 7.
Distance between X and Z is /2 7.,

-_Om _1__2 (to the left)

ooy 1
= Py i F, = = - (upward)

v dne (r)*  Amer

Since the net force on X is to the left, thus the upward force by Y is balanced by the downward component of force by Z
Fzcos 45° = Fy L oM [L) _ 1 Q=22 C
4ne, x/ir' V2 4ue,r’

Since the electric between X and Zis attractive . Zis (+)

31

32.

33.

34,

35.

¢}
The sphere catries (—)-charge => moves towards and touches (+) plate first
1t then shares some (++) charge and moves towards and touches the opposite () plate

. The sphere oscillates.

C
v €3] Since the strip is deflected towards the positive plates, the strip should carry negative charges.
v 2) By E =% s dy = ET .. deflectionT
® 3) [E-field is constant within 2 charged plates, thus there is no change in deflection of the strip.
D
E=K=—(‘1‘—5x1—0_33)=3x10‘y

d  (1.5x107)

F = gE = (1.60x10™)(3x10°) = 4.8x10™° N

F 48x10"

P T 5.3x10" ms™
m LLLX

a=

(&
Case 1 ; Two charges are of the same sign, i.e. (+50) and (+10).
After sharing, they become (+3Q) and (+30).

= (5Q)(1§22) F,= (3Q)(3g)
4me v 4me r
BB =59

Case 2 : Two charges are of the opposite sign, i.e. (+50) and (-10).
After sharing, they become (+20) and (+20).
2,
oGO, (0CO)

2
4ne 1 4 r?

£ F1:Fz=524

B

Since the electrostatic force is attractive, X and Y carry unlike charges.
Let the charge carried by X be +( and the charge carried by ¥ be —Q.
For sharing of charges, 01+ 0, = 0+ O  where Q is the final charge at each of the two spheres.

After Z touches X, X carries ++ 0 and Z carries +% Q.
After Z touches Y, Y carries —% Q and Z carries —% 0.

Electrostatic force : F=Q1_Q2 L F e 01O

2
4me, r
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36.

37.

38.

39.

B
x ()] After the plates are disconnected from the supply, charges on the plates and thus E-field are unchanged
Thus the electric force is increased by F' = g E as q is increased. The oil drop then has a net force.
* (2) Increasing the p.d. between the plates would increase the electric field by E=V/d
Thus the electric force is increased by F = g E as E is increased. The oil drop then has a net force.
v 3) Moving the plates further apart decreases the E-field by E = ¥/ d.
The electric force may then remain unchanged by F = ¢ £ as q 1s increased but £ is decreased.
The unchanged electric force then balances the weight of the oil dropby ¢ E = mg.
B

Since point X has the same distance as the point of 72, the electric field at X is 72.
Distance of point ¥ from +Q is +/(3)2 + (1) =+/10 .

Electric field: g = 1Y
dng, r?

2
Thus, electric field obeys inverse-square law, i.e. E o iz A & = (i
- El . rZ
Electric fieldat ¥ = 360 x _L__ = 36,
10y

B
x 1) They may both carry positive charges OR both carry negative charges,
* 2 The charge on X' may be greater OR smaller than that on Y.
However, the forces between them are equal and opposite since they are action and reaction pair.

v 3) Since the angle &1s smaller, thus the weight of X is greater.
C

4 X B Y

3¢ i
e I ”* 1
+Q 20

By =2 -
dng, r

E-field depends on the charge Q and distance r.

At point 4, charge at X is smaller and distance is closer, charge at ¥ is greater but distance is longer, thus Ex = Ey.
Atpoint B, charge at X is smaller and distance is closer, charge at ¥ is greater but distance is longer, thus Ex = Ey.
There are 2 points with magnitude : Fx = Ey.

At point 4, Ex is towards the left but Ey is towards the right, thus the resultant field is zero.

At point B, Ex is towards the right and Ex is also towards the right, thus the resultant field is not zero.

There is 1 point with zero resultant field.

40.

41,

43.

44

45.

(¢
VG000 165 v
d  (0.015)
By mg =qE s (9.6x 1075 (10) = g (2 x 105) L g=48x10¢C

To balance the downward weight, the electric force F must be upwards.
Since the direction of E-field is vertically downwards, the charge is negative.

Thus, the charge carried by the oil drop is — 4.8 x 1072 C.

A
The positively-charged rod is brought near X° X negative Y': positive
X is earthed momentarily X : negative Y : uncharged
The charged rod is removed X: negative Y': negative
A
€8] The mid-point Y is a neutral point, where the electric field due to the two charges balance each other.
2) Since the left sphere is closer to X, the negative charge is attracted by the left sphere
and thus the net electric force is towards the left
% 3) Since the right sphere is closer to Z, the positive charge is repelled by the right sphere
and thus the net electric force is towards the left
[¢8) Some induced negative charges appear at the left side
and induced positive charges appear at the right side of the sphere.
Attraction force then exists between the positive charged rod and the negative induced charges.
v 2) After touching the charged rod, the sphere shares some positive charges from the metal rod
and is repelled away.
v [©)) The sphere is finally positively charged by sharing.
C
v [¢))] Electric force exists between the induced charges in the papers and the electric charges in the ruler.
v @) Since both positive and negative charges are induced in the paper, the paper remains neutral.
* 3) Since the two forces are action and reaction pair, they should be equal in magnitude.
A

The electric field due to the upper charge is towards the left.
The electric field due to the lower left charge is upwards.
The resultant of these two fields points towards direction 1.

The electric field due to the lower right charge is along direction 4,

however, this field is weaker than the resultant of the other two, thus the overall resultant field is along direction 1.
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46,

47.

48,

49.

50.

51,

B
= M Byrp. @9 L P R
dng,r?  rt
4 2 At point D, E-field due to the positive charge points to the right
and that due to negative charge points to the left.
As the negative charge is nearer to D, the resultant E-field points to the left.
As the — 0 is moved nearer to D, E-field due to —( further increases, and the resultant £ increases.
* 3 At the mid point B, the direction of E-field due to both +Q and —Q are towards the right,
thus, it cannot be a neutral point,
[ Note that there is no neutral point in this situation.]
D
1.5x10™)(3.2x107™"
F QlQ22 : 1.5%10 l§32x10 _)l” - 432N
dne,r 47 (8.85x107°)(1.0x107"Y
€
_ Q _ Ze
dng, ¥ dmer’
1) The density of electric field lines represents the strength of the electric field.
As the field lines at Z is closer, E-field strength at Z is greater.
v 2) Negative charged particle experiences an electric force opposite to the E-field
Thus, electric force on the negative charge points towards the left along the tangent of field line.
v 3) Electric field lines at Y'is closer than that at X, thus the electric field strength at ¥ is greater,
therefore, 2 charge would experience a greater force at ¥, by F=g4 K.
(03] Since the field lines are directed away from the charges, the two charges are positive.
) As the neutral point is further away from P, the charge P is greater than that of .
x 3) The two forces are action and reaction pair, they must be equal in magnitude.
B
* (1) Gain of KE does not depend on the mass.
The larger the mass, the smaller the speed, but the same KE.
x 2) For constant voltage between the two parallel plates,
the gain of KE depends on voltage only but not affects by the separation between the two plates.
v (©)) Gain of KE = loss of electric PE = g V.

The greater the voltage 7, the greater the gain of KE.

52.

53.

54.

D

v (48] Two balls carrying unlike charges would attract each other.

v 2) A ball carrying positive charge would atiract an uncharged ball by induced charge.
v 3) A ball carrying negative charge would attract an uncharged ball by induced charge.
B

Since point X has the same distance as the point of 72, the electric field at X is 72.
Distance of point ¥ from +Q is 1/(3)* + (1)* =+/10 .

Since electric field obeys inverse-square law,

1

Eoc—
7

Electric field at ¥ = 360 x —_L__ = 36.
10y

D
Assume that the three charges are all positive (it is arbitrary, same result obtained if assumed negative).

The direction of E-field by a positive charge is away from the charge.

q B X B @ g3 By
o 3 o ° Y >R E;
E3 E3

At point X; the electric field due to g; and g2 are in opposite directions and cancel each other,
the net E-field is E3 and directed towards the left.

At point Y, the electric field due to the three charges are all towards the right,
thus the resultant E-field is rightwards, therefore, the direction of E-field at X and Y are in opposite directions.

The magnitude of Ej are the same at X and Y, but there are E) and E; in addition,
thus the resultant E-field at ¥ is greater than that at X,

The electric field due to a {+) point charge is away from the charge.

The electric field due to a () point charge is towards the charge.

At Z, the field due to +2( is E; while that due to —Q is B,

and they are in opposite direction, thus they may be balanced to give zero resultant field, that is, the neutral point.

[ Note that # cannot be a neutral point as the E-field due to the greater charge 20 must be greater since it is closer.]

PD-EM1-MS/10
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56.

57.

58.

59.

60.

B
Since P and @ repel, they must carry like charges.
Since R and § repel, they must carry like charges.

Since Q and R attract, they must carry unlike charges.

* 0 P and R must carry unlike charges, thus they cannot be both negatively charged.

* 2) Q and § must carry unlike charges, thus they cannot be both positively charged.

v 3) P and § must carry unlike charges, thus P may be positively charged and § may be negatively charged.
C

Potential difference between the thundercloud and the ground (assume that they form 2 parallel plates)
V=Ed=(3x10%x(500) = 1.5x 10°V
Energy released ;

U=0V=(20)(15x10° = 3x10]

Order of magnitude of the energy released = 1097

D

Before touching, electrostatic force between the two spheres :

F=QO69 -, o
4ng,r 4ne r?

After touching, the net charges are : (60) + (-20) = +40
This charge is then shared between X and ¥, each has +20.

After touching, electrostatic force between the two spheres :

= 2000 -, 9 _1p
4ng,r? dner? 3

The electrostatic forces between X and Y are repulsive as they carry like charges.

Cc

When the positively charged rod is brought near X, X is negatively charged and Y is positively charged.
When X is touched by the finger, .X is still negatively charged but ¥ becomes uncharged.

When Y is removed, X remains negatively charged and Y remains uncharged,

When the charged rod is removed, X remains negatively charged and ¥ remains uncharged.

D

Since the electron carries negative charge, the direction of electric field should be from P to Q.
By F=gE

s (8.0x1078) = (1.6x 1079 E

s E=350NC!

61.

62.

63.

64,

D
Electrostatic force : f = ECICH
4me, r’
* A. To give zero resultant force on @, the sign of Q; and Q0 should be opposite.
x B. Distance of Q1 from Qs is two times that of @, from O3,
thus the magnitude of the charge of 01 should be 4 times as that of O, not 2 times.
x (C] To give zero resultant force on O, the sign of Q; and Q3 should be opposite.
v D. Forces between O and Qs is repulsive with magnitude : F = ﬁ),_z
dme, (2r)
Forces between Q2 and Qs is attractive with magnitude : F, = 0@
dne, (1)
As Fy = F, the resultant force on Qs is zero.
B

Due to the induced charges, a neutral ball and a positive charged ball would attract each other.

Due to induced charges, a neutral ball and a negative charged ball would attract each other.

The deduction should be :
O] one ball carries positive charge
@ one ball carries negative charges
@ one ball is uncharged (neutral).
P o} (07}
[ R S A EP ) i
' | | 1 1 1 | 1 2
""!""!“"."'?"'T""i"'."""'?'4-.-“.“:?"‘
R TN SRS T SO SO NS L B O
|
3 x

Assume the neutral point P is at a distance of x at the right side of Q,.
Since O is negative, the electric field £ due to Qs is towards the left.
Since @, is positive, the electric field E; due to (J; is towards the right.

To be the neutral point, the two electric fields must be equal and opposite.

. B =E 40 ol 2 5 &% x=3
4me, -(3+x) 4me,-(x)

.. The neutral point is at Z.

D

There are two points that the magnitude of the electric field due to the two charges are equal.

For the same electric field (both magnitude and direction), the point must be at the right side of +Q.
Let the point from O be x.

Ey=E 4Q '] - Q 3
4ne, - x 4me,-(x-15)

. x =30cm




DSE Physics - Section D : M.C. Solution PD-EM1-MS/13
EM.1 : Electrostatics

DSE Physics - Section D : Question PD-EMI1-Q/01
EM1 : Electrostatics

65.

66.

B
x 1) Since the electrostatic forces between the two spheres are repulsive, both spheres catry like charges.

However, both spheres may carry positive charges OR both may carry negative charges.
x 2) The amount of charges on the two spheres may NOT be the same.
v 3 The electrostatic force F acting on the higher sphere is upwards that balance its downwards weight mg.

29
mg =
€= In e, d?

Thus, the separation d depends on m.
D
By E = L0

4dme r?
Thus, £ must be positive and tends to zero as r tends to infinity, therefore, option A and B must be incorrect.

Since the charge Q is placed at — d, the electric field must exist starting from — d, thus option D is correct.

The following list of formulae may be found useful :

Coulomb’s law F= 20 _
dne, v
Electric field strength due to a point charge = 1Y 5
4ne,r
Electric field between parallel plates (numerically) E = %
Use the following data wherever necessary :
Acceleration due to gravity g=98lms? (close to the Earth)
Charge of electron e=16x10"1C
Electron rest mass me = 9.11x 103 kg
Permittivity of free space £ = 8.85x 10712 C* N m?

Part A : HKCE examination questions

1. <HKCE 1985 PaperI1-9>

(2) A girl, after combing her hair on a dry day, holds the comb near small pieces of paper. What will be observed if the
comb is made of

(i) plastic, and
(ii) aluminium ?

Explain briefly in each case. (4 marks)

(b) Two similar charged metal-coated balls, 4 and B, are suspended from two insulating threads as shown in the figure.

(i) Draw on the diagram all the forces acting on the two balls, (3 marks)

(i) If the ball 4 is earthed by touching, what would happen to the two balls ? Explain briefly. (4 marks)
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2. <HKCE 1987 Paper 1-9>

The below figure shows two aluminium foils held by plastic clips and a negatively charged plastic block. They are used for
charging the aluminium foils by induction.

plastic block

(a) Describe the steps taken in charging the aluminium foils. (3 marks)
(b) What type of charge is induced on the aluminium foils ? (1 mark)
() Explain briefly why the clips should be an insulator but not a conductor in this experiment. (2 marks)

Part B : HKAL examination questions

3. <HKAL 2006 Paper I -4 >

In a vacuum, a beam of electrons with an initial horizontal velocity enters midway into a region of eleotric field between
two horizontal square metal plates as shown in the figure below. A p.d. of 320 V is applied across the plates and the
separation between them is 1.6 cm.

—

320V T2 clectron e—> 1.6 cm

)
=

(a) Find the electric field strength between the plates. (2 marks)

(b) The electron beam reaches onc of the plates. Sketch in the above figure the path of the electron beam between the two
plates. (Neglect the weight of the electron.) (2 marks)

4.

<HKAL 2011 Paper I-7>
A small conducting ball is placed midway between two parallel metal plates connected to an E.JH.T. via an ammeter as shown
in the Figure,

+ -
EHT.
(a) State how to make the ball acquire positive charges. (1 mark)
(b) After the ball acquires positive charges, explain why it can shuitle continuously between the two plates. (2 marks)

(c) State and explain how the average current registered by the amumeter is affected if the separation of the two metal plates

is decreased. (3 marks)
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Part C : HKDSE examination questions

5. <HKDSE Practice Paper IB - § >

As shown in the Figure, two large vertical parallel metal plates, each in a slotted base, are placed on a polystyrene tile. The
plates are connected to the positive and negative terminals of an EHT supply respectively. The plates’ separation d= 10 cm.

metal
plate

A

[
polystyrene
tile

EHT supply

A small charged ball is suspended by a nylon thread and is placed midway between the plates. The thread makes an angle @
to the vertical when the ball is in equilibrium.

(a) By using a free-body diagram, draw and name all the forces acting on the charged ball. Also indicate in your diagram
the direction of the electric ficld between the plates. (3 marks)

(b) () Expresstan ¢ in terms of the electric force F acting on the ball and the weight ¥ of the ball. (1 mark)

(i) Given that the mass of the ball is 0.07 g. When the voltage between the plates is 4000 V, @ = 2°. Estimate
the magnitude of the charge carried by the ball. Assume that the electric field between the plates is uniform.
(3 marks)

(¢) Using the setup in the Figure, suggest a simple method to test whether the electric field between the plates is uniform.
(3 marks)

< HKDSE 2013 Paper 1B - 11 >

Figure (2) shows two identical small metal spheres X and Y suspended by insulating threads of the same length. Each sphcr_e
has a mass of 1.0 x 107 kg and each carries a positive charge of 3.1 nC (1 nC= 107 C). The separation d of the spheres is
10 cm. The size of spheres is negligible compared with their separation, therefore they can be trea\teg as point charges.

Take — L = 9x 109N miC2.

4me,
0.8 2
Figure (a) Diagram NOT drawn to scale
X3 Hy
p s
d=10cm
(a) Find the angle between the threads. (3 marks)

(b) Point P is vertically below the fixed point O and it is 10 em from each sphere as shown in Figure (b).

(i) Indicate the direction of the resultant electric field at P due to these two charged spheres. (1 mark)

9

i t: !
Figure (b) Diagram NOT drawn to scale

(i) A neutral metal sphere of finite size is now placed at 2. State whether the separation d would increase, decrease or
remain unchanged due to the presence of this sphere. . {1 mark)

Separation d ...
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HKEAA's Marking Scheme is prepared for the markers' reference, It should not be regarded as a set of model answers.
Students and teachers who are not involved in the marking process are advised to interpret the Marking Scheme with care. (b) =]
Question Solution
320 Vg electron e—>— 1.6 cm
1. (a) () Smallpieces of paper are attracted by the comb and are found on the comb [
Since the plastic comb is an insulator, charges produced by rubbing remain on the comb [1] i
(i) Small pieces of paper are not affected and stay at the original places m <Tho path bends upwards > = i
Since aluminium is a conductor, charges produced by rubbing will be conducted away. [1] <The path is & curve > ]
® O # 7
(a) Let the ball touch the left plate to share some positive charges. [1]
E 4 (b) The ball is repelled by left plate and attracted to the right plate. [11
The ball then acquires negative charges when touching the right plate and the process repeats. [1]
Hence, the ball shuttles between the two plates.
W w
(c) As the plate separation d decreases, the electric field between the plate increases (E=V/d). 1
< weight of the two balls marked correctly > [11 . 0
Therefore, electric force on the ball increases.
<tension of the strings marked correctly > 1 i . 1
The acceleration of the ball increases and thus the average current increases. [1]
< electrostatic force between the two balls marked correctly > I
(if) Both ball 4 and ball B fall, [11
touch and then separate again [1] () T (tension)
Since charges in ball 4 is conducted away, it is attracted by ball B [1]
‘When it makes contact with ball B, it shares similar charges and repels away. [1] .
D T F (electrical force OR electrostatic force)
direction of
electric field
2. (a) Place the aluminium foils near the plastic block. [1] W (weight)
Touch the foil momentarily with a finger. [1] < Weight and tension correctly drawn with correct name > 1
Then remove the block. 1l < The electrical force correctly drawn with correct name > (1
- e (1
(b) positive charge [ < Direction of electric field correct >
- . : F 1
() Ifthe clip is a conductor, the induced charge would escape [1] ®) @ tand = =
through the clip and the hand. [1]
(i) Forparallel plates: E = 7. = 4090 _ 40000 v mt [
d 0.1
_F _gqE
3. (a)E=K tané’—ﬁ;—~—g~
d
320 . 0 1
- 1 tan2® = — 9 (40_030 ) [
0.016 (0.07x107%)(9.81)
=2x10*Vm! (OR 20000NC") [ g = 600x107°C 3]
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5.

(c) TFix the plates separation and the output voltage of the EHT Supply. [1]
Maove the polystyrene tile so that the ball is placed in different positions in the space between the plates. [1]
The angle & should remain the same if the electric field between the plates is uniform, [1]
a)
¢ T
)
F4—
w

-9\2
F= 280 «@©x109x 81107) _ g5 106N [
dng, r? (0.10)

W=mg=(1.0x10%(9.81) = 9.81 x 10N
Resolvethe tension T: Tsinf=F and Tceos&= W

-6
Ctmg= F . 865x10 1
W 9.81x107°
L 8= 504°
Angle between the threads = 2 § = 10.1° [1]
® ®
IP
E
< direction of E : vertically downwards > 11
(ii) Separationd : decreases {11

i W= N R W N

| Hong Kong Diploma of Secondary Education Examination
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The following list of formulae may be found useful :

Resistance and resistivity

Resistors in series

Resistors in parallel

Power in a circuit

Use the following data wherever necessary :

Acceleration due to gravity
Charge of an electron
Electron rest mass

Permittivity of free space

Part A : HKCE examination questions

1. <HKCE 1980 Paper II-32 >

R 2
A
R=R+R;
1 1.1
R L
R R R,
P=IV=]R
g =98lms? (close to the Earth)
e=160x10"7C

me = 9.11 x 107! kg

& = 8.85x 102 C*N"1m?2

In the circuit shown, the battery has an e.m.f. of 6 V with negligible internal resistance. Four resistors are connected to the

battery as shown in the figure.

4Q

8Q

s T oy R

— 31 e

I

I

P 8Q

4Q

6V

‘What is the potential difference between points P and Q 7

A 1V
B. 2V
C. 3V
D. 4V

DSE Physics - Section D : M.C. PD-EM2-M/02
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<HKCE 1980 Paper II - 38 >

Two identical resistors R, an ammeter, a switch X and a cell are connected as shown. When X is open, the ammeter reading
is 1 A. When X is closed, the reading will

not change.

increase to 2 A,

increase to 4 A.

decrease to %A

v ows

<HKCE 1980 Paper II - 44 >
2V

@~
_®_.

100

In the circuit shown, V is a voltmeter of high internal resistance and A is an ammeter of low internal resistance. What is the
voltmeter reading when (a) switch X is open, and (b) switch X is closed ? .

K open K closed
A. ov 0V
B. ov 2V
C. 1v v
D. 2V ov

<HKCE 1981 Paper II - 25 >

Suppose that it takes 8 mj to boil a kettle of water. If the heating coil of the kettle is shortened to half its original length
and the supply voltage remains unchanged, then to boil the same amount of water will take

A. 16 min,

B. 8min.

C. 4min

D. 2min,

<HKCE 1981 Paper I1 - 29 >

2V .

4Q 2Q

In the circuit shown, what is the power dissipated in the 4 Q resistor 7

A 05W
B. 10w
C. 15w
D. 20w
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6.

9.

< HKCE 1981 Paper II - 28 >

A 10V
B. 40V
C. 50V
D. 100V

< HKCE 1981 Paper II- 27 >
(o}

A

[§---
|

In the circuit shown, ammeter 4 reads 2 mA and ammeter 42 reads 8 mA. What is the voltage across 4B ?

5000 Q

B

I ] 20 |}
{20 20 D
20} 20 B -

The diagram shows a network of resistors, where the resistance of each resistor is 2 2. What are the equivalent resistances

across AB and AD respectively ?

AB AD
A. 1.67Q
B. 1.67Q
C. 1.67Q
D. 2.50Q

<HKCE 1982 Paper II - 31 >

1.00 Q
1.67Q
3.67Q
1.00Q

In the circuit shown, the cell has negligible internal resistance.
The two resistors R are identical. If the power dissipated in the
circuit is 2 when K is open, find the power dissipated when X is

closed.
A 1P
B. ip
C. 2P
D. 4P

<HKCE 1982 Paper II - 1>

Which of the following are vectors ?

(1) weight
(2) charge
(3) voltage
(1) only

(1) & (3) only
(2) & (3) only
1@ &®)

vawy

10.

11.

12.

<HKCE 1982 Paper I - 27 >

In the circuit shown, the cell has negligible internal resistance. If the lamp Ls burns out, then

A, Libecomes brighter.
B. L;becomes brighter.
C. L, becomes dimmer.

D. L, retains the same brighiness.

<HKCE 1982 Paper I1- 30 >

Suppose you were given four similar lamps and a battery. Which of the following ways of connecting the lamps to the battery

would give the maximum brightness overall ?
A.

I

QOO

<HKCE 1982 Paper H - 33 >

B.

In the given circuit diagram, the battery has a voltage of 6 V and negligible internal resistance. The three resistors are
identical and the voltmeter has the same resistance as each resistor. What is the reading on the voltmeter ?

A 10V
B. 12V
C. 15V
D. 20V
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13. <HKCE 1983 Paper II - 27 >

6V
{111

—
¥

Ra

Ry

In the circuit shown, the resistances of R1, Rz and R; are all equal to 2 Q. The power dissipated b
A 2W
B. 4W
C. 6W
D. 8W

14. <HKCE 1983 Paper If - 32 >

The resistance of a given conducting wire may be increased by
(1) decreasing the radius of the wire.
(2) increasing the length of the wire.
(3) winding the wire in the form of a coil.

A. (D) only

B. (1) &(2) only
C. (1) & (3)only
D. (1), &(3)

e
5. HKCE 1983 Paper 11 - 28 >

y Ry is

‘When connected in series in an electric circuit, the power dissipated in two resistors Ry and R is in the ratio of 1 : 4. What

will be the ratio of the power dissipated in R and R, when they are connected in parallel ?

A 1:2
B. 2:1
C. 1:4
D 4:1

16. <HKCE 1983 Paper II - 31 >

In the above circuit, 41, 42 and 43 are ammeters of negligible internal resistance. What will happen to the readings of the

ammeters if the switch S is closed ?

Reading of A1 Reading of 42 Reading of 43
A.  decreases increases becomes zero
‘B.  increases decreases decreases
C.  unchanged increases becomes zero
D.  unchanged decreases increases

DSE Physics - Section D : M.C.
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17.

18.

19,

<HKCE 1983 Paper I1 - 30 >

3A 1A

In the circuit shown, what is the current passing through the ammeter 4 ?

A 0A
B. 1A
C. 2A
D. 4A

<HKCE 1984 Paper I1-12 >

An immersion heater of resistance 50 Q raises the temperature of 1 kg of water by 20°C in 3 minutes, the voltage supply

being 200 V. What would be the encrgy wasted ?
(Specific heat capacity of water = 4.2 kJ kg™ °C™1)

A 044k
B. 232Kk
C. 44w
D. 60kJ

< HKCE 1984 Paper 11 - 32 >

The diagrams below show three possible arrangements of four identical resistors R.
(@) R

(®) R R

(©) R

List the arrangements in order of increasing equivalent resistance, as measured between X and .
A, (@), (), (0
B. (b}, (), @
C. (@ ®
D. (o), (b), (2
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ZQ,’ //)< HXKCE 1984 Paper II - 33 > | 24, <HKCE 1985 Paper Il - 44 >
& s Which of the following will increase the resistance of a metal wire ?
5 I | - Il - (1) increasing the length of the wire
(2) increasing the cross-sectional area of the wire
(3) increasing the temperature of the wire
I\t R A. (1) only
o Nt B. (1) &(3) only
C. (2) &(3)only
mQ / /AS / D. (),@&B)
s ¢ 2

25. <HKCE 1985 Paper II - 38 >
Four identical bulbs P, Q, R and S are connected as shown in the two circuit diagrams above, What happens to the brightness
of P and R if the switches of both circuits are closed ?

Brightness of P Brightness of R K K
24V
A, decreases remains constant [ 6t &l
B. remains constant decreases |
C. increases remains constant :
D.  decreases decreases |
| In the circuit, when X is closed the voltmeter reads 12 V. What would the reading be if both X and K; are closed ?
A 8V )
21. <HKCE 1985 Paper I1 - 36 > B. 12V
f C. 16V
D.

L ] B@) ] | 18V

26. <HKCE 1986 Paper II - 31 >

v @ e Az |
In the circuit shown, all bulbs B are identical. If ammeter 4; reads 1.8 A, what does ammeter 4, read ? T
A 12A ' : -—
B. 09A |
C. 06A .
D. 03A ' e
In the above circuit 43, 42 and A3 are ammeters connected to a constant voltage source. What will happen to the readings of
the ammeters if the switch S'is closed ?
22. <HKCE. 1985 Paper II - 34 > A Az As
An immersion heater 4 takes 10 minutes to boil a kettle of water while another heater B takes 40 minutes to boil the same ! A, decreases increases becomes zero
kettle of water under the same voltage supply. If the resistance of heater 4 is 100 €, what is the resistance of heater B ? | B. increases -decreases decreases
h 4 C. no change increases becomes zero
A 500 ‘
D. no change decreases increases
B. 100Q
C. 2000
D. 400Q 27. <HKCE 1986 Paper I - 30 >

Arrange the following circuits in ascending order of equivalent resistances :

O @

23. <HKCE 1985 Paper II - 35> Ez)]
A student, who wishes to find the resistance of a light bulb when ———I i { o —

connected fo a certain battery, incorrecily connects a practical

voltmeter and a practical ammeter as shown. What would be the ‘ ® r—‘:——l
most probable outcome of his error ? N [ E—
A. The volimeter would indicate zero voltages. kA/ ! I'—:F—[
B. The ammeter would burn out. | A (3),@, (1)
C. The light bulb would burm out. N\ N B. (1), 3), 2

QY 1\ ‘ C. (20).(1)
D. Both the ammeter and the voltmeter would burn out. | D. @.(0),03)
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28,

29.

30.

31,

< HKCE 1987 Paper II - 28 >

Four identical lamps P, Q, R and § are connected to a battery as shown above, If lamp P is blown, which of the following

would happen ?

A. Lamp R becomes brighter.

B. Lamp Q becomes brighter.

C. Lamp § becomes brighter.

D. Lamps Q and S remain at the same degree of brightness.

< HKCE 1987 Paper II - 32 >

Ry R,

P Q R

The above circuit shows two resistors Ry and R; connected in series'to a battery. The resistance of Ry is greater than that of
Ry, The ends of the resistors are marked P, 0, R and S. Which of the graphs best shows how the potential ¥ varies along PS ?

A. B. C. D.
P Q0 R S P Q0 R S P Q0 R S P Q0 R S

<HKCE 1987 Paper II - 30 >

In the circuit shown, all resistors are the same. If the current
passing through point X is 1 A, what will the current delivered
from the battery be ?

A 1A
B. 2A
C. 25A
D. 3A

<HKCE 1988 Paper II - 26 > :

In the circuit shown, the energy required by an electron to travel
from  to P through X is £} and that through Yis £2. Which of
the following is true ?

A. E| = 45
B. E = 2E;
C. E=EFEk
D. 2E =E;

¥
1A |:lR
X
l| L
I 1
R R

-l
o
o]

S
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32.

33.

34,

35.

36.

< HKCE 1988 Paper I1 - 27 >
‘What should be the potential difference between P and @ in the

circuit shown ?
A 3V

B. 6V

C. 9V

D. 12V

< HKCE 1988 Paper 11 - 30 >

In the circuit shown, which of the switches should be closed in order | 1~
to get the maximum brightness in lamp L ?

A. Xonly

B. Yonly

C. Zonly

D. Xand Yonly

<HKCE 1989 Paper II - 34 >

Two copper wires, 4 and B, of the same length have the ratio of mass of 4 : 9. Assuming the cross-sections are uniform, what
is the ratio of the resistance of A to that of B ?

Cow>
=R NR Y
romw

< HKCE 1989 Paper IT - 31 >

In the circuit shown, resistors 4, B and C are identical. When X is open,
the power dissipated by 4 is P. When X is closed, the power dissipated
by 4 becomes P;. The ratio Py : P, is equal to

A 3:2
B. 2:1
C. 9:4
D. 4:1

<HKCE 1989 Paper II - 38 >

In the circuit above, the two resistors are identical. When the switch X is closed, what happens to the readings of the
ammeter 4 and the voltmeter ¥ ?

Reading of ammeter 4 Reading of voltmeter V

A. increases decreases to zero
B. decreases decreases to zero
(S decreases decreases
D. increases decreases
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37.

38.

39.

40.

< HKCE 1989 Paper II - 33 >

6Q

Iy —

In the circuit shown, a 4 Q2 resistor is to be connected to two of the terminals 4, B, C and D to give the greatest brightness in
the lamp bulb. Which connection should be made ?

A. across AB
B. across BC
C. across CD
D. across AD

< HKCE 1990 Paper II - 35 >

An electric heater takes a time T to boil a kettle of water when connected to a 200 V source. What will be the time required
to boil the same kettle of water when the heater is connected to a 100 V source ?
(You may assume that the resistance of the heater remains unchanged.)

A T/4
B. T/2
C. 2T
D. 4T
< HKCE 1990 Paper II - 32 >
30y _1Q
40 4Q
! |
: | S|
Y
uL
6V
In the circuit shown, the potential difference between X and Y is
A, zero.
B. 15V,
C. 30V
D. 45V.

<HKCE 1990 Paper II - 34 >

In the circuit shown, Ly, L, and Ls are identical light bulbs. I3 Ky
‘Which of the following statements is/are correct when the //‘“ P
switch § is closed ? /

(1) The brightness of L, decreases.
(2) Lzand L3 are of same brightness,
(3) L, is brighter than L.

T O O

A, (2) only
B. (3)only
C. (1) & (2)only
D. (2) & (3) only

DSE Physics - Section D : M.C.
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41.

42,

43.

44.

< HKCE 1991 Paper II - 30 >

P 0
R o ' p P |
R &)
[-:r—o\—

In the above circuit, P, @ and R are identical resistors. Which of the following is true when switch.§ is closed ?

>

The power output from the battery increases.
B. The voltage across P remains unchanged.

C. The current through Q remains unchanged.
D. The current through P decreases.

<HKCE 1991 Paper II - 33 >

In the circuit shown, what are the readings of voltmeters ¥1 and ¥,
if switch S is closed ?

Voltmeter ¥1 Voltmeter V2

A. oV A%
B. oV 3V
C. 1v 2V
D. 3V ov
<HKCE 1991 Paper IT - 31 >
The following diagrams show three networks consisting of different resistors.

o 10

1kQ
o | e ¢

@ 1Q 1kQ 1MQ

3) 1 MO

1kQ

Arrange the above networks in descending order of equivalent resistances :
A (D, @,0)
B. (21,0
C (2,03,
D. (3,1, @

<HKCE 1991 Paper XI - 1 >

Which of the following is/are vectors ?
(1) momentum

(2) power

(3) voltage

(1) only

(3) only

(1) & (2) only

(2) & (3) only

vowp

v
S
& o || 1
L
100 200
=)
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45. <HKCE 1992 Paper II - 29 > 49. < HKCE 1993 Paper 11 -29 >
The potential difference between two points X and ¥ in a circuit is 10 V. Which of the following must be true ?
A. 1] of electrical potential energy is transferred in passing 10 C of charges from X to .
B. 5] ofelectrical potential energy is transferred in passing 2 C of charges from X to ¥,
C. 10 J of electrical potential energy is transferred in passing 1 C of charges from Xto ¥,
D. The resistance between X and Yis 10 Q.
46. <HKCE 1992 Paper I - 31 >
— 1| —C)———
In the circuit shown above, all resistors are identical and the ammeters are of negligible resistance. If the readings of
@ L I ammeter 4; is 2 A, find the readings of ammeters 4, and 4.
§
% Az As
A 2A 2A
. === B. 2A 4A
Q | C. 4A 2A
In the circuit above, what happens to the readings of the three ammeters if switch S is closed ? I D! L 64
A Az As |
A. incregses increases 1:ncreases 1 50. <HKCE 1993 Paper I - 30 >
B. remains unchanged becomes zero increases
C. increases increases becomes zero Which of the following circuits can be used to measure the resistance of the light bulb ?
D. decreases increases becomes zero A B.
| i ff
1 L M
47. <HKCE 1992 Paper II - 32 > 6 i A
| | I {
Ul . TN
, 1\
|
100 5Q /D m /“7\
‘ e SRR \VJ
In the circuit shown, what is the power dissipated in the 10 O resistor 7 [
A 08W C. D.
B. 16W | | ‘ 1 | [
C. 24W RN L
D. 3.6W v
) ()
48. < HKCE 1993 Paper II - 32 > l I ) | - i
I |
iy ®) A=
2
. O
|
(~)
Sl 2
(). 51, <HKCE 1994 Paper I1 - 26 >
/ | A student uses an ammeter and a voltmeter to find the resistance 16
In the circuit, i, L, and Lj are identical light bulbs. Which of the following statements is/are true ? | of a light bulb. He incorrectly connects the circuit as shown. || I
(1) Ly and L, are of the same brightness. ‘Which of the following is the most probable outcome ? d)
(2) L is brighter than L. A.  The ammeter burns out. P v
. . . . . & ] H L . &
i gg m’]l'll;e power dissipated in L; is equal to the sum of powers dissipated in Ly and Ls B. The light bulb burns out. &,
B. (3) only C. The reading of the voltmeter is zero. /D
g' 8; g g’; gzg | D. The reading of the ammeter is zero. N\
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52.

53.

54,

55.

<HKCE 1994 Paper II - 28 >

I\
-/

In the above circuit, all the light bulbs are identical. What happens to the brightness of the bulbs L, Lz and Ls if switch § is
closed ?

J 21 L L3
A. decreases increases remains unchanged
B. increases remains unchanged increases
C. decreases remains unchanged remains unchanged
D. remains unchanged decreases increases
<HKCE 1994 Paper 1I - 27 >
. 6V
[t
x 49
40 e
S 4Q
— ey

Find the p.d. between X and ¥ in the above circuit.

A 0V

B. 1V

C. 2v

D. 3V

<HKCE 1994 Paper I1-1 >

Which of the following is a correct unit for the corresponding physical quantity ?
Physical quantity Unit

A. Work watt

B. Electromotive force newton

C. Momentum newton second

D. Heat capacity joule per kilogram

< HKCE 1995 Paper I - 27 >

@)
108

In the above circuit, the reading of ammeter A is 0.6 A. Find the p.d. between points P and Q.

A 3V
B. 6V
C. 5V
D. 12V

DSE Physics - Section D : M.C.
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56.

57.

58.

59.

< HKCE 1995 Paper H - 33 >

A
©

In the circuit above, the ammeters have negligible resistance. Which of the following statements are true if switch § is
closed ?

(1) The reading of ammeter 4; decreases.

(2) The reading of ammeter 4 increases.

(3) The reading of the voltmeter remains unchanged.

A. (1) &(2) only
B. (1) & (3)only
C. (2)&(3)only
D. ,@D&@)

<HKCE 1995 Paper I1- 1>

‘Which of the following pairs of physical quantities has the same units ?
A. Charge and current

B. Work and voltage

C. Kinetic energy and heat

D. Force and momentum

< HKCE 1996 Paper II - 30 >

It is known that the resistance of a resistor R is about 5 kQ. Which of the following circuits is most suitable for measuring the
resistance of R 7 The ammeter and voltmeter used are common moving coil meters,

A. B.

|t 1]

(X)) B

® ®
C. I D. I

| |

R
—1+1(a)

<HKCE 1996 Paper I - 1 >

Which of the following expressions does not represent energy ?
A. TForce x displacement
4 x mass x (speed)?

B
C. (Current)? x resistance
D. Current x voltage x time
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60.

61.

62.

63.

<HKCE 1996 Paper IT - 27 >

In the circuit shown, the reading of ammeter 4 is 0.3 A. Find the reading of ammeter 4; ,

A 075A
B. 06A
C. 05A
D. 045A

<HKCE 1996 Paper II - 32 >

Figure (a)

R

= =l
]

Figure (b)

In Figure (2), the ammeter reading and the total power dissipated in the two identical resistors are I and P respectively. The
resistors are rearranged as shown in Figure (b). Find the ammeter reading and the total power dissipated in the two resistors.

Ammeter reading Total power dissipated
A, 27 2P
B. 21 4pr
C. 47 2P
D. 41 AP

< HKCE 1997 Paper X[ - 1>

‘Which of the following expressions represents a physical quantity which is different from the others ?

Work / Time

(Voltage)*/ Resistance

Force x Velocity

Mass x Specific latent heat of fusion

Sowy

<HKCE 1997 Paper I - 29 >

All the resistors in the below networks are identical.

m

(©)

+=F I T} e

Arrange the networks in ascending order of equivalent resistances :

A (1D, @,03)
B. (1),(3). (2
C. (2,(1),03)
D. (31,

DSE Physics - Section D : M.C. PD-EM2-M/18
EM?2 : Electric Circuits

64.

65.

66.

<HKCE 1997 Paper II - 31 >

m—}

X
T
—)

In the circuit shown, X and Y are identical heaters. The ammeter has negligible resistance while the voltmeter has very high
resistance. When switch S is closed, the ammeter records a reading but the voltmeter reading is zero. Which of the following
provides a possible explanation ?

A. The heater X burns out.

B. The heater ¥ burns out.

C. The heater X is short-circuited.
D. The heater Y is short-circuited.
< HKCE 1998 Paper I - 30 >

Sowp
W
o]

< HKCE 1999 Paper II - 27 >

®

6 [k

A student uses the above circuit to find the resistance of a resistor R
voltmeter reading
ammeter reading ~
‘Which of the following statements is/are correct 7
(1) The ammeter reading records the actual current passing through R.
(2) The voltmeter reading records the actual voltage across R.
(3) The value of the resistance of R obtained is smaller than its actual value.

(1e resi C =

A. (1) only
B. (3)only
C. (1) & (2) only
D. (2) & (3) only
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67.

68,

69.

< HKCE 1999 Paper I1 - 28 >

A~
L.
-

In the above circuit, the current delivered by the cell is 7. What is the current passing through the 30 Q resistor ?

A 1

B. 31
1

C. I

D

1
51

<HKCE 2000 Paper II - 30 >

I |
Ri=6Q
R=12Q

Three resistors are connected to a battery as shown above. Which of the following statements is/are correct 7
(1) The current passing through R; is equal to that passing through Ry,
(2) The voltage across R; is equal to that across Ra.
(3) The energy dissipated by one coulomb of charge passing through the 4 Q-resistor is equal to that dissipated by one
coulomb of charge passing through PQ.

A. (3)only

B, (1) & (2) only
C. (2)&(3) only
D. (1),@&0B)

< HKCE 2000 Paper II - 31 >

S
-
| 1 R As
(1] -
Ry
e —) /;\Al
I 2
A /DAI
— oA

If switch S in the above circuit is closed, which of the following statements is/are cotrect ?
(1) The readings of ammeters 4; and 4, are both increased.
(2) The ratio of the readings of ammeters 4; and 4, is increased.
(3) The reading of ammeter 43 remains unchanged.

A, (D only
B. (3)only
C. (1) & (2) only
D. (2) & (3)only
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70.

.

72.

< HKCE 2000 Paper II - 34 >

@?

A resistor and a bulb are connected in parallel to a 9 'V battery as shown above. The reading of the ammeter is 5 A. If the
power dissipated by the resistor is 18 W, find the power dissipated by the bulb.

A 9W

B. 18W
C. 225W
D. 27W

<HKCE 2000 Paper II - 36 >

Battery

Voltmeter

The above figure shows an experimental set-up for measuring the resistance of a bulb. To which of the terminals P, O and R
of the ammeter and voltmeter should each of the wites be connected ?

Wire (1) Wire (2) Wire (3)
A P o} R
B P R Q
C Q Vel R
D R P (7}

<HKCE 2001 Paper II - 27 >

‘Which of the following relations is incorrect ?

A. 1ohm () = 1 volt per ampere (V A™)
B. 1 watt (W) = 1joule per second (Js71)

C. 1coulomb(C) = 1ampere persecond (As™)
D. 1volt(V) = 1 joule per coulomb (J C)

(S R e

I SS E VA ISISIC e DAY
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73.

74.

7s.

76.

< HKCE 2001 Paper II - 30 >

|'| ( )Al
R

Y/
._Q/\Az =}
| M
S

— ey

In the above circuit, the two resistors are identical. If switch S is closed, which of the following predictions is incorrect ?
The reading of the ammeter 4; increases.

The reading of the ammeter 4; remains unchanged.

The voltage between points X and Y increases.

The power delivered by the battery increases.

gawy»

< HKCE 2001 Paper If - 29 >

If the ammeter in the circuit reads 3 A, find the voltage of |

the battery.
A 11V
B. 12V
C. 135V
D. 15V

< HKCE 2002 Paper II - 33 >

14

X
Region P

Region O

0 —» ]
The figure above shows the voltage-current ( ¥ ~ 1) graphs of two resistors X and ¥. Which of the following deductions
is/are correct 7

(1) The resistance of X is higher than that of Y.

(2) IfXand Y are connected in series, the P~/ graph of the combined resistor will lie in region .

(3) IfXand Yare connected in parallel, the ¥-7 graph of the combined resistor will lie in region Q.

A. (2) only
B. (3)only
C. (1) & (2) only
D. (1) & (3) only

< HKCE 2002 Paper II - 30 >

In the circuit shown, both ammeters 4; and 4 read 1 A |

when the switch S'is open. Find the readings of the two i 1}
ammeters when § is closed.
Ax Az 30 /A\ A
A 05A 1.5A L\
B. 067A 1A 60
C. 1A 154 N N ()2
D. 1A 3A s =/

DSE Physics - Section D : M.C. PD-EM2-M7/22
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77. <HKCE 2003 Paper XI - 33 >
— O
Resistance wire l)__J
0 I

Figure (a) Figure (b)

Figure (a) shows a circuit used to investigate how the voltage ¥ across a resistance wire varies with the current J through the
wire. The result is shown in Figure (b). If the experiment is repeated using a thinner wire of the same material and of equal
length, which of the following graphs (denoted by the dashed line) represents the expected result ?
A. B. a D.

>/ ) >/

78. <HKCE 2003 Paper II - 32 >

A square loop P QR S is made of uniform resistance wire. Let.X, Y and Z be the equivalent resistance of the loop when
connected as shown below :

Method of connection Equivalent resistance ’

P o

X
N R
\,
P 14

4
S R
P Y

z
S R

Which of the following relations is correct ?

A X=Y=12Z
B. X=2Z>7Y
C. X=2Z<7Y
D X<Y<Z
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79.

80.

81.

82.

< HKCE 2004 Paper 1I - 31 >

An ammeter and a rheostat of range 0 — 40 Q are connected to a 6 V battery. The sliding contact is located at a position X
where AX = %AB as shown above. Find the ammeter reading.

A, 015A
B. 02A
C. 045A
D, 06A

< HKCE 2004 Paper II - 28 >

The photograph shows a rechargeable cell. If the cell is charged
for 16 hours using the standard charge mode, estimate the total
amount of charge flowed through the charging circuit.

A. 1824C

]é. 1349045 C Standard charge 16 hours at 190 mA ]
} t ch

D. 27360C Fast charge 5 hours at 475 mA.

< HKCE 2004 Paper I - 29 >

An ammeter with negligible resistance and a high-resistance voltmeter

6V
are connected into a circuit as shown. Find the ammeter and voltmeter | I _{ a
readings. l L §
Ammeter reading / A Voltmeter reading / V 20
A, 0 2
B, 1 2
C. 3 2
D. 3 6

< HKCE 2004 Paper II - 32 >

6V 12v
—{F-{— S0
x P

— -

In the above circuits, X, ¥ and Z are identical resistors. The power dissipated in X is 20 W. Find the total power dissipated in
Yand Z

A 10W
B, 20W
C. 30W
D. 160W

DSE Physics - Section D : M.C. PD - EM2
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83.

Questions 84 and 85 :

< HKCE 2005 Paper I - 19 >

Mt
=1

Ry Ra S

[ "4
O

In the above circuit, what is the reading of the voltmeter when switch § is closed ?

vow>

zero

6V

12V

It cannot be determined since insufficient information is given.

——®—

A teacher sets up the circuit as shown in the above Figure and provides the following information to her students.

84,

85.

Cﬂ Thermistors are devices whose resistance varies with temperature. The variation of ﬂ
the resistance of the thermistor used with temperature is shown in the figure below.

Resistance / Q

Temperature / °C

P

<HKCE 2005 Paper II - 40 >

Which of the following shows the variation of the ammeter reading J with the temperature of the thermistor 8 7

A,

0

I
A

B. 1 C. I D. I
- 0 (J/;g ch;e 0&9 e

<HKCE 2005 Paper IT - 41 >

Which of the following shows the variation of the voltmeter reading ¥ with the temperature of the thermistor 8 ?

A.

B. C. D.
14 v 4 14
“ ]/ I\ N
‘4 0 » 6 0 > 0 0 > 0

A 2 RSV IIaw I L

N

e

(CES A S P S SR
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86.

87.

88.

< HKCE 2005 Paper II - 18 >

In the above circuit, the bulbs are identical. If the reading of ammeter 4, is I A, find the readings of ammeters 4; and A;.

Reading of A2 Reading of 43
A. 0.5A 1A
B. 0.5 A 15 A
C. 2A 2A
D. 2A 3A

< HKCE 2005 Paper II - 39 >

battery box

voltmeter

rheostat

A student wants to measure the resistance of a resistor R and sets up a circuit as shown above. Which of the following
describe(s) the mistake(s) made by the student in seiting up the circuit ?

(1) The polarity of the ammeter is reversed.

(2) The polarity of the voltmeter is reversed.

(3) The voltmeter is connected across both R and the rheostat,

A. (1) only
B. (2)only
C. (1) & (3) only
D. (2) & (3) only

<HKCE 2006 Paper II - 35 >

Lithium cell : 36V
800 mA h
about 3 days

Capacity :
Time (stand-by mode) :

The figure shows 2 label on a lithium cell of a mobile phone. The capacity 800 mA h indicates the quantity of electric
charges that the cell will discharge in 3 days when the mobile phone is in stand-by mode. Estimate the average power of the
cell assuming the voltage remains constant during the discharge.

A 16 mW
B. 40 mW
C. 120mW

D. 960 mW

DSE Physics - Section D : M.C.
EM?2 : Electric Circuits

PD-EM2-M/26

89.

90.

91.

< HKCE 2006 Paper II - 23 >

X

(2|4
ll"l

If the current in the circuit shown is 0.8 A, what is the number of electrons passing through the point X in 1 minute ?
A, 83x10'

B. 1.6x107
C. 5.0x10®
D. 3.0x10%

< HKCE 2006 Paper II - 24 >

ges
—
—
|

The diagram shows the circuit of a camping light which uses four 1.5 V cells and four identical light bulbs. The current
passing through each light bulb is 1 A, What is the current passing through the point P and what is the power of each light
bulb 7

Current passing through the point P Povwer of each bulb

A, 4A 6W
B. 4A L5W
C. 1A 6W
D. 1A 15W

< HKCE 2006 Paper II - 26 >

T

Three identical light bulbs are connected to a cell as shown in the diagram. After some time, the filament of bulb Z breaks.
‘What will happen to the brightness of the remaining light bulbs ?

Brightness of X Brightness of ¥
A. increases increases
B. increases decreases
C. decreases increases
D. decreases decreases
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92.

93.

94,

95.

<HKCE 2007 Paper 11 - 20 >
3Q 280

60 4Q
In the circuit shown, a voltage of 10 V is applied across X Y. What is the current passing through the 8 £ resistor 7

A 05A
B. 08A
C. 1A
D. 2A

< HKCE 2007 Paper II - 21 >

If the ammeter in the above circuit reads 3 A, what is the voltage of the battery ?

A 85V
B. 96V
C. 21V
D. 24V

‘< HKCE 2007 Paper II - 22 >

The voltage and the capacity of the-cell of a portable music player are 3.6 V and 700 mA h respectively. The continuous ,
playing time of the player is 15 hours.  The capacity 700 mA h indicates the quantity of electric charges that the cell will
discharge in 15 hours of playinig:” Assume that the voltage remains constant during discharge, what is the estimated power of
the player when it is playing ?

A 0.047TW
B. 0.168W
C. 0.194W
D. 0.252W

< HKCE 2007 Paper II - 23 >
In the following circuit, three identical light bulbs are connected to a cell. Under what conditions will light bulb P have the

maximum brightness?
I [} | —
I  § T
(o]
X
)
[ J
F2N
P/
Switch X Switch ¥
A. open closed
B. open open
€: closed closed
D. closed open
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EM?2 : Electric Circuits

96.

97.

98.

99,

< HKCE 2007 Paper II - 41 >

"resistance wire

A student sets up the above circuit to study the effect of the length of a resistance wire on its resistance. As the crocodile
clip is moved from 4 to B along the resistance wire, which of the following statements is/are correct ?

(1) The reading of the ammeter increases.

(2) The reading of the voltmeter increases.

(3) The voltmeter reading is directly proportional to the reading of the ammeter.

A. (1) only
B. (2)only
C. (1) &(3)only
D. (2) & (3)only

<HKCE 2008 Paper II - 20 >

The figure shows two light bulbs 4 and B, which are connected in series,
The voltages across 4 and B are 3 V and 1 V respectively. Which of the
following statements is/are correct 7

(1) The resistance of 4 is greater than that of B.

(2) The current flowing through 4 is greater than that through B.

(3) A is dimmer than B.

A. (1) only

B. (3)only

C. (1) & (2) only

D. (2) & (3) only

< HKCE 2008 Paper II - 23 > o

A cell fully discharges at a constant gurrent 225 mA in 10 hours, If its average voltage is 1.2 V, what is the estimated total

energy stored in the cell ? )

2.77

67501

81007

97201 a

vaws>

< HKCE 2008 Paper I1 - 21 >

In the above circuit, the reading of the ammeter is 0.3 A. What is the voltage ¥ of the battery ?

A. 48V
B. 54V
C. 9.0V

D. 144V



DSE Physics - Section D : M.C.
EM2 : Electric Circuits

PD-EM2-M/29

100.

101.

102.

< HKCE 2008 Paper II - 18 >

Method of connection Equivalent resistance

A circular loop is made of uniform resistance wire. Let X, Y and Z be the equivalent resistance of the loop when connected
as shown above. Which of the following is correct ?

A X=Y=2
B. X>Y=12
C. X<Y=2
D X<Y<Z

< HKCE 2009 Paper 11- 19 >

Two identical resistors are connected in series in the circuit shown.
‘What are the readings of the voltmeter when S is open and when §
is closed respectively ?

S'is open §'is closed
A. Zeto 6V
B. Zero 12V
C. 12v 6V
D} 12v 12V

< HKCE 2010 Paper II- 17>

A car has two doors and an indicator lamp is installed to act as a car door warning signal. When either or both doors are
open, the lamp lights up. A student designs four different circuits for this application. A switch is installed in each door.
The switch is open when the car door opens. Which of the following circuits is correct ?

A. B.

=

s

M\

G
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103.

104,

105.

<HKCE 2010 Paper IT - 18 > 15V

[y
‘]l

P )

In the circuit above, voltmeters P and Q of very high resistance are connected across the switch and the light bulb
respectively. What are the voltmeter readings when the switch is open ?

reading of P/V readingof Q/V
A 0 0
B. 0 1.5
C. 1.5 0
b. 1.5 1.5

<HKCE 2010 Paper IT - 21 >

Xt

12v

=
T

o N
Three identical bulbs X, ¥ and Z are connected to a 12 V battery in the circuit above. Which of the following statements are
correct ?
(1) The voltage across PQ is greater than 6 V.
(2) The voltage across OS is zero.
(3) If Y burns out and becomes open circuit, Z becomes brighter.

A (1) &(2) only
B. (1) & (3) only
C. (2)&@3) only
D. 1),D&Q)
<HKCE 2010 Paper II - 41 > S

3Q

Y
P R
X
2Q 1Q

In the circuit shown, wires X and ¥ are to be connected to two points in the resistor network PQRS. Across which two points
should X and ¥ be connected to so that the ammeter reading will be a minimum ?

A. Pand Q
B. QandR
C. RandS§

D. SandP
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106.. < HKCE 2011 Paper II - 18 >

The figure below shows the current-voltage (I-¥) graphs of two resistors £ and (.

1
P

0 >V

Which of the following statements about the two resistors are correct 7
(1) Both of them obey Chm’s law.
(2) The resistance of P is greater than that of 0.

(3) If they are connected in parallel to a battery, the current passing through P will be greater than that passing

through Q.
A. (1) & (2) only
B. (1) & (3) only
C. (2)&(3)only
D. (1),2)&(3)

107. <HKCE 2011 Paper I1-19 >

Which of the following resistor networks gives the largest equivalent resistance across PQ if all the resistors have the same

resistance 7

108. <HKCE 2011 Paper II - 20 >

In the circuit shown, the ammeter reading is 1.0 A when S is open.
‘What is the ammeter reading when S is closed ?

A 15A
B. 20A
C. 25A
D. 30A

109, <HKCE 2011 Paper II - 40 >

In the circuit shown, both bulbs X and Y light up normally. Both the
ammeter reading and the voltmeter reading are non-zero. Which of
the following will cause the ammeter reading to drop to zero while
the voltmeter reading is still non-zero 7 Assume meters are ideal.
A. Bulb X becomes short circuit.

B. Bulb Y becomes short circuit.

C. Bulb X is burnt out and becomes open circuit.

D  Bulb Yis bumt out and becomes open circuit.

6Q

A. B.
P Y
i (e} P 0 D.

®

| —
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Part B : HKAL examination questions

110.

111

112,

113,

114.

<HKAL 1980 Paper I-21>

The voltmeter reads 3 V in the circuit shown. The e.m.f. of the battery is
15 V. If the internal resistance of the battery is negligible. What is the
internal resistance of the voltmeter ?

A, 075kQ
B. 150kQ
C. 3.00kQ
D. 3.75kQ

< HKAL 1980 Paper I - 47 >
When the switch § is closed in the circuit shown, only L, lights up.
Which of the following possibilities would account for this ?

(1) There is a short circuit across La.

(2) The filament of L is burnt out.

(3) The filaments of both Lz and Lq are bumt out.

A. (1) only
B. (3)only
C. (1)&(2)only
D. (2) & (3) only

<HKAL 1982 Paper I-22 >

In the circuit shown, an electron travelling from ¥ to X through Ry loses
enetgy £, and an electron travelling from ¥ to X through R; loses energy
E;. What is the relation between £ and B ?

A, 4B = B
B. 3E = E;
C. Ei=E;
D. E = 3E

<HKAL 1983 Paper 1-20>

In the circuit shown, X and Y are two identical cells, of em.f 10 V and
internal resistance 4 Q. What is the current given out by each cell ?

A, zero

B. 042A
C. 050A
D. 083A

< HKAL 1984 Paper I-21 >

An ideal voltmeter is connected between points X and Y in the circuit
shown. Find the readings of the voltmeter when the switch is open and
closed respectively.

switch open switch closed

A. 1.5V 2.5V
B. 25V 80V
(G 12V 45V
D. 12v 75V

3kQ

1kQ

15V
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115.

116.

117.

118,

< HKAL 1985 Paper I - 44 >

The e.m.f. of a battery is equal to
(1) the electrical power it given out divided by the current it delivers.
(2) the electrical energy it transfers to unit coulomb of charge passing through the battery,
(3) its terminal voltage when the battery is on open circuit,

A. (3)only

B. (1) & (2) only
C. (2)&(3)only
D. (),&B)

< HKAL 1986 Paper I - 34 >

In the circuit shown, if a battery of e.m.f. 20 V with negligible internal resistance is connected across XY, what is the current

given out by this battery ?
A. 1.OA.
B. 2.0A.
C. 25A.
D. 40A.

< HKAL 1987 Paper I - 31>

©

s B SQ

A -
|42V
]

In the above figure, 4B is a resistance wire of uniform cross-section, and S is a sliding contact. The 2 V battery has
negligible internal resistance, and the connected voltmeter is ideal. Which of the following graphs shows the correct
variation of voltage measured by the voltmeter when the contact S is moved from A to B ?

A. B. C. D.

< HKAL 1989 Paper I - 31>

In the circuit shown, 4B is a metre-wire of resistance 12 Q2. When X is moved 3V

to the mid-point of 4B, the p.d. across AX will be ——( F--- -I I—_l
A, 09V. y X B
B. 12V.

C. 15V. 120

D. 1.8V.
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119.

120.

121

122,

<HKAL 1989 Paper I -28 >

In the circuit shown, ¥ is a voltmeter of ki e and 4 is an ammeter of low internal resistance. What is the
voltmeter reading when (a) switch X is open, (b) switch K is closed ?

K open K closed
A. oV oV
B. ov 2V
C. 3v 2V
D. 3V oV
< HKAL 1989 Paper I - 29 > 30

In the circuit shown, four resistors are connected to form a network,
The equivalent resistance between 4 and B is

A 08Q. 50 B

B, 120,

C. 15Q.

D. 20Q. A B
4Q

<HKAL 1990 Paper I -33 >

In the circuit shown, the battery has negligible internal resistance.
The current J delivered by the battery is

A. 05A.
B. 09A.
C. 12A
D. 15A.

<HKAL 1990 Paper I - 34 >

Which of the following circuits is best used for the measurement of a high resistance R 7

A B, 4{
P R
=ils
C. D.
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123.

124,

125.

126.

< HKAL 1995 Paper TIA - 23 >

Two cells of negligible internal resistance are connected with two resistors hy

as shown. What is the potential difference between Xand ¥'? X I

A 133V

B. 167V 4Q 20
C. 200V 1v

D. 233V Y

< HKAL 1997 Paper IIA - 25 >

Two cylindrical wires, X and ¥, are made from the same metal and have the same volume. The length of X'is three times that
of Y. If currents of 1 A and 2 A pass through X and Y respectively, the ratio of the power dissipation in X to that in Y'is

cowp»
PN

O WD

< HKAL 1998 Paper IIA - 19 >
current / A
A

5.0

—» voltage / V

10 20

The variation of current with the voltage applied across a device is as shown in the figure. What is the change in resistance
of the device when the voltage increases from 10 Vto 20 V ?

A. TItincreases by 2.5 Q,
B. Itdecreases by 15 Q.
C. [Itincreases by 6 Q.
D. Itdecreases by 6 Q.

< HKAL 1998 Paper ITA - 39 >

® [] [

In the above circuit, the two resistors are identical. The battery bas an e.m.f. of 4 V and it has negligible internal resistance.
The voltmeter is ideal. What are the volimeter readings when .S is open and when §'is closed 7

S open S closed
A, 2V 4V
B. 2V 2V
(] ov 4V
D. 4V ov

DSE Physics - Section D : M.C. PD - EM2 M
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127. <HKAL 1999 Paper IIA - 17 >

Three resistors of resistance Ry, Ry and Ry are connected in parallel. It is known that R1 > Rz > Rs. The equivalent resistance
of this combination is R. Which of the following statements is/are correct ?

(1) Energy dissipated in moving 1 C of charge through the resistor of resistance R is greater than that through Ry,

(2) Ris smaller than Ry.

(3) If the resistor with resistance Rs is removed, the resulting equivalent resistance is increased.

A. (1) only k
B. (3)only

C. (1) &(2)only

D. (2) & (3) only

128. <HKAL 1999 Paper IIA - 19 >

In the circuit shown, the battery has negligible internal resistance.
The three resistors have same resistance. If switch S is closed, what
would happen to the electric potential at points X and at ¥ ?

Potential at X Potential at ¥
A. increase increase Ry
B. increase decrease I
(] decrease increase
D. decrease decrease

129. <HKAL 1999 Paper I1A - 16 >

The above circuit can be used to find the resistance of the resistor R. The voltmeter and the ammeter are not ideal. Which of
the following statements is/are correct 7
* (1) The reading of the ammeter is in fact larger than the actual current passing through R.

(2) The ratio of voltmeter reading to ammeter reading is in fact smaller than the resistance of R.

(3) The circuit is suitable for measuring high resistance.

A (yonly
"B, ()only

C. (1) & (2) only
D. (2)&(3)only

130. <MXAL 2000 Paper ITA - 23 >

024 39
S .| 30
03 A
= [ J—reeemmm
1Q R

The figure shows part of the circuit in a network of resistors, According to the marked values, find the magnitude and
direction of the current passing through the resistor R.

A. 0.2 A from right to left

B. 0.2 A from left to right

C. 0.4 A from right to ieft

D. 04 A from left to right
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131.

132.

133.

134,

< HKAL 2003 Paper IIA - 25>

In the circuit shown, a battery of e.m.f. 6 V and negligible
internal resistance is connected to three resistors. What are

the electric potential at X before and after switch S is closed ?
Before After

A. +6V +3V

B. +3V +3V

C. +2V +2V

D. +2V +3V

< HKAL 2003 Paper IIA - 27 >

2Q
In the circuit shown, the battery has constant e.m.f. and = {%_o X
negligible internal resistance. An ideal voltmeter connected
across terminals X and ¥ reads 2 V. If an ideal ammeter is _‘_
connected across X and Y, the ammeter should read L 20
A. 03A
B. 05A -I- 50 S
5 loa = S

< HKAL 2003 Paper ITA - 20 >

R
B LT c
100 R
A ~D

N

In the network of resistors shown above, the resistance of S is infinitely large and the two resistors R are identical. If the
equivalent resistance across CD is 25 €2, what is the equivalent resistance across AC 7

A 25Q
B. 35Q
C. 50Q
D. infinitely large

<HKAL 2007 Paper IIA - 16 >
voltage V/V
A

14

12
10 /

N BN o

1
0 02 04 06

The above figure shows the ¥~/ characteristic curves of resistance wire X and filament bulb Y. If they are connected in series
to a 12 V d.c. supply of negligible internal resistance, what is the voltage across the resistance wire X ?

A 9V

B. 8V
(CHA
D. 6V

» current [/ A
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135.

136.

137.

138.

< HKAL 2008 Paper ITA - 15 >
current I/ mA A

100

80

60

40

20

> voltage V/V
0 1 2 3 4 5
The above graph shows the I-¥ relationship of an electric device. Which of the following statements is/are correct ?
(1) When the applied voltage is 0.5 V, the resistance of the device is infinite.
(2) When the applied voltage is between 1 V and S V, the resistance of the device is constant.
(3) When the applied voltage is between 1 V and 5V, the current is directly proportional to the voltage.

A. (1) only
B. (3)only
C. (1) &(2) only
D. (2) & (3) only

<HKAL 2009 Paper IIA - 28 >

P
. R
9 Vi =
Q
Figure (a) Figure (b)

Figure (a) shows a rotary-type potential divider POR connected to an 9 V battery of negligible internal resistance. The
internal structure of the potential divider is shown in Figure (b). XYZ is a uniform resistance wire in the form of a circuit arc
with centre O and £XOY = 90°, OZ is a sliding contact and £X0Z = 120°, Find the reading of the ideal voltmeter.

A 25V
B. 40V
C. 50V
D. 68V

< HKAL 2010 Paper IIA - 23 >

In the network shown, the resistance of each resistor is 6 Q.
Find the equivalent resistance of the network across a and &.

A 12Q

B. 150Q

C. 20Q

D. 24Q a b

<HKAL 2010 Paper IIA - 25 >

Which of the following statements concerning an ammeter are correct ?
(1) Anammeter should be connected in series to a circuit.
&) Anammeter should have a low resistance,
(3) Anammeter of high resistance significantly changes the current in the circuit to which it is connected.

A. (1) & (2) only
B. (1) & (3) only
C. (2)&(3)only
D. (),@&3)
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139.

140.

<HKAL 2013 Paper ITA - 24 >

In the circuit shown, the battery has negligible internal resi € { F--
The three resistors have the same resistance. Which statement is R
NOT correct when switch S is closed 7 —

A. The potential difference across P and Q remains unchanged. R
B. The eleciric potential at P increases. Rs s

C. The electric potential at O decreases. - L(:)—ﬂ/°— [¢]
D

The current flowing through resistor R; decreases.

< HKAL 2013 Paper ITA - 25 >

In the above circuit, the cell has an e.m.f. of 3 V and negligible internal resistance. Ammeters 4 and 4, have zero
resistance. What are the readings of the two ammeters ?

ammeter A; ammeter A4z
A. 1.0A 15A
B. 15A 3.0A
€. 15A 45A
D. 25A 45A

Part C : Supplemental exercise

141,

142,

Two light bulbs P and @ are connected in parallel to a power supply. The resistance of P is greater than that of 0. Which of
the following statements is/are correct ?

(1) The voltage across P is greater than that across Q.
(2) The current through P is smaller than that of Q.
(3) P isbrighter than Q.

A. (1)only
B. (2)only
C. (1)&@G)only
D. (2) & (3)only

Two light bulbs P and Q are connected in series to a power supply. The resistance of P is greater than that of Q. Which of
the following statements is/are correct ?

(1) The voltage across P is greater than that across Q.
(2) The current through P is smaller than that of 0.
(3) P isbrighter than Q.

A. (1) only
B. (2)only
C. (1)&3)only
D. (2) & (3) only

143.

144.

145.

146.

In the above circuit, XY is a uniform resistance wire. What is the change of the reading of the ammeter A when the sliding
contact P is moved from X'to ¥'?

A. gradually increases

B. pgradually decreases

C. increases and then decreases
D

decreases and then increases

Which of the following statements concerning two_identical resistors connected in parallel compared with one resistor is/are
correct ?

(1) Two resistors consume more power than one resistor.
(2) Two resistors draw more current than one resistor.
(3) The equivalent resistance of two resistors is greater than that of one resistor.

A. (1) only
B. (3)only
C. (1) & (2) only
D. (2) & (3)only

Which of the following is a correct statement of Ohm's Law ?

A. The resistance of a conductor is always constant.

B. The voltage across a conductor is always proportional to the current flowing through it.
C. The resistance of a conductor increases with the temperature.
D

The resistance of a conductor is constant only if the temperature of the conductor is constant,

20A 12A
S 50 =7 100

A cell has a constant e.m.f. and internal resistance. If a resistor of resistance 5 Q is connected in series with the cell, the

current is 2.0 A. If the resistor is replaced by another resistor of resistance 10 Q, the current in the circuit becomes 1.2 A.
‘What is the valugof the internal resistance ?

A 15Q
B. 20Q
C. 25Q
D. 3.0Q
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147. <HKDSE Sample Paper IA - 27 >
A
{1 De
A A
/
() @_fb
o7 NLd
In the above circuit, the bulbs are identical. If the reading of ammeter 4 is 1 A, find the readings of ammeters 4 and 43,
Reading of A2 Reading of 43
A 20A 20A
B. 20A 30A
C. 05A 1.0A
D. 0.5 A 1.5A

148. <HKDSE Sample Paper IA - 30 >

switch

battery box

voltmeter

ammeter

A student wants to measure the resistance of a resistor R and sets up a circuit shown. The student made which of these
mistakes in setting up the circuit ?

(1) The polarity of the ammeter was reversed.

(2) The polarity of the voltmeter was reversed.

(3) The voltmeter was connected across both R and the rheostat.

A. (1) only
B. (2)only
C. (1) & (3) only
D. (2) & (3)only

149. <HKDSE Practice Paper IA - 26 >
Two metal rods, X and ¥, of uniform cross-sectional area are made of the same material and have the same volume. The
length and resistance of X are L and R respectively. What is the resistance of Y if it has a length of 2L ?
A LR
B. IR
C| 2R
D. 4R
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150. <HKDSE Practice Paper IA - 29 >

X
—O—
A
N\ P/
/

In the circuit shown, three identical light bulbs are connected to a cell. Under what conditions will light bulb P have the
maximum brightness ?

Switch X Switch ¥
A, closed open
B. closed closed
C; open open
D. open closed

151. <HKDSE Practice Paper 14 - 27 >

The figure shows a battery of e.m.f. 3.0 V and internal resistance 2.0 Q is connected to a light bulb of resistance 10.0 €. A
voltmeter of internal resistance 10 kQ is connected in parallel with the light bulb. What is the reading of the voltmeter ?

A. 24V
B. 25V
C. 29V
D. 30V

152. <HKDSE Practice Paper IA - 28 >

4
R
R R
Figure (a) Figure (b)

In Figure (2), two identical resistors are connected in series to a cell of e.m.f. ¥ and negligible internal resistance. The power
dissipated by each resistor is P. If the two resistors are now connected in paralle] as shown in Figure (b), what is the power
dissipated by each resistor ?

A 2P
B. 4P
C. 8P
D. 16P
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153.

154.

155

156.

< HKDSE 2012 Paper IA - 26 >

12Q

In the above network, the resistance across terminals a and b is 6 Q. If the 12 Q resistor is replaced by a 6 Q resistor, the
resistance across terminals ¢ and b

A. becomes 2 Q.
B. becomes4 Q.
C. becomes 6 Q.
D. cannot be found as the value of R is unknown,

< HKDSE 2012 Paper IA - 27 >

‘What will happen if the variable resistor is set to zero in the circuit ?
The light bulb will burn out.

The light bulb will not light up.

The brightness of the light bulb will increase.

The brightness of the light bulb will remain unchanged.

ooy

< HKDSE 2012 Paper YA - 28 >

3Q
|=——3
60
L 1}
In the above circuit, the cell has e.m.f. 12 V and internal resistance 2 Q. What is the current in the 6 Q resistor ?
A 05A '
B. 1.0A
C. 15A
D. 20A

<HKDSE 2013 Paper IA - 30 >

Resistors X, ¥ and Z in the above circuit are identical while the battery of negligible internal resistance supplies a total power
of 24 W. What is the power dissipated in resistor Z ?

A 3W
B. 4W
C. 6W
D. 8W
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157.

158.

159.

< HKDSE 2013 Paper IA - 31 >

I [
17 j

In each of the above circuits, the cell has constant e.m.f. and negligible internal resistance. When the sliding contact S of
each rheostat shifts from the mid-position to the right, how would the brightness of each bulb change ?

bulb L1 bulb L,
A. becomes dimmer remains unchanged
B becomes dimmer becomes brighter
Cc remains unchanged becomes dimmer
D becomes brighter remains unchanged
< HKDSE 2013 Paper 1A - 32>
| §
L
Y
A7)
W)

In the above circuit, the cell has negligible internal resistance. When switch S is closed, both bulbs are not lit. The voltmeter

has a reading but the ammeter reads zero. If only one fault has been developed in the circuit, which of the following is
possible ?

A. Bulb X has been shorted accidentally.

B. Bulb Y has been shorted accidentally.

C. Bulb X'is burnt out and becomes open circuit.
D. Bulb Yis burnt out and becomes open circuit,
< HKDSE 2014 Paper IA - 25 >

The figure shows two light bulbs P and O connected to a cell of e.m.f. 6 V and negligible internal resistance. The voltmeter
reads 6 V when the switch S is closed. Which of the following is possible ?

Both P and @ are short-circuited.

Both P and @ are burnt out and become open circuit.

P is short-circuited or O is burnt out and becomes open circuit.

P is burnt out and becomes open circuit or Q is short-circuited.

Sowyr
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161.

162.

< HKDSE 2014 Paper 1A - 24 > s

[y

|1
In the above circuit, the cell has constant e.m.f. and a fixed internal resistance. When S is closed, the ammeter reads 3.0 A.
When S is open, which of the following is a possible reading of the ammeter ?

A 16A
B. 20A
C. 24A
D. 32A

< HKDSE 2015 Paper 1A - 26 >

In the above circuit, the cell has a finite internal resistance and both meters are ideal. In which situation below will the
readings of the ammeter and the voltmeter suddenly increase ?

A. Ry is faulty and becomes a short circuit.

B. R is faulty and becomes a short circuit.

C. R is faulty and becomes a short circuit.

D. R;is faulty and becomes an open circuit.

<HKDSE 2015 Paper IA - 25>

For safety purposes, the driver seat of a car is equipped with a seat belt warning light. When the driver seat is occupied, the
switch S1 under his seat will close. If the seat belt is not yet fastened, switch Sz will remain open and the warning light will
light up. If the seat belt is fastened, the switch S; will close and the warning light will shut off. Which circuit below is the

best design ?
A B.
'y [
® I*
St
Sy T
N ~
< <
Sa 8
o—[—— "
C. D.

—-
%
%

" Q
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163.

164.

165.

166.

< HKDSE 2016 Paper 1A - 25>

100 0-10 MQ
R
a o——g 0 )
10 kQ
— 7

In the above circuit, the variable resistor R can be adjusted over its full range from 0 to 10 M. What is the approximate
range of resistance between a and b 7

A 0Qto10kQ

B. 10Qto10kQ

C. 10Qto10MQ

D. 10kQto 10 MQ

< HKDSE 2016 Paper 1A <26 >

Two filament light bulbs X and Y are connected in parallel to a dry cell. X is brighter than Y. Which statements are correct ?
(1) Inls, the number of charges flowing through X is greater than that flowing through ¥,
(2) In1s, the electrical energy dissipated by X is greater than that dissipated by Y.

(3) For every unit charge passing, the electrical energy dissipated by X is equal to that dissipated by Y.

A, (1) & (2) only
B. (1) & (3)only
C. (2)&(3)only
D. (1),(2) &(3)

< HKDSE 2016 Paper IA - 27 >

vV
P R
CPS
T
2
)

In the above circuit, all the bulbs are identical. If the voltage ¥ gradually increases, which bulb(s) will burn out first ?

A PandQ
B. R
c. s
D. T

<HKDSE 2017 Paper 1A - 24 >

In the circuit, all resistors are identical. The internal resistance J o 1
of the battery can be neglected. What is the potential difference | k-1
between X and ¥ ?

o
A 15V —_

B. 30V l—l:—« v
o sy L —
D.

6.0V X




167. <HKDSE 2019 Paper IA-24>

168. <HKDSE 2019 Paper 1A-25>

169. <HKDSE 2020 Paper 1A-22>

¢ metal, Which one would produce the most

The cylindrical resistors below are made from the § oo eads of each resistor 7

power when the same voltage is applied in funs across th

A,

o

170. <HKDSE 2020 Paper IA-23>

Three identical resistors, a battery of negligible internal resistance and an ideal voltmeter are connected
to form Circuits (a) and (b) respectivaly,

i

1] - b
Circuit (a} Clrcuit ()

Given that the voltmeter reading is 8 V in Cirouit (a), what s the volimeter reading in Circuit ®)?

Cowp
S
R
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M.C. Solution

1 D
Voltage given to the upper two resistors = 6 V
Since voltage is proportional to the resistance for two resistors in series,

8
4+8

voltage across the upper 8-Q resistor = 6 x =4V

potential difference between points Pand 0 = 4V

2. A
When X'is closed, the voltage across the upper resistor R remains unchanged.

Thus same current flows through the ammeter 4, reading of ammeter will not change.

35 D
Kopen:
all voltage of the cell would be across the voltmeter since its resistance is very large
V=2V
K closed :

all voltage of the cell would be across the 100 € resistor but no voltage across the ammeter

V=0V

4, C
As the length is halved, the resistance of the heating coil is also halved

since Rec £ -, R > %R

p= 1
Power: P=__ o Pxc_ . P—2P
R R
Since E = Pt,as same energy is required for boiling,

P2 =t Lt

. Time taken = 8 x + = 4 min.

5. B
Since the two resistors are connected in parallel, each of them has a voltage of 2 V.
2 e
P = LS @ =1W
R @

6. C

Current through the 5000 Q resistor = 2+8 = 10 mA

Vas = IR = (10 x 107%) x (5000) = 50V
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10.

11.

B

The two resistors at the left hand side are in parallel, equivalent resistance is g .
The three resistors at the right hand side are in parallel, equivalent resistance is R ‘
: 3

=1.67Q

Y R:z+..2_
21 8

As D and B are at the same potential, equivalence resistances across 4B and AD are the same.

C
Let the voltage of the cell be V'

When X is open, the equivalent resistance of the two resistors is 2R.

%
p=r
2R
When X is closed, one of the resistors is shorted and the resistance of the circuit is R
-]
=Y . p=2p
R
(1) ‘Weight is a type of force which is a vector that has both magnitude and direction
x 2) Charge is a scalar which has no direction (+ or — only indicates two types of charge)
* 3) Voltage is a scalar which has no direction
D
Since the voltage across L remains unchanged although Ls butns out

~. the current through L; and the power given out by L; remain unchanged
.. brightness of L remains unchanged.

(Note that Lz will go out when L3 burns out)

C
2
Since power: p= v R decreases = power given out by the cell increases = total brightness increases
R
As more lamps in parallel = equivalent resistance R decreases .. C gives the maximum brightness overall.
B

As the voltmeter has same resistance R,

the equivalent resistance of the voltmeter and the resistor in parallel is R or 058
2

.. Voltage across the voltmeter - ¢ x Oi =12V

R+05R+R
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14.

15.

16.

17.

18.

A

Equivalent resistance = 2 + % =3Q

Current flows through R; = %
2
Current flows through R, = 7 =1A (as Rz and R; are equal.)

Power dissipatedby Ry = IR = (1)’ (2) = 2 W

(03] Radius decreases = cross-sectional area decreases => R increases
& @
x (€

Length increases = R increases

Resistance of wire is independent of its shape.

D

‘When connecting in series, same current flows through 2 resistors
-~
;

(PLpPRaR LR _R 1

RN o i et R o

1 O T N
R B R

Reading of 4; :  same voltage across and same resistance => same current .. reading remains unchanged
Reading of 42 : S closed = voltage across the resistor with 4; increases = reading of 4 increases

Reading of 43: S closed = no current flows through 43 as it is shorted . reading becomes zero

D
Total current flows into a junction point = total current flows out of the junction point
3+2=1+171
. I=4A

D

Energy given out by the heater - VTf = %z_ % (3x60) = 144k}

Energy absorbed by the water = m e AT = (1) x (4.2) x (20) = 84 kJ

Energy wasted = 144 — 84 = 60 kJ

PD-EM2-MS/04
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20.

21.

22.

23,

24,

c

@ g, =R3R _3,
R+3R 4

0] R, = 2Rx2R =R
2R+2R

©r =X
4

. R: <R < Rp

A

Brightniess of P :

equivalent resistance of the circuit decreases
=> current from cell increases
= voltage across resistor increases

=> voltage across P decreases

Brightness of R :
same voltage across R after the switch is closed

= same brightness

C

Since 4 indicates the current flowing through the three bulbs,

but 4, indicates the current flowing through one of the light bulb.
1.8

4y = = 0.6A
3
D
2
E=Pt= L& ot St e« R assame energy E is required for same heating process
R
LI PRGN “ Ra=400Q
t, R, 10y (100
B
* A. Resistance of ¥ >> resistance of bulb .. voltage across voltmeter = voltage across the cell
4 B. Resistance of A is very small .. very large current flows to ammeter ... ammeter burns out
* C. Very small current through the bulb .. the light bulb would not burn out but go out
x D. Only the ammeter will burn out ; there is only very small current through the voltmeter
B
v m Length increases => resistance increases
x @ Cross-sectional area increases = resistance decreases

v 3) T increases = resistance increases
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25,

26.

27.

28,

29.

30.

g

A
When X is closed, voltmeter reads 12 V = unknown resistance = 6 Q.
Both switches are closed = equivalent resistance of parallel circuit=3 Q

3

V = 24x =38V
3+6

o]
Reading of 4 :  same voltage across the resistor with 4 and same resistance = same current
Reading of 45:  Sclosed = voltage across the resistor with 4z increases = reading of 42 increases

Reading of 431 Sclosed = shorted circuit .. no current flows through 43

A

Assume the resistance of each resistor is 1 .

1 3 1x2 2 1
DR ==+1=2Q = =2
) R ) () R, e 3(2 (3) R, 3Q

SRy < Ry < Ry

A

Pisblown = equivalent resistance of the whole circuit increases

=> current given out by the battery decreases

= voltage across 0 and § decreases . @ and S both become less bright (... B, C and D are wrong.)

= voltage across R increases (.. A is correct.)

c

There is a drop in potential when current flows through a resistor.
. O and R are at the same potential,

As Ri>Ry

. p.d. across PQ > p.d. across RS

o]
Current passing through 1* row = current passing through 2™ row = 1 A
Current passing through 3 row = 1 x % =05A

Current delivered from the battery = 1+1+0.5 = 25 A

C
For parallel circuit, voltage across X = voltage across Y.
Same voltage and same charge => same energy required, by £ = QV

s B =By
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32.

33.

34,

35.

36.

37.

o]

Potential difference between P and Q0 = voltage across the 3 2 resistor

Veg = x12=9V

3+1

B

If X is closed, all the lamps will be short-circuited and go out.

If ¥ is closed, current will only flow through L but not the other two lamps, L would then give out maximum brightness.

D

Since R ocl
A

For the same length : area 4 oc volume cc mass m

Roclocl
A m

Ry _my 9

'RB m, 4

C
When X is open, power dissipated by 4 :
po- W21
R 4 R
‘When X is closed, power dissipated by 4 :

pio B a1 P

R 9 R

=2
4

o
I
ol |-

A

Reading of ammeter 4 :
Kis closed = equivalent resistance of circuit decreases = current through ammeter increases

Reading of voltmeter V:

K is closed = the part with K is shorted = no voltage across X = no voltage across V'

C

Connect the additional resistor parallel to the resistor(s) of the largest R (excluding the bulb)
= equivalent resistance of that part of circuit decreases

=» current given out from the battery increases => greatest brightness of the light bulb

.. The additional resistor should be connected across CD.

(If connected across the bulb, the equivalent resistance with the bulb { and voltage across the bulb )
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38. D
2
E=Pt= V—‘t
R
As sams energy £ is required for boiling :
1
i F
W W L 0
T, T (100)*
t, = 4T

39. B

equivalent resistance of the circuit = 4 +M =

@B+h+4
6 1

current through XY = EXE =05A

p.d. between X and ¥ = voltage across the 3 Q resistor = 3x0.5 = 1.5V
40. D

* 1) same voltage across Ly => no change in current through L; .. same brightness

v @ L; and L3 are in series = same current flowing through = equal brightness

v 3) voltage across Ly = 2 x voltage across Ly = P1>P;(by P = V2/R) => L is brighter
41. A

§'is closed

=5 equivalent resistance ¢

= current given out by the battery T (.. D is incorrect but A is correct by P = V1)

=> voltage across P T (.. B is incorrect.)

= voltage across @ 4

= currentacross @ (by ¥ = IR ) (.. Cis incorrect.)
42, A

Voltmeter ¥1:  Sis closed => short circuit across the voltmeter = ¥ = 0 V.

Voltmeter V2: 7, = 2—0><3 =2V

10+20

43, C

) Equivalent resistance =~ 1

(#)] Equivalent resistance » 1 MQ (105 Q)

3) Equivalent resistance ~ 1 kQ

. Equivalent resistance in descending order : (2), (3), (1)
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44,

45.

46.

47.

48.

49.

50,

v (€)) momentum is a vector which has direction

x 2) power is energy per time, power is a scalar

*x 3) voltage is energy per charge, voltage is a scalar
C

By E=0V

L0 = (1C)x(10V)
C is correct while A and B are incorrect.

Voltage has no direct relationship with resistance .. D is incorrect.

C
If § is closed, the second row resistor and the third row resistor are shorted,
current flows through 4y, S, the 1st row resistor and 4; only .. 43 becomes zero

As equivalent resistance decreases . current given out by battery increases .. 4 increases and A increases

(41 = A, after the switch S is closed)

B

Current of the circuit: 7 — y__6_ = 04A

R 10+5
Power dissipated in the 10 Qresistor: P = J2R = (0.4)2(10) = 1.6 W

C
v (1) As they are in parallel, thus same voltage across L, and Ls to give same brightness
v ) Current through Ly is the sum of current through L; and Ls, thus Ly is brighter.
x 3 Consider Ly and L3 as one equivalent bulb L, same current flowing L and L,
but equivalent resistance of L <L, = P,+P, <P (by P=I*R)
D

The 1st row has an equivalent resistance of 2R while the 2nd row has a resistance of R
As V = IR, the reading of Az must be two times the reading of 4,

» readingofd; = 2x2 = 4A

A=A+t A=2+4=6A

The voltmeter should not be connected in series to the light bulb.
Voltmeter is connected in parallel correctly while ammeter is in series correctly.

Ammeter should not be in parallel and voltmeter should not be in series.

x
O o w

Voltmeter should not be in series with the ammeter.
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51.

52.

53.

54.

55.

56.

57.

D

* A. Large resistance voltmeter in series = current is very small = ammeter would not burn out

* B. Very small current => light bulb would not burn out

x C. Large resistance voltmeter = share all the voltage of the circuit => reading of voltmeter is 6 V
v D. Very small current => reading of ammeter is zero

A

§is closed = no current through L; as it is shorted = brightness of L; decreases to zero
‘Without Ly, all the voltage of the battery is given to Lg, thus brightness of L, increases.

Same voltage across Ls as Ls is connected in parallel to the battery => brightness of Ls is no change

C
Equivalent resistance of the circuit; g = 4+i =60
2
Current flows from the baitery : J = v = 8 =1A
R

Current flow through pointX = 0.5 A

P.d. betweenXand Y = 0.5x4 = 2V

C
x A. Work — unit: J  (watt : unit of power)
x B. Electromotive force — unit : V. (Newton : unit of force)
v G Momentum — unit : N's or kgms™!
* D. Heat capacity —> unit : J°C™' (joule per kilogram : specific latent heat)
A
p.d. between P and @ = p.d. across 5 Q resistor
= (0.6)5) =3V
C
* (1) Same voltage across the light bulb with 41 = I; : no change
(3] Sclosed = equivalent resistance decreases = more current given out by battery => 1, increases
3) Same voltage across volimeter after § is closed since the voltmeter measures the voltage of the battery
o]
x A. Charge: C=As Current : A
* B. Work : J voltage : V
v C. Kinetic energy : J Heat : ]
* D. Force : N Momentum : N's
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58.

59.

60.

61.

62.

63,

A

Since the resistance is 5 k2, it is a large resistance.

Citcuit in A is used to measure a large resistance.

Current measured by ammeter = current flowing through R

Voltage across R >> voltage across ammeter = voltage measured by voltmeter ~ voltage across R

C

v A Force x displacement = Work

v B. Y x mass x (speed)? = K.E.

x C. (Current)? x resistance = Power

4 D. Current x voltage x time = Power x time = Energy
A

Voltage across the lower 6 Qresistor: ¥ =IR = (0.3)(6)=1.8V

Current through the 4 Q resistor: J = % =045A

Reading of 4; = total current through the two resistors = 0.3 + 045 = 0.75 A

D
Equivalent resistance of (a) = 2R Equivalent resistance of (b) = g
Ammeter reading ! 1=K°Cl = 1':&.1:41
R R R/2
2
Total power dissipated :  p = v o LI P = .Z_R_.P = 4p
R R R/2

D
v A ¥_p
t
2
v B. =P
R
v (o Fv=P
* D m-f =E
A
Let the resistance of each resistor be R.
1 QRYR) 2 R 3
1) R ==R 2 S S 3) R,=—+R==
W & 3 @ k, R+R 3R @ & 7 R=3R

.. Equivalent resistance in ascending order : Ri <Rz <R3
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64.

65.

66.

67.

68.

69,

70.

C

x A. If X burns out, ammeter becomes zero.

* B. If ¥ burns out, ammeter becomes zero.

v C. As X is shorted, current by-passes X and flows to ¥. Thus, voltmeter gives zero reading.

* D. If Y is shorted, current would flow through X and voltmeter would give a non-zero reading.
C

Voltage across 6 Q = (0.4) x (6) = 24V Current through the 12 Q resistor = % =02A

Current through the resistor R = 0.4+0.2 = 0.6 A Voltage across the resistor R = 6 -2.4 = 3.6 V

Resistor: R =
D

& ®

v @

2 ©)]

A

0.6

Y _36_¢q
7

Ammeter reads the total current through the resistor R and the voltmeter.

Since the voltmeter is connected in parallel with R .". voltmeter gives the actual voltage across R

ByR=;,1'I\:>R~L.

60
Equivalent resistance of two 60 Q resistors = EY = 30 Q = the resistance at the 3 row (30 Q resistor)

. Current through 30 Q resistor = é—

€
* M
& @
v ®
A
v m
* @
® (©)
D

vV 1 "
For same voltage : [ = i oc ) .. current through Ry is doubled that through R,
Ry and R, are in parallel => same voltage across each of them
Equivalent resistance of PQ =§:—i§ =4Q .. Voltage across PQ and 4 ) resistor are the same,

- Energy dissipated by each coulomb of charge are the same. (By E = Q)

Sclosed => equivalent resistance of circuit = current T
Vo1 \ . .
For same voltage, [ = z o e Ratio of R kept unchanged = ratio of / is unchanged

Sclosed = Rsis shorted => no current through 4z .. reading of 43 becomes zero

Power given out by the battery = VI = (9) (5) = 45W

Power dissipated by the bulb = 45 — 18 = 27W
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71.

72.

73.

74.

75.

76.

77.

A
Ammeter : in series with the bulb and rheostat => wire (1) connected to P
Voltmeter : in parallel with bulb = wires (2) and (3) connected to Q and R

Current flows into voltmeter via (+) terminal = wire (2) connected to ¢

(0:

v A Resistance = Voltage / current L =VAT

v B Power = Energy / time LW =Jgt

* (& Charge = Current x time o C=As

4 D Voltage = Energy / charge VvV =7Jct

C

4 A As equivalent resistance of the circuit ¥, current given out by battery T .. reading of 4; T
v B Since still same voltage across 4z and the resistor in series .. same current through 4,
* (¢ Voltage between X and ¥ is equal to the voltage across the battery which is unchanged
v D As current given out by battery T .. power delivered by battery T

A

Equivalent resistance of the circuit = ?2::—1 +3=3.67Q

Voltage of the battery = IR = (3)x (3.67) = 11V

(1) Slope of V-I graph = R.  As Yhas a greater slope than X' .". resistance of Y is higher than that of X

* ()] The equivalent resistance of X and Y in series must be greater .. the slope must be greater than Y.
v 3 The equivalent resistance of X'and Y in parallel must be smaller .. the slope must be smaller than X
C

‘When switch S is open, /1 = 1 A since same voltage of the battery is across the 3 Q-resistor
Voltage across the 3 Q-resistor = voltage of the battery = (1)(3) = 3V
Voltage across the 6 Q-resistor = 3V

Current through the 6 Q-resistor = Z_X =05A

Current through the ammeter 4z = 1 +0.5 = 1.5 A

D
For a thinner wire, the resistance should be greater.
Since the slope of the V-I graph represents the resistance of the wire,

thus the slope should be greater as shown in D.
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78.

79.

80.

81.

82.

83.

84.

C
Suppose each length of the square has a resistance of 1 Q.
x=13 9950 r=2%2.19 z=-13 o550
1+3 2+2 1+3
LX=Z<Y
B
The current flows through the resistance coil between XB only.
3

Resistance of coil between XB = 40 x = = 30 Q
4

V.6

Current: [ = — = =02A
R 0
€
= It
= (190 x 107%) x (16 x 60 x 60)
= 10944 C
D

Since the ammeter has no resistance, the two resistors at the right are shorted and no current flows through them.

The current will flow through the resistor at the left and then through the ammeter.

Ammeter reading = .g_ =3A

Voltmeter reading = 6 V

D

Let the resistance of X be R.
2 2

By P="" -o0=-9 . z-180
R R

Equivalent resistance of Yand Z = 12_8 =09Q

72
Total power dissipated in Y and Z = IF =;

42" _ g
0.9
D

Since the voltage of the battery 12 V is shared between R; and Ry,

the resistances of Ry and Ry have to be given in order to calculate the reading of the voltmeter.

B

When temperature @ is increased, resistance of the thermistor is decreased, thus the current should increase as shown in B.
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85.

86.

87.

88,

89.

90.

91.

92.

A

Since the voltmeter measures the voltage across the battery, the reading should be constant.

D
Reading of 47 is two times that of 4; since the resistance is halved. Thus, reading of 42 = 2 A

Reading of 43 is the sum of 4; and 42 .. readingofds = 1+2 = 3A

C
v (1) The polarity of the ammeter is wrongly connected in reverse direction.
Current should flow into the (+) terminal and out of the () terminal.
x ) The voltmeter is correctly connected.
v 3) The voltmeter should be connected across the resistor R only.
B
@ Capacity: Q = 800 mA h = (800 x 107 A) x (3600 5) = 2880 C
)] E = QV = (2880) x (3.6) = 103687J
® p=E_ 188 __ 04w = domw
P 3x24%3600

b

Q=1It=(08)x(1x60)=48C

number of electrons = 5 __ = 3.0 x 10%

1.6x107°

A

Current passing throughpoint P = 4 x1 = 4 A
6V

It

Voltage across each light bulb = 4 x 1.5
Current through each light bulb = 1 A
Power of each light bulb = VI = (6)x (1) = 6 W

1l

c
If filament of bulb Z breaks, equivalent resistance of the whole circuit increases. Current delivered by the cell decreases.
Voltage across bulb X decreases, thus brightness of X decreases.

Voltage across bulb ¥ increases, thus brightness of ¥ increases.

C
Voltage across the 8 {2 and 2 Q resistors = 10 V
Equivalent resistance of the 8 Q and 2 Q resistors = 8+2 = 10Q

Current through the two resistors : [ = % = 1_0 =1A

10
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93.

94.

95.

96.

97.

98.

99;

A

Equivalent resistance of the whole circuit = 11_% +2 =2833 Q
+

Voltage of the battery : ¥ = IR

(3) % (2.833) = 85V

B

By Q=1It . (700mAh) = I(15h) 5 T = 0.04667 A
By P=VI - P=136)(0.04667) = 0.168 W

D

If switch X is closed, the left Tlight bulb is shorted,
and the equivalent resistance of the circuit would decrease, thus current given by the cell is increased.

If switch Y is closed, the light bulb P would be shorted and would not light, thus ¥ must be opened.

A
v (€3] From A to B, the resistance of the circuit decrease, thus the current in the circuit increases.
x ) As current increases, the voltage across the rheostat increases, thus the voltage across the wire decreases.
x 3) Since the resistance of the wire is not constant,
the voltage across the wire will not be proportion to the current through the wire.
A
v (1) Since the two light bulbs are in series, same current flows through each of them.
Thus, the voltage is proportional to the resistance.
Since voltage across 4 is greater, thus the resistance of 4 is greater than B,
x @ Current must be the same for two light bulbs in series.
x 3) By P = VI, since 4 has greater voltage and same current, power of 4 is greater, thus 4 is brighter.
D
Q0 = It = (0.225) (10 x 3600) = 8100 C OR P=yI=(12)(225x10%) = 027 W
E = QV = (8100)(1.2) = 97207 E = Pt = (0.27) (10 x 3600) = 9720
C

Current through the upper 6 Q-resistor = 0.3 A

I

Current through the lower 6 Q-resistor = 0.3 A
Current through the 12 Q-resistor = 0.3 +0.3 = 0.6 A
Thus current delivered from the cell = 0.6 A

Total equivalent resistance of the circuit = 12 4 ﬁ =15Q
2

Voltage of the battery ¥ = IR = (0.6) (15) = 9.0V




v
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100.

101.

102.

103.

104,

105.

B

Assume the circumference of the circle consists of 4 equal arcs, each arc has a resistance of R.
X : The equivalent resistance is two resistors, each of 2R in parallel, i.e. equal-to R.
Y : The equivalent resistance is two resistors, one of 3R and the other of R, in parallel, i.e. equal to 3R / 4.

Z : The equivalent resistance is two resistors, one of R and the other of 3R, in parallel, i.e. equal to 3R/ 4.

L X>Y=2Z

c

‘When S is open, the left resistor and the voltmeter are in series.

As the resistance of the voltmeter is infinite, all the voltage would be given to the voltmeter, reading is 12 V.
‘When § is closed, the two resistors are in series, and each resistor shares half of the voltage of the battery.

The voltmeter measures the voltage of the right resistor, thus the reading is 12 x % =6V.

D

* A When both switches are open, the lamp would not light up.

* B. ‘When either switch is open, the lamp would not light up.

x C. ‘When only one switch is open and one is closed, the lamp would not light up.
v D. ‘When either or both switches are open, the lamp lights up.

[¢)

‘When the switch is open, no current is given out by the cell.
As no current flows through the light bulb, voltage across the light bulb is zero, thus reading of voltmeter Qis 0 V.
All the voltage of the cell is then given to the switch, thus the reading of voltmeter Pis 1.5 V.

C
* (€8] Let the resistance of each bulb be R.
The equivalent resistance of ¥ and Z is R/2, which is less than that of X.
Thus the voltage across PQ should be less than 6 V.
) As @ and S are shorted, there is no voltage across these two points.
3) If Y burns out, voltage across Z would increase to 6 V, thus Z becomes brighter,
D

Equivalent resistance between PQ = 1.33 Q
Equivalent resistance between QR = 0.83 Q
Equivalent resistance between RS = 0 Q
Equivalent resistance between SP = 1.5 Q

As the equivalent resistance across S and P is the maximum, minimum current would be given out by the cell,

thus the ammeter reading is the minimum.
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106.

107.

108.

109.

110.

v )] Since both of them are straight line passing through the origin, J ¢ ¥, thus they obey Ohm’s Law.
* @ Resistance is equal to the reciprocal of slope, i.e. R = 1/slope.
As the slope of P is greater, resistance of P is smaller.
v 3) In parallel, / o 1/R, since resistance of P is smaller, current passing through P is greater.
D

Assume each resistor has a resistance of 2 Q.

2+2 4x6

Ry=2_2=2Q Ry = =24Q
2 446

Re= 2210 _ 1670 Ro=2¥2*2_ 39
2+10 2

Network D has the largest equivalent resistance.

A
Voltage of the cell = (1) (6+6) = 12V

‘When § is closed, total equivalent resistance of the whole circuit = 6 + LLER 8Q
6+3

Current given out by the cell = 2 1.5A
3

D
x A If X is short circuit, current still flows through X, ¥ and the ammeter.
¥ B. If Y is short circuit, current still flows through X, ¥ and the ammeter.
x (CH If X is open circuit, no current can flow through X, thus both ammeter and voltmeter have zero reading.
v D. If Y is open circuit, since ideal voltmeter has infinite resistance, no current flows from the cell.
Reading of ammeter is zero.
However, the voltmeter will read the voltage of the cell and is non-zero.
C
As 1 kQ resistor and voltmeter are in parallel, Vyometer = V12 = 3 V.
For series circuit, ¥ o< R —15 -3 = i s R=0.75kQ
3 R
B hipgl RN CHPO S 5 Ry = 3kQ
R R, R, 075y () Ry
A
4 1) Short circuit across Ls => current does not flow through L, and Ly = L, lights only
* ) Filament of L, burnt out = current can flow through Ly = L4 can also light

Both filament burnt out => no current flow through L, = L, does not light
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112.

113.

114,

115,

116.

117.

C

By E=gqgV

© Vi, =Vr, = E1=Ez  (gis the charge of one electron)
€

Equivalent e.m.f. of the two cells = 10V

Equivalent internal resistance of the two cells = 4-20
2
— 14 10
Current through theresistor: J = = = = = | A
R 248
Current given out by each cefl = 1 x 1. 0.5A
2
D
When S is open, the voltmeter is connected in series with the 12 V battery,
thus there is no current flow as the resistance of the voltmeter is infinite.
There is no voltage shared by the 3 Q2 resistor.
Thus all the voltage of 12 V is given to the voltmeter to give the reading of 12 V.
@ ‘When § is closed, the 3 Q and 5 Q resistors are in series.
Voltage shared by the 5 Q resistor = 12 x 3 =75V
345
o s=Z
I
7° B =4
q
v 3) Open circuit = no current = no voltage drop across the internal resistance = &= ¥
B
The circuit diagram can be redrawn as shown : 4
8
—+8+8 X Y
v, Equivalent resistance ==————=10Q
2 s
B
ol = K = Q =2A
R 10
C

Since resistance of voltmeter is infinite, there is no current flows through A4S, thus no voltage across AS.
Voltmeter thus measures the voltage across the battery which is always equal to 2 V.

Thus, the graph should be a horizontal line.
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118.

119.

120.

121.

122.

B
X'is the mid-point of 4B = Rax = Rxp = 6 Q
Equivalent resistance across AX = PRl =40
6-+12
Vix _ Rux
g Rup
Y . A L V=12V
3) 4+6
D

Kopen:  Voltmeter is in series with the 10 Q-resistor, thus no current given out by the cell
As no voltage across the 10 Q-resistor, all the voltage of the cell is given to the voltmeter

- reading = 3V

Kclosed: Voltmeter is in parallel with the ammeter, all the voltage of the cell is given to the 10 Q-resistor
There is no voltage across the ammeter

-, reading = 0V

A
The circuit diagram can be redrawn as shown,
Let R be the equivalent resistance.

1 1. 1.1 1

= b
R 3 06 0 ®

* R=08Q
b
The circuit diagram can be redrawn as shown. kA"
The three resistors are in parallel. I | =
Equivalent resistance : 60
R= © =2Q 60Q
3 I
| IO |
60
S LA e S

R ®

D

To measure a high resistance R, voltmeter should be connected in parallel across the resistor and the ammeter,

The ammeter can read the actual current flowing through the resistor.

Since the resistance of the ammeter is small compared with the resistor, the voltage across the ammeter is negligible.
Thus, the volimeter reading is close to the actual voltage actoss the resistor.

Circuit A is used to measure a low resistance R.

Note that current flowing through the ammeter and voltmeter must be from (+) terminal to the (+) terminal of the meters.
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123.

124.

125.

126.

127.

128.

D
The cell 3 V is discharging and gives out current while the 1 V cell is under charging,
Netemf =3-1=2V
I = —2—% = 0.333A
Van = 0333 x4 = 133V
pd.acrossXand Y = 1.33+1 = 233V

D

2 2
P=1IR :12-%x12~%x17'£0c12-52

ROCROCE
P \I )l 2 4

where volume of wire : V= 4.4

D
Note that the device does not obey Ohm’s law, resistance is found by g = 4
I

ar=2_1_ _6q
s 1

The resistance decreases by 6 Q.

A

The circuit diagram can be redrawn as :

Sopen:  Voltage of the battery is shared among 2 resistors.
Then, voltmeter measures voltage across 1 resistor only,
which is equal to half of the e.m.f, that is, 2 V.,

Sclosed: The right resistor is shorted, all the voltage of the battery

is given to the left resistor.
Thus, voltmeter measures the e.m.f. of the battery, that is, 4 V.

D

* [¢))] Resistors in parallel have same voltage => same energy dissipated by the 1 C charge (by E = Q V)
) For parallel circuit, equivalent resistance < resistance of every individual resistor, .. R <R,
(©)) Less resistors in parallel = R T

D

Sisclosed = equivalent resistance of Ry and Rz & = p.d. across Ry ¥ but p.d. across Rz T
Potential at the earthed point is 0 V.
Potential at X : decrease (as p.d. across Ry )

Potential at ¥ : decrease (as p.d. across B3 T)
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129.

130.

131.

132,

133,

C

v (1) Reading of ammeter gives the sum of current flowing through R and voltmeter.

v @ By R= Ili , larger measured I = smaller measured R

x 3) High resistance of resistor R = large current across voltmeter = incorrect ammeter reading
A

Do = 0.3-02 = 0.1 A (from left to right)

Vsa = (0.2)(5) = 1V Via = (0.1 1) = 0.1V

- The lower intersection point is at a higher potential since the potential drops only 0.1 V which is less than 1 V.
1-0.1

I =

=0.3A (from bottom to top)

v Ir = 03-0.1 = 0.2 A (from right to left)

D

The potential of earthed point is 0 V.,

Before switch S'is closed, potential difference across the 10 Q resistor = 2 V.
Thus potential at P = +2 V.

After switch S is closed, potential difference across the 10 Q2 resistor = 3 V.
Thus potential at P = +3 V.

C

When the voltmeter with infinite resistance is connected, there is no current flowing through the two 1 Q resistors.
Since voltage across the middle 2 2 resistor is 2 V, the battery has e.m.f. of 6 V.

When the ammeter with zero resistance is connected, the equivalent resistance of the whole circuit is 5 €.
Current delivered from the baitery is 1.2 A. Current flows from X to Y is 0.6 A.

B

Across CD, no current flows through the 10 Q resistor and S.

The two resistors R and R are in parallel.
. R=500

Across AC, no current flows through S.

5 B &

| I
100 R _
D
/ s
50

Equivalent resistance = 10 + 5 =35Q
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134.

136.

137.

138.

voltage V/V 4

1
0 02 04 06

» curent// A

Since the current through the two light bulbs are the same, draw a vertical line such that Vx + Py =12,

The currentis 0.3 A and Px=9V, Fy=3 V.

A
@ Byr=Y=05_%g
1
x @  WhenV=2V:R=_2 _=100Q.
. 20%x107
When F=3V:iR=_3 _ =750
40x10°°
The resistance is not constant.
% ©)) As the line does not pass through the origin, the current is not directly proportional to the voltage.
C
V= 9><270—120 —5v
270
C
b b
60 60
6Q []GQ 4— shorted = 6Q
PR e |
— T
6 Q2 60
ac  E— b a = b
Equivalent resistance : R = g =2Q
D
v 1) As an ammeter is used to measure current, it should be connected in series for current to flow through it.
v 2) An ideal ammeter has zero resistance, a practical ammeter should have low resistance.
v 3) For high resistance ammeter, it would increase the equivalent resistance of the circuit,

thus it would seriously affect the current of the circuit.
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139.

140.

141,

142,

v A. The p.d. between PQ is equal to the p.d. across the battery,
which is equal to the e.m.f. of the battery, thus it is unchanged.
v B. After switch § is closed, equivalent resistance of the whole circuit decreases,
thus more current flows out from the battery, and the p.d. across R; increases.
As the right hand side of R is earthed at zero potential, the potential at P increases.
x C. The p.d. across R; decreases after the switch is closed.
As the left hand side of Rz is at zero potential, potential at O should increase.
v D. As the p.d. across R; decreases, the current flowing through R, decreases.
D

As each resistor is connected between point 4 and point B, they are in parallel,

The voltage across each resistor is equal to the e.m.f. of the cell, that is, each has a voltage of 3 V.

Current through the 1 Q resistor = 3. 3A
1

Current through the 2 Q resistor = i =15A
2;

Current through the 3 Q resistor = 3. 1A
3

Ammeter 4y = 1.5+1 =25A
Ammeter 4; = 3+ 1.5 = 45A

B
* 1) As they are connected in parallel, their voltages must be the same,
v 2 As the resistance of P is greater, the current through it is smaller.
* 3) By P = V1, as curreat / through P is smaller, power of P is smaller, thus P should be dimmer.
C
m As the resistance of P is greater, the voltage across P is greater by V' = IR.
* ) As they are connected in series, their currents must be the same.
v 3) By P = VI, as voltage to P is greater, power of P is greater, thus P is brighter,
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143.

144.

145.

146,

147.

148.

149,

D

When P is at X, current flows directly from X to P without passing through the resistance wire X¥, current is maximum.
‘When P is at the mid point of XY, current flows from X and ¥ to P through the resistance wire XY, current is minimum,
When P is at ¥, current flows directly from Y to P without passing through the resistance wire X7, current is maximum.

As a whole, current decreases and then increases when P is moved from X'to ¥,

C

v 1) Two resistors consume two times the power compared with that of one resistor.

v 2) Two resistors draw two times the current compared with that of one resistor,

x 3) The equivalent resistance of two resistors in parallel is halved of that of one resistor,
D

Ohm's law states that the voltage across a conductor is directly proportional to the current
provided the temperature is constant,

which is equivalent to say that the resistance of a conductor is constant provided the temperature is constant,

C

£ =(20)(5+r)
e=(12)(10+r)

Combine the two equations :
QOGS +r)y=(12)10+r) =250

B

Reading of 4> is two times that of 4; since the resistance is halved. Thus, reading of 4, = 2 A
Reading of 43 is the sum of 41 and 4. Thus, readingofd; = 1+2 = 3 A

C
v (1) The polarity of the ammeter is wrongly connected in reverse direction.
Current should flow into the (+) terminal and out of the () terminal,
x 2) The voltmeter is correctly connected.
v 3) The voltmeter should be connected across the resistor R only.
D
2

R___Eocﬁ é.xﬁoc[‘_oc I?

4 A4 4 L 7V
WL 2L > R 4R

OR

Since the volume is the same, L — 2L = 4 — 14

R=PL L R 2R-4r
4 4 1/2
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150.

151.

152.

153.

154,

155,

A
X should be closed so that current would not pass through the light bulb below the switch X,
¥ should be opened so that current would not pass through the light bulb beside the switch .

If no current flows to other light bulbs, the current or voltage of P would be maximum, thus the brightness is maximum,

B

Since the resistance of the voltmeter is very large, negligible current is drawn by the voltmeter.

Current given out by the battery = 30 . 025A

2+10
Voltage given to the light bulb = 0.25x10 = 25V OR Voltage given to the light bulb = 3.0 x 10 o 25V
2410
B
Voltage across each resistor in Figure (a) = % 14
Voltage across each resistor in Figure (b) = ¥V
2

ByP=_VR_ PV V2V = P 4P
B
Assume the equivalent resistance of the four resistors R is R,
By 1_ = L + _1.

6 12 R’

R'=12Q

If the 12 Q resistor is replaced by a 6 ) resistor,

6x12
6+12

equivalent resistance = =4Q

B

If the variable resistor is set to zero, the light bulb is shorted,

all the current will flow through the zero resistance path,

thus no current will flow through the light bulb, the light bulb will not light up.

B

Equivalent resistance of the 3 Q and 6 Q resistors which are in parallel = _6:(__:; =2Q
Total equivalent resistance of the whole circuit = 2+2 = 4 Q

Current given out by the cell = 172 =3A

Terminal voltage of thecell = & — Ir = 12 - 3x2 =6V
6

Current flowing through the 6 Q resistor = ~=1A
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156.

157.

158.

159.

Let the cutrent passing through Z be 1.

Current passing through ¥ should also be 1.

Thus the current passing through Xis 2 1.
Total power dissipated by X, Yand Z = (21)?R + I*R + [*R = 24
L IPR =4

Power dissipated in resistor Z = I2R = 4 W

A

Ly

Lz:

D

L Ly

The above two circuits are equivalent. Current would not flow to the right part of the rheostat.

‘When the slider shifts to the right, the resistance of the rheostat increases, current decreases, thus L) becomes dimmer.

As the light bulb and the rheostat are connected in parallel to the cell, the voltage across L; is constant,
Thus the brightness of L, is not affected by the rheostat, and therefore brightness of L, remains unchanged.

A. If X'is shorted, the ammeter A should have reading but voltmeter V reads zero and Y is lit.

=

If ¥ is shorted, both the ammeter A and the voltmeter V have readings, and X is lit.

C. If X is burnt out, no current flows through ammeter A, X and ¥, thus X and ¥ are not 1it.
However, the voltmeter V reads the voltage of the cell, thus the reading of V is not zero.

D, If Y is burnt out, X and Y are not lit, but both the voltmeter V and ammeter A have no readings.

If the volimeter reads 6 V when switch S is closed, then one of the following may happen :

@

P is burnt out and becomes open circuit.

The voltage of the cell would then share between Q and the voltmeter.

As the resistance of the voltmeter is much larger than Q,

all the voltage of the cell would be given to the voltmeter and the volimeter reads 6 V.
Q is short-circuited. The voltage across Q becomes 0 V.

All the voltage of the cell would be given to P and the voltmeter reads 6 V.
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| 160.

161.

162.

163.

C

Let the e.m.f. of the cell be sand the internal resistance of the cell be r,

‘When S is closed, the 3 £2 resistor is shorted, thus, the total resistance of the circuit is (6 + #) Q.

e=3x(6+r

‘When S is open, the total resistance of the circuit becomes (3 + 6 + ) Q. Let the current be 1.
g=Ix(9+#

Combine the two equations :

Ix(6+r) =Ix(O+r)

e

A,

B
C.
D

IfI= 1.6A,then 3x(6+7) = 1.6x(9+#) . r Is negative . it is impossible
If7=20A,then 3x(6+7) = 20x(9+7) Lr=0Q .. it is impossible
If I =24Athen 3x(6+r) = 24x(9+7) L r=6Q .. possible
As the total resistance increases, the current must decrease and less than 3 A .. it is impossible
If R, becomes a short circuit (that is, Ry =0 ),
current would not flow through R, and Rs.
Voltmeter reading would become zero. Ry
If Rz becomes a short circuit (that is, Rz =0 ),
the volimeter reading would become zero. ,_R;‘ @
If Ry becomes 2 short circuit (that is, R =0 ), g &
the total resistance of the circuit decreases. l_-_’_.f_"_T

1
Current given out by the cell increases. _4__4_{ F{i‘}.}_
Asterminal voltage: ¥ = e ~Ir ~IT=¥l 1 HEL RN ;

Reading of ammeter would decrease.

If R, becomes an open circuit (that is, R2 = « ), the total resistance of the circuit increases.

Current given out by the cell decreases,

As terminal voltage : V = g-Ir ~Id=>¥7T

As voltage across Ry increases since it is equal to the terminal voltage, current through R; increases.
Reading of ammeter thus increases and reading of voltmeter also increases,

The light bulb will light up only when S| is closed (seat is occupied) and S is open (seat belt not yet fastened).

Option C is correct. If both switches are closed (seat is occupied and seat belt fastened),

the light bulb is shorted by Sz, current would pass through the resistor, S; and S and the light bulb is shut off,

Option D is not a good design since the cell would be shorted and damaged when both switches are closed.

B

When the variable resistor is adjusted to 0 Q, the equivalent resistance is 10 £ and 10 k) in parallel.

Since 10 £ is much smaller than 10 k, the equivalent resistance is about 10 Q.

When the variable resistor is adjusted to 10 MQ, the equivalent resistance is 10 MQ and 10 kQ in parallel.

Since 10 kQ is much smaller than 10 MQ, the equivalent resistance is about 10 kQ,
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164,

165.

166.

v ) Since X'is brighter than ¥, the power of X is greater than that of ¥,
As P= V1, the two bulbs in parallel have same voltage, thus the current flowing through X is greater.
Current is the amount of charge flowing in 1 s, thus, number of charges through X in 1 s is greater.
v 2 Power is the enlergy givenoutin 1 s,
As the power of X is greater, the electrical energy dissipated by X is greater.
v @) Voltage (p.d.) is the conversion of electrical energy to other energy per unit charge.
As they are in parallel, they must have same voltage,
thus the electrical energy dissipated by X is equal to that of .
B

Assume each light bulb has a resistance of 2 Q and the voltage of the supply is 6 V.

The equivalent resistance of P and Q is 1 Q. They are in series with R and share the voltage of 6 V in proportional.
Thus, voltage across P and O are both 2 V and voltage across R is 4 V.

As T'and § are in series and connected across the supply voltage of 6 V, each of them shares 3 V.

The highest voltage across the light bulb is R, thus, R will burn out first.

B
In the circuit, all the resistors all identical. ] 9V
Assume the resistance of each redistor is 2 Q. | I" % l
The voltage across Ry is 9 V and Is irrelevant. Ry
=—T—
Resistors B3 and Ry are in parallel, R
3

their equivalent resistance = 2.0 1Y

2 R R4

! — } { |
Resistor Rz and this equivalent resistance are in series. X
Voltage across XY = 9 x 1 3V
2+1
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The following list of formulae may be found useful :
: e pl
Resistance and resistivity R = =7
Resistors in series R=R+R,
Resistors in parallel L L_,.L
R R R,
Power in a circuit P=1V=IR
Energy transfer during heating or cooling E=mcATl
Energy fransfer during change of state E =]Am
Part A : HKCE examination questions
1. <HKCE 1980 Paper I - 8 >
I 4 - :
| 1 : ! % '
— ’
lamp 2%, 0.5
® é L L vy

A student performed an experiment to investigate Ohm’s Law using the circuit as shown above. The results are shown in the

graph above.
(a) What is the range of voltages for which Ohm’s Law is obeyed ? (1 mark)
(b) Suggest a reason why Ohm’s Law is not obeyed outside this range. (2 marks)
(c) Find the resistance of the lamp when the voltage is

@@ 0.5V;and

i) 1.5V. (2 marks)
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< HKCE 1984 Paper 1-7>

L o =

©

The figure above shows a circuit diagram to measure an unknown resistance R.

(2) The figure below shows the components used in the circuit. You are then given 8 pieces of conducting wires. Draw in
the figure below the wires connecting the terminals of the components to complete the circuit above. (7 marks)
+

voltmeter

(b) State where you should set the slider of the rheostat at the beginning of the experiment. State the reason for your choice.
(3 marks)

(c) If the resistor were connected in reverse direction, how would the readings of the ammeter and voltmeter be affected ?
(2 marks)

(d) Using the same components provided, draw a circuit diagram you would use to measure a resistance comparable to that
of the voltmeter, (3 marks)
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3.

<HKCE 1987 Paper I-7>

The figure above shows an experiment set-up to measure the resistance of a light bulb.

(a) Draw a circuit diagram for the experiment. Indicate on your drawn diagram the positive terminals of the ammeter and
voltmeter with “4” signs. (5 marks)

(b) If the slider in the rheostat moves from 4 to B, how does the reading of the ammeter change ? (2 marks)

A A AS Y ACAB VA RSV SAL S e mm -
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(©

(0~ 500 mA) (0-5V)

The figure above shows the voltmeter and the ammeter used in the experiment. What is
(i) the ammeter reading, and

(i) the voltmeter reading

as indicated in the diagram ? Hence calculate the resistance of the light bulb at this moment. (4 marks)
(d) (i) When the cutrent increases, how does
(1) the temperature, and
(2) the resistance
of the light bulb change ? (2 marks)
(i) Make a rough sketch of the voltage across the light bulb against the current. (2 marks)
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4.

< HKCE 1989 Paper I - 8 >

The figure shows the apparatus of an experiment to study how the resistance of a metallic coil changes with temperature.

The temperature is controlled by changing the output voltage of the DC supply.

DC supply
~ +
o o ammefer
voltmeter
0000
coil
(2) Draw the wires connecting the terminals of the apparatus to complete the circuit for the experiment. (4 marks)
(b) Describe how to measure the temperature of the coil, (3 marks)

(c) When the voltmeter reads 12 V, the ammeter reads 2 A. Calculate the resistance of the coil at this reading. (3 marks)

(d) How would the resistance of the metallic coil change with temperature ? (2 marks)

(e) For a particular output voltage, if the resistance coil were shortened, how would the ammeter and the voltmeter reading
change ?

(The internal resistance of the DC supply and the ammeter ate negligible.) (3 marks)
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5. <HKCE 1991 Paper - 6>

Figure 1

An electronic device D is connected to a resistor R and a 6 V power supply as shown in Figure 1 above. The resistance of R
is 470 Q. A voltmeter of high resistance is connected across R. Figure 2 shows the variation of the resistance of the device D

with temperature.
Resistance / Q

150

100

Figure 2

50

0 40 80
| (a) The reading of the voltmeter is 4.7 V. At this instant, find

(i) the current flowing through R,

120

Temperature / °C

(5 marks)

(if) the resistance of the device D,

(ifi) the temperature of the device D.

(b) How would the volimeter reading change if the temperature of the device D increases ? Explain briefly. (3 marks)

DSE Physics - Section D : Question PD-EM2-Q/07
EM2 : Electric Circuits

6.

< HKCE 2001 Paper I - 10>
Extension of spring / cm

20

Figure 1

Figure 2 10

Stretching force / N

0 200 400

A spring is hanging freely from the ceiling and John stretches the spring with his hand as shown in Figure 1. It is known that
the extension of the spring is directly proportional to the stretching force (see Figure 2).

(a) Using Figure 2, find the stretching force if the extension of the spring is 5 cm. (1 mark)

®

Voltmeter
i

Insulator

Figure3

John wants to use a voltmeter to measure the force he applies to stretch the above spring. He sets up a device as shown
in Figure 3. XY is a uniform resistance wire of length 20 cm and P is a metallic sliding contact. XY is fixed vertically
and P can slide smoothly along XY as the spring is stretched. The voltage of the battery is 4.5 V and the resistance of XY
is 20 Q. The resistance of the variable resistor is set to 40 Q. P touches end X of the wire when the stretching force is
Z6ro.

(i) Draw a circuit diagram for the circuit in Figure 3. (4 marks)

(ii) Show that the voltmeter reads 1.5 V when P touches end ¥ of the wire. (2 marks)
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6. (b) (iif) If the voltmeter reading is 1.2 V, find
(1) the distance of P from end X
(2) the stretching force. (4 marks)

(iv) John finds that the device is not sensitive enough (i.e. the voltmeter reading shows no observable change when he
slightly alters his stretching force). In order to increase the sensitivity, he suggests reducing the resistance of the
variable resistor. Explain whether John’s suggestion is appropriate. (3 marks)

7. <HKCE 2005 Paper I -9 >

bulb to be connected to a
) data-logger

Figure 1

voltage sensor

Iris uses the apparatus shown in Figure 1 to study the lifetime of AA-size cells for lighting up a bulb. She connects a cell and
a switch to the bulb and uses a voltage sensor to measure the voliage across the bulb,

(a) Draw a circuit diagram to illustrate how the apparatus is connected. Use the symbol @ to denote the voltage sensor.
(3 marks)
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7.

(b) Iris conducts the experiment for a zinc-carbon cell, an alkaline cell and a lithium cell separately. Figure 2 shows the
variation of the voltage across the bulb with time for the cells. The bulb will light up as long as the voltage across it is
above 0.6 V.

Voltage / V
1.2
1.0 b\ KT
\—\‘ lithium ce \\
0.8 K
. alkaline cel
Figure 2 \ \

\

0.4
zinic-carbon cell
0.2 <
N \-\
0 1 2 3 4 5 6 7 8 9 10

Time / hour

(i) A salesman claims that the lifetime of a lithium cell for lighting up the bulb is five times that of an alkaline cell.
Determine whether the claim is correct or not. (2 marks)

(i) The prices of the three types of cells are shown in the Table below.

Type of cells Price per cell

zinc-carbon $1.5
alkaline $3.8
lithium $25.0

Which type of cells is the best buy, in terms of the cost per hour for lighting up the bulb 7 Show your calculations.
(3 marks)
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< HKCE 2006 Paper 1-11>

low voltage power supply
(with negligible internal resistance)

switch
variable
resistor
ammeter

sealed box

A teacher gives Jane a sealed box in which a light bulb is connected to a variable resistor. The teacher asks Jane to find out
how the bulb and the variable resistor are connected together inside the sealed box. Jane then sets up a circuit as shown in
the above Figure. She reduces the resistance R of the variable resistor and records the changes as shown in the below Table.

Data : Voltage of the power supply = 3V
Initial value of R = 15 Q2
Final value of R = 5Q

Initial ammeter reading = 2.6 A
Final ammeter reading = 3.0 A

Observation :  Brightness of the bulb remains unchanged

(@) (i) Jane correctly concludes that the variable resistor and the bulb are connected in parallel inside the box. Give a
reason to support Jane’s conclusion. (1 mark)

(ii) Draw a circuit diagram to illustrate how the apparatus shown in the above Figure are connected, including the
components inside the box. Use the symbol _—i o—— to denote the low voltage power supply. (2 marks)

(iii) Using the data in the above Table, find the resistance of the bulb. (3 marks)

(b) Jane’s classmate Mary conducts the same experiment by replacing the low voltage power supply with two 1.5 V dry
cells which are connected in series. If the internal resistance of the dry cells is not negligible, explain why the brightness
of the bulb decreases when R is reduced. (3 marks)

DSE Physics - Section D : Question
EM2 : Electric Circuits

PD-EM2-Q/11

8.

(c) The teacher asks Mary, “What happens if the variable resistor is set to zero ?7”
“The light bulb will burn out,” Mary answered.

Explain whether Mary’s answer is correct. (2 marks)

<HKCE 2007 Paper 1-7> T
|
[ !
\T L ¢

(n)
u[u

A teacher conducts an experiment to study the energy conversion of a filament light bulb. A simple circuit is connected as
shown in the above figure and the bulb is immersed into 0.09 kg of oil inside a foam cup as shown below. The bulb is lighted
up for 300 s, and the temperature of the oil is increased from 20°C to 42°C.

foam cover \ % thermometer
J

filament light bulb

P ™~
oil foam cover

In the experiment, the ammeter and volimeter readings are 1.4 A and 12 V respectively. The specific heat capacity of the oil
is 2100 J kg™t °CL,

(a) Calculate the energy absorbed by the oil. (2 marks)

(b) Describe the energy conversion when a current passes through the {ilament light bulb. (1 mark)

(c) (i) Estimate the amount of energy that is converted into light energy in the experiment, and state ONE assumption
made in your calculation. (4 marks)

(ii) Hence, determine the percentage of ¢lectrical energy consumed by the filament light bulb that is converted into
light energy. (2 marks)
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10.

11.

< HKCE 2009 Paper 1- 6>

Using the apparatus shown in the figure below, describe the procedures of an experiment to study how the resistance of a
nichrome wire depends on its thickness. (4 marks)

<HKCE 2011 Paper I-5>

Jane wants to find the resistance of a resistance wire by measuring the voltage across and current through the resistance
wire.

(a) As shown in Figure (a), Jane has connected the resistance wire in series with a battery, an ammeter, a switch and a
variable resistor, Add a voltmeter (V) in Figure (a) to complete the circuit. (1 mark)

)
@)

Figure ()

— |

(b) After the teacher has checked the circuit, Jane performs the experiment.

(i) The ammeter reading in a certain trial is shown in Figure (b). In this setting, the maximum current that can be
measured by the ammeter is 1 A, What is the reading shown ? (1 mark)

Figure (b)

Ammeter reading =

DSE Physics - Section D : Question
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11.  (b) (i) Measurements are repeated with different settings of the variable resistor. The Table shows the data obtained.

Trial Voltmeter Reading ¥/ V Ammeter Reading I/ A
1 1.4 022
2 2.8 042
3 4.1 0.64
4 5.6 0.82

Plot a graph of volimeter reading against ammeter reading in the Figure below. Use a scale of 1 cm representing
1Vand 0.1 A.

(iif) From the graph plotted in (b) (if), find the resistance of the resistance wire. (2 marks)

(c) Now the resistance of a filament light bulb is studied using the same experimental setup. The voltage-current graph
obtained is shown in Figure (c). Explain why the graph is not a straight line. (2 marks)

vV

Figure (c)

, S A WA Ah R e 8 el e o WA S e A I
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Part B : HKAL examination questions

12, <HKAL 1995 Paper I - 8>

g r

[y
Il
®

4¢_@7

The above circuit is employed to measure the e.n.f,, g, and the internal resistance, # , of a dry cell. Assume that the voltmeter
and the ammeter used are ideal.

Viv
A
1.6

12

0.8

0.4

: > I/ mA
0 100 200 300 400

The voltmeter readings, ¥, and the ammeter readings, /, obtained for different rheostat settings are used to plot the above

graph,

(a) Express Vinterms of & Jand r. (1 mark)
|

(b) Hence deduce from the graph the e.m.£. and the internal resistance of the cell. (2 marks)
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Part C : HKDSE examination questions

13. <HKDSE 2013 Paper 1B - 10 >

(a) Inthe circuit shown in the below Figure, a 12 V battery of negligible internal resistance is connected with a thermistor R
and a resistor of resistance 120 Q. The graph shows the variation of the thermistor’s resistance with temperature.

g

Thermistor’s resistance

250 -y
AX
R S w
b o
- B
12V
— 4 2
'
§
1200 o
B
50
0

(i) Find the resistance of the thermistor R at 25°C.

10 2 30 40

Temperature / °C

(1 mark)

(ii) What is the potential difference ¥p across 4 and B at 25°C ?

(2 marks)

®

12V —

Kelly wants to confirm the above calculation by measuring Vap using a voltmeter of about 1 k) resistance. She
finds that the reading registered is slightly different from the value found in (a) despite making careful measurements.
Explain why this is so. Suggest how the accuracy of the measurement could be improved.

(3 marks)
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13.

© O

12V —

To
120Q electronic
switch

B

The potential difference Var is used to drive an electronic switch connected across AB to turn on a fan if
temperature rises above a certain value such that Vas is 6.0 V or above. Using the information provided in the
graph, find the minimum temperature needed to keep the fan on. Show you working. (2 marks)

(i

e o0———0
To
clectronic
switch
[+ O

Without using additional components, complete the new circuit diagram below to illustrate how the circuit can be
modified to turn on a heating device when temperature falls below a certain value. Explain the action of the circuit,
No calculation is required. (3 marks)

DSE Physics - Section D : Question
EM2 : Electric Circuits

PD-EM2-Q/17

14, <HKDSE 2016 Paper IB - 7 >

() The cirouits in the above Figure each contains two resistors connected in series with a 6 V battery of negligible internal
resistance, The resistors in circuit I are 10 kQ each while those in circuit II are 100 O each.

circuit I circuit II
10kQ 10k 100 Q2 100 Q
Ry=10kQ =10 kQ

A voltmeter of internal resistance v = 10 kQ is used to measure the potential difference across one of the resistors as
shown.

(i) What would be the respective voltmeter readings ? (3 marks)

(i) In fact, the potential difference across each resistor before connecting the voltmeter is 3 V in both circuits. Explain
why this voltmeter gives a relative inaccurate value for circuit 1. Hence state the general principle of selecting a
suitable voltmeter for such measurement. (2 marks)

(b) Circuit III shows a possible method for measuring resistance using a voltmeter and an ammeter. The internal resistance
for the voltmeter and the ammeter are Ry and Ra respectively and their readings Vi and /m give the measured resistance

Ry = Yo . The true resistance value of the resistor is R.

m

circuit 11T RVfV\
W/

—E— (AR

|_JkAj

(i) State which reading(s), Vm, Jm or both, do(es) NOT give the true voltage across the resistor and/or the frue current
passing through the resistor. Hence write down an equation relating Ra, Rm and R, (2 marks)

(if) Find the percentage error associated with R, when measuring the resistance of this resistor.

Given: Ry=10kQ, Ra=1Qand R=10 Q. (2 marks)
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15.

< HKDSE 2017 Paper IB - 8 >

A student uses the following apparatus to measure the resistance of a tungsten filament light bulb,

a battery, a switch, a variable resistor, an ammeter, a voltmeter, a light bulb

(a) Figure 1 shows an incomplete circuit for the experiment. The ‘+” symbol represents the positive terminal of the

ammeter.

Use suitable circuit symbols to complete the circuit, and mark the positive terminal of the volimeter with ‘+°. (3 marks)

Figure 1

1 257

®

The table below and Figure 2 show the results obfained.

[ Voltage across the lightbulb ¥/V [ 0
0

[ Current 7/mA

Figure 2

300

250

200

150

100

Current I/ mA

50

0 0.5 1.0 15 20 25 3.0
Voltage across the light bulb 77/ V

3.5

(b) Briefly explain the variation of the resistance of the light bulb with the voltage across the light bulb. (2 marks)

DSE Physics - Section D : Question PD-EM2-Q/19
EM?2 : Electric Circuits

15. (c) The student claims that since the resistance of the light bulb is not a constant, the equation R = ¥/I cannot be used to
calculate the resistance of the light bulb. Briefly explain why his claim is wrong. (1 mark)

(d) Determine the resistance of the light bulb at ¥=0.1 Vand 2.5 V. (3 marks)

(¢) Itis given that the cross-sectional area of the tungsten filament in the light bulb is 1.66 x 10~ m?, and the resistivity of
tungsien at room temperature is about 5.6 x 1078 Q m. Estimate the length of the tungsten filament in the light bulb
using the appropriate resistance found in (d). (3 marks)

16. <HKDSE 2019 Ppaper-IB-7>

You ars provided with a battery (of fixed c.m.f. &and internal resistance r), a variable resistor {with several
kmown resistance values R ta be selocted), a switch, a voltmeter (assumed ideal) and a few connecting wires.

{a)

)

—illl— -—D‘//O—-

- O~

With the aid of a circuit diagram, describe the procedure of an expenment to study how the terminal
voltage ¥ delivered by the battery dependds on the resistance R connected 1o if. State ONE preceution of
the experiment. - (5 marks)

Deseribe the variation of ¥ with R and express ¥ in texms of & r and R (2 merks)



17. < HKDSE 2020 Paper 1B -8>

Figure 8.1 shows a simplified circuit of the lighting system of a car. Each of the taillights (T, Ty), higlm-heam

headlights (Hy, /) and low-beam headlights (L, L,) has resistance 30 2,2 Qand 3 respectively. The
internal resistance of the 12 V battery and the resistance of the fuse are negligible.

H,
1y 2Q
PR 300
Ure . . Sz
? o ;
, S ,
2 . 25
360 fuse
12V =

E

When switeh §) is closed and switch Sy is set at the position shown in Figure 8.1, only T and 75 as well as
Hy and H, are lit. The current drawn from the battery is at a maximum in this setting.

(a) Explain why L, and L, are net lit. {1 mark)

(by (1) What is the potential difference across the taillight 7, 7 {1 mark)

(i) Indicate on Figure 8.1 the direction of current in each of the branches 48, GB and BC. Which branch
carries the largest current 7 (3 marks)

(¢} Caleulate the power delivered by the battery and show that the equivalent resistance of the cireuit is
slightly less than I € in this selting, {4 marks)

(d) Based on your answer in {¢), explain whether a fuse rating of 15 A is suitable for this circuil or not,
(2 marks)

p——
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HKEAA's Marking Scheme is prepared for the markers' reference. It should not be regarded as a set of model answers.
Students and teachers who are not involved in the marking process are advised to interpret the Marking Scheme with care.

Question Solution

L

@
®)

©

@

(6)

From 0 Vto 1V, Ohm’s Law is obeyed.

The temperature of the lamp increases,

thus the resistance of the lamp increases.

@ R= K = _& =133 Q <accept 1L.3Q to 1.4Q>
I 0375

- 14 1.5

() R=1=-"x=155Q <accept 1.53Q to 1.56 Q>
I 097

slider

< Cells, switch, rheostat, resistor and ammeter in series >

< voltmeter is connected in parallel to resistor >

Towards P
so that the resistance is maximum

and current is smallest,

Reading of voltmeter : no change

Reading of ammeter : no change

(1]
(1

(1

[2]

(11
(1]
{11

|
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D |
[ vz

©

< The cells, the switch, the theostat, the resistor and the ammeter are in series >
< The voltmeter is connected in parallel >

< The voltmeter is connected across the resistor and the ammeter >

@
II [ |
l ]
T
7\
U/
o+
O
(b) The reading increases
(c) (i) 440mA
(i) 2.6V
R= yo.26 _ 591 Q)
I 044
(d) () (1) Temperature increases
(2) Resistance increases
(ii) v
< initial portion is a straight line >
< final portion curves upwards ?
0 > 7

[31

i1
(1
t]

[51

f2]

m

[2]

1
1

]
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@

®)

(@

®

®

DC supply

< ammeter in series with the coil and supply >
< voltmeter in parallel with the coil >
< polarity of the ammeter correct >

< polarity of the voltmeter correct >

Immerse the coil into the water in a water bath.

Then measure the temperature of the water

by a thermometer.
r=7
I
_ 12
2
=6Q

Resistance increases when temperature increases.

Ammeter reading increases.

Voltmeter reading remains unchanged.

v
R 470
01 A

(i) Current: I =

(ii) Voltage across the device D = 6 -4.7 = 1.3V

Resistance of the device D = 208 =130

0.01

(iii) Temperature of the device D = 20°C < from the graph >

‘When temperature increases, resistance of the device D decreases.

Voltage across the device D thus decreases.

Therefore, voltmeter reading increases.

voltmeter

{11
11
11

[11

(1]

{11

[

(]

[21

[2]

(1]

|

[

11

(1]
(1]
1

6.

() F=100N

®) ®

< For correct symbols >

< Battery, variable resistor and XY in series >
< Polarity of battery : (+) to ¥ >

< Voltmeter in parallel with PX >

(i) Current = g = 0.075 A

R 40420

‘When P touches ¥,

voltmeter reading = IR = (0.075) (20) = 1.5V

(iii) (1) Distance of P from X = 1_2. x 20

1.5

= 16cm
(2) Since extension of spring = 16 cm , From Figure 2

stretching force = 320 N

(iv) His suggestion is appropriate.

If the resistance of the variable resistor is reduced, the voltage across XY is increased.

Thus a change in the position of P will result in a greater change in the voltmeter reading.

So the sensitivity of the device is increased.

(@) |
|

©® @

< Cell, switch and bulb in series >
< Bulb and sensor in parallel >

< Correct circuit symbols >

1
{1
(1]

1

(1]

(]

{1

1
Y]

m
1
1

{1]
(11
(1




DSE Physics - Section D : Question Solution
EM?2 : Electric Circuits

PD-EM2-QS/05

7.

8.

® O

@i

(& O

(i)

(iif)

lifetime of lithium cells = 8.2 hours <accept 8 to 9 hours >

lifetime of alkaline cells = 4.4 hours
82 186 w5
4.4

<accept 4 to 5 hours >

Since
so the claim is not correct.

Lifetime of the cells :

zinc-carbon = 1.4 hours <accept 1.3 to 1.5 hours >

alkaline = 4.4 hours <accept 4.4 to 4.5 hours >

lithium = 8.2 hours <accept 8.2 to 8.3 hours >

Cost per hour for zinc-carbon cells = 1—5 = $1.07

4

Cost per hour for alkaline cells = % = §$0.864

<accept 1.00 to 1.15>

—

<accept 0.84 to 0.86>

25 _

Cost per hour for lithjum cells = T $3.05 <accept 3.01 to 3.05>

So alkaline cells are the best buy.

Since the brightness of the bulb is unchanged,

thus the voltage across the bulb is unchanged when the resistance of the rheostat is reduced.

+
{

\ ®

O N

<rheostat and light bulb in parallel >

< all the symbols and connections correct >

Initja] resistance of R = 15 Q <OR> Final resistance of rheostat = 5 Q

3

Current through R = g 5 02A Current throughR = = = 0.6 A
15 5

Current through the bulb = 2.6 ~0.2 = 24 A

3

Resistance of the light bulb = 7d
2

=125Q

Current through the bulb = 3-0.6 = 24 A

[1]

(1]

(1

1

{1

{1
(1

18]

(1]
(1
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8. (b) When the resistance R decreases, the current through the dry cells increases. 1]
The voltage across the internal resistance of the dry cells increases. [1]
Thus, the voltage across the light bulb decreases. [11
Therefore, the brightness of the bulb decreases.
(c) Mary is not correct [1]
Reason : (ONE of the following) [1]
% since the light bulb is shorted
*  since there is no current flowing through the light bulb
% gince the voltage across the light bulb is zero
9. (@) E=mecAT [1]
= (0.09) (2100) (42 - 20)
= 4158] =~ 41607 ]
(b) Electrical energy changes to heat and light energy. [1]
<OR>
Electrical energy changes to internal energy. 11
<O0OR>
Electrical energy changes to heat. [1]
€ @) P=VI=(12)(14) = 16.8W (13
Electrical energy : £ = Pt = (16.8) (300) = 5040 J [11
Light energy = 5040 — 4160 = 8807 < accept 5040 — 4158 = 8827 > [1]
Any ONE of the following : [1]
*  No energy lost to the surroundings.
*  The voltmeter is ideal.
% The resistance of the connecting wires is negligible.
(ii) Percentage = 1880 v 100% <accept 882 100% > [1]
5040 5040
=175% [1]
10.  Connect the two crocodile clips across a certain length of the thin nichrome wire. 1
Record the ammeter reading. {11
Repeat the experiment using the thicker nichrome wire of the same length. [1]

The ammeter reading should be larger, showing that the resistance of the thicker wire is smaller.

(1]
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1. (a)
(A)
&)
1l
@
< The voltmeter is connected in parallel across the resistor only. > [1]
(b) (i) Reading = 0.32 A [1]
()
ViV
A
:
6
4k 4
: B
0 02 04 0.6 08 REL
< Correct labels with units and correct scale > [
< Data points plotted correctly > [1]
< Best-fitted straight line drawn > [1]
(iif) R = slope of the straight line [1}
- 60_ 6.67 Q < Acceptable range of R : 6.36 — 6.83 Q> [1]
0.9
(c) As the temperature of the filament increases with the current, [
its resistance increases with the temperature. [1]

DSE Physics - Section D : Question Solution PD-EM2-QS/08
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12, (@) e=V+1Ir
=-Ir+te [1]
(b) & = y-intercept = 1.6 V 11
r = —slope = 4Q [1]
13.° (@ () R=380Q [1]
() Vin =12 x 120 1]
120+80
=72V t
(b) As Rvand 120 Q are in paralle], their equivalent resistance is smaller than 120 Q. [1]
Therefore, the voltage shared across 4B is smaller than that expected. 1]
The accuracy can be improved by using a voltmeter with resistance much higher than 120 Q. 1]
© (@) Vas=6V
W R=12-6=6V
LR=1200Q (1]
Minimum temperature is 16°C  <accept 15 to 16 °C > [11
)
12V ———
To
clectronic
A switch
< gircuit diagram : 120 Q and R are interchanged > m
‘When temperature falls below a certain value, resistance of R increases. 11
Voltage across R increases to 6 V or above, the heating device is then turned on. [1]
14, (a) (i) Circuitl: R = 10kQ
Equivalent resistance = % = 5kQ
V=6 x_2 ]
5+10
=2V [1]
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14,

15.

(@ (i) Circuitll: R = 100Q
Equivalent resistance = (_1__+__1_*)-‘ = 99.01Q
100 10000

99.01
99.01+100

2985V  <accept2.99 V> <accept3 V>

V =6 x

1]

(if) In circuit I, the resistance of the part of circuit decreases significantly after the voltmeter is connected.
OR

In circuit [, the resistance of the voltmeter is comparable to the resistance of the resistor in parallel,

Resistance of voltmeter should be much higher than the resistance of the resistor connected in parallel.

() (i) Vmdoesnot give the true voltage for the resistor.

Rm = R+Ra

(ii) For circuit III
Ry=10+1=11Q

Percentage error = 1L x100%
10

10 %

il

@

s

)
N\

< correct symbols of light bulb, voltmeter and variable resistor (theostat) >
< correct positions of the components >

< correct positive terminal of the voltmeter >

(b) As the voltage across the light bulb increases, temperature of the light bulb increases,

thus its resistance increases.

() R= 14 is the definition of resistance.
7

It can be applied to all conductors even if the resistance is not constant.

1
[

(11
i1

{11
(11
[11

(11
01
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5. @ At0lv:r=_9%1 =130 W
7610~
A25V:R= _ %% - 10 2]
250x107
(e) Atroom temperature, resistance is 1.32 Q. [11
¢
By r=ot
Y R pA
L 3D) = (6% 108Xt 1
(1.66x107%)
¢ = 0.0391 m < accept 0.039 m > 1]
16.
Solution Marks Remarks
(a) |
1]

Adjust the resistance & fo lower/other value(s) and repeat the (1A

sxperimant

Precaution:

~ Pirst set the varishie resistor fo it maximum / a Jrge 1A
value Any

= Open the switeh after cach mensirement ONE

« Ay reasonshle answer

) Te{mlnai vollage ¥ deliversd increases with incrensing (Joading) [1A
resisiance R (o graphival ropresentation}
| 54

o frand
R+r  op b Rar 1A

is Cormect circuit with correct symbol
+ f\',\" 1A Correct polarity

[ Altemative circuit

_/
e A N —
Close the switch and record comesponding ¥ and R readingy 1A 1 . O- [
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The following list of formulae may be found useful :

Resistance and resistivity R= el
A
Resistors in series R =R+R
Resistors in parallel 1_1 +L
R R R,
Power in a circuit P=1V=1I'R
Part A : HKCE examination questions
1. <HKCE 1980 Paper II - 33 >
| bcC I—Zﬂ
source .
Z 210

In the circuit shown, Yisa 5 A fuse, Z and X are 3 A fuses. When the switch X is open the current passing through the 21 Q

resistor is 2.4 A. When X is closed, which of the fuses will be blown ?

A. Xonly
B. Yonly
C. Zonly
D. Xand Zonly

Zh < HKCE 1982 Paper 11 - 26 >

The table below shows the voltage and power rating for various electrical appliances. Which of the electric appliances has

the smallest working resistance ?

Appliance Voltage Power /W
A.  Air-conditioner 200 2000
B.  Television 200 250
C.  Heater 100 2000
D. Hair-dryer 100 20

3. <HKCE 1982 Paper I - 28 >

A set of Christmas tree lights consists of 20 bulbs in series. Each bulb has a rating of “10 V 5 W”. One of the bulbs burns
out and Jimmy goes to buy a replacement. When he gets back, he finds that although the new bulb is marked 5 W, it looks
dimmer than the others when the lights are turned on. The most probable reason for this is that the new bulb

A. has a smaller current flowing through it.
B. has a filament with a higher resistance.
C. has been shorted accidentally.

D. is designed to work at a lower voltage.
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4,

7.

8.

<HKCE 1982 Paper II - 29 >

Fifteen bulbs, each labelled ‘200 V 60 W’, are connected in parallel to a 200 V supply. Which of the following fuses should
be used in the circuit ?

gaw»>
w
>

<HKCE 1983 Paper II - 35 >

Eight 100 W Iamps and one 1000 W heater are all connected in parallel to a mains supply of 200 V. Which of the following
should be used ?

A. 5Afuse

B. 10 A fuse
C. 30 A fuse
D. 50 A fuse

<HKCE 1984 Paper II - 30 >

Which of the following has the greatest current when it is operated at 200 V ?
a lamp with a resistance of 400 Q

a rice-cooker with rating of 400 W at 200 V'

an electric iron with rating of 400 W at 220 V

a hair-dryer with rating of 600 W at 200 V

soE>

<HKCE 1984 Paper I - 27 >

Two heaters of rating ‘1 kW, 200 V’ and ‘2 kW, 200 V" respectively are connected in series to a 200 V supply. What is the
total power consumed by the heaters ?

A 3kW

B. 1L5kwW
C. 1kw

D. 0.67kW

<HKCE 1984 Paper I1 - 35 >

In the figure shown, S is a switch to turn on and off the electric fan, X, ¥ and X

Z are wires to be connected to the three terminals of a plug. How should X, S

Y and Z be connected to the three pins (E, L and N) of a given plug ? o=’
Earth Live Neutral z

A X Y 4

B. Y X z

G: A Y X

D. X z Y

<HKCE 1985 Paper II - 37 >

Electric bulbs R are of rating “40 W, 200 V” and electric bulbs S are of rating “60 W, 200 V”. Which of the following
combinations would produce the maximum brightness if connected to the same voltage ?

A B.
R s s
- O
R
c D.
s R
—0
s s

10.

1L

12.

< HKCE 1986 Paper II - 36 >

P and Q are bulbs of rating “40 W, 200 V” while R and § are of rating “60 W, 200 V’. Which of the following circuits gives
the maximum brightness ?
(Assume all circuits are connected to the same voltage.)

HOOO
OO

P

% O C

<HKCE 1986 Paper 11 - 32 >
An electric heater of rating “2000 W, 200 V* and an electric cooker of rating “500 W, 200 V” are connected in parallel to

2200 V a.c. source. The total power of the two appliances is

500 W,

1500 W.
2000 W.
2500 W.

unwy

<HKCE 1987 Paper II - 29 >

The circuit shows a lamp of rating ‘6 V, 9 W’ connected in series
with a resistor R and a 9 V battery. What should be the resistance
of R if the lamp is to work as rated ? 9V

6V OW

—i|1

vawpy
N
0
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<HKCE 1987 Paper I - 27 > 17. <HKCE 1991 Paper II - 28 >
X 7 For safety, the correct way of connecting the fuse and switch to electrical appliances should be
% A. fuse in live wire, switch in neutral wire.

B. fuse in earth wire, switch in live wire.
C. both in neutral wire.
D. both in live wire.

18. <HKCE 1991 Paper I - 36 >

In the three-pin plug as shown, X, Y and Z are respectively connected to the Two light bulbs 4 and B of ratings ‘10 W, 6 V’ and ‘5 W, 6 V* respectively are conmected in series to a 6 V battery. Which
X Y VA of the following is/are correct ?
. (1) The resistance of 4 is smaller than that of B.

A, earth n.eutral live (2) The current through 4 is the same as that through B.

B. earth live neutral (3) A isbrighter than B.

C. neutral earth live 1) onl

: A (1) only

D. neutral live carth B. (3)only
C. (1) & (2)only
D. (2) &(3)only

<HKCE 1988 Paper II - 33 >
A 3-pin plug is connected to a boiler of rating “2000 W, 200 V. Which of the following statements is/are true ? 19. <HKCE 1993 Paper I1-33 >
(1) A5 A fuse should be used in the circuit.

Which of the following is NOT a correct unit for the corresponding physical quantity ?
(2) The fuse should be placed on the brown wire of the cable.

(3) The yellow and green wire of the cable should be connected to the earth pin. Physical quantity Unit
A, (1) only A.  charge coulomb
B. (3)only B. cur:rent ampere
C. (1)&{2)only C.  resistance ghm
D. (2)&(3)only D.  voltage joule

20. <HKCE 1994 Paper II - 30 >

<HKCE 1989 Paper I - 39 >

The diagram shows the label attached to a rice cooker. Which of the .
following statements is/are true when the cooker is working at its rated Operating voltage 220 V/50 Hz
D ! values 7 Power 500w
(1) The resistance of the cooker is 96.8 Q.
2 3 (2) The cooker draws a current of 4.4 A from the mains supply.
(3) The cooker consumes 1 kWh of electrical energy in 2 hours.
A. (1) only
A standard three-pin socket on the wall is shown in the figure. Which of the following is correct ? B. (2)enly
) . . C. (1) &(3)only
Pin (1) Pin (2) Pin (3) D. (2) & (3)only
A.  neutral live earth
B.  neutral earth live 21.  <HKCE 1994 Paper I1- 29 >
C. earth live neutral A L . . .
D. earth neutral live Which of the following diagrams correctly shows the connection of the wires of an iron to the pins of a plug ?

(L Live, N: Neutral, E : Earth)

<HKCE 1989 Paper IT - 37 >
e o
Operating voltage 220V /50 Hz
Power 1500 W
i 30 A

Fuse Rating

=

by o=
N w oz

The diagram shows the label attached to an electric appliance. How much electrical energy is supplied to the appliance

in 2 hours ?

A 20kWh Lo No—o"
B. 2.5kWh E L

C. 3.0kWh

D. 6.0kWh N E
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22.

23.

24,

25.

<HKCE 1995 Paper II - 28 >

‘Which of the following values is equivalent to one kilowatt hour ?

A. 1000 W
B. 1000J

C. 3.6x10°W
D. 3.6x10¢J

< HKCE 1995 Paper I - 35 >

Fuse X (Brown)
Y (Blue)

Z (Green / yellow)

The diagram above shows a three-pin plug and the wires connected to it. To which of the pins should each of the wires X, ¥
and Z be connected ?

P 0 R
A Z Y X
B. ¥ X z
G u % z x
D. 2z X Y

< HKCE 1995 Paper 11 - 30 >

A
&

A Christmas tree is illuminated with four strings of light bulbs. Each string has ten identical light bulbs connected in series
as shown in the figure. If one light bulb suddenly burns out, which of the following will happen ?

Only that light bulb will go out.

One light bulb in each string will go out.

One string of light bulbs will go out.

All of the light bulbs will go out.

ogaw»

<HKCE 1996 Paper II - 34 >

Live wire

200V

30! Fuse

S
P —
—

Neutral wire

Heating clement =

The switch S and the fuse of an iron are incorrectly fitted in the neutral wire as shown above. Which of the following
statements is correct ?

The iron will not operate even when S is on.

The iron will still operate even when S is off.

The iron will still operate, but if there is a high current the fuse will not blow.

The iron will still operate, but the heating element will remain at a high voltage even when S is off.

Unw»

26.

27.

28.

29.

<HKCE 1997 Paper II - 28 >

The kilowatt-hour is a unit of

A. charge.
B. current.
C. energy.
D. power,

<HKCE 1997 Paper II - 30 >
‘Which of ti1e following statements about the earth wire in an electric iron is/are correct ?
(1) The earth wire should be connected to the metal body of the iron.
(2) If the iron is working properly, no current pass through the earth wire.
(3) In case the neutral wire is broken, the earth wire provides a spare wire for the return path to the mains socket.

A. (1) only
B. (3)only
C. ()& only
D. (2)&(3)only

< HKCE 1998 Paper II - 33 >

Power supply
Connecting wires of
s i
Electrical appliance total resistance R
1
| I

An clectric appliance is connected to a power supply of voltage ¥ by long connecting wires of total resistance R as shown in
the circuit. It is found that the current passing through the appliance is only %ID , where I, is the current required for the

appliance to work at its rated value. Which of the following changes could
increase the current through the appliance to I, 7

Voltage of power supply Total resistance of connecting wires

increases to 2V
increases to 2V
remains unchanged
remains unchanged

remains unchanged
reduces to R/2
increases to 2R
reduces to R/2

vowy

< HKCE 2000 Paper I - 35 >

Fuse

——
=

X
L — ALY
—

N
Heating element

To mains supply

Metal case

The above diagram shows the main parts of an electric iron, In which of the following situations will the fuse blow when the
switch is closed ?

(1) The insulation at contact point X is worn out so that the wire touches the metal case.

(2) The insulation at contact point ¥ is worn out so that the wire touches the metal case.

(3) The heating element is broken.

A (D only
B. (3)only
C. (1) &(2) only
D. (2) & (3) only
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30.

31.

32.

33.

<HKCE 2001 Paper IT - 31 >

Which of the following diagrams shows the correct connection of the fuse and switch of an electric kettle to the mains
supply ? (L : live, N : neutral, E : earth)
A.

B.
Lo—ﬂ - Lo
N = No—=c"
E Eo
C D.
Lo L o—0
N o N
Ee Eo

<HKCE 2001 Paper 11 - 32 >

Two electric heaters X and Y are of ratings ‘110 V, 40 W’ and ‘110 V, 80 W~ respectively. Which of the below deductions
about the two heaters is/are correct ?

(1) The operating resistance of X is twice that of Y.

(2) X will consume a power of 80 W when it is connected to a 220 V mains supply.

(3) Both heaters work at their rated values when they are connected in series to a 220 V mains supply.

(1) only '

(3) only

(1) & (2) only

(2) & (3) only

oawx

<HKCE 2002 Paper II - 34 >
Three identical lamps Li, L, and Ly of ratings ‘6 V, 12 W’ are connected 6V
|

1
to a 6 V batiery as shown in the figure. Which of the following statements It
L
Ly
l <§>L2

is correct ?
A. The voltage across L is 3 V.

B. The current passing through L1 is 2 A.
C. The total power drawn from the battery is 12 W.
D. The total power dissipated in L; and L is smaller than that in L.

<HKCE 2002 Paper II - 36 >

Live wire

Neutral wire

If the live and neutral wires of an electric kettle are mistakenly interchanged inside the plug as shown above, which of the
following will happen ?

A. The kettle will not operate.

B. The fuse of the kettle will blow.

C. The metal case of the kettle will still stand at a high voltage even when the switch of the kettle is off.

D. The heating element of the kettle will still stand at a high voltage even when the switch of the kettle is off.

34,

35,

36.

< HKCE 2003 Paper I - 34 >
12V

k-
(P,
&

I\
RS

(AR
-

Three light bulbs P, Q and R of ratings 24 V, 80 W*, “12'V, 80 W’ and ‘12 V, 40 W’ respectively are connected in parallel
to a 12 V battery. Which of the bulbs will be the brightest, and which will be the dimmest ?

The brightest The dimmest
A, P Q
B. IR R
C. [¢] P
D. Q R

<HKCE 2003 Paper II - 35 >

The photograph shows a three-pin plug of an appliance. Which of the following is a
function of pin P ?

It prevents the appliance from being short-circuit.

It protects the user from getting an electric shock.

It provides a return path for the current.

It can break the circuit when the current flowing through the appliance is too large.

vowp

<HKCE 2003 Paper II - 36 >

ENERGY LABEL

FEIR &) BRB
Brand fi#F XXX
Model UGk XXX
Annual Energy Consumption kWh/year 250

GERER SETHN

Actual consumption will depend on where the appliance is
located and how it is used. Assume 260 washes per year.
AHTERF TR TR RERA N R -
RBEHEFRR 260 & -

Energy Efficiency Grade X
it el Gl

Washing Machine Category JETCHESHI XXX
EEL Registration Number $EJFHBES CHREE XXX

The figure shows the energy label of a washing machine. If the average working time per wash is 1.8 hours, estimate the
average electric power consumed by the machine.

A, 450W
B. 534W
C. 962W

D. 1731 W
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37.

38.

39,

40.

41.

<HKCE 2004 Paper I1 - 33 >

One day, Donald used the following electrical appliances at home :

Appli Rating Duration Cost of electrici
electric heater 220V, 2500 W 30 minutes C
television 220V,270 W 5 hours Cy
lamp 220V, 150 W 8 hours Cs
Which of the following relationships is correct ?
A. Cl' >(C>Cy
B. G>C>C
C. G>G>(C
D. G>CG>C

<HKCE 2005 Paper I - 20 >

The following table shows three electrical appliances which Clara used in a certain month :

Appliance Rating Duration
air-conditioner 220V, 1200 W 250 hours
television 220V,250 W 80 hours
computer 220V,150 W 60 hours

Calculate the cost of electricity used. Note : 1 kW h of electricity costs $ 0.86.

A $6225
B. $73.79
C. $28294
D. $536.64

< HKCE 2005 Paper Il - 21 >

Ifa 15 A fuse is installed in the plug of an electric kettle of rating value ‘220 V, 900 W’, which of the following descriptions
is correct ?

The kettle will not operate.

The kettle will be short-circuited.

The output power of the kettle will be increased.

The chance of the kettle being damaged by an excessive current will be increased.

vaws

<HKCE 2006 Paper II - 24 >

An electrical appliance is protected by a fuse in a domestic circuit. When the appliance is switched on, the fuse blows
immediately. Which of the following statements is/are possible reason(s) for this phenomenon ?

(1) The resistance of the appliance is too large.

(2) The appliance is short-circuited.

(3) The rated value of the fuse is too small.

A. (1) only
B. (3)only
C. (1) & (2) only
D. (2) & (3) only

<HKCE 2006 Paper II - 40 >

Two light bulbs are marked ‘220 V, 50 W* and ‘220 V, 100 W’ respectively. If they are connected in series to a 220 V
mains supply, what is the current drawn from the mains supply 7

A 015A
B. 023A
C. 046A
D. 0.68A
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42.

43.

44,

45,

46.

< HKCE 2006 Paper II - 21 >
kWh -
220V 50Hz
circular disc
(I -
600 revolutions / kWh
The figure shows the label of a kilowatt-hour meter connected to a mains supply. When an appliance is switched on for
2 minutes, the circular disc rotates through 24 complete revolutions. What is the electric power consumed by the appliance ?
A, 900W
B. 1200W
C. 1800W
D. 2400 W
< HKCE 2006 Paper II - 41 >
In the circuit shown, the resistors represent the heating elements in a )
rice cooker. The resistances of the elements are SR and R respectively.
The rice-cooker can be operated in two modes, namely, cooking and —
keeping warm. The power consumed by the cooker in the cooking 5R R
mode is 600 W when S is closed. What is the power consumed by the
rice-cooker in the mode of keeping warm when S is open ?
A, 100W
B. 120w
C. 150w
D. 180W
< HKCE 2006 Paper II - 39 >
An electric appliance draws a current 2 A when it is operating at 220 V. Which of the following is the best description of the
current and the voltage of each wire of the electric appliance when it is connected to a 220 V mains supply ?
Live wire Neutral wire Earth wire
Current  Voltage Current Voltage Current  Voltage

A. 2A 220V 1A 220V 1A 0
B. 2A 220V 2A 220V 0 0
C. 2A 220V 2A 0 0 0
D. 2A 220V 0 0 0 0
< HKCE 2007 Paper I - 18 >
A household circuit breaker is marked ‘220 V, 15 A’. Now an electric iron rated ‘220 V, 1100 W’ and a cooker rated
220V, 550 W’ are connected in parallel to the mains socket. How many light bulbs rated ‘220 V, 100W" at most can still be =
connected in parallel to the mains without triggering the circuit breaker ? -
A 12
B. 16
(7
D. 20 =
<HXCE 2008 Paper II - 22 >

A lighting system consists of 3 bulbs, each rated 220 V 30 W’. These three bulbs should be connected in parallel to the
220 V mains supply. However, the bulbs are wrongly connected in series to the mains supply. What is the power dissipation
of the wrongly connected system ?

A 333W
B. 10W
C. 30w
D. 90W
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47. <HKCE 2009 Paper I1 - 18 > 51. <HKCE 2010 Paper I - 16 >
Two identical bulbs, X and ¥, are connected in parallel to the mains. [ANX The photo below shows the back of a microwave oven.
The current passing through X is 0.4 A. What is the energy consumed Nl
by the two bulbs in 5 hours ?
A 0.44kWh @Y Power supply : 220V — 50 Hz
B. 0.88kWh Power consumption : 1150 W
Microwave output : 750 W
C. 440kWh o\ Microwave frequency : 2450 MHz
D. 880kWh 20V
48. <HKCE 2009 Paper II - 20 >
The power ratx{]gs and resistances of two light buIb§ are “24 Vy, 6 Q7 and "9 W, 4 Q7 respectively. If these two light bl:llbs Which of the following statements isfare correct ?
are connected in parallel to a power supply, what is the maximum current drawn from the power supply so that both light
bulbs are working within the rated power ? (1) The current flowing through the microwave oven is about 3.4 A.
A 20A (2) Around 65% of electrical energy is converted into energy carried by microwave.
g' ;: 2 (3) The wavelength of the microwave emitted is about 0.12 m.
D. 48A = [Meily
B. (2)only
C. (1) &(3)only
49. <HKCE 2009 Paper IL - 23 > D. (2)&@)only
52. <HKCE 2010 Paper I1 - 20 >
4 metal case
Y 6—v’ \
4 live { £
Which of the following is the correct connection of X, ¥ and Z to the mains ? neutral o 0?: == \’:l-—-J
X Y z earth heating element
.k tral
g {:: z:ﬂi al :::tha In the figure above, the kettle is wired incorrectly. Which of the following statements is correct when point P is accidentally
C: neutral earth live connected to the metal case 7
D. neutral live earth A. The kettle will still operate at its rated value when S is closed.
B. The fuse will blow when S is closed.
50. <HKCE 2009 Paper II - 41 > C. The heating element will burn out when S is closed.
A mains heater has two identical heating elements of same resistance R. D. A current will flow through the live wire even when S is open.
°S/2 S 53, <HKCE 2010 Paper I1- 19 >
R
R
[S—
S
AV
mains

When Sy and S; are closed and S5 is open, the power of the heater is P. What is the power of the heater when S; and §» are
open and S5 is closed ?

A 025P
B. 05P
C. 2P

D. 4P

In the circuit above, the rating of the bulb is “6 V, 12 W”, Find the resistance of R so that the bulb will work at its rated
value.

A 2Q
B. 3Q
C. 4Q
D. 6Q
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54, <HKCE 2011 Paper I - 11>
As shown in the figure, a 2 W light bulb is immersed into 50 g of water. to power SRR

The bulb is operating at its rated value. After 10 minutes, the supply
temperature of the water increases by 4.5°C. Estimate the amount of foam cover
light emitted during the 10 minutes.

Given : specific heat capacity of water = 4200 J kg™ °C™!

light bulb
A. 2557 transparent
B. 6907 water plastic cup
C. 945)
D. 12007

Part B : HKAL examination questions

55. <HKAL 1980 Paper X-22 >

Torch bulbs marked “3 V, 1.5 W, are to be used in a circuit by using 6 V battery. What should be the number of bulbs
connected in the circuit if the steady current drawn from the battery is to be 2 A and each bulb gives normal brightness 7

A2
B. 3
C. 4
D. 8

56. <HKAL 1983 Paper 1-43>

A set of Christmas tree lights consists of 20 light bulbs in series connected to a supply of 200 V. Each light bulb has a rating
of "10 V, 5 W". When one bulb burns out, Jenny goes to buy a replacement. When she gets back, she finds that although the
new bulb is marked 5 W, the light it gives is dimmer than the other bulbs. Which of the following is a possible reason ?

(1) The supply voltage has dropped below 200 V.
(2) The current through the circuit is less than 0.5 A.
(3) The rated voltage of the new bulb is less than 10 V.

A. (1) only
B. (3)only
C. (1) & (2) only
D. (2)& (3) only

Part C : Supplemental exercise

57. In ahousehold circuit, as more lamps are switched on, which of the following statements are correct 7
(1) The equivalent resistance of the whole circuit increases.
(2) The total power consumption increases.
(3) The total current drawn increases.

A, (1) & (2) only
B. (1) & (3)only
C. (2)& (3)only
D. (1), &0)
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58.

59.

60,

61,

62.

Which of the following statements concerning the fuse in an electrical appliance are correct ?
(1) A fuse is made of a metal with low melting point.
(2) If the fuse in an electrical appliance is blown, it should not be replaced by a piece of copper wire.
(3) Ifcopper is used to replace the blown fuse, it will cause short circuit of the appliance as copper has low resistance.

A, (1) &(2) only
B. (1) &(3) only
C. (2)&(3)only
D. ),@D&B)

Small light bulbs of rating “12 V, 6 W are to be used in a circuit. The voltage of the power supply is 24 V and the current
drawn from the supply is 2 A. What is the number of light bulbs connecting in the circuit so that each light bulb is under
normal rating ?

A 2
B. 4
C. 8
D. 16

Which of the following statements concerning two light bulbs with rated values, ‘200 V, 100 W’ and ‘200 V, 40 W, are
correct 7

(1) The energy dissipated by the 200 V, 100 W* light bulb is greater than that of the ‘200 V, 40 W’ light bulb when
they work at their rated values.

(2) The current flowing through the *200 V, 100 W light bulb is greater than that of the ‘200 V, 40 W" light bulb when
they work at their rated values.

(3) The resistance of the ‘200 V, 100 W light bulb is greater than that of the 200 V, 40 W’ light bulb when they work

at their rated values.
A. (1) & (2) only
B. (1) & (3)only
C. (2)&(3)only
D. ),D&B)

‘Which of the following concerning the household circuit is/are correct ?
(1) Fuse should be installed in the live wire of an electrical appliance.
(2) Switch should be installed in the neuiral wire of an electrical appliance.
(3) Current always flows from the live wire through the appliance to the neutral wire.

A. (1) only
B. (3)only
C. (1) &{2)only
D. (2) &(3) only

Which of the following statements concerning two light bulbs with rated values, 200 V, 100 W’ and 200 V, 40 W°, is/are
correct ?

(1) The resistance of the 200 V, 100 W’ light bulb is greater than that of the ‘200 V, 40 W’ light bulb.

(2) The current flowing through the ‘200 V, 100 W” light bulb is greater than that of the 200 V, 40 W” light bulb when
they are connected in series.

(3) The power dissipated by the 200 V, 100 W’ light bulb is smaller than that of the ‘200 V, 40 W’ light bulb when
they are connected in series.

A. (1) only
B. (3)only
C. (1)&(2)only
D. (2) & (3) only

A R wrV ARAe wa RS T i) -0
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Part D : HKDSE examination questions

63.

64.

65.

66.

< HKDSE Sample Paper IA - 26 >

If a 15 A fuse is installed in the plug of an electric kettle of rating value “220 V, 900 W’, state what happens when the kettle
is plugged in and switched on.

A. The kettle will not operate.

B. The kettle will be short-circuited.

C. The output power of the kettle will be increased.

D. The chance of the kettle being damaged by an excessive current will be increased.

< HKDSE Sample Paper IA - 25 >

The table shows three electrical appliances which Clara used in a certain month :

Appliance Rating Duration
air-conditioner 220V, 1200 W 250 hours
television 220V,250 W 80 hours
computer 220V, 150 W 60 hours

Calculate the cost of electricity used. Note : 1 kW h of electricity costs § 0.86.

A $62.25
B. $73.79
C. $282.94
D. $536.64

< HKDSE Practice Paper IA - 30 >

fm ‘{_o/c:L
KinZ:::% {Ffl N

metal case heating element -

The figure above shows the main parts of an electric iron. In which of the following situations will the fuse blow when the
switch is closed 7 :

The heating element is broken and becomes an open circuit.

The earth wire is worn out and becomes disconnected.

The insulation at contact point X is worn out so that the wire touches the metal case.

The insulation at contact point ¥ is worn out so that the wire touches the metal case.

SEeY-ES

<HKDSE 2012 Paper IA - 33 >

The figure shows a simple domestic circuit for an electric
iron. The fuse will blow when which of the following

points are short-circuited ? X
Neutral il

() Xand ¥ electric iron
(2) YandZ Live —E—} v "—4:,_]
(3) XandZ

A. (1) only Z

B. (3)only Earth —————&——

C. (1) & (2)only

D. (2) & (3)only

67.

68.

69.

70.

71,

72.

< HKDSE 2013 Paper 1A - 33 >

Which of the following domestic electrical appliances consumes a power close to 1 kW in normal working conditions ?
an electric fan

a microwave oven

a fluorescent lamp

aTV set

vowp

< HKDSE 2015 Paper 1A - 28 >

Which statement is NOT a reason why mains socket at home are connected in parallel instead of a series circuit ?

A.  Electrical appliances connected to different sockets can be switched on or off independently.

B. Voltage supplied to each socket is fixed and all electrical appliances can operate at their rated voltage.

C. The current supplied can be reduced and thinner cables can then be used.

D. When an electrical appliance breaks down and becomes an open circuit, other appliances can still work normally.

< HKDSE 2015 Paper 1A - 29 >

An electric iron of 1800 W sold in Hong Kong (220 V 50 Hz) is connected to a 110 V 60 Hz mains socket in another
country. How does its performance compare on the same ironing setting ?

The electric iron does not work because the a.c. supply is 60 Hz instead of 50 Hz.

The electric iron is as hot as it is used in Hong Kong.

The electric iron is hotter than when it is used in Hong Kong.

The electric iron is colder than when it is used in Hong Kong.

vawp

< HKDSE 2016 Paper IA - 28 >

A television set in stand-by mode consumes 1.5 W. Ifit is in this mode for 16 hours a day, estimate the carbon dioxide (COz)
emission due to the electricity consumed in stand-by mode in a 30-day month,

Given : 1 kW h of electricity consumed corresponds to 0.8 kg CO, emission from the power station.

A. 0576kg
B. 0.720kg
C. 576kg
D. 720kg

<HKDSE 2017 Paper JA - 25>

Which of the following statements about the use of a fuse is correct ?

A. A fuse should be installed in the neutral wire.

B. A fuse is not required in an electrical appliance with double insulation.
C. A 5A fuse is suitable for a heater of rating ‘220 V, 1500 W°.

D. The melting point of a fuse should be lower than that of copper.

< HKDSE 2018 Paper IA - 24 >

- — 1

Three identical resistors are arranged as shown. The rated power of each resistor is 12 W. If no resistor exceeds its rated
power, what is the maximum power dissipation in such an arrangement ?

A 16 W
B. 18W
C. 20w
D. 24W




73. <HKDSE 2020 Paper IA-24>

The figure shows part of a domestic lighting circuit in whi ,
switch § is closed. ighting circuit in which the buld L does not light up when
Live 4
Neutral d

The circuit is then checked with switch S closed, Using a valtage tester to touch points b anfi ¢ in wrns,
the tester indicates that both points are at high voltage, When touching points a and d in turns, the
sester indicates only point a is at high voltage. Which of the following can be a reason for the fault?

The switch & has been damaged. )
The filament of bulb £ has been bumt out and becomes an open citcuit.
There is a short circuit between a and d.

There 15 an open circuit between ¢ and d.

Uows

74. <HKDSE 2020 Paper IA-25>

ity of 1A | ! is deliv hen the battery
shown has 5 capacity of 1100 mA h. How much energy Is daimrc‘d when |
mi:i:gmaﬂy at 4 current of 250 mA for one hour 7 Assume that the battery’s operating voliage

remaing at 3.7 V during that period,

250
s % 3600} 1
A BTxem )

1100
' T 5 o € 3003 J
B. (3.7 % <560 3

250
ol 50 4
C. (.7 x s )

1100
LLLLANRIY
D. (3‘“;006 )
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HKEAA's Marking Scheme is prepared for the markers' reference. It should not be regarded as a set of model answers.,
Students and teachers who are not involved in the marking process are advised to interpret the Marking Scheme with care. 4. D
P, 60
I=2rx15= _"_x15=45A
M.C. Answers 7 0
1. B 11. D 21. A 3. A 41. A 51. D 61. A 71. D Value of fuse should be equal to or greater than /
2. C 12. A 22. D 32. D 42. B 52. D 62. B 72. B - 5 Ais the appropriate one
3, D 13. B 23. A 3. D 43. A 53. B 63. D 73. D
5. B
4, D 14, D 24, C 34. C 44, C 54, A 64. C 74. A B P 100 1000
T=lx8+22 = ——ugs——=0A
5. B 15. D 25. D 35. B 45. B 55. D 65. C v e
Value of fuse should be equal to or greater than I = 10 A is the appropriate one
6. D 16. C 26. C 36. B 46. B 56. B 66. C
7. D 17. D 2, © 37. B 47. B 57. C 67. B U
2 2
8 C 18. C 28. A 18, C 48 B 58 A 68. C By R = V;, for hair dryer: R = % = 66.7 Q@ which is the smallest resistance.
9 G 19. D 29. A 39. D 49. D 59. C 69. D . It gives the greatest current for a given voltage.
10. A 20. C 30. D 40. D 50. A 60. A 70. A
T D
(200)* (200)*
= =40Q d Ry =—=—=200Q
M.C. Solution T T 000
. Equivalent resistance = 40 + 20 = 60 Q
) B P = 7 '——‘—(200)2 =0.67kW
Voltage across 18 Q = voltage across 21 Q = (2.4)(21) = 504V "R (60) =
1x=%=2.8A<3A . fuse X will not be blown
8. C
I el = LR e S0 s et il LbfoBlov, Earth:  Z (connected to the metal case of the electric fan)
Live : Y (this wire has a switch)
2z
Neutral : X (giving a returning path
72 (200) _(200)% _ (giving path)
R=—l =" . B. R= =160
P (2000) (250)
95 C
(100)* (100) (200)? (2002
X R= =5Q D. R= =50Q iy Sl
C (2000) (20) Ry % 1000Q2, R P 667Q
', Heater has the smallest resistance. (1)  smaller resistances in parallel gives smaller equivalent resistance (by % = RLJ( RL )
1 2
(2)  smaller equivalent resistance = larger cwrrent = maximum brightness (for same voltage)
3 1 . C gives the maximum brightness.
* If current is smaller current, then all bulbs would become dimmer
* B. If the resistance is higher, then it should give greater power as P = % R, and thus become brighter 10. A
% If the bulb is shorted accidentally, then.it does not work and would not look dimmer All resistors in parallel must give the smallest eqﬁivalent resistance, thus it gives the maximum brightness
v D. As R = Vr2 , for the same rated power 5 W but lower rated voltage, the new bulb has smaller resistance
r 11. D

by P =1I?R, the new bulb has smaller power and thus looks dimmer

For the two appliances working in rated values, P = 2000 -+ 500 = 2500 W,
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12.

13.

14,

16.

17.

18.

A
As 'k =3V
=5 =9%-15a
76
g=to=3 2920
7 15
B

The longest pin X is the Earth pin.
Pin Y is the Live pin and pin X is the Neutral pin.

D
. P _ 2000 _ , o A
x ) I=2 =222 =10A>5A . 5 A fuse should not be used, otherwise, it will be blown.
v, 200

v (2) As the brown wire is the live wire, the fuse should be placed on it to allow the fuse cutting off the circuit

when the current is too large.

v (3) Yellow and green wire is the earth wire.

D
Pin 1 is the Earth socket.
Pin 2 is the Neutral socket.

Pin 3 is the Live socket.

o
E = Pt

= (15)x () = 3kWh
D

Fuse is used to limit the current of circuit. Switch is used to turn off the appliance from the circuit.

Both of them should be connected to the live wire,

so that the appliance is cut off from high voltage when the circuit is disconnected.

]
2
(€8] By R « oo b o A : larger rated power P = smaller resistance R
P P,
v @ In series => same current passing through
* 3) By P=1IR, A :smaller resistance and same current = smaller power output => dimmer
D

Voltage : unit V (volt)

20.

21.

22.

23.

24.

25.

26.

27.

c
2 2
v W = K- Q2 _ o650
P 500
x @ =523 _3554
v, 220

AN

C

txy
1

Pr=(0.5x(2) = 1kWh

A

The switch should be connected in the live wire L so that the iron can be cut off from high voltage when it is off.

The earth wire E should be connected to the metal case of the iron.

D
LkWh = (1000 W) x (60 x 60 s) = 3.6 x 105

A
P: Earth wire = Green/yellow = Z
Q: Neutral wire = Blue = ¥
R: Live wire = Brown = X
C
One light bulb burnt out = no current flow through that series
=> all bulbs in that string will go out
D
* A. Sison = circuit completed => iron will operate
x B. S'is off = circuit not completed = iron will not operate
* C. High current = fuse will blow = circuit cut = iron will not operate
4 D.  Sisnotinlive wire = the heating element is still at high voltage even when §'is off.
¢

kWh = kW -h = (P)(?) = Energy

C
v (€3] Presence of Earth wire connected to metal case
= provides a path for conduction of current to the Earth
= prevent electric shock
v ) Current returns back to power supply via neutral wire instead.
x 3) Earth wire is not connected to mains socket, if neutral wire is broken, no current flows.
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28.

29.

30.

3L

32.

33.

A
Iﬂ . . . N
= ~2— = resistance of appliance = resistance of wires = R

. equivalent resistance of the electrical appliance and the connecting wires = 2R

By V=1IR
If voltage of power supply : ¥ — 2V and no change to the resistance

1t gives a current of L.

v [¢3] Current flows to the ground directly = no current through the heating element

= short circuit = current becomes very large = fuse blows
x 2) Current flows through the heating element before reaching the metal case = no increase in /
* ®) Heating element broken = the circuit not completed => no current flows through the fuse
D

Both the switch and the fuse should be connected to the live wire

A
2
v ) By R = n , the rated power of X is halved of that of 7, thus the resistance is twice of that of Y.
2

x 2) Since P = r .. Poc V2 . when voltage is doubled, the power should be 4 times.

R
% 3) Since their resistances are not equal, the voltage across each heater will not be 110 V
D

Resistance of lamp = 6%/12 = 3 Q

Total resistance = 3/2 + 3 = 45Q

Current flow from the battery = 6/4.5 = 1.33 A
Voltage across L3 = 1.33 x3 = 4V

Voltage across Lyand L, = 6 -4 = 2V

Current through L1 = 1.33/2 = 0.67 A

" A is not correct.
*. B is not correct.
Total power drawn from the battery = 6 x1.33 = § W . Cis not correct.
Total power dissipated in Ly and Lz = 1.33*x 1.5 = 27 W
Power dissipated in Ly = 1.33*x3 = 53 W ' Dis correct.

D

If the live and neutral wires are interchanged, then the switch would become connected on the neutral wire.
In this case, when the switch is off, the kettle will still stand at a high voltage.

However, the kettle would work properly when the switch is on.

35.

36.

37.

38.

39.

G

Light bulb P is not under rated condition, since P o 2
V>4V = P> 4P . actual power of Pis 20 W

Light bulb @ is under rated condition, thus the actual power is 80 W
Light bulb R is also under rated condition, thus the actual power is 40 W.

The brightest light bulb is O and the dimmest light bulb is P,

B
Pin P is the earth pin which is connected to the metal case of the electric appliance.
‘When the live wire accidentally touches the metal case, the earth wire provides a low resistance path

to conduct the current to the earth, thus prevent the electric shock of human bodies.

B
No. of washes per year = 260 Average time per wash = 1.8 hours
Total operating time = 260 x 1.8 = 468 hours
By E =Pt
(250 kWh) = P (468 h)

P = 0534kW = 534 W

B

Electric heater: E = —Zéﬂka 39.1] = 1.25kWh
1000 60

Television : E = ﬂQ.kw x5h = 1.35kWh
1000

Lanp : E= 19 1wgn = 120kwh
1000

Since the cost is proportional to the amount of electrical energyused . C2 > Cy > G

C
Total electrical energy used = 1.2kW x250h + 025kW x80h + 0.15kWx60h = 329kWh
Cost of electricity = 329 x $0.86 = $282.94

D

* A. The kettle will operate no matter which fuse is installed.

x B. The kettle will not be short-circuited unless the live touches the neutral.

% (c The kettle will still work properly with the rated power of 900 W.

v D. Since the rated current = 900 /220 = 4.09 A. The fuse value of 15 A is too high.

If the current exceeds the 4.09 A but less than 15 A,
the fuse will not blow and the kettle may be damaged.

PD-EM3-MS /06
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40. D
x N If the resistance is too large, the current would be too small, and the fuse would not blow.
v Q@) If the applience is short-circuited, the current would become very large and the fuse will blow.
v 3) If the rated value of the fuse is too small, then the rated current may exceed the fuse value
and the fuse will blow.
41. A
2
Resistance of the 220 V, 50 W* light bulb = 220" = 968 3
(59
2
Resistance of the 220 V, 100 W’ light buib = 220 - 48400
(100)
Total equivalent resistance of the two light bulbs in series = 968 + 484 = 1452 Q
Current drawn from the mains supply = 220 . 0.15 A
1452
42. B
According to the label, 600 revolutions indicate an electrical energy of 1 kWh, i.e. 3600 000 J.
For 24 revolutions, £ = 24 XM = 144000J
Electric power: P = E = 144000 =1200W
t 2x60
43, A
When § is closed, the 5R resistor is shorted. The equivalent resistance of the whole circuit is R.
When §'is open, the 5R and R resistors are in series. The equivalent resistance of the whole circuit is 6R.
2
By P= V_ac 1 .. Power consumed in the mode of keeping warm = 600 x .Ii = 100 W
R R 6R
44, C
Live wire : current drawn is 2 A
voltage is at high voltage of 220 V
Neutral wire :  current is equal to that of live wire, i.e. 2 A
voltage is at low voltage of 0 V
Earth wire ; no current through earth wire when operating, i.e. 0 A
no voltage in the earth wire, i.e. 0 V
45. B

Maximum power given by the mains socket without triggering the circuit breaker = VI = 220 x 15 = 3300 W

Assume # light bulbs at most can be connected. 1100 + 550 + 100 »# = 3300 son =165

Thus, maximvm number of light bulbs that can be connected = 16.

46.

47.

48.

49.

50.

B

2 2
Resistance of each bulb = L = @i =1613 Q
R (39

Total equivalent resistance for three bulbs in series = 1613 x 3 = 4840 Q

2 2
Total power dissipated = L = (220) =1

0w
R (4840)

B

Total current given out by the mains supply = 04 x2 = 0.8 A

Total power given out by the mains supply : P = VI = (220)(0.8) = 176 W
Total energy consumed : E = Pt = (0.176 kW) x (5 h) = 0.88 kWh

B
2
By R= V.
£
2
By (6)= (Vi V: =12V .. Rated voltage of the 6 £ light bulb is 12 V.
24)

2

By )= ,2_) Vi=6V . Rated voltage of the 4 Q light bulbis 6 V.

As the two light bulbs are in parallel, they must have the same applied voltage V.
If the applied voltage is 12 V, then the 4 Q light bulb would be burnt, thus the applied voltage should only be 6 V.

Equivalent resistance of the circuit: R = x4 _ 24Q
6+4
. = Vo6

Current delivered from the powersupply: [ = = = - = 25A

2.4
OR
Current delivered from the power supply : [ = S o 25A
6 4

D
Y is live as switch and fuse are on the live wire.
X is neutral to complete the circuit.

Z is the earth that is connected to the metal case of the appliance.

A
When §) and S, are closed and 53 is open, the two resistors are in parallel, equivalent resistance is %R.

‘When S and S, are open and 53 is closed, the two resistors are in series, equivalent resistance is 2R.

The equivalent resistance is increased 4 times.

2
By P = v , as power is inversely proportional to the resistance, the power should become % .
R ) )

Thus the power is 0.25 P.

PD - EM3 - MS /08
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51;

52,

53;

54.

55.

56.

D
x (O] BypP=VI s (1150) = (22007 S I=523A
v 2) Percentage of energy carried by the microwave = 750/ 1150 = 65%
v 3) Wavelength: A = v/f = (3 x10% /(2450 x 105) = 0.12m
D
* A. When §'is closed, current would flow from live to the metal case and then to carth as it is a shorted path,
thus no current would flow through the heating element and the kettle will not operate.
x B. As the current would not flow through the heating element and the fuse, the fuse would not blow.
x C. As there is no current flowing through the heating element, the heating element would not burn out.
v D. ‘When S is open, current can still flow through the live wire to the metal case,
and then to the earth wire to complete the circuit.
B
Rated current = £ - 162 =2A
Voltage across the two resistors = 9 -6 = 3V
Equivalent resistance of the two resistors = Ve é =150
2
As the two resistors are in parallel : § = 1.5 L R=3Q

A

Electrical energy supplied to the light bulb = Pt = (2) (10 x 60) = 12007T

Heat energy given out by the light bulb = m ¢ AT = (0.050) x (4200) x (4.5) = 945]J
Light energy given out by the light bulb = 1200 - 945 = 2557

D
Total power given out by the battery = VI = (6)x(2) = 12W
For each light bulb to give normal brightness, the power given out by each light bulb is 1.5 W.

Total number of light bulbs in the circuit = % =8

B
x 1 Voltage dropped below 200 V' = all light bulbs would become dimmer
x 2) Smaller current = all light bulbs become dimmer
2
v 3) As R = V— , for same rated power 5 W but lower rated voltage, the new bulb has smaller resistance
P

As P = I*R for light bulbs in series, Po«c R .. the new bulb has less power than the other bulbs

57.

58.

59;

60.

61.

C

(¢))
@
(©)

)

@

©)

As more lamps are switched on in parallel, the equivalent resistance should decrease.
As more power is given to the lamps, the total power consumption increases.

As the equivalent resistance decreases, more current is drawn from the supply.

Fuse should be made of metal with low melting point
so that it would be melted by the heating effect of the excess current.

Copper has a high melting and cannot be melted easily,
thus even the current exceeds the rated current of the fuse, copper would not be melted and blown.

Both the fuse and the copper wire have negligible resistance,
as they are connected in series to the appliance, they would not cause short circuit of the appliance.

For the bulb being fully lit,

m

@

Number of bulbs in each series path =

2
12

=2

6

Current flowing through each parallel circuit = current flowing through each bulb = P — =05A
L v

Number of parallel circuit connected to power supply = 2. 4

0.5

.. Total number of bulbs =2 x 4 =8

OR

Power given out by the power supply = VI = (24)x(2) = 48 W

Number of light butbs = 48 =
6

)

@

&)

()]

@

®)

‘When they work at their rated values, power given out by the 200 V, 100 W’ light bulb is 100 W
which is greater than the 40 W given out by the ‘200 V, 40 W’ light bulb,

By P = VI, as the power given out by the ‘200 V, 100 W” light bulb is greater,
the current drawn is greater.

By R = Vi#/P;,as the power given out by the ‘200 V, 100 W’ light bulb is greater,
its resistance is smaller,

Fuse should be installed in the live wire,
so that the appliance is cut off from high voltage when the fuse is blown.

Switch should also be connected to the live wire,
so that the appliance is cut off from high voltage when the switch is off,

Since household circuit is an a.c. circuit, current flows from L to N and from N to L alternately.
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62.

63.

64.

65.

66.

67.

68.

69.

B
x (63} By R = Vi*/ Py, as the rated power P; of the 200 V, 100 W light bulb is greater,
its resistance is smaller.
x 2) When they are connected in series, the current flowing through each of them must be the same.
v 3) As the resistance of the ‘200 V, 100 W’ light bulb is smaller,
by P =I?*R, same current [ in series, thus, P « R, therefore, the power dissipated is smaller.
D
x A, The kettle will operate no matter which fuse is installed.
x B. The kettle will not short-circuited unless the live touches the neutral.
* C. The kettle will still work properly with the rated power of 900 W.
v D. Since the rated current = 900/220 = 4.09 A .. the fuse value of 15 A is too high.
If the current exceeds 4.09 A but less than 15 A, the fuse will not blow and the kettle may be damaged.
C

Total electrical energy used = 1.2 kW x250h + 025kW x80h + 0.15kW x60h = 329kWh
Cost of electricity = 329 x $0.86 = §282.94

C
If the insulation at X is worn out, once the switch is closed,
current would flow from the Live wire through the metal case to the Earth wire.

As the resistance of the metal case is negligible, current would be very large and the fuse would blow.

o]

v ) If X and Y are short circuited, current would not flow through the resistor and becomes very large.
v ) If Y and Z are short circuited, current would not flow through the resistor and becomes very large.

x 3) If X and Z are short circuited, current must still flow through the resistor and would not be too large.
B

A microwave oven normally has a power around 1000 W.

Other appliances : electric fan, fluorescent lamp and TV, have power much less than 1000 W.

C
In parallel circuit, current supplied by the mains is the sum of current in each parallel path.

Current cannot be reduced by using parallel circuit.

D

x A The frequency of the a.c. mains does not affect the working of an electric iron.

x B. As the applied voltage is smaller than that in Hong Kong, thus the power cannot be the same.
x & As the applied voltage is smaller than that in Hong Kong, thus the power cannot be higher,

v D. For the same resistance of an appliance : P = ¥2/R P P2

Since the mains voltage of country X is lower, the power given out is smaller, thus the iron is colder.

70.

71

72.

A

]

E =Pt = (0.0015kW) % (16 hx30) = 0.72kWh

Carbon dioxide emission = 0.72 x 0.8 = 0.576 kg

D
X A. Fuse should be installed in the live wire.
* B. The fuse is still required to limit the current to avoid overheating.
For electrical appliance with double insulation, there is no metal case, thus, earth wire is not needed.
x ) For a heater of rating ‘220 V, 1500 W, the rated current ;: [; = 1500/220 = 6.82 A
A 5A fuse is not suitable as it would be blown when the heater is switched on.
v D. Fuse has a low melting point that it can melt and break the circuit once current exceeds the rated current.
Thus, its melting point must be lower than that of copper wire.
B
Since the voltage of Ry is equal to the sum of voltage of R; and Rs, R’
| |
Ry should work under rated power to give P1 =12 W. ——
Since the voltage of R; is halved of Ry, [ Ry R 1
=

by P = V?*/R o« V? the power of R; is one-fourth of R,

2
Since the voitage of Rs is equal to that of Ry, thus Py =P =3 W
Total power = 12+3+3 = 18 W

2
P = 12x(lj -3W
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The following list of formulae may be found useful :

Resistance and resistivity R = el
A
Resistors in series R=R+R
Resistors in parallel iy _ L+L
R R R
Power in a circuit P=1V=1IR
Energy transfer during heating or cooling E= mcAT
Energy transfer during change of state E=1Am
Part A : HKCE examination questions
1. <HKCE 1981 Paper1-8>
Socket Plug
earth ¥y X z
neutral s live
C
S H
A —o/
B
Electric kettle

The above figure shows a 220 V supply socket, a 3-pin plug, and an electric kettle with a rating : 220V 1.65 kW’. The kettle
has 3 wires 4, B, C leading from it. Wire 4 is joined through a switch S to the heating element H of the kettle ; wire B
cornpletes the circuit of the kettle ; wire C is joined to the metal case of the kettle.

(Given : Specific heat capacity of water = 4200 J kg™ °C™)

{a) (i) To which of the pins X, ¥, Z of the plug should each of the wires 4, B, C of the kettle be connected ? (3 marks)

(ii) What is the function of the ‘earth’ terminal in the socket ? (1 mark)

1

2.

() (1) A 15 Afuse is connected to the socket. Which line : earth, neutral and live, should the fuse be placed ? (1 mark)

(ii) Find the maximum number of ketiles that can be joined in paralle] to the socket without blowing the fuse.
(3 marks)

(c) (i) Ifthe efficiency of the kettle is 80%, how long will it take to heat 1 kg of water from 20°C to 100°C? (4 marks)

(ii) If the cost of electricity is $0.80 per kWh, how much does this heating process cost ? (3 marks)

<HKCE 1983 Paper 1-7 >

-

fuse box

e <l
 Se— |

heating
220V it

=

lighting
unit

A household electric circuit consists of a heating unit { 220 V, 1100 W ) and a lighting unit ( 220 V, 220 W ) connected in
parallel to the mains of 220 V as shown in the above figure.

(a) Find the maximum current drawn from the mains. (2 marks)

(b) Isa5 A fuse suitable for use in the fuse box ? Explain briefly. (2 marks)

(c) If electrical energy costs $0.90 per kWh and the whole system is switched on for 150 hours, what will be the cost of the
electricity used ? (2 marks)
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3.

<HKCE 1986 Paper 1-7>
The figure shows a simplified system of a 220 V domestic circuit. N and L denote the neutral and live wires respectively.

_@_/

Lighting circuit

[El 5A | Fuse box

Neutral ¥ Live L

Meter

(a) Give a reason why the lamps are all connected in parallel instead of in series. (2 marks)

(b) The light bulbs of the circuit shown in the above figure are all marked “60 W 220 V”. Suppose that all the light bulbs
are switched on. (5 marks)

(i) What is the total resistance of the lighting circuit ?

(ii) What is the total current drawn from the power supply ?

() () Explain the use of the fuse in the circuit. (2 marks)

(i) Give a reason why the switches should be connected to the live wire L instead of to the neutral wire N. (2 marks)

(iif) What physical quantity does the meter measure ? (2 marks)

(d) The household voltage supply in Hong Kong has changed from 200 V a.c. to 220 V a.c. in 1995. Give one reason for
the change. (2 marks)

<HKCE 1988 Paper I-7>

Given socket 4 and socket B, an ungualified electrical technician wires the two sockets to the live L, the neutra] A, the earth
E of the 220 V mains supply for a heater rated at “220 V, 1000 W* and a cooker rated at “220 V, 800 W™ as shown in the
figure below. (The sockets are viewed from the front.)

E L N

2
b\

09
7 X

(a) (i) If either one of these appliances is plugged into one of the sockets, would there be any current drawn from the
mains with the switch of the appliance on ? Explain briefly. (2 marks)

(if) If both appliances are plugged into the sockets, would the appliances work at the rated power (1000 W and 800 W)
with switches on ? Explain briefly. (2 marks)

(iii) Draw a diagram to show how the two sockets should be connected to the live, the neutral and the earth of the mains
supply with a fuse placed at a proper position. (4 marks)

(b) Suppose the heater and the cooker are switched on in the correct wiring circuit for 2 hours, calculate

(i) the total current drawn from the mains supply, and (3 marks)

(ii) the total cost of electricity if one kilowatt-hour of electric energy costs $0.90. (2 marks)
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5. <HKCE 1992 Paper1-5>

A student uses the following components to measure the resistance of a light bulb : A battery, an ammeter, a voltmeter, a
switch, a variable resistor and the light bulb. An incomplete circuit for the experiment is shown below :

(2) On the above figure, use suitable circuit symbols to complete the circuit. Indicate on your diagram the positive terminals

of the ammeter and voltmeter with “+” signs. (5 marks)
(b) What is the function of the variable resistor in the circuit ? (2 marks)
(c) The below figure shows the result obtained in the experiment.
0w 04 06 , 8 1020130 4
1o Q -”-'777777777750
0
Voltmeter (0~ 1 V) Ammeter (0 — 50 mA)
(i) Whatis (1) the voltmeter reading, (2) the ammeter reading ? (2 marks)
(ii) Calculate the resistance of the light bulb. (2 marks)
| (d) The rating of the light bulb is “220 V, 110 W™,
(i) Calculate the resistance of the bulb when it is working at its rated value. (2 marks)
(if) Explain why the resistance found in (d)(i) is much greater than that found in (c)(ii). (2 marks)

6.

<HKCE 1998 Paper I-4>

Kettle

Heating element

Plug

The above Figure shows a 3-pin plug and a kettle.
(2) To which of the pins 4, B and C of the plug should each of the wires X, Y and Z of the kettle be connected ? (2 marks)

() () Explain why it is safer to have pin 4 of the plug longer than the other two pins. (2 marks)
(ii) Explain why switch S of the kettle is connected in wire X instead of wire . (2 marks)
(c) The rating of the kettle is ‘220 V, 2000 W,
(i) If the kettle is switched on for half an hour, calculate the cost of electricity.
(Given : One kilowatt-hour of electricity costs $0.9.) (2 marks)

(i)

A housewife plugs the kettle and an oven of rating ‘220 V, 2500 W’ into a 15 A socket as shown in the above

figure. Explain why this connection is dangerous. Show your calculations. (3 marks)
(d) A student makes the following note in his book :
In case either wire X or Y touches the metal case of the kettle accidentally, the kettle will stop working.
Explain whether the student’s note is correct. (3 marks)
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<HKCE 1999 Paper I-1>

Figure 1

Figure 1 shows the front view of a socket and the earth (E), live (L)) and neutral (N) wires of the 220 V mains supply.

(a) OnFigure 1, show how the socket is connected to the mains supply. (2 marks)
®)
Model No. : CS301
Figure 2 220V 50 Hz
2500 W

Figure 2 shows the label attached to an electrical appliance. If the appliance is switched on for 150 hours in a month,
calculate the cost of electricity. (Given : 1 kWh of electricity costs $ 0.87.) (2 marks)

<HKCE 2001 Paper I-9>
@

Figure 1

Thermometer

"~ Container

Mary wants to estimate the efficiency of an electric water heater in her kitchen. She uses a container to collect the water
and a thermometer to measure the temperature (see Figure 1). She finds that when the heater is switched on, 1.6 kg of
water at 23°C is heated to 67°C in one minute. The rating value of the heater is ‘220 V, 6000 W’ and the specific heat
capacity of water is 4200 J kg™' °C,

(i) Find the energy absorbed by the 1.6 kg of water in one minute, (2 marks)

(i) Estimate the efficiency of the heater. (3 marks)

(iii) State one reason to explain why the efficiency found in (ii) is less than 100%. (1 mark)

DSE Physics - Section D : Question PD-EM3 -Q /08
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8 () Consumer unit
.
T ( Il
To220V 7| N T l’ BOA [ [30A | |15A | [Sp
mains supply 00 00 1 E

Figure 2

To water heater

i@ Ring circuit in
§ the kitchen

Figure 2 shows a household electrical wiring circuit. The mains cable (containing live and neutral wires) is connected to
a consumer unit via a meter M. At the consumer unit, the wires branch out into a number of parallel circuits. Figure 2
also shows the power circuit in the kitchen. It is in the form of a ring circuit with three sockets tapped off from the ring.

(i) Name the meter M. What physical quantity does the meter record ? (2 marks)

(ii) The following appliances are connected to the ring circuit in the kitchen :

Appliances Rating
a refrigerator 220V, 600 W
an electric keitle 220V, 2000 W
an oven 220V, 1500 W
If the appliances are all switched on, find the total current drawn from the mains supply. (3 marks)

(iii) Explain why the water heater mentioned in part (a) is not connected to the sockets in the rings circuit but directly
connected to the mains via a separate circuit, (2 marks)

(iv) State one advantage of the ring circuit arrangement, (2 marks)
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9. <HKCE 2002 Paper 1-7 >
24V

L Heating coil and fan

In a science project competition, a student constructs a hand-dryer. He connects an electric fan of rating ‘20 W, 24 V* and
a heating coil to 2 24 'V power supply as shown in the Figure 1. When switch § is closed, the fan will operate at its rated
value.

N

(a) Aure the fan and the heating coil connected in series or in parallel ? Explain your answer. (2 marks)

(b) If the output power of the heating coil is 200 W, find
(i) the operating resistance of the heating coil,

(ii) the total current drawn from the power supply when § is closed. (4 marks)

10. <HKCE 2003 Paper1-8>

/ water tank

Figure 1

Figure 1 shows a travel steam iron with a rated power output of 1100 W. The water tank in the iron is filled with water.
When the iron is turned on, water drips continuously from the tank to a hot plate inside the iron, generating steam for
ironing clothes. Assume the initial temperature of the water drops is 20°C.

Given: Specific heat capacity of water = 4200 ] kg™ °C™,
specific latent heat of vaporization of water = 2.26 x 10 Jkg™'.

(a) Calculate the energy required to vaporize 1 kg of water at 20°C into steam. (2 marks)

10. (b) Assume that 80% of the power output of the iron is used to generate steam. Estimate the maximum mass of steam that
can be generated by the ironin 1 s. (2 marks)

(c) The iron is designed to operate at 220 V or 110 V with the same power output of 1100 W.

(i) Ineach of the following cases, find the resistance of the heating element of the iron :
(1) when operating at 220 V,

(2) when operating at 110 V. (3 marks)

(i)

Figure 2

L (Live wire)
N (Neutral wire)
E (Earth wire)

The heating element of the iron consists of two identical resistance wires as shown in Figure 2.

(1) Draw two diagrams to show how the resistance wires are connected when the iron is operating at 220 V and
at 110 V respectively. (3 marks)

(2) What is the resi ¢ of each resi e wire ? (1 mark)

(iii) A tourist switches the iron to the 220 V mode but connects it to a 110 V supply. Explain whether the iron can
function normally. (3 marks)
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11.

< HKCE 2006 Paper I-6>
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The above Figure shows the energy label of a water heater from which some information is listed in the above Table.

Given : mass of 1 litre of water = 1 kg,

(®

®)

©

specific heat capacity of water = 4200 J kg™ °C!

The heating element of a water heater is usually installed on the lower position of the water tank. Suggest one reason for
this design. (1 mark)

Using the information in the above Table,

(i), estimate the energy required to heat a full tank of water from 15°C to 65°C, (2 marks)

(ii) hence estimate the current drawn by the water heater when it is operating at 220 V. (3 marks)

Explain why thick wires ate used to connect the water heater to the mains supply. (2 marks)

12.

<HKCE 2008 Paper 1-7>

Figure 1 shows 2 ceiling lamp in Jack’s home. The lamp has two filament light bulbs, each rated “220 V 40 W”, The lamp is
turned on or off by a switch (see Figure 2) on the wall.

filament ! =
light bulbs
Figure 1 Figure 2
(a) Give two advantages of connecting the two light bulbs to the 220 V mains supply in parallel. (2 marks)
(b) Explain why the switch should be connected to the live wire of the mains supply. (2 marks)

(¢) Jack decides to replace each filament light bulb with an energy saving bulb of the same brightness. The Table below
shows the details of the two kinds of bulbs. Considering the price of the bulbs and the electricity fee, find the total
money saved per energy saving bulb after operating for 4000 hours.

Price per bulb Power Electricity fee
? filament light bulb $5 40 W
” $0.95/kWh
ff(i
% energy saving bulb $35 8W
(3 marks)
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13. <HKCE 2010 Paper1-9> Part B : HKDSE examination questions
A hair dryer with a plastic case has three settings of power output : high, medium and low. The settings are selected by the
use of a switch device. The Figure below shows the circuits of these three settings in random order. All the resistors in the 14. <HKDSE Practice Paper IB - 9 >
heating element have the same resistance of 50 Q. The hair dryer is connected to 220 V a.c. mains supply.
12 V d.c. power supply |:]
T D 10220 V a.c.
mains supply I:] (/
LT 53d o]
q om /O heater
M joulemeter
A 12 V heater is operated under a steady d.c. voltage of 12 V. The energy consumed by the heater in 2 minutes is measured
by a joulemeter as shown in the Figure. The initial and final readings of the joulemeter are 126 J and 2525 J respectively.
circuit ¥ t0220 Va.c.
mains supply (a) Estimate the electrical power of the heater. (2 marks)
heating element switch device
circuit Z to 220 Va.c,
mains supply
(b) Hence, find the current through the heater. (2 marks)

heating element

switch device

(a) Find the power delivered by circuit Y. (3 marks)

(b) FillinX, Y and Z in the appropriate spaces in the below Table. (1 mark)

Power output settings Circuit

Low

Medium
High

(c) Explain why the hair dryer does not need an earth wire. (1 mark)

(¢) A5 A fuse is installed in the power supply. Explain whether the fuse will blow if another jdentical heater is connected
in parallel with the original heater. (2 marks)
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o

15.

16.

< HKDSE 2012 Paper IB - 8 >

In the circuit shown in the Figure, resistors R| and R; represent the heating elements in a heater using mains supply. Both
resistors are immersed in water.

The heater can be operated in two modes, namely, heating and keeping warm, and it is controlled by the switch S. The power
consumed by the heater in the heating mode is 550 W and in the mode of keeping warm is 88 W. The mains voltage
is 220V a.c.

(a) Inwhich mode is the heater operating when switch S is open ? (1 mark)
(b) Find the resistance of R;. (2 marks)
(c) When switch S is closed, calculate the current passing through resistor Rp. (3 marks)

<HKDSE 2014 Paper IB - § >

The Figure shows the schematic diagram of an electric heater consisting of four identical heating elements, each having a
rated value of ‘500 W 220 V’. A user can use the rotary switch to select one of the three modes of operation X, ¥, Z. Wires
4, B, C from the heater are connected to the 220 V a.c. mains via a 3-pin plug.

°X rotary
metal case oy switch
of electric
heater 13 Z
= } fuse
1 o 0 4
< B
C

(a) Find the resistance R of a heating element, (1 mark)

DSE Physics - Section D : Question
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16. (b) What is the total power dissipated when mode X is selected 7 Assume that the resistance of each heating element
remains unchanged. (2 marks)

(¢) Without the need of calculations, explain which mode of operation has the largest total power dissipation. (2 marks)

(d () Iffuses3 A, 5 Aand13 A are available, determine which will be the most suitable to limit an excess current. Show
your work. (3 marks)

(ii) A student claims that since a.c. is used for the heater, the switch S can be installed in either wire 4 or wire B.
Comment on this claim. (2 marks)

(iif) If a fault resulted in the live wire having contact with the metal case of the heater, which wire, 4, B or C, could
prevent an electric shock of a person touched the case of the heater 7 Explain, (2 marks)

17. <HKDSE 2018 Paper IB - 8 >

(a) Figure 1 shows the schematic diagram of an electric heater which can operate in two modes, namely, ‘heating’ and
‘keeping warm’. The heating elements of resistances 4R and R are connected to the mains supply via a 3-way switch
with its two poles tied together. That is, both poles can be connected to one of the three pairs of terminals X, ¥ or Z.

3-way switch

4R

metal case — 1 );,’
of electric i
Z
heater / " ° }
Figure 1 = X
YO
ZO

E:] fuse

mains supply

() To which pairs of terminals, X, ¥ or Z, should the switch connect to when the heater is in ‘heating’ mode ?
(1 mark)
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) HKEAA's Marking Scheme is prepared for the markers' reference. It should not be regarded as a set of model answers.
17. (a) The power consumed by the heater in ‘heating’ mode is 800 W. Students and teachers who are not involved in the marking process are advised to interpret the Marking Scheme with care.
(ii) Calculate the current drawn from the 220 V mains supply when the heater is in ‘heating’ mode. (2 marks) Question Solution
. @ (@) 4 —> 7 1
B— Z (1]
(iii) Find the power consumed by the heater in the mode of ‘keeping warm’. (3 marks)
C — X (1]
(ii) To prevent electric shock if there is any leakage of electricity to the metal case. 11
OR
To prevent electric shock by conducting the current to the Earth through the earth wire. 1]
() (i) Live f1]

(b) Figure 2 shows a simplified domestic circuit connected to an electrical appliance via a fuse, a meter M, a residual current
circuit breaker (RCCB) and a switch.

metal case (i) Rated current of each kettle = id 1
fids M switch of apr N
I E=— rmmm = 1650 _ 554 [
Figure 2 — 220
Neo
- Maximum number of kettle = E
L4 75
=+ =2 (1]
(i) What physical quantity does the meter M record ? (1 mark)
(c) (i) Actual power given to the water = 1650 x 80% = 1320 W 1]
(i) An RCCB is a kind of safety device that cuts off the supply automatically whenever there is a small difference Energy required to heat 1 kg of water = (1) x (4200) x (100 - 20) = 336 000 J [1]
between the currents in the live (L) and neutral (N) wires. State, in each of the following situations, which
| device(s) will respond (i.e. the fuse blows and/or the RCCB cuts off the supply). i Time taken = 336000 1
{ 1320
(1) A short circuit occurs between points X and Y. (1 mark) T 1
(2) A short circuit occurs between point ¥ and the metal case of the appliance. (1 mark) (i) £ = 1.65kWx 3265050 h [1]
= 0.117kWh 1
OR
E = 336000 « 1(1(2 331
3600000 80
= 0.117kWh 11
Cost= 0.117 x 0.80
= $0.0936 <accept §0.0933 > 1]
There is question in next page
| 2.  (a) Total power = 1100+220 = 1320 W [11
| '~I=£=@=6A m




18. <HKDSE 2019 Ppaper-1B-8>

Figure 8.1 shows a household electrical wiring circuit. The mains cable (containing live wire L. and
nevtral wire N) i connected to a consumer unit via a kilowatt-hour meter A At the consumer unit, the wires
branch out into a aumber of paralle] circuiis.

Consumner unit
M J, |- fuso K
=N
> & o
‘ms-u\;ply E 00 ©0 I: Eanh
ure 8.1 I Kitoher unit i

s st H o
{fromnt view)

Xvz

-I Lighting set L, lo’

() Indicate on Figure 8.1 how the mains socket should be connected to wires X, ¥ and Z.

(1 merk)
{(b) Lighting sets L, and L of power ratings 300 W and 450 W respectively are connected in paralled to the
branch with fuse X.

(i) State one advantage of connecting L, and I in parallel insiead of in series to the branch. (1 mpark)

(i) Iffuses marked 3 A, 5 A, 10 A and 13 A are available, which one is the most suitable o be fuse K 2
Explain your choice, -

(3 marks)
{c) The kitchen unit includes the following electrical appliances:

rating eflective time of operation

at rated value per day
a refrigetator L 220V,500 W 8 hours
an electric kettle 220 V, 2000 W 0.5 hour
&n induction cooker 220 V, 3000 W 2 hours

How much should be paid per day to run these appliances if 1 kW h of electrical energy costs $0.9 7

(3 marks)
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i
(b) No! (1] 4. () 3id) E I N
The fuse will blow. (11
© 14 [
() E=132kWx150h = 198kW h [1] 5 Q\
Cost = 198x 0.9 = $178.2 [1]
e
| S—
fuse
0ql?
(a) Any ONE of the reasons below : 2] 7 A
% Each lamp can be switched on and off independently
*  Even if one lamp is burnt, the other lamps can still operate properly ® @ 7= . [
v
% The voltage across each lamp is 220 V to give out rated power.
Total current = @ + .80_0 = 8.18 A [2]
i 220 220
(b) (i) Resistance of each light bulb = i [1] '
(ii) Energyused = (1.0+0.8)kWx2h = 3.6kWh [1]
2 B
_ 20° _ 807 O [1] Cost = 3.6x0.9 = $§3.24 1]
(60)
Total resistance = 80_7
3
5 )
= 2690 (1 = i 11 o
= 60
if) Total current = 3% —— {1
@ * 220 ==
= 0.818 A [1] +
(c) (i) To prevent the overloading of the wire. [2] —'¢> = Q
OR < Battery, ammeter, switch, variable resistor and light bulb in series with correct symbols > [3]
To limit the flow of current in the circuit. [2] < Voltmeter in parallel with the light bulb > [11
(ii) To ensure that the lamps are cut off from live when the switches are open. [2] <tve terminal of voltmeter and ammeter correct > m
(ii) Energy 21 (b) The variable resistor is used to vary the current flowing through the bulb. [2]
(d) Either ONE of the followings : [2] © & O 084V {1
%  To match with the international standard (2) 24mA 11
*  To increase the power output - 14 0.84
if = — = — = Q 2
@ R 7= g = [2]
: ; ; V(2200
i ! 1 (d) (@) Operatingresistance = . = [
& (@ No! [1] P10
Sockets 4 and B are connected in series to the mains. [1] - 4400 1
(i) No! i () When the bulb is working at its rated value, its temperature is much higher, |

‘When both appliances are plugged in, the voltage across each socket is less than 220 V.

{1

so resistance increases,
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6. (a) Xisconnected toB.
Y is connected to C.
Z is connected to 4.
< 1 mark for one of them correct > [1}
<1 mark for the other two correct > [1]
() () To ensure the metal case of the kettle is earthed
before the heating element is connected to the live wire. 2]
OR
The long pin opens the shutter that blocks the other two apertures
to prevent accidental insertion of metal objects. [2]
(ii) S is connected in wire X
because the heating element will be cut off from the live wire when § is switched off. 2]
OR
If S is connected in wire ¥,
the heating element will still be at live wire even when § is switched off. 2]
(© () E=2kWx05h=1kWh [
Cost = $09x1 = $0.9 (13
(i) Current drawn from the mains supply
_ 2000 5 2500 2
220 220
= 205A
Since the current exceeds 15 A, the connection is dangerous and the fusc will blow, [1]
(d) If wire X touches the case, a short circuit will be set up between the live wire and the earth, 1
the fuse will blow and the kettle will stop working. 1]
If wire ¥ touches the metal case, the circuit is still completed, so the kettle will continue to work. 1
7. (a)
lf L N < For earth wire > 1]
< For neutral and live wire > [1]

(b) Energyused = 2.5kW x 150h = 375kWh
Cost of electricity = 375 x 0.87 = § 326 <accept $326.25>
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8. (@ () E = mcAT [11
= (1.6) x (4200) x (67 —23) = 296 000J <accept 295680 ] or 296 kJ > 11
(i) Power output = % < 292380 - 4930 W <accept4928 W > )]
Efficiency = M 1]
Power input
= %X 100% = 82.1% <accept 82.2%> 11
6000
(iii) Any ONE of the following : 11
% Some energy is lost to the surroundings
% Some energy is absorbed by the container
(b) (i) Itisakilowatt-hour meter. [1]
It measures the electrical energy used. [1]
(ii) Total power = 600 +2000 + 1500 = 4100 W [11
I= P - 4100 [
Vo 220
= 186A {1
(iii) The water heater draws a large current from the mains supply. m
If other electric appliances are connected together, overloading may occur. [1]
(iv) Any ONE of the following : [2]
* Ifthe ring circuit is broken at one point, the ring circuit can still function.
% Current is divided into two halves via two paths, thus thinner cables can be used.
% Since current is divided into two halves, the chance of overloading is reduced.
9. (a) The fan and the heating coil are connected in parallel. [1]
So that they can operate at their rated values. 1]
g v?
b @ R=1_ [1]
P
24*
= _——=2880Q 1
200 tm
y P
G I == 1
7 (1]
~ 20+200 _ 917 A [
24
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10.

11.

(@ E=ml+ mcAT
= (1) (2.26 x 105 + (1) (4200) (100 - 20)
= 25960007J

(b) Useful energy outputin 1s = (1100) (1) x 80% = 880 J

880

Maximum mass of steam generatedin I s = =339 x10™kg
2596000
. y?
© @ O RrR=—
P
= (220° =440
1100
2
@ R = a10” 110
1100
@) @ 220 V mode 110 V. mode

m— L (Live wire)

m— N (Neutral wire)
E (Earth wire)

<In 220 V mode, the two resistors are in series >
<In 110 V mode, the two resistors are in parallel >

< All the connections are correct >

(2) Resistance of each wire = 22 Q

(iif) The iron cannot function properly.

‘When the iron is in 220 V mode, its resistance is 44 Q.

2
Thus the power output = (l—ig)_. =275W

This power is much smaller than the rated value.

(a) The water can be heated uniformly by convection.

® O £

ti

il

mc AT
(24.1) (4200) (65 —~ 15) = 5.06 x 10°J

L (Live wire)
N (Neutral wire)
E (Earth wire)

Ay

(1]

[t

(1]

1]

1

f1]
[11
]

1]

(11

(1]

(11

11

1]
(1]

11.

12.

13.

®)

©

(®)

©

@

®)

©

(i) £E=P¢t
(5.06 x 10% = P (24.3 x 60) LoP=34T0W
P=VvI
(3470) = (220) I L I=158A
Thick wires has smaller resistance,

thus reduce the heating effect of current on the wires.
OR

Thin wires are not used since their resistance is greater

and thus the wires may be over-heated.

Both light bulbs can work under rated voliage.
‘When one light bulb burns out, the other light bulb can still work.

When the switch is off, the light bulb is cut off from high voltage.
Thus no electric shock occurs when the light bulb is touched.

40

Total cost of filament light bulb = 5 + 4000 x -2 x 0.95 = § 157
1000

Total cost of energy saving bulb = 35 + 4000 x 8

x 095 = $65.4
0

Total money saved = 157 — 654 = $91.6

Equivalent resistance : R = 50x50 _ 25Q
5050
2
p=r
R
_ 220

2
TR = 1936 W <accept 1940 W>

Power output settings Circuit
Low V4
Medium X
High Y
Any ONE of the following :

* The hair dryer has a plastic case.
% The case of the hair dryer is an insulator.

% The hair dryer has double insulation.

(1
(1

1]
{1

{11

(1

(1

(]

{1
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15.

@

®)

(@

®)

(@)

®

- E . (2526-126)
t 2% 60
20W

By P = VI
o(20) = (12)1

L I=167A

Total current = 1.67x2 = 3.34 A

As the tota] current is less than 5 A, the fuse will not blow.

keeping warm

-
Byr=-"_
R

- (38)= (220)"

Ry = 550Q

Power given out by the resistor R, = 550 — 88 = 462 W

By P=VI
- (462) = (220) I
L h=21A

2
rR= 229" _930

(500)
p- ¥ QW
R, (96.8+96.8)
= 250W
OR

2 2
pi=p=Y = W0 _h5w
R (968)

Total power = 125 x2 = 250 W

OR

1=V - (20 _ 11364
R, (96.8+9638)

P =I*Ryq = (1.136)*x(96.8 x 2) = 250 W

[t

(1

{1

1]

(1]
{1

1

f1]

(1]

RY

]

(11

(3]

It]

By

17.

() Modc Z has the largest power dissipation,

since the equivalent resistance of mode Z is the smallest.

(d) (i) Mode Z draws the largest current.
220

=220 54554
96.8
OR

=300 424554
220

The 5 A fuse would be the most suitable one.

(i) The claim is not correct. The switch must be installed in the wire 4 which is the live wire

so that the heater is cut off from high voltage when the switch is off.

(iif) Wire C is the Earth wire that could prevent an electric shock

since current would be conducted from the case through this wire to the Earth.

@ @ ToX
G) P=VI . (800) = (22001
o I=364A
2 2 2
GiyBy P= Y+ ¥ = 3V
R 4R 4R

- (300) = 5.(2200*
4R

L R =175625Q

To keep warm :

p=V - (0

4R 4 (75.625)
= 160 W
OR

2 2 2
@)=Y+ ¥V -5

R 4R 4R

VZ
4R

Pyam =
= Ro0yx1 = 160 W
5

(b) (i) electrical energy

(i) (1) only the fuse blows
(2) only the RCCB cuts off the supply

(1]
(11

i
{1

1
{1

1
1]

1]
(11

(1

11
{1

f1

{1

1]

(1]

]

01

1

{11
i1
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EarthNL
>
i £
mains socke Z0 1A
el
{i) -1fone of the lighting sets / circuity fails, the other 1A
{in parallel) can still opermts, ie. both work | Any
independently, ONE
- Both can work at the rated power.
- Any reasonsble answer
@ poyp BR300 450
PAT T Dol el
{300+ 450) = J(220) VoV o220 20 i
173409051 Aw34l A 1A
Thus § A fuse should be used. 1A ;
Electricel energy used per day
=0 S00KW x 8h+2kWxDS5h+3kW=x2h iM
=11 kWh ,
Cost=$09/kWhx 11 kWh M
=399 1A

The following list of formulae may be found useful :

Force on amoving charge in amagneticZeld

Force on a dWlent-carrying conductor in a magnetic field

Magnetic field due 1 a log stradght wire:

Magnetic field insike a long solenoid

Use the following data wherever necessary :

Permeability of free spece

Charge of electrm

Electron rest mass

Acceleration due b gravity

Part A :HKCE examination questions

1

<HKCE 1981 Paper II -33 >

F = BQvsin0
F = Bllsin 0

= I
p= ol
at [

=

T
L

g, = dnx107Hp !

e= 160x1019C

meo= 911X 103 kg

g = 88l n 32 (close © the Frth):

¥hich of tte following will be deflected by a magnetic field ?

() Electromgretic waves
@ A bean of electrs

@ A bean of mrotos

@ only

O & @ omly

® & @ mly

(O R N6

20w

<BKCE 1981 Paper Il -32 >

The figre shows two irm rods A and B suspended by two ligt sirings o that they ae close together.  Their lower ends ae

irside a soleoid  When a crrent flows through the soleoid, what will happen © A and B ?

A B

moves © e kft moves b the rigt
moves e rigt moves b the left
moves 0 the rigt moves b the rigt
moves b te Kt moves o e Kt

2 0w e

PD -EM4 -M /01
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3. <HKCE 1984 Paper I - 28 >
P and @ are two long parallel straight wires carrying currents as shown.
‘What is the direction of the force on Q ?
A. totheleft P 0
B. totheright
C. outof this page
D. into this page
4. <HKCE 1986 Paper II - 33 >
X
d.c. source
Two close, long, paralle], straight metal wires X and ¥ form part of the circuit shown above. Xand ¥
A. attract each other.
B. repel each other.
C. first repel and then attract each other.
D. first attract and then repel each other.
5. <HKCE 1988 Paper II - 32 >
The figure shows the path of an electron in a magnetic field PORS. What should be the direction of the magnetic field ?
A PQ
B. OR
C. into the paper
D. out of the paper
6. < HKCE 1990 Paper II - 31 >

AANNXAN N NN NAANCNANNNA NN NN NN
4 c

In the figure shown above, a copper rod is suspended horizontally by two insulating threads AB and CD, and the direction of
the magnetic field is into the paper, What happens when the switch of the circuit is closed ?

A. The copper rod will move into the paper.

B. The copper rod will move out of the paper.

C. The tension in each thread is decreased.

D. The tension in each thread is increased.

DSE Physics - Section D : M.C. PD - EM4 -M/ 03
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10.

< HKCE 1991 Paper I1- 32 >

N
Q

B D

Two long parallel wires AB and CD are connected to batteries as shown in the figure. The force acting on CD is
in a direction to the left.

in & direction to the right.

in a direction out of the paper,

in a direction into the paper.

oow>

< HKCE 1992 Paper I - 33 >

A small compass is placed near a long current carrying wire. In which of the following diagrams is/are the compass needle
pointing in the correct direction ?
(1) Compass above the wire

(2) Compass below the wire

(3) Current flowing out of paper

A. (1) only
B. (2)only
C. (1) &(3)only
D. (2)&(3)only

<HKCE 1993 Paper IT - 35 >

A motor lifts a load of 40 N vertically upwards at a steady speed of 0.2 m s™, The voltage applied to the motor is 12 V and
the current drawn is 2 A. Find the efficiency of the motor.

A 12%

B. 16.7%
C. 333%
D. 66.7%

<HKCE 1994 Paper II - 33 >

The diagram shows three long straight wires X, Y and Z. X and Y carry s R
currents flowing into the paper while Z carries a current flowing out

of the paper. The cwrrents are all equal in magnitude. What is the \ /
direction of the resultant force acting on X ? z @ X ®

A B / \

B
C.
D

SNV
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11.

12,

13.

14.

< HKCE 1995 Paper II - 31 >

Which of the following involve(s) the application of electromagnets ?
(1) An electric bell
(2) A telephone receiver
(3) A moving-coil loudspeaker

A, (3)only

B. (1) & (2) only
C. (2)&(3)only
D. (1), &(3)

< HKCE 1995 Paper II - 34 >

soft iron core

The above diagram shows a simple electromagnet. Which of the following can increase the strength of the electromagnet ?
(1) Decreasing the resistance of the variable resistor.
(2) Replacing the soft iron core with one made of steel.
(3) Replacing the battery with a 50 Hz a.c. source.

A. (1) only
B. (3)only
C. (1) &(2)only
D. (2) & (3) only

< HKCE 1996 Paper II - 35 >

Two long insulated wires carrying equal currents are placed perpendicular to each other on a table as shown in the figure.
The points P, O, R and S are all of equal distances from the wires. At which point(s) is the resulting magnetic field pointing

out of the paper ?

A. Ponly

B. Qonly

C. Ronly

D. Sonly

<HKCE 1998 Paper I - 31> 0a
l | —

A motor is connected in series with a 10 Q resistor and a 12 V power supply as shown. If the current in the circuit is 0.5 A,
find the power consumed by the motor.

A 35W
B. 5W
C. 6W

D. TW

15.

16.

17.

<HKCE 1998 Paper I - 32 >

Upwards
® ® ® Left <—-T—-> Right
X Y zZ l
Downwards

The above diagram shows the cross-section of three parallel straight wires X, ¥ and Z. X and ¥ carry currents flowing out of
the paper and Z carries a current flowing into the paper. What is the direction of the resultant force acting on ¥ ?

A. towards the left

B. towards the right

C. upwards

D. downwards

< HKCE 2001 Paper I - 36 >

soft iron core

12V
I|
The figure shows an electromagnet which is used to pick up iron objects. Which of the following can increase the strength of
the electromagnet ?
(1) increasing the number of turns of the coil
(2) reducing the resistance of the variable resistor
(3) replacing the battery with a 12 V a.c. power supply

A. (1) only

B. (3)only

C. (1) &(2)only

D. (2) &(3)only

< HKCE 2002 Paper IT - 32 >

©r ®o

P, O and R are three parallel straight wires carrying equal cwrrents flowing out of the paper. R is equidistant from P and Q.
What is the direction of the resultant force acting on R by P and Q ?

A.
—
B.
<“—
C.
T
D.
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18.

19,

20.

< HKCE 2003 Paper II - 37 >

PO Qo

Two compasses P and 0 are placed near the poles of an electromagnet as shown above. In which of the following diagrams
are the north poles of the compass needles pointing in the correct directions ?

P Q

A ® ®
B. ® ©O)
) ® ®
D, ® O

<HKCE 2004 Paper II - 30 >

David wants to design a battery-powered toy car. Which of the following circuits should he use ?

B.
- n
(¢} I"“ D. -
® ®

< HKCE 2004 Paper I - 34 >
*R

P® ® o

Two parallel straight wires P and Q carry cqual currents flowing into the paper. A compass is placed at a point R where
PR = QR. In which of the following diagrams is the north pole of the compass needle pointing in the correct direction ?
The effect of the Earth’s magnetic field may be ignored.

A, B. (G} D

© S ® RO
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22,

23,

< HKCE 2005 Paper I1 - 22 >

Which of the following diagrams shows the magnetic field pattern formed around a flat circular current-carrying coil, in the
plane as shown above ?
A - B.

< HKCE 2005 Paper II - 23 >

The figure shows a simple motor. Which of the
following changes can increase the turning effect of
the coil ?

(1) using a stronger magnet
(2) reducing the resistance of the rheostat

(3) using a coil with a smaller number of turns

A. (1) &(2) only

B. (1) &(3) only

C. (2) &(3)only battery box
D. (),@&(3)

< HKCE 2006 Paper IT - 36 >

The diagram shows a home-made device which can

produce sound. In the device, a magnet is fixed to the I signal input
base of a plastic cup. When a signal passes through the coil
coil, the base vibrates to produce a sound. Which of the magnet fixed
following methods can make the sound louder 7 on the base
base

(1) using a stronger magnet
(2) inserting a copper rod into the coil plastic cup

(3) increasing the number of turns in the coil

A. (1) &(2)only
B. (1) &(3)only
C. (2)&(3)only
D. (1), (2) &(3)
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24,

25.

26.

< HKCE 2008 Paper II - 19 >

Two parallel wires carry equal currents flowing in the same direction. Which of the following statements are correct ?
(1) The magnetic forces acting on the two wires form an action-reaction pair.
(2) The two wires attract each other.
(3) Ifthe directions of the current in the two wires arc both reversed, the wires will repel each other.

A. (1) & (2) only
B. (1) & (3) only
C. (2)&(3)only
D. 1), &B)

<HKCE 2008 Paper I1 - 42 >

4 uniform magnetic field

TR

~<> observer’s eye

The above figure shows a rectangular loop of wire carrying a steady current I. The rectangular loop can rotate freely about
PQ. If a uniform magnetic field to the right is applied, which of the following is correct ?

Resultant magnetic force acting
on the rectangular loop

Rotation of the rectangular
loop about PQ

A. non-zero clockwise
B. non-zero anti-clockwise
[ 2ero clockwise
D. Zero anti-clockwise

< HKCE 2008 Paper II - 43 >

A compass is placed inside an air-cored solenoid XY which is connected to
a d.c. supply with terminals P, O as shown. If the end X of the solenoid
behaves as magnetic north pole, what are the polarity of the terminal P and
the direction in which the north pole of the compass needle points ?

compass

(The tip of the arrow represents the north pole of the compass needle.)

Polarity of P Compass
A. + @
B. + @
¢ - ©
b <

27.

28.

29.

<HKCE 2009 Paper II - 22 >

A current carrying wire, perpendicular to the plane of the paper, is located at P. P is in the midway between two identical bar
magnets with unknown polarities X and ¥ as shown in the figure. The current in the wire is flowing into the paper. The
magnetic force F acting on the wire is downward., Which of the following statements are correct 7

(1) Xis anorth pole and ¥ is a south pole.

(2) Fisreversed if the current direction is reversed. P
(3) Fis larger if stronger bar magnets are used. X ¥
(1) & (2) only
(1) & (3) only
(2) & (3) only
M, @Q&O)

vaw»>
B

<HKCE 2009 Paper II - 21 >

The figure above shows two parallel straight wires carrying equal currents. Which of the following diagrams correctly shows

the resultant magnetic field lines ?

A, B.

©WO ONO

<HKCE 2010 Paper IT - 22 >

A current carrying wire Y is placed between two bar magnets as shown above. The wire experiences an upward force. Which
of the following is/are the possible combination(s) of the direction of the current in ¥ and the magnetic poles of X'and Z ?

pole X current direction in ¥ pole Z

) N from Pto Q S
2) S from Pto O N
3 N from Q to P S

A. (1) only

B. (2)only

C. (1)&@3)only

D. (2)&(3)only
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<HKCE 2011 Paper II - 21 >
Rectangular coil PQRS is carrying a current flowing in clockwise direction. It is placed inside a uniform magnetic field
pointing into the paper as shown in the figure below.

X X X X x

X
R
X |x x x|[x x
X |x x x[x X
magnetic field I direction of current
X [¥ % X

x | x x x|x x
P A
X X X X X X

Which of the following statements are correct 7

(1) A magnetic force pointing to the right acts on RS.

(2) No magnetic force acts on QR.

(3) The resultant magnetic force acting on the coil is zero.
(1) & (2) only

(1) & (3) only

(2) & (3) only

1, &3)

gawEp

<HKCE 2011 Paper II - 41 >

In the figure below, the arrow shows the direction of the magnetic field at Z due to a current-carrying solenoid.

Z —>p
X Y
soft iron core
P Qo
The direction of current through the solenoid and the magnetic north pole of the solenoids are
Direction of current Magnetic north pole
A from P to @ X
B. from Pto Q Y
C. from Q to P X
D. from g to P Yo

Part B : HKAL examination questions

32.

<HKAL 1980 Paper I - 44 >

Two charged particles X and Y enter a region where a magnetic field acts perpendicular
to the plane of their motion. The resulting paths shown in the diagram may be affected
by the mass, charge and initial speed of the particles. Which of the following quantities
alone could cause the observed difference in the paths ?

(1) Xhas a smaller mass than Y.

(2) Xhas a smaller charge than Y. y X
(3) Xhas a greater speed than Y.
(1) only

(3) only

(1) & (2) only

(2) & (3) only

oW
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33.

34,

35.

36.

37.

<HKAL 1980 Paper I - 46 >

Which of the following affects the magnetic field strength on the axis of a long solenoid ?
(1) The diameter of the solenoid
(2) The number of turns per unit length of the solenoid
(3) The current flowing through the solenoid

A. (1) only
B. (3)only
C. (1)&(2) only
D. (2) &(3) only

<HKAL 1981 Paper I - 44 >

A free electron travelling horizontally with speed v enters a uniform vertical magnetic field B. Which of the following
statements is/are correct ?

(1) The path of the electron is circular on a vertical plane.

(2) The speed of the electron remains constant.

(3) The radius of curvature of the path of the electron is inversely proportional to the magnetic field B.

A. (1) only
B. (3)only
C. (1) &(2)only
D. (2) & (3) only

< HKAL 1981 Paper 1-13 >

A vertical wire of 0.4 m long carries a constant current of 5 A. It is placed in a magnetic field of strength 10~® T, which dips
at an angle of 30° to the horizontal, Determine the magnetic force acting on the wire.

A 50x10*N
B. 8.7x10*N
C. 15x107%N
D. 1.7x10°N

<HKAL 1982 Paper 1 -43 >

A solenoid with a solid core has a diameter 4 and # turns per length. It carries a current /. The magnetic field B inside is
(1) independent of d.
(2) proportional to n.
(3) independent of the material of the core.

A. (1)only
B. (3)only
C. (1)&(2)only
D. (2) &(3)only

<HKAL 1982 Paper1-19 >

RS
X and Y are identical flexible conducting wires, suspended from fixed points P and Q. The bottom parts of the wires R and §
are also fixed. When a current 2 A is passed from R to P through X, and a current 1 A is passed from Q to S through ¥,
which of the following diagrams best represents the shapes of the two wires ?

A. B. C. D.
P 0 P 0 P o 2o
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38. <HKAL 1983 Paper I-18> 42. <HKAL 1988 Paper I-38>
Two parallel wires attract each other with a force F when the same cutrent passes through them. If the current is doubled and B y
the distance between the wires is also doubled, the force of attraction will become L
L 2
A yF L4 R-———b—"°¢ 3
B. iF
C. F Q
D. 2F. In the above figure, PQ is a fixed long wire carrying a current I . RS is another wire perpendicular to PQ. When a current I
flows through RS in the direction shown, the magnetic force on the wire RS
A. acts in the + y direction,
39, <HKAL 1985 Paper I -25> B. acts in the — y direction.
Which of the following graphs best represents the variation of the strength of the magnetic field B along the axis of a long C. acts in the + x direction.
solenoid carrying a constant current, with the distance x from the centre of the solenoid along the axis to one of its end ? ; act
A B D. acts in the — x direction.
B B
43. <HKAL 1988 Paper I-37>
A particle of mass m and charge g moves in a circular orbit inside a magnetic field B. The time taken for a single orbit is
> X 0 > x A, Bg y B, 2nm.
2nm Bgqg
c D.
B B c 2mg, D, By
\ A N ! q
0 > x 0 Ny 44. <HKAL 1989 Paper 1-32> s>
D) %
1
40. <HKAL 1985 Paper I-27> <
r s
A small particle with mass 3.2 x 10~ kg and charge —1.6 x 1071° C X X % R B O ""G"G"" x
enters a uniform magnetic field of flux density 0.08 T at a speed of
10° m 57!, as shown in the above figure. It will o> X % x B into paper B
A. pass undeviated through the magnetic field. v v v
. . ) X X X
B.  be deflected upward in a circular arc of radius 0.25 m. A square loop carrying a current I is placed in a uniform magnetic field B in the xy plane as shown in the figure. If the loop is
C. be deflected upward in a circular arc of radius 0.50 m. free to rotate, the magnetic forces acting on the loop will cause it to
. ! ;. A. rotate about the y-axis as indicated by p.
D. be deflected downward in a circular arc of radius 0.25 m. B. rotate about the y-axis as indicated by g.
C. rotate about the x-axis as indicated by r.
D. rotate about the x-axis as indicated by s.
41. <HKAL 1987 Paper 1-34 >
X 45. <HKAL 1990 Paper I - 45>
s R |
7 R > Q

As shown in the figure, S is an a.c. supply of frequency 50 Hz connected to a resistor R via two long, parallel, straight metal
wires X and Y. The magnetic forces acting on Xand ¥

A. are always equal to zero.
B. always attract.

C. always repel.
D

sometimes attract and sometimes repel; the frequency of variation is 50 Hz.

S1| ISz

A beam of particles, of different masses, charges, polarities and speeds, travels long PQ and passes through a narrow slit .
In the region between Sy and Sz, an electric field £ and a magnetic field B are directed perpendicularly to each other. The
E-field acts vertically upward and the B-field acts out of the plane of the paper. The particles that are undeflected and emerge
from slit Sz must have the same

A. polarity.
B. speed.
C. charge.
D. mass.
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46.

47.

48,

49.

<HKAL 1992 Paper I - 36>

Two parallel straight wires separated by a distance r carry currents in the same direction. Which of the following statements
is/are correct ?

(1) The two wires attract each other.

(2) The force acting on each wire is inversely proportional to 72,

(3) The current in two wires produce a magnetic field with maximum flux density midway between them.

A. (1) only
B. (3)only
C. (1) & (2) only
D. (2) & (3) only
<HKAL 1993 Paper [ - 49 >
X X X X x
P Qo

X X X X X

X X x X X

Two particles P and Q of the same charge and mass but moving with different speeds vp and vq respectively enter a region
of uniform magnetic field B directed into the plane of the paper. The subsequent circular paths are as shown in the figure.
Which of the following statements is/are correct ?

(1) Both particles P and ( are positively charged.

(2) Speed of particle P is smaller than that of Q.

(3) The period of circular motion of P is shorter than that of Q.

A, (1) only
B. (3)only
C. (1) & (2) only
D. (2) & (3)only

< HKAL 1993 Paper I - 36>

A
T
X 0.2m
______ . Lo
1A

Two long parallel straight wires, each carries a current of 1 A in opposite directions, are separated by a distance of 0.2 m as
shown in the figure. The magnetic ficld at a point X mid-way between the two wires is

A. 2 x 1075 T out of paper.

B. 2x 107 T into paper.

C. 4 x107% T out of paper.

D. 4 x 107 T into paper.

<HKAL 1994 Paper IIA - 31 >

For two long, straight parallel conducting wires catrying the same current, the magnitude of the magnetic force acting on a
section of the wires would be affected by

(1) the distance between the wires

(2) the length of that section of the wires

(3) the directions of current flowing in the wires

A. (1) only
B. (3)only
C. (1) &(2) only
D. (2) & (3) only
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51.
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< HKAL 1994 Paper HA - 32 >

path of X
the electron
X
uniform magpetic field
field
X X X X X

An electron moves in a circular path of diameter 0.01 m in a plane with a uniform magnetic field of 0.02 T directed
perpendicular into the plane as shown in the figure. Find the speed and the direction of circular motion of the electron.

A. 176 x 10" m 5™ in anticlockwise direction
B. 1.76 x 107 m s in clockwise direction

C. 3.52 x 107 ms™! in anticlockwise direction
D

3.52 x 107 m 57! in clockwise direction

< HKAL 1995 Paper I1A - 34 >

X

v

Uniform magnetic field
A

(out of paper)
.

Particles 4 and B moving at the same speed enter a square region of uniform magnetic field as shown. Particle 4 leaves at X
while particle B leaves at Y. If the charge to mass ratio of particle 4 is k, then the charge to mass ratio of particle B would be

A K
2
B K
4
C. 2k
D. 4k

< HKAL 1996 Paper ITA - 26 >

Four infinitely long straight parallel wires P, 0, R, § carrying equal currents are situated at the four corners of a square as
shown. The currents in P, 0 are into paper and those in R, § are out of paper. What is the direction of the resultant magnetic
field at the centre of the square ?

A1
B. II
C. m

D. IV
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53.

54.

55.

<HKAL 1998 Paper DA - 30 >

Z
(7]

D

The above diagram shows a rectangular current-carrying coil ABCD in a uniform magnetic field between two pole pieces.

The magnetic field is perpendicular to the plane of the coil. Which of the following statements is/are correct 7
(1) There is a magnetic force acting on the side BC of the coil.
(2) The magnetic forces acting on the coil tend to reduce its area.
(3) There is a resultant force acting on the coil.

A. (1) only
B. (3)only
C. (1) &(2)only
D. (2) & (3) only

<HKAL 1998 Paper I1A - 26 >

X X X X

The above figure shows a charged particle moving in a circular orbit with a constant speed v on a plane perpendicular to a
uniform magnetic field directed into the paper. Which of the following graphs represents the relation between the time T for
the particle to complete a circle and its speed v ?

A
T

C. D.
T H T
0 v 0 v OV v Ol\ v
<HKAL 1998 Paper IIA - 27 >

Two long, straight parallel wires, each carrying a current J into paper, are
separated by a distance » as shown in the figure. What is the magnitude and
direction of the resultant magnetic field at the point P at the same distance »
from both wires ?

Fox
A % @},
—p|

\f3_/101

B. M2Fo<
2zr

r
to the left \/®
}1——- 4
to the left

c. AT
nr

ﬁﬂol

2xr

to the left

to the right

56.

57.

58,

59.

<HKAL 2000 Paper IIA - 25 >

R

pri o
Four parallel long straight wires carrying currents of equal magnitude pass vertically through the four corners of a square

PQRS. In one wire, the current is directed into paper. In the other three wires, the currents are directed out of paper.
‘Which of the following can produce a resultant magnetic field with the indicated direction at the centre O ?

Current out of paper
O,R,S

)
3
i

Current into paper

vaws
Lr Qv
e

R,S
Q.8
O, R

< HKAL 2000 Paper IIA - 27 >

A beam of charged particles passes through a region of crossed uniform electric and magnetic fields without deflection.
‘Which of the following quantities must be the same for the particles making up this beam ?

A. charge to mass ratio
B. velocity

C. mass

D. sign of charge

< HKAL 2002 Paper IIA - 29 >

Three long straight parallel wires P, Q and R carrying currents of the same magnitude are situated at the vertices of an
equilateral triangle as shown, The currents in wires P and R are directed out of the paper. Which of the following indicates
the direction of the resultant magnetic force acting on the wire P ?

A, —> B. * C: ¢ D. /

< HKAL 2003 Paper IIA - 31 >

A charged particle enters a region of uniform magnetic field whose direction
is normal to the initial velocity of the particle. The subsequent path of the
particle is as shown in the figure. Which of the following may be the reason
to account for this shape of the path ?

(1) The magnitude of the magnetic field decreases gradually.

(2) The particle loses its charge gradually.

(3) The particle loses its kinetic energy gradually.

(1) only

A Magnetic field
B. (3)only normal to paper
C. (1) &(2) only

D. (2) & (3) only
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< HKAL 2003 Paper IIA - 30 >

LI AL

20cm  10cem £

B! D

In the above figure, 4B and CD are two parallel long wires with separation 20 cm carrying currents ) and I respectively.
The resultant magnetic field at the point P 10 cm from wire CD is zero. If Iz is equal to 0.6 A, determine the magnitude and
direction of the current /, in the wire 4B.

A. 0.2 A flows in the same direction as &
B. 0.2 A flows in the opposite direction as I
C. 1.8 A flows in the same direction as /2
D. 1.8 A flows in the opposite direction as [

< HKAL 2004 Papeyr IIA - 29 >
Three long, parallel, straight current-carrying wires P, Q and R are placed in the same plane as shown in the figure.
1A

P
d
2A
2
B 2A
R

TFor two long, parallel, straight wires placed a distance d apart and each carrying a current of 1 A, the magnetic force per unit
length is F. What is the resultant magnetic force per unit length acting on the wire R shown in the above figure 7
A0

B. F
C. 2F
D. 3F

<HKAL 2005 Paper ITA - 18 >

o-particle’s path

00

|"—~_Magnetic field

out of paper

X 7
proton’s path

A proton and an o-particle move in a uniform magnetic field as shown in the above figure. The magnetic field is directed
out of the plane of the paper. Within a square region WXYZ, the proton takes time # to complete a half circle from X to ¥
while the a-particle follows a quarter circle from X to Z in time #,. What is the ratio #; : 2, ?

(Given : mass ratio of an o-particle to a proton is 4 : 1; charge ratio of an a-particle to a protonis 2 : 1.)
A 1:2

B. 1:1
C. 2:1
D

It cannot be determined as the ratio of their speeds is not given,

DSE Physics ~ Section D : M.C. PD-EM4-M/19

EM4 : Magnetic Field

63.

64.

65.

66.

< HKAL 20606 Paper ITA - 17 >
In a vacuum, an electron moves in a circle with speed v in a uniform magnetic field of flux density I mT. If an a-particle
with speed % v is to follow the same path, what magnetic flux density in the opposite direction is required 7

(Given ; mass ratio of an a-particle to an electron is 7200 : 1; charge ratio of an a-particle to an electronis 2: 1.)

A 09T
B. 18T
C. 36T
D. 72T

<HKAL 2006 Paper IIA - 18 >

A long straight wire carrying a current [ is placed at a distance » from the point P.

Both the wire and point P are in the plane of the paper. When the current I increases long straight wire

by 0.5 A, the magnetic flux density B at point P increases by 5.0 x 10-° T. Find .

A. lem I P
B. 2em g ma®
C. 4cm

D. 8cem

<HKAL 2006 Paper ITA - 16 >

Two long, parallel wires PQ and RS are connected to a sinusoidal a.c. supply as shown in the figure. Which of the following
graph best shows the time variation of the magnetic force F between the two wires ?

A. - B. F

A A

0 >t 0 >t
C 7 D. F

A A

g . o~

<HKAL 2007 Paper IIA - 20 >

A beam of charged particles passes throngh crossed uniform electric and magnetic fields without deflection. If the electric
field is removed, the particles will split up into several beams. This splitting may be due to the particles having different

(1) charges

(2) masses

(3) incident velocities

(1) only

(3) only

(1) & (2) only

(2) & (3) only

vows
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67. <HKAL 2007 Paper IA - 18 > 70. <HKAL 2009 Paper IIA - 30 >
%] @' -------- @ R >
E i A >
L} 1 7y »
: : / 4% 5
: 5 12 A;{ Q
A i > uniform magnetic
| J¢> T —— @S / / » ficldof 0.4 T
' s
Four long straight wites perpendicular to the plane of the paper are placed at the four corners of a square PQRS as shown in \ f >
the figure. Same current / flows in the wires at P, Q and S directed into the paper while the current flowing along the wire at \ / >
R is in the opposite direction. If the wire at P experiences no net magnetic force, find the current flowing in the wire at R. } 4
A 112 g
B. I/2 A square coil PQRS, each side has a length of 0.15 m is placed in a uniform magnetic field of 0.4 T as shown in the figure.
The number of turns in the coil is 20 and the current in the coil is 1.2 A. The magnetic field is parallel to the plane of the
C. Var coil. The side PQ makes an angle of 30° with the magnetic field. Find the magnetic force acting on the side PQ of the coil.
D 2r1 A. 0.7N out of the paper
B. 0.7 N into the paper
68. <HKAL 2007 Paper IIA - 19 > C. 1.3 N out of the paper
A segment of a vertical wire 0.50 m long catrying a current of 8.0 A is horizontal D. 1.3 Ninto thi
placed in the Earth's magnetic field. The direction of the field dips at an 20° S SUELRERERe,
angle of 20° to the horizontal. If the magnetic force acting on the wire is
7.5 % 107 N, find the magnitude of the Earth's magnetic field. 71. <HKAL 2010 Paper ITA - 28 >
A 64x10°T 0A Earth's N o . 3 " : .
B. 1.8x105T - magnetic When moving charged particles enter a uniform magnetic ficld at right angle, they are deflected. This deflection can be
C 20x10°T \ field increased by
D. 55x10°T (1) increasing the mass m of the particles
(2) increasing the charge Q of the particles
69. <HKAL 2009 Paper A - 29 > (3) increasing the magnitude B of the magnetic field

solenoid X

solenoid ¥

P
COMIMON AX{S§ === === =====fodmmmm oo M=~ mm oo m e e ———— ¢ E

x 0

The data about two coaxial long solenoids X and Y are tabulated below :

solenoid X solenoid ¥
radius 5cm 3cm
turn density 1200 m! 2400 m™!
current 1.0 A 0.5A

(clockwise as viewed from £) (anticlockwise as viewed from E)

Point P is on the common axis while point O is 4 cm from the axis. Both P and Q are well inside the two solenoids.
‘Which of the following statements is/are correct ?

(1) The resultant magnetic field at P is zero.

(2) The magnetic field at Q is 1.5 mT.

(3) The magnetic field at O points to the left.

(1) only

(1) & (2) only
(2) & (3) only
1,2 &3)

vowy

72.

A, (1) only
B. (3)only
C. (1)&(2)only
D. (2) &(3) only

<HKAL 2011 Paper IIA - 25 >

Two long straight parallel wires, X and ¥, carry equal currents in the same direction as shown in the figure. Wire X'
experiences a magnetic force of 0.1 N. If now a uniform magnetic field pointing into the paper is applied to both wires
(NOT shown in figure), the resultant magnetic force acting on wire X becomes 0.5 N. Find the resultant magnetic force
acting on the wire Y. (Neglect the Earth’s magnetic field.)

A. 03Nm™ tothe left
B. 0.3 Nmto the right
C. 0.6Nm to the left
D. 0.6 Nm™ to the right
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L] L] L L] L L [ ] [ ] L L
e & o o 8. ¢ o 0 o o 76. <HKDSE Sample Paper 1A - 29>
% ¢
® [ ] ,l”. L ] .a\\. L ] L] L]
6\ 5

A positively charged particle enters a uniform magnetic field B with a speed v making an angle 8 (0° < 8 < 90°) with the
boundary of the field. The magnetic field points out of the paper and the particle leaves the field at the same boundary as
shown. The time of transit for the particle inside the magnetic field is

(1) proportional to the angle 6.
(2) dependent on the speed v.
(3) inversely proportional to the field strength B.

A (1) & (2) only A B.
B. (1) & (3)only AT

C. (2)&(3)only

D. (1),(2) &)

74. <HKAL 2012 Paper ITA - 23 >

Two long straight parallel wires carrying currents I; and J; (with &2 > I) is shown in the figure. The separation between the 77. <HKDSE Sample Paper IA - 28 >
two wires is 7. If now another wire carrying a current I in the same direction is placed midway between the two wires, what
would be the magnetic force per unit length experienced by this wire, in both magnitude and direction ?

A H I g e right
nr

B. H LU= 1) to the left
nr

c AIEGHD) 4ome right
nr

D. _&M to the left
nr

75, <HKAL 2013 Paper IIA - 28 >

i . L . The figure shows a simple motor. Which of the following changes would increase the turning effect of the coil ?
The magnitude of the magnetic field B inside a very long solenoid can be increased by

(1) increasing the current through the solenoid (1) using & strongec magnet
(2) increasing the number of turns per unit length of the solenoid i (2) reducing the resistance of the theostat
(3) decreasing the cross-sectional area of the solenoid (3) using a coil with a smaller number of turns
A, (1) & (2) only l A. (1) &(2) only
B. (1) & (3) only | B. (1) &(3) only
C. (2) & (3) only | C. (2)&(3)only
D. (1), &(3) | D. (1),()&03)
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78. < HKDSE Practice Paper IA - 31 > 81. <HKDSE 2013 Paper IA - 27 > i ;
- In the figure, four long straight wires P, 0, R and § in the same plane ;‘ ‘1
P4 > carry equal currents in the directions shown. The wires are insulated pe- —
AQ from each other. O is a point on the same plane and is equidistant from
> 5 each wire. Removing which wire would increase the magnetic field .
104 % 5 mT uniform strength at O ? o
magnetic field A wire P 0-- >
_ B. wire Q H '
d " C. wireR i :
> D. wire§ i N
The figure shows a current of 1.0 A flowing in a metal rod of length 0.5 m. The rod is placed inside a region with a uniform
magnetic field of strength 5 mT. What is the direction and the magnitude of magnetic force acting on the rod ? 82. <HKDSE 2013 Paper IA - 26>
Direction Magnitude
A. into the paper 1.25x 107N
B. out of the paper 1.25x 10N
C. into the paper 2.17x 107N
D. out of the paper 217 x 107N
79. <HKDSE 2012 Paper IA - 29 > |
X Z Y
1Al 1A ot
A straight wire carrying current I pointing into the paper is placed in a magnetic field between pole pieces X and ¥. The
figure shows the resultant field line pattern. What is the polarity of pole piece X and in what direction is the magnetic force
acting on the wire ? Ignore the effect of the Earth’s magnetic field.
In the above figure shown, X, ¥ and Z are three long straight parallel wires with Z placed midway between X and ¥, X and polarity of X direction of magnetic force
Z carry currents of 1 A in the same direction while ¥ carries a current of 3 A in the opposite direction. The magnetic force A. N to right
per unit length experienced by wire X due to wire Z is of magnitude F. The magnetic force per unit length acting on wire Z B. N to left
due to both X and ¥ is C. S to right
A 2Ftothe right | D. s to Ieft
B. 2Ftothe left. ’
C. A4Ftotheright 83. <HKDSE 2013 Paper 1A - 28> )
D. 4Fto the left, magnetic

80.

< HKDSE 2012 Paper IA - 30 >

An electron enters a region in which both a uniform electric field £ and a uniform magnetic field B exist. The magnetic field
B is pointing into the paper. In which direction should the electric field be applied so that the electron could be undeflected 7

A. B.
electric field electric field
X x/* x X X/%X X
electron T T T electron SR
O —— Q>
X X X X X X X X
—_— . —
X X X X X X X X
C. electric field D. electric fistd
X | X XX ) X4 X x
electron | x| x electron. | T
o~ o~
AEIRAES x| x]x|x
XXy Xyx x| x| x|x

A copper rod XY is placed on a pair of smooth inclined conducting rails which are located in a magnetic field applied
vertically downward. The rails make an angle & to the horizontal and a battery is connected to the rails as shown above.
Which diagram shown below represents the magnetic force Fp acting on the rod when viewed from end ¥ ?




DSE Physics - Section D : M.C. PD-EM4-M/26

EM4 : Magnetic Field

,DSE Physics ~ Section D : M.C. PD-EM4-M/27

EM4 : Magnetic Field

84.

85.

86.

< HKDSE 2014 Paper 1A - 26 >

-

Four long straight parallel wires P, 0, R and § carrying currents of equal magnitude are situated at the vertices of a square as
shown. P, O and R each carries a current directed into the paper while § carries a current dixected out of the paper. The
direction of the resultant magnetic field at the centre O of the square is along

A. OFP.
B. 00
C. OR.
D. OS.

< HKDSE 2014 Paper IA - 28 >

The figure shows a closely packed long solenoid of cross-sectional area
A and length L having a total of N turns. If the solenoid carries a
constant direct current throughout, which of the following changes can
increase the magnetic flux density B at its central cross-section ?

length cross-sectional area total number of turns
A, 2L 24 2N
B. L 24 N
C. 2L A N
D. /4 A 2N
< HKDSE 2017 Paper IA - 26 >

The figure shows a simple d.c. motor, the coil ABCD is mounted between the poles of two slab-shaped magnets.

Which of the following statements is correct ?

A. The turning effect is zero when the coil is vertical,

B. The magnetic force acting on BC is the greatest when the coil is horizontal,
C.  The direction of the magnetic force acting on 4B remains constant.

D.  The direction of the current in the coil remains unchanged.

87,

88.

< HKDSE 2018 Paper IA -27 >

A straight wire carrying a current I pointing out of the paper is
placed in a uniform magnetic field between two pole pieces as
shown. At which point, P, 0, R or S, can the resultant magnetic
field be zero ?

Neglect the effect of the Earth’s magnetic field.

oo »
L O v

< HKDSE 2018 Paper IA - 28 >

uniform magnetic field
pointing out of the paper

charged
particles P Q

P and @ are two particles carrying the same amount of charge but of different masses. They travel with the same speed and
enter a uniform magnetic field pointing out of the paper as shown, Semi-circular paths with different radii are described
before they emerge from the field. Which descriptions below are correct ?

(1) Both P and Q are positively charged.
(2) P and Q emerge from the field with the same speed.
(3) The mass of Q is greater than that of P,

A ()& (2)only
B. (1) & (3)only
C. (2) & (3) only
D. (1).(2)&(3)

89. <HKDSE 2019 Paper 1A-26>




90. <HKDSE 2019 Paper IA-27> 92. <HKDSE 2020 Paper IA-27>

s
. e uniform magnetic
negatively ;’/ field pointing
charged 0w - fuoussess= into the paper
particle
X X X X x

A {nr:gaﬁvcly chgrged particle goes undeflected through = region in which a uniform electric field and 2
uniform magnetic ficld are set up as shown, The electric field is set up by the potential difference

actoss the two paraliel metal plates. Which of the following changes charg i
deflect downward ? Neglect the effects of gravity, & WS Ry ateniy) Al

4y increasing the potential difference across the plates
{2 incrcasgng the magnitude of the charge on the particle
{3y ingreasing the particle's speed entering the region

A. (1) only
B. (3) only
C. {1 and (2) only
D. (2) and (3} only

93. < HKDSE 2020 Paper 1B -9 >
91. <HKDSE 2020 Paper IA-26>

horizontal surface around a long vertical . ‘ .
gl i o r. The Earth’s magnetic field is NoT Two small metal spheres are attached to the ends of an insulating rod of length 5.0 cm. They carry charges +Q

and ~( respectively of equal magnitude as shown in Figure 9.1, The insulating rod is suspended horizontatly
between two parallel metal plates, 4 and B, which are connected to an E.H.T. (extra high tensicn) supply.

The figure below shows the magneti
straight wire carrying & steady current J pointing out of the pape
neglected.

Top view metal plates |

|2

ure 9.1

‘What are the directions of the following ?

the horizontal component of the magnetic force txgerienecd
the Earth’s magnetic field by the current-carrying wire

v ow»

Jitt
-5 -




The rod is parallel to the metal plates when the EH.T, is off. Afler the ELT. Is switched on, an electric field
is sgt up between the plates and the rod is twisted by an angle of 20° as shown in Figure 9.2.

f '
\ i
g 209
Top view —
toy
L0
'
]
Fwe 9.2 A B
¥
3 )
-0 @i
¢y
S h
o
i o
() On Figure 9.2, sketch the electric field tines due to the potential difference across the plates. {2 marks)

(b} The potential difference across 4 and B8 is 5.0 kV and the separation between the metal plates is 10 cm,
The foree due to the electric field acting on cach sphere is 2.0 107 N, find

(i) the moment acting on the rod as shown in Figure 9.2 due to the electric forces on the charged spheres.
(2 marks)

*(ii)the strength of the electric field £ due to the potential difference across the metal plates.

(ifi) the magnitude of the charge Q on the spheres.
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HKEAA's Marking Scheme is prepared for the markers' reference. It should not be regarded as a set of model answers.
Students and teachers who are not involved in the marking process are advised to interpret the Marking Scheme with care.

M.C. Answers
. € 11. B 2. A 31, A
2. A 12. A 22. A 32. D
3. B 13. B 23. B 33. D
4. B 14. A 24. A 34. D
5. C 15. A 25. C 35. D
6. C 16. C 26. C 36. C
7. B 17. D 27. D 37. A
8. B 18. D 28. D 38. D
9. C 19. A 29. D 39. D
10. B 20. B 30. B 40. D
51. A 61. D 71. D 81. C
52. A 62. B 72. B 82. C
53. C 63. A 73. B 83. C
54. B 64. B 74. A 84. A
55. D 65. C 75. A 85. D
56. D 66. C 76. A 86. A
57. B 67. D 77. A 87. C
58. A 68. C 78. A 88. D
59. B 69. D 79. D 89. C
60. D 70. A 80. C 90. D
M.C. Solution
L @

Charged particles will be deflected by a magnetic field.

% (1) Electromagnetic waves : contain no charged particles.

v [¥)) Beam of electrons : negatively charged particles

v 3) Beam of protons : positively charged particles

41.
42.
43,
44,
45,

W o w > a

46.
47.
48,
49.
50.

w O o a »

91. A

A

‘When current flows through the solenoid, there is magnetic field inside the solenoid.

The two iron rods are then magnetized to become electromagnets. A B

By use of Right hand grip rule, the direction of magnetic field is upwards.

Both the upper ends of the two iron rods are N-pole and lower ends are S-pole. F F
Since like poles repel, they repel away from each other.

Thus, 4 moves to the left and B moves to the right.

B
There exists repulsive magnetic force between two currents flowing in opposite directions.

. Magnetic force on Q is to the right.

B

For a d.c. source, there are 2 possible cases.
CaseI: Current from wire X to wire ¥
Case II : Current from wire Y to wire X.

In both cases, directions of current in the 2 wires are opposite = repulsion

C
a7
1 (—j
F
(1) From the diagram, a downward force is acting on the electron.
2) Current carried by the electrons is opposite to direction of motion of electrons.

By Left-hand rule, the magnetic field B should be pointing into the paper.

C
Consider the rod BD,
()] Direction of current : from B to D,

@) Direction of B-field : into paper.

By Left-hand rule, an upward force acts on the copper rod

", tension in each thread decreases

B

Wire AB : current flows from B to 4

Wire CD : current flows from Cto D

Since the two currents flow in opposite directions, the forces between them are repulsive.

Thus the force acting on CD is towards the right.
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10.

1L

13.

B

Direction of needle gives the direction of B-field, which can be found by Right-hand screw rule,

x (1) the needle should point upward
v 2) a downward B-field acting on the compass
* (©)) the needle should point upward
Cc
p = Pao Fov _ (4002 _ 533,
b V-1 (12)(2)
B

For Z and X, cusrent in opposite direction = repulsion => X experiences a force to the right
For Y and X, current in same direction => attraction => X experiences a downward force

.. Resultant force acting on X is the vector sum of the above forces, i.e. Q.

B
v 1) An electric bell contains a soft iron core.
‘When current flows through the coil, the soft iron becomes an electromagnet.
v 2) A telephone receiver make use of the electromagnet
to give varying magnetic force to make the iron diaphragm vibrate.
x 3) Moving-coil loudspeaker is an application of magnetic force acting on current inside a magnetic field.
A
v 0 RY = IT = strength of magnetic field is increased
x 2) Steel : difficult to magnetize and demagnetize = strength of B-field is decreased.
* ®3) a.c, source gives the same strength of B-field but the direction of the magnetic field would vary
B

Consider the vertical wire : For a downward current, P and 8 : B-field into paper ; Q and R ; B-field out of paper
Consider the horizontal wire : For a current to the right, & and §': B-field into paper ; P and O : B-field out of paper
For the resulting ficld out of paper, B-ficld from both wires should be out of paper, i.e., the case for Q.

A
Power given outby the cell = £ I'= (12} x (0.5) = 6 W
Power dissipated by the resistor = 12 R = (0.5)%(10) = 2.5 W
Power consumed by the motor = 6 — 2.5 = 3.5W

OR
Voltage across the motor = ¢ — IR = (12) - (0.5)(10) = 7V
Power consumed by the motor = VI = (7) x (0.5) = 3.5 W

16.

17.

20.

21

22,

A
Consider X and ¥, same direction of current => attraction = Y to the left
Consider Y and Z, opposite direction of current => repulsion = Y'to the left

. Combining the two results, ¥ experiences a net force to the left.

Cc -
v [¢3] Increase the number of turns => strength of magnetic field is increased

v [#3] Reduce the resistance = Increase the current = strength of magnetic field is increased.

* 3) a.c. source gives the same strength of B-field but the direction of the magnetic field would vary

D

Currents in wires flowing in the same direction will attract each other
The force acting on R by P will act towards P
The force acting on R by 0 will act towards O

r®

The resultant force acting on R by P and Q is downward.

D
By Right hand screw rule,
the magnetic pole at P is North, as the compass needle points away from North, it points upwards ;

the magnetic pole at Q is South, as the compass needle points towards South, it poiiits downwards.

A
Since the toy car is battery operated, option B and D are not correct as the supply is a.c.
The switch should be connected in series as shown in A.

Option C is not correct as the battery is shorted when the switch is closed.

B Bq

P® ®o

The resultant magnetic field due to By and Bq is the vector sum of them and points towards the right.

Thus the compass needle would point along the B-field direction towards the right.

A
By using Right hand screw rule, the magnetic field lines point into the loop.

A

v 1) Using stronger magnet can increase the strength of the magnetic field, thus increasing the turning effect,
v @ Reducing the resistance of the rheostat can increase the current, thus increasing the turning effect,

x A3) Using a coil with smaller number of turns would decrease the turning effect.
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23.

24,

25.

26.

27.

28.

B
v €3] By using a stronger magnet, a greater magnetic force is produced to give a louder sound.
x 2 Copper is not a magnetic material, it cannot increase the strength of the magnetic field.
v 3) By increasing the number of turns, the coil can give a greater magnetic force to have a loud sound.
A
v (1) These two magnetic forces are equal and opposite and act on each other.
v ) Two currents flowing in the same direction attract each other.
x 3) If the directions of the two currents are both reversed, they are still in the same direction and attract.
& P
)
By Left hand rule, the magnetic force acting on the right wire !
is into the paper and that on the left wire is out of paper. le
<
T
Since these two forces arc equal in magnitude ; A F
and opposite in direction, their resultant force is zero. Iy i 4 uniform magnetic field
1
However, these two forces give a clockwise turning effect 'J E
on the coil to make it rotate. F TS
=2
)
@

—~<® observer’s eye
C

compass

Since the left hand side of the solenoid is N-pole,
by Right hand screw rule, current in solenoid is as shown.

Since the current flows from (+) terminal to () terminal of a
d.c. supply, @ is (+) and P is ().

Direction of magnetic field lines inside the solenoid is
towards the left, thus the compass needle is towards the left.

D
v 1) By using Left hand rule, thumb representing magnetic force F points downwards,
the middle finger representing current J points into the paper,
thus the finger representing magnetic field B should point to the right.
Therefore, X is North pole and Y is South pole, to give magnetic field pointing to the right.
v @) If the current direction is pointing out of paper, the magnetic force points upwards, thus reversed.
v 3) The magnetic force depends on the strength of the magnetic field,
thus stronger magnets can increase the force F.
D

Current out of paper should give magnetic field in anticlockwise direction.

Both currents give anticlockwise magnetic field, and give the resultant pattern as shown in option D.

29.

30.

3L

32

33;

AN N I v

)
@
(©)

€Y
@
3)

If the pole X is N, then magnetic field is towards the right, thus current should be from Q to P.
If the pole X is S, then magnetic field is towards the left, thus current is from P to Q.
If the pole X'is N, then magnetic field is towards the right, thus current is from @ to P.

By Left hand rule, the magnetic force acting on RS is towards the right.
By Left hand rule, the magnetic force acting on QR is pointing upwards, not zero.

The four magnetic forces acting on the four wires balance each other, thus there is no resultant force.

X Y

soft iron core

P Q0

The magnetic field line is completed as shown in the figure.

End X is the North pole as magnetic field lines come out here.

By Right hand screw rule, the current is from P to Q through the solenoid.

D
From the diagram, the circular path of X has a greater radius, i.e. rx > ry
2 2
By F=BQvand =" . Bgv=2Y L e
r r BQ Q
. O] my <my = r<r
4 @ K<Q = x>nK
v 3) v = KR
D
For a long solenoid, B = wunl
* ()] B is independent of the diameter of the solenoid
v 2) B is proportional to the number of turns per unit length »
v 3) B is proportional to the current J
D
* 1) By Lefi-hand rule, the magnetic force acting on the electron horizontal.
.. The path of the electron should be circular on a horizontal plane.
v 2) Since magnetic force is always perpendicular to the direction of motion
. no work done on the electron by the magnetic force = constant speed of electron
2
1

v ® Bypgv=ZY 2DV

ov r ’ B B
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35.

36.

37.

38,

39.

40.

41.

D

The horizontal component of the magnetic field B cos & is perpendicular to the vettical current.

F = Bcos @ xIL = (102 cos 30°) x (5) x (0.4) = 1.7x 103N

(&
For a long solenoid, B = gonl

v 1) B is independent of the diameter d of the solenoid

v @ B is proportional to the number of tumns per unit length n

x 3) B depends on the material of the core, 1, represents the permittivity of air
A

Two currents in opposite directions have repulsive forces between them.
These two forces are action and reaction that have the same magnitude,

thus two wires have the same change of shape.

F= “LLL - 41
2zr r

)
@

D

Since the magnetic field inside the solenoid is uniform, B is constant and thus be a horizontal line.

Near the end of the solenoid, the field then decreases gradually to zero outside the solenoid.

D
By Left-hand rule, direction of magnetic force on the particle is downward.
2
BOYv = my
¥

(3.2x10°%)(10%)
¥

2 (0.08)(1.6x107%) = sor=025m

[0} ‘When the upper part is at 2 higher potential,
current flows from left to right along X and flows from right to left along ¥

= current flows in opposite direction along the 2 wires => repulsion

@ When the lower part is at a higher potential,
current flows from right to left along X and flows from left to right along ¥

=> current flows in opposite direction along the 2 wires = repulsion

42.

43,

44,

45.

46.

47.

F

?Bl
I

By Right-hand screw rule, B-field produced by current in wire PQ at position RS is By into the paper.

By Left-hand rule, the magnetic force acting on the wire RS is in + y direction.

B
By BQv=mra?* and v=ro

BQ=mw=m2_“
T

By Left hand rule, magnetic force acting on the upper wire is out of paper and that on the lower wire is into the paper.

Thus the loop would rotate in anticlockwise direction when viewing from right hand side indicated by s.

B
Electric force = g E
Magnetic force = B qv

For undeflected motion of a charged particle: ¢ E = Bgv

2. Only those particles that have the same speed v equal to E/B can have no deflection in the cross-field region,

A
v (63} Two currents in the same direction = attraction between the two wires
x o) F:ﬂalllzLocl
2nr r
* (©)) There should be a neutral point in mid way between them where the magnetic field is zero.
(N From the diagram, the magnetic force is upwards.
By Left hand rule, the current is in the same direction as the motion.
.. Both P and Q are positively charged.
mv? m? my
v (3] By F=BQvand F=—— . BQv="" .  _"Mv h<r, = B <y
& r BQ
x 3) By F=BQvand F = mr &* mrow=BQv m.v._nzggv

_2mm
BQ

T which is independent of the speed of the particle
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48,

49,

50.

51,

521

D

By Right-hand screw rule :

At X, the B-field by the upper wire is into paper and that by the lower wiré is also into paper.
. The resultant B-field is into paper.

B=axted o 9y Grx10)() _ 4, g7
2nr 21(0.1)

€

For two long, straight parallel conducting wires : 7 — sOHL _ ul ‘L I'L

= L2 o —

2nr 2nr 2nr
1) The force is inversely proportional to the distance between the wires .

[¢)] The force is proportional to the length of that section of the wires £.

* 3) The directions of current flow only affect the direction of the force but not the magnitude.
B
2

BQv = "y

=

-19
e BQOr B 0.02x1.6x10 '31>< 0.005 = 1.76x107 m s~
m 9.1x10 I

For the direction, consider the point at the rightmost position
By Left hand rule, since current is upwards, velocity of electron is downwards

. the electron moves in clockwise direction

A
2
By F=BQvand f="T"
r
2
Bov=""  Lk=2_2v .1
m Br r
K=ty =k
T 2
A

By Right-hand screw rule, the B-field by each wire is given as shown.
Same current carried by the 4 wires — same magnitude of B-field

.. The resultant B-field is given by I.

53.

54.

55.

56.

(¢S] BC is perpendicular to the magnetic field, thus a magnetic force acts on it.

2) By Left-hand rule, magnetic force acting on 4B is downwards and that on CD is upwards,
maguetic force on BC is out of paper and that on AD is into paper.

.. The magnetic forces on the four wires tend to reduce the area of the coil.

As the magnetic forces acting on 4B and CD balance each other,
and that on BC and AD balance, there is no resultant force acting on the coil..

B
By F=BQv and F = mr 0?

mroe=BQv

2n
mve—— = BQv
= o

BQ

. Tis independent of the speed v and is a constant, thus the graph is a horizontal line.

By Right-hand screw rule, the B-field by each wire is given as shown.

Current I; produces the magnetic field By perpendicular to P I;.

Current I; produces the magnetic field B2 perpendicular to P Jo.

The resultant magnetic field B is the sum of the two horizontal components of By and B;.

B = B, cos30°++ B, cos 30°

= 2B, cos 30° =2-—-—=—1 (to the right)
2nr 2 2nr

D
In order to have a B-field along the diagonal RP,

(03] B-field by P and R should be eliminated one another (as B-field produced by P and R at O is along QS),
2) B-field by O and S should be from O to P (as B-field produced by Q and S at O is along FR).
To satisfy (1), current of P and R should be in the same direction (either into or out of paper).

To satisfy (2), by Right-hand screw rule, current of S : into paper ; current of Q : out of paper.
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57,

58.

59.

60.

61.

B
Electric force = Q£ Magnetic force = B Qv
Crossed E- and B- fields = both forces in opposite directions => no deflection if the 2 forces equal

L QE=BOv . y-E
B

. With same E-field and B-field, the ions should have the same velocity.

A
Magnetic force between two parallel currents in same direction is attractive,

Magnetic force between two parallel currents in opposite direction is repulsive.

B
Inside the magnetic field, the magnetic force provides the centripetal force
2
o BQV =ﬂ_ r:ﬂ
r BQ

x 1) If the flux density B has decreased gradually, the radius » should be gradually increased.
x @ If the charged particle has lost its charge ¢ gradually, the radius 7 should be gradually increased.
v @) When the charged particle has lost its kinetic energy gradually, its speed v is gradually decreased,

thus the radius » would also gradually decrease.

D

By = “l _p,06) _ 0
2n(30)  2m(10)

L =18A

I is in the opposite direction so that the direction of the magnetic field produced is opposite to that by 1.

D
1A P
d
” 2A 0
d T 1 Bk X
le
Force per unit length : r = Hoo Ay % IF = J2SON0)

L 2n-r 2n-(d)

Force acting on Rby P: f = Ho )2 F (upwards)
27-(2d)

Force acting on Rby O : E, = M = 4F (downwards)
2n-(d)

Net forceonR = 4F - F = 3F

62.

63.

65.

66.

B
In a magnetic field, charged particle performs circular motion with period 7.

By BQv =mrao? ."BQ=mw=m~27—7f- (as v=rw)

- 2n.m
B-Q
For the proton }p,itperfoxms half of a cycle 4= lT L X 2nm nm
2 2 B0 B
For the alpha ;a,it performs a quarter of acycle .. ¢, = lT =1k M =
4 4  B-(2Q) B.Q
Hit, =1:1
A
2
By Bszmv B:ﬂoc_”ﬂ ( 7 is the same )
r or 2
. B _ e %
B m v, O
. B, 7200, 1. 1 = 900 N
gt NP X (=) (= o = mT = 09T
) ( 1 ) (4) (2)
B
-1
By B = Ml
2n-r
= HA
2n-r
-7
(5.0x107%) = (4nx107")-(0.5)
n-r
r=002m = 2cm
C

Since the current through PQ and the current through RS must be always in opposite direction,

force between the two wires must always be repulsive. I

retAhL.p I A\
T 0 ,

I?

v
~

The shape of the graph F should be same as the graph 72, |

C
If the charged particles passes crossed field without deflection, then QE = B Qv sv=E
B
The beam of charged particles must have the same velocity v.
m 'V2
If only the magnetic field is present, BQv = sor =Y
BQ

Different masses m or different charges O can give different radius of curvature r, and thus they split up.
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b | 7. D
If the wire P has no net force, then the resultant magnetic field due to O, R, § must be zero at P. my?
B; ==
The magnetic field due to the three wires is shown in the figure. v BQv r
Let the separation between QR be r, then the separation between PR is +/2 r. .@ R s e 2
Bo=Bs =B 5 BQ
The resultant of Bq and Bs is ~/2 B. E For greater deflection, radius r of the circular path should be decreased.
1}
Br = 2B E * 1) By increasing the mass m, radius r increases, thus deflection decreases.
2% SN NN | @ § v @) By increasing the charge Q, radius r decreases, thus deflection increases.
25 (2r) 2nr . : : o
v 3) By increasing the flux density B, radins  decreases, thus deflection increases.
LI =21
OR 7. B
Let the distance of each side of the square be r. The magnetic forces between X and ¥ are aftractive.
. 2 @ —————————— @ R Magnetic force on X by Y is 0.1 N rightwards and magnetic force on ¥ by X'is 0.1 N leftwards.
; F 51 g Y
Magnetic forces between any two currents are given by — = Hef1fz ! H
2nr } i When the magnetic field into the paper is applied, by use of the Left hand rule, X Y
F 1
For two currents flowing in the same direction, attractive forces exist. 1 the magnetic force is in rightward direction.
For two currents flowing in the opposite direction, repulsive forces exist. / i ol 0ol
g PP » Tep A5, P \5/ @ Since the resultant magnetic force on X'is 0.5 N,
Consider P, the resultant of attractive forces by Q and by S balances the repulsive force by R. o s the magnetic force due to the applied magnetic field is 0.4 N rightwards.
2 + |
J2Zx M = _ﬁl_l i The same magnetic force of 0.4 N in rightward direction also acts on Y. 04 0.4
2nr  2uxJ2r F 1
| The resultant magnetic force on ¥ = 0.4 — 0.1 = 0.3 N rightwards
LI =27 |
3. B
c | 7
Consider the horizontal component of the Earth's magnetic field that is perpendicular to the current. [
Horizontal component of the magnetic field is B cos 6. |
By F=Bcos@-I-L
o (7.5 % 107%) = (B cos 20°) (8.0) (0.5)
B =20x107°T
(6)] B = o fy Iy — bofyly, = po(1200x1 ~ 2400 %0.5) = 0
v )] The magnetic field at Q is duc to solenoid X only, as no magnetic field outside a solenoid. | Let r be the radius and s be the arc length of transit.
B = o My Iy = (4nx107) % (1200) x (1) = 1.5 mT By BOv = mro? .‘.BQ=mﬂ)=m2T—" (as v =rw)
v 3) By right hand grip rule, magnetic field due to solenoid X at O is towards the left. 2
1 b 7 =
. B-Q
ik | v n Time of transit along the arc : ¢ = T x 260 to g
F = BILsin OxN ; 360
) ! x (2) Period T and ¢ should be independent of the speed v.
= (0.4) (1.2) (0.15) sin 30° x (20) = 0.7 N |
1
v —
By Left hand rule, the magnetic force is out of paper. II @) et B
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74.

7s.

76.

71.

78.

A

Magnetic force per unit length between two parallel currents : £ Py
L

Magnetic forces between 2 parallel currents :

same direction are attractive ; opposite direction are repulsive.

Magnetic force per length on the middle wire by I; = Al w4l ('to the left )
2n(r/2) nr

Magnetic force per length on the middle wire by I; = Hhl Ll ( to the right )
2n(r/2) nr

Since I» > Iy, the magnetic force per length by I is greater.

Resultant magnetic force per length on the middle wire = o LI bl o plI-1) ( to the right )
wr ¥ nr

A

v ()] B is proportional to 7

4 2) B is proportional to », the number of turns per unit length
x 3) B is independent of the area 4 for a long solenoid

A

By using Right hand screw rule,
the magnetic field line at the centre of the Joop points into the loop

as indicated in A.

v (€3] Using stronger magnet can increase the strength of the magnetic field, thus increasing the turning effect.
v 2) Reducing the resistance of the theostat can increase the current, thus increasing the turning effect.

x 3) Using a coil with smaller number of turns would decrease the turning effect.

A

P28

A
1.0 A/'/

 —
‘ B sin 30°

Consider the component of the magnetic field perpendicular to the current, that is, B sin 30°.

v

The direction of magnetic force is into the paper by use of the Left hand rule.

F = Bsin30°xIxL

= (5 x107%)5in 30° x (1.0) x (0.5) = 1.25 x 10° N

79.

80.

81,

D

Magnetic force per unit length between two parallel currents : 7 = %
nr

Moreover, magnetic forces between 2 parallel currents in the same direction are attractive,
and magnetic forces between 2 parallel currents in the opposite direction are repulsive.

Assume the separation between XZ is r. Separation between YZ is also .

Z

3A

F
By Newton’s third law, the magnetic force per unit length on Z by X'is also F.

Magnetic force per unit length on Zby X = #£ MO _ F (totheleft)
2n(r)

Magnetic force per unit length on Zby ¥ = #H1DG) - 3 F (to the left)
2m(r)

Resultant force per unit length on Zby Xand ¥ = F+3 F = 4 F (to the left)

C
X | X X o X
X | x| x| x
X | x T x| x

X X Fsx ¥ x
‘When the electron moves towards the right, it represents a current to the left,
Since the magnetic field is pointing into the paper,
by Left hand rule, the magnetic force Fg is downwards.
To make the electron be undeflected, the electric force Fx must be upwards.
As the electron carries negative charge, the electric field should be downwards

so that the electric force is upwards.

C

By the use of Right hand screw rule to find the direction of B-field due to a straight wire current :
Direction of B-field at point O due to P : out of paper

Direction of B-field at point O due to Q : out of paper

Direction of B-field at point O due to R : into paper

Direction of B-field at point O due to § : out of paper

The B-field given by R is in opposite direction to that of the other wires,

Thus, removing wire R can increase the resultant magnetic field at O.




DSE Physics ~ Section D : M.C. Solution PD -EM4 -MS /17 I' DSE Physics - Section D : M.C. Solution PD -EM4-MS /18
EM4 : Magnetic Field EM4 : Magnetic Field
82. c 86. A
vl 4 A. ‘When the coil is vertical, the magnetic forces on the four wires are either directed away from the centre
B or towards the centre. Thus, the magnetic forces do not have moment to give turning effect.
* B. The magnitude of magnetic force acting on BC is constant at any position of the coil
( F since F = B I, magnetic field B, current J, and length / are all constant.
x C. The direction of magnetic force acting on AB reverses every half cycle
\ since the direction of current through 4B reverses every half cycle due to the commutator.
| I x D. The direction of current in the coil reversed every half cycle due to the commutator.
Y
From the pattern of catapult field, the magnetic force is towards the right. 87 c
FrrorthorSessethoyl oilirectgue ioumon iEhiabe] St The magnetic field produced by current I is anticlockwise around I. At point R, the B is towards the right.
Bygisingiie Lefthindiale, the dizestion ofmagnetic el iy, The magnetic field produced by the poles of magnet is towards the left (from North to South).
As direction of magnetic field is from N-pole to S-pole, the magnetic pole at X is South. Thus, at R, the resultant magnetic field can be zero,
. C
83 88. D
Direction of current flowing through the rod is from ¥'to X,
- byiil . ! 1) Consider the charged particles entering the magnetic field.
Imiolheipaperas seen Dysucieye: ® The magnetic field B is out of paper, magnetic force F is towards the right,
Direction of magnetic field is downwards. [ by using Left hand rule, the current is upwards.
By using Left hand rule, the magnetic force is towards the left. B B As current is the flow of positive charge, the charged particles must be positive.
v @) Since magnetic force is always perpendicular to the motion, no work is done,
84. A thus the kinctic encrgy and speed must remain unchanged after emerging from the magnetic field.
" . . | 5
By using Right hand grip rule, v 3) By Bgv = MY asB, g, v are the same, mass m is proportional to the radius r.
B-field due to P is along OS at O.
! As the radius of Q is greater, the mass of O must be greater than that of P.
B-field due to Q is along OF at O. {
B-field due to R is along OQ at O.
B-field due to S is along OP at O.
The B-fields due to P and R are in opposite direction
and they balance each other.
The resultant magnetic field due to @ and § are in the same direction and thus their resultant magnetic field is along OP.
85. D

Magnetic field inside the solenoidis : B = HNL
L

The magnetic field is independent of the area 4.

* A. The magnetic field is unchanged as both N and L are doubled.

* B The magnetic field is unchanged as both N and L are unchanged.
* C. The magnetic field is halved as L is doubled.

v D The magnetic field is doubled as N is doubled.
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The following list of formulae may be found useful : 1. (a) What s the polarity of the solenoids
Force on a moving charge in a magnetic field F=BQvsing () atB,and
Force on a current-carrying conductor in a magnetic field F =BIlsiné () atC? (2 marks)
. o i 5
Magnetic field due to a long straight wire B = Lo
2nr =
(i)
Magnetic field inside a long solenoid B = HHNI
d (b) What is the direction of rotation of the coil PORS
Use the following data wherever necessary : (@) mithe sboingicy
s (ii) in the second minute, and
Permeability of free space Ho = 4 x 107 Hm™*
(iii) in the third minute ? (3 marks)
Charge of electron e=1.60x1071C
Electron rest mass m, = 9.11x 107 kg @
Acceleration due to gravity g = 9.81 ms~? (close to the Earth) (i)
(iii)

Part A : HKCE examination questions

1. <HKCE 1984 Paper I - 8>

G

N .3{ observer

The figure above shows a simple experimental set-up to study the motion of a motor. 4B and CD are solenoids connected to
abattery V. Fand G are connected to an external voltage supply. Its variation with time is shown in the following figure.

(Positive voltage ¥ indicates the current flows from F to G via the coil.)

Vv
4

0 » time / minute

(¢) What would happen to the rotation of the coil PQRS if the input voltage supply reversed at a high frequency

(e.g. SOHz) ?

(2 marks)

(d) Suppose that instcad of being connected to the battery ¥, the terminal of the solenoid at 4 is connected to F and the
terminal of the solenoids at D is connected to G. F and G remain connected to the external voltage supply as indicated

in the above voltage-time graph.
(i) What is the direction of rotation of the coil PORS
(1) in the first minute,

(2) in the second minute, and

(3) inthe third minute ? (3 marks)
(¢Y)
@
6]
(if) 'What would happen to the rotation of the coil PORS if the input voltage reversed at high frequency (e.g. 50 Hz) ?
(2 marks)
(e) State 3 methods to increase the turning speed of this motor, (3 marks)
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2.

<HKCE 1993 Paper 1-5>

A student designs a simple door bell as shown in the below figure. When switch S is pressed and then released, two notes

“ding-ding” are heard.

p Iron spring

1

5

-

K

Hammer
Soft-iron cor LY
Metal plate —>|

Metal plate

(a) State the polarities at the two ends of the soft-iron corc P and Q. (2 marks)
(b) Explain how the two notes are produced. (4 marks)
(c) Explain why soft iron is used as the core in the above design. (2 marks)
(d) Suggest one way to modify the bell so that two notes of different frequencies “ding-dong” are produced. (2 marks)
(e) Comment on the following two statements :

Statement 1 : The bell does not work if the spring is made of copper.

Statement 2 : The bell does not work if the polarities of the battery are reversed. (4 marks)

3.

<HKCE 1993 Paper I-5>

The figure below shows a solenoid passing through a piece of horizontal cardboard. A direct current passes through the
solenoid from 4 to B to produce a magnetic field.

/A | W; / —

(a) Describe a method to find the magnetic ficld pattern on the cardboard using iron filings. (3 marks)

(b) Draw a diagram to show the pattern and dircction of the magnetic field on the cardboard. (2 marks)

< HKCE 2000 Paper I - 6>

Axis of rotation

[ ' - =
- Observer’s cye
Magnet
|
{je—"
A rectangular coil can rotate in a magnetic field as shown in the above figure. Initially the coil lies horizontally. The switch
is now closed.

(a) State the initial direction of rotation of the coil as seen by the observer. (1 mark)

(b) The coil turns, oscillates a few times about the vertical position and then comes to a rest. Explain the motion of the coil.
(4 marks)
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5. <HKCE 2005 Paper I - 11> 6. <HKCE 2006 Paper1-7>

=
-l warm air

=

cold air

.

main switch \ P 0

to 220V R
mains ° )

electromagnet

Figure 1 Figure 2

Figure 1 shows a simple hairdryer designed by Joseph. He makes use of a motor-driven fan and a heating element to generate
warm air. Figure 2 shows the circuit diagram of the dryer. The motor and the heating element are connected to the 220 V
mains. The switch ' can be conneoted to either contact P or Q.

chain of iron clips

In a physics lesson, you are asked by the teacher to investigate the relationship between the strength of an electromagnet and

(2) Carmen uses the dryer to dry her wet hair. Explain, in terms of molecular motion, how the dryer can speed up the rate of the number of turns of its coil by using the apparatus shown in the above Figure. Describe the procedure for the experiment

evaporation of water from wet hair. (2 marks)

you should conduct. State clearly how you can measure the strength of the electromagnet. (5 marks)
(b) Switch §is connected to contact P and the following data are given :
Resistance of the heating element = 50 Q
Rate of air flowing through the dryer = 0.05 kg s™* | 7. <HKCE 2007 Paper I-11>
Temperature of air flowing into the dryer = 20°C | A copper rod PQ is hung at rest by insulating threads in a uniform magnetic field pointing into the paper as shown in the

below Figure. The other ends of the threads are connected to a spring balance fixed on the ceiling. The two contacts P and O
at the ends of the copper rod can slide smoothly along two fixed vertical conducting rails 4B and CD. The rails 4B and CD
are connected to the positive and the negative terminals of a d.c. power supply respectively. As a result, a current / passes
through the copper rod.

Specific heat capacity of air = 1000 J kg1 °C™!

Estimate the temperature of the air flowing out of the dryer, and state one assumption in your calculation. (4 marks)

Assume that the copper rod always remains horizontal and does not leave the magnetic field throughout the experiment.

- ceiling

spring balance

insulating thread
(e} Ifswitch S is connected to contact Q instead, explain whether the temperature of the air flowing out of the dryer would
be higher than when § is connected to contact P. (3 marks) 4

XX XXX XX XX
XX XXX XK XXX
XX XXX XK XXX

connected
to the +ve
terminal

connected
to the —ve
terminal

copper rod

A AANS YV ASSe es Ar ¥ e e -
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7.

(@) (i) Inthe above Figure, indicate the direction of the force F acting on the copper rod due to the current passing from P
to Q. (1 mark)

(i) Suggest THREE methods to increase the force F. (3 marks)

(iif) Express the magnitude of force F in terms of the reading R of the spring balance and the weight W of the copper
rod. (1 mark)

(b) A teacher conducts an experiment with the setup in the above Figure to find out how the reading R of the spring balance
changes with the current /. The Table below shows the data collected.

R/N 14 L1 0.8 0.5
I/A 0.0 0.5 1.0 1.5

(i) Plota grpph of R against ] in the below Figure. A scale of 1 cm representing 0.25 N and 0.25 A is used.
{ FiN (4 marks)

{

)
(ii) Find the weight of the copper rod. (1 mark)
(iii) Find the maximum value of J such that the insulating threads remain taut. (1 mark)

(iv) Ifthe experiment is repeated with a heavier copper rod, sketch a graph of R against / you would expect to obtain in
the above Figure, and label it as L. ' (2 marks)

<HKCE 2008 Paper 1-8 >

Figure 1 shows the simplified structure of a motor with the plane of the coil at horizontal position. At this moment, it carries
a current in the direction indicated by the arrow.

Figure 1

i =
(a) Mark the direction of the magnetic force acting on the side 4B in Figure 2. (1 mark)
(b) Explain how the commutator helps to keep the coil rotating in one direction. (2 marks)

(c) When the coil reaches the vertical position, the current is zero. Explain why the coil keeps on turning even no magnetic
force is acting on it. (1 mark)

Figure 2

(d) If the coil is not fully inserted between the magnets as shown in Figure 2, describe and explain how this would affect
the motion of the coil. Assume the current is the same as before. (3 matks)

RS — o Lo am o — o e e
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9. <HKCE 2009 Paper1-8> 10. <HKCE 2010 Paper 1-12 >
The Figure below shows two long resistance wires X and ¥ which are connected in series to a d.c. power supply. X and ¥ are Figure 1 shows a simple motor that contains two electromagnets.
made of the same material but X is thioner than Y.
electromagnet
s electromagnet

wire X wire ¥

j connected to a d.c. power supply

(a) State the direction of the magnetic field at ¥ due to the current passing through X. (1 mark)

(b) There are magnetic forces Fx and Fy acting on X and ¥ respectively due to the current passing through them.

(1) Indicate the direction of Fy in the Figure below. (1 mark)

wire X wire ¥

—e

i— connected to a d.c. power supply

(if) Compare the magnitudes of Fx and Fy and explain briefly, (2 marks)

(c) Explain whether X and Y will attract and repel each other alternatively when the d.c. power supply is replaced by an a.c.

power supply. (2 marks)

(AW o 2

soft iron core

soft iron core

Figure 1

(a) State the polarities (north / south) of the electromagnets at Q and R and the direction (up / down) of the electromagnetic

force acting on side 48 of the coil at the instant shown, (2 marks)
g _ R
AB

(b) Figure 2 shows the instant when the coil has rotated by 180°. By considering the electromagnetic force acting on side

AB, explain why the coil can continue to rotate in the same direction. (4 marks)
electromagnet
A B s electromagnet
%
/
I”
0 R R
,
¢
’ ral coil
soft iron core v
G
7 4 soft iron core
= +
/.
)
batte / commutator
ty
s
’
v
L
-
L Figure 2

(c) Suggest two methods to increase the speed of rotation of the motor. (2 marks)
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11.

< HKCE 2011 Paper I- 6 >

The magnetic field between two slab-shaped magnets with unlike poles facing each other is uniform. Describe how to use the

apparatus in the Figure below to illustrate this.

slab-shaped magnets
on a steel yoke, with
unlike poles facing
each other

a cardboard

(4 marks)

Part B : HKAL examination questions

12. <HKAL 1996 PaperI-8>

simple current
balance

The above figure shows a simple current balance consisting of a horizontal rectangular metal loop ABCD pivoting on the
axis XY which is at the middle between AB and CD. Part of the current balance is inside a flat solenoid such that CD is
perpendicular to the axis of the solenoid. The length of CD is 20 cm. When current J flows through the current balance
YCDX and then to the solenoid, a rider of mass 0.1 g has to be placed on 4B to restore equilibrium. The length, /, and the
number of turns, N, of the flat solenoid are 50 cm and 600 respectively.

(a) Indicate on the Figure below the direction of the magnetic field inside the solenoid. (1 mark)

simple current
balance

(b) (i) Express, in terms of /, an expression of the magnetic field strength inside the solenoid. Hence, find the magnetic
force acting on arm CD in terms of 1. (3 marks)

(ii) By considering the equilibrium of the current balance, deduce the value of the current 1. (3 marks)
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13.

14.

<HKAL 2006 Paper 1-4>

In & vacuum, & beam of electrons with a horizontal velocity 3.7 x 107m s™! enters midway into a region of electric field
between two horizontal square metal plates as shown in the Figure below. The length of the side of the plates is 10 cm. A
voltage of 320 V is applied across the plates and the separation between them is 1.6 cm.

)
electron —
320V e P 1.6 cm Diagram NOT
y=37%10"ms™! drawn to scale
I
—
10 em
(a) Find the electric field strength between the plates. (2 marks)

(b) A uniform magnetic field normal to the paper is applied between the two plates so as to make the electron beam travel
horizontally. Find the magnitude of the magnetic field applied. (Neglect the weight of the electron.) (2 marks)

< HKAL 2007 Paper I-3 >

The Figure below shows a current balance which consists of a copper wire loop PQRS balanced on two razor blades, Two
identical solenoids, each of 1500 turns, are placed coaxially such that one arm RS of the current balance is in the narrow gap
between the two solenoids. Each solenoid is 30 cm long and has a square cross-section of 3 cm x 3 cm.

razor rider

to rheostat and

smooth d.c. supply %_Ofb

When a current of 2.0 A flows in the arm RS of the current balance, and the same current flows in the two solenoids in the

same direction (not shown in the figure), placing a rider of mass 72 mg on the arm RS can restore the balance.

(2) Indicate in the above Figure the direction of the magnetic force acting on the arm RS and the direction of the current in
the solenoids. (2 marks)

14.

15.

(b) (i) By considering the equilibrium of the current balance, find the average magnetic field B in the gap between the two
solenoids. (2 marks)

(i) By considering the current flowing in the two solenoids, calculate the magnitude B’ of the magnetic field at the gap
produced by the two solenoids. (2 marks)

(iii) State TWO possible reasons to account for the discrepancy between the two values of B and B, (2 marks)

<HKAL 2010 Paper 1-4 >

(2) Particles with the speed v of 1.63 x 107 m s are directed into an evacuated region with a uniform magnetic field B
of 0.5 T perpendicular to the initial velocity of the particles as shown in the Figure below. Given that the charge to
mass ratio of a particle is 4.82 x 107 C kg™, find the radius of the path described by the particles in the field region.

(2 marks)
particles
uniform magnetic
field B pointing
into the paper
(b) Explain whether the particles would emerge with a greater speed from the region of magnetic ficld. (2 marks)
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| Part C : HKDSE examination questions

16.

17

< HKDSE 2013 Paper IB - 4 >

An electron moving with speed 1.2 x 107 m 5™ enters a square region ABCD with a uniform magnetic field of 0.01 T pointing
into the paper as shown in the figure below. The electron describes a quarter circle from 4 to C and it emerges from C with
the same speed. Neglect the effects of gravity.

clectron O

uniform magnetic field
pointing into the paper

KX KRR KR KH™
KX XXX XXX

XXX XXXXX

v]

(a) () Find the magnitude of the magnetic force acting on the electron at point P on its path. (2 marks)

(ii) Indicate in the above Figure the direction of the electron’s acceleration at the point P. (1 mark)

(b) Although the electron accelerates due to the magnetic force, explain why it emerges from the magnetic field with the
same speed. (2 marks)

(c) Deduce the speed of the electron when entering the magnetic field such that it would describe a semi-circle from 4 to D
instead. (2 marks)

<HKDSE 2015 Paper IB - 9>

Figure (a) shows a set-up for demonstrating one of Faraday's discoveries. A light metal rod is free to rotate about point P
while its lower end just touches some conducting liquid in a metallic container.

OS/ _—P
(=2
l Diagram NOT drawn to scale
6 cm
A B
. X XX X .
X X
X X
metallic

container

17.

A uniform magnetic field pointing into the paper is applied over the region ABCD containing part of the rod. When switch §
is closed, the rod 'kicks' out and leaves the liquid surface.

(2) State the direction ( to the left / to the right / out of the paper ) that the rod 'kicks' and describe the subsequent motion
of the rod. (3 marks)

(b) When switch S is closed, the initial moment about point P that makes the rod 'kick' out is 7.2 x 107 N m. Assume that
the magnetic force acts at the midpoint of the part of the rod within the magnetic field.

(i) Calculate the magnetic force acting on the rod at that instant. (2 marks)

(ii) Hence, find the strength B of the magnetic field if the current flowing through the rod is 3.2 A when the circuit is
closed, (2 marks)

(c) Now the uniform magnetic field is removed and a bar magnet is placed underneath the container as shown in Figure (b).
The rod is held tilted at an angle to the vertical but with its lower end still in the conducting liquid.

/Aibscrvcr‘s cye

S

o

Figure (b) Diagram NOT drawn to scale—|

battery

(i) Sketch on Figure (b) the field lines around the rod due to the bar magnet. (1 mark)

(ii) After closing switch S and the rod is released from rest, describe its subsequent motion viewed from above.
(1 mark)
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|
| HKEAA's Marking Scheme is prepared for the markers' reference. Tt should not be regarded as a set of model answers.
18. <HKDSE 2017 Paper IB - 9> . Students and teachers who are not involved in the marking process are advised to interpret the Marking Scheme with care.
(a) Two long straight current carrying wires, P and ), are parallel to each other and lie on the plane of the paper as shown . .
in Figure 1. The currents in the wires, Jp and Jq, flow in the same direction, Questlon Solution
wire P wire 0 .
1 ' 1. (@ () S-pole [1]
1 1
I I (ii) N-pole [11
Figure 1 left P Q
() (@) -clockwise [1]
! ! (ii) anticlockwise [1]
1 '
) 1
! ' ' (iii) clockwise [1]
(1) State the direction (to the left/ to the right / into the paper / out of the paper) of the magnetic field at Q due to P.
{l iaig (c) Norotation [2]
(i) InFigure 1, draw the direction of the magnetic force acting on Q due to P. {1 mark) @ @ (D clockwitk {1
(2) clockwise {1]
(iif) Show that the magnitude of the magnetic force per unit length F; acting on Q due to P is @) clockwise i
F o= Mo Ly Iy
YT amr (if) The coil would rotate continuously. [2]
where i, is the permeability of free space and r is the separation between the two wires. (3 marks) .
(¢) Any THREE of the following : [3]
*  Increase the voltage supply
% Increase the number of turns in PORS
% Increase the number of turns in the solenoids
(iv) For the magnetic force acting on @ due to P and the magnetic force acting on P due to Q, if I # I , briefly explain . . .
whether the two forces are equal in magnitude. (2 marks) %) HSEricomroUSIinto fiE[two £0lenoids
|
|
2. (a) PisS-pole (11
(b) Figure 2 shows a metal slinky spring. Qs N-pole 1]
(b) When S is pressed, current flows through the coil and the soft iron core is magnetized. [1]
It attracts the iron spring towards the left. [1]
Figure 2 | The hammer strikes the left metal plate to produce the first note. [1]
‘When S is released, the iron core is demagnetized.
The hammer then springs back to strike the right metal plate to produce the second note. [11
. . S i (¢) Soft iron is a magnetic material. [
() Ifa direct current passes through the spring, briefly explain whether the spring will be compressed or stretched due | . )
to magnetic force. (2 marks) | It can increase the strength of the magnetic field. [1]
[
|
| (d) Any ONE of the following : [2]
Replace one metal plate with another made of a different metal
(ii) A student suggests that the spring will be compressed and stretched alternately due to magnetic force when an | *x C I £
alternating current passes through. Briefly explain why he is wrong. (1 mark) ! BEEEIENESS Bilionciot ey et Gtos
| *  Change of the thickness of one of the metal plates
| #  Stick a lump of plasticine to one plate
There is question in next page




19. < HKDSE 2020 Paper 1B -3>

Read the following passage about a magnetically fevitated (maglev) train and answer the questions that
foilow.

‘A maglev train car is just a box with magnets on the four corners,” says Jesse Powell, the son of the
maglev train inventor. The electromagnets employed have superconducting coils (i.¢. coils with extremely
low resistance).  They therefore can generate magnetic fields 10 times stronger than ordinary

clectromagnets, enough to levitate and propel a train.

train floats above
magnetic poles P and @

guideway
magnetic tnagngtic
pole pole ¢

LEVITATION

Two sets of magnetic fields are set up for different functions. One is to make the train float a few
centimetres above magnetic poles P and @ as shown while the other is a propulsion systent run by an
alternating current for moving the train car along the guideway by magnetic atiraction and repulsion, This
floating design enables a smooth movement of the train. Even when the train travels up to 600 km per

hout, passengers ingide experience less vibration than travelling on traditional trains,

{a) Explain why electromagnets employing superconducting coils can produce much stronger magnetic ficlds.
{2 marks)

(b) State the polarities of the maguetic poles P and @ and explain how this arrangement enables the train to
float, (2 marks)

{¢) Referring to the resistive forees experienced by the train, exploin why & maglev train ride is (i) smoother
and (ii) fastor. (2 marks)
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(e

=

(a

=

(®)

@
®)

(@

Statement 1 is correct.

Copper is not a magnetic material, it cannot be attracted by the electromagnet.

Statement 2 is not correct.

If the polarities of the battery are reversed,

the soft iron core can still be magnetized and attracted by the electromagnet.

Sprinkle some iron filings on the board.
Tap the board gently.

The magnetic field pattern is shown by the pattern of the iron filings.

< Direction magnetic field lines correct >

< Pattern of magnetic field lines correct >

The coil rotates in clockwise direction,

When the switch is closed, current flows through the coil. As the coil is placed in a magnetic field,
there are magnetic forces acting on the wires to rotate the coil and the coil turns clockwise.

‘When the coil turns to the vertical position, the tumning effect becomes zero.

Due to inertia, the coil shoots through the vertical position to the other side.

The direction of the turning effect acting on the coil reverses

and the coil rotates back in the opposite direction (anticlockwise). This process repeats.

As energy is lost against friction during the motion, the coil will finally stop in the vertical position.

More water molecules gain enough energy to escape from the water surface.

The water molecules after escaped from the water surface would be blown away by the wind from the dryer.

{1
[1]

[1]

{1

(11
f1]
[1]

(11
{13

[1

(11

1]

{1
[1

(1
(1

5. (b) Power given out by the heating element :
V2
R
_ (220
(50)
= 968 W

P =

Assume no heat lost to the surroundings.
E=Pt=mcAT
=~ (968) (1) = (0.05) (1000) (8- 20)

. 8=1394°C <accept & = 39.36°C>

(¢) IfSis connected to contact Q, the current flowing through the motor is reduced.
The speed of the rotation of the fan is decreased.
As the rate of air flowing through the dryer is reduced,

the temperature of air flowing out would be higher.

6. Use the electromagnet to attract the iron clips.
Record the number of iron clips when the chain just falls down.
Change the number of turns of the coil and repeat the above procedure.
Record the change of the number of i;on clips when the chain just falls down.

In each trial, the current should be kept constant.

7. @ O F

(iiy ® Increase the strength of the magnetic field.
@ Increase the current.
@ Widen the magnetic field so that the length of the rod in the magnetic field is increased.

< Do not accept : increase the length of the rod >

< Do not accept : decrease the resistance of the rod >

< Do not accept : decrease the weight of the rod >
(iii) Balance of forces: F + R = W

w F=W-R

i1
f1]
{11

(]

1
m

{1

(1]

(11

(]

f1]
{1}

[t

(1]
(11
1

1]
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7. b) f
() @ RIN 9.  (a) outofpaper [1]
A
2.0 y o) @)
wire X wire '
———> Fy
1.5
b & - n
R
1.0 f connected to a d.c. power supply
NG (if) The magnitudes of the two forces are equal (OR Fx = Fy) 1
05 because they are action-reaction pair. 1]
. & (c) The directions of the current in X and Y are always opposite. [1]
The forces are always repulsive. (OR The forces will not attract and repel alternately.) 1]
0 0.5 1.0 15 2.0 25 s
< Correct labelled axes with units > [1]
< Correct scale > [] ! 10. (@) @ north <accept N >
< Correct points plotted > [1] ! R south  <accept S > f1]
< Correct straight line through the points > [11 AB down i
ii =14N < . E > i il i l
@ # e L IS (] (b) The current in the coil is reversed 1]
(iii) WhenR=0, I = 235A <accept 2.3 A to 24A> [1 ! due to the commutator. 1
|
(iv) < The line is above the original line > [1] [ But the direction of magnetic field produced remains unchanged. [1]
< The line is parallel to the original line > 1] | So the force acting on side AB points up and the coil continues to rotate. 1]
| (c) Any TWO of the followings : 2]
3 ) %  Use a battery of higher voltage. (OR Increase the current.)
: - !
* Increase the number of turns of the coil.
[1] % Increase the area of coil in the magnetic field.
4 %* Insert a soft iron core in the coil.
% Increase the number of turns of the winding in the solenoid.
(b) Commutator can reverse the direction of the current through the coil m [
whenever the coil has rotated half cycle. [1] .
(c) due to inertia [11 ‘ 11.  Put the cardboard on top of the magnets. 1]
\ . i )
Sprinkl fil to the dboard. 1
(d) Since length of wire inside the magnetic field is decreased, m [ PIEECeSOmeRIORITMES GREOIEEICATenost [
magnetic force acting on the wire decreases, (] : Tap the cardboard gently to show the magnetic field pattern. 1]
thus the rotation speed of the motor decreases. 1 ! The iron filings will form evenly spaced parallel lines between the magnets. 1
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2. @ simple current cidée 14. (b)) () B = wonl
balance 1500
= (4nx107)(——)(2) [1]
0.3
1] = 00126 T 1]
(iii) Any TWO of the followings : [2]
*  The solenoids are not infinitely long,
% There is air gap between the two solenoids.
%  The Earth’s magnetic field may affect the result.
*  The arm RS may not be exactly perpendicular to the magnetic field.
®) G B= 4mx107 x600x ] 1] % Since it is difficult to balance, some error may occur for the mass of rider obtained.
0.5
F =BIL
4nx107 x600x ]
= —————xIx(02 [1] 2
0s R 15 @ Bov="" . g, 11
r m
= 3.02x 1012 <accept 3.0 x 1074 72> [1]
(4.82 x 10 (0.5) r = 1.63 x 107
) F=mg i . r=0676m [
(3.02 x 1041% = (0.1 x 1073) (9.81) [1]
(b) No.
1= 180A <accept 1.81 A> [}
Since the magnetic force acting on the particle is always perpendicular to its velocity, [11
no work is done on the particle by the magnetic force. [1]
vV 320
13. (@ E=2 =20 [1
d 0.016
16. i =
=2x10*Vm?! 1] ‘ (@ @ F=BQv
= (0.01) (1.6 x 107%) (1.2 x 107) [1]
®) BQv=QEF i ‘: = 192x 104N (11
E 2x10*
B==—="""=541x10"T 1 .
v 37x107 X t Gi) o
X
X
r
o
14. (a) | x
s
3
<direction of a : towards the centre of the circular arc > 13
< Magnetic force F is upwards > [1] ] .
(b) Fis always perpendicular to the velocity of the electron, [1]
< Current [ is anticlockwise when viewed from left > [1}
thus, no work is done and the kinetic energy remains unchanged. 1]
) ) F=mg=BIL \ OR
(72 x 107) (9.81) = B (2) (0.03) (1 | Electron only changes direction while speed remains unchanged, {11
S B =00118T [1] no work is done and the kinetic energy remains unchanged.

[1]
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6. (c) F=BQv= mv* [ 18. (a) (iii) The magnetic field at O dueto P :
r
Ho Ly
B, = oL 1
Q
v=582, 2mr
" Magnetic force on Q with length /:
As B0 is constant, if r is halved, v is also halved. F = Bolg! 1]
i = tlp L1
L v =06x10"ms?!  <accept 6x 10°ms7!> m anr @
Magnetic force per length :
poE_ Hll 3]
17. (a) The rod kicks' to the right. [11 4 1 2nr
The rod then leaves the liquid and the circuit is not complete. (iv) The two forces form an action and reaction pair, m
Therefore, current stops flowing and the rod swings back to the original position. [1] thus they are equal in magnitude 1]
The above process then repeats so the rod continually kicks out and then returns. [11
(b) (i) Ascurrent passes in the same direction between two adjacent wires, [1]
(®) () Moment = Fxd the wires attract each other, thus the solenoid is compressed. 1]
. -4y — +
s (2 107) Sk 0,067 (10) ol (if) Currents between two adjacent wires always flows in the same direction at any instant, m
o F=8x10°N [1 thus, the solenoid will always be compressed.
(i) By F=BIL
(8 x107%) = B (3.2) x (0.06) 1]
. B =00417T <accept0.042T> [1]
©) @ /Aibserver's eye
S
4 l/P
{1]
(ii) The rod rotates in anticlockwise direction. [1]
18. (a) (i) The magnetic field at 0 due to P points out of the paper. [1]
() wire P wire Q0 )
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The following list of formulae may be found useful :

Induced e.m.f. £ = N,AE
At
Force on a current-carrying conductor in a magnetic field F=Bllsind
Magnetic field due to a long straight wire B = #1
2nr
Magnetic field inside a long solenoid B=tlMl ;V !

Use the following data wherever necessary :

Permeability of free space

Charge of electron e = 1.60x10"7C

Electron rest mass me = 9.11 x 103 kg

¢ Acceleration due to gravity

Part A : HKCE examination questions

1. <HKCE 1981 Paper II - 34 >

Which of the following statements concerning the generator shown in the
figure is/are correct ?

oawpy

(1) The direction of the current through the load reverses periodically.

(2) The maximum magnitude of the current depends on the speed of
rotation of the coil.

(3) The maximum magnitude of the current depends on the resistance
of the load.

(1) only
(3) only
(1) & (2) only
(2) & (3) only

2. <HKCE 1983 Paper II - 33 >

o = 4mx 107 Hm™!

g = 9.81 ms? (close to the Earth)

The figure shows a bar magnet moving along the diameter of a metal ring. Which of the following will happen ?

A.

B.
C.
D

An induced current will flow in a clockwise direction in the ring.
An induced current will flow in an anticlockwise direction in the ring.
An alternating current will be produced in the ring.

No induced current will be produced.
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3. <HKCE 1984 Paper II - 25 > 7. <HKCE 1989 Paper II - 35 >
Which of the following devices is designed to convert mechanical energy into electrical encrgy ? < >~ <>
A. dynamo
B. transformer s
C. motor N
D. electric cell
= =D
4, <HKCE 1985 Paper I1 - 42 > S
A copper rod 4B is free to move on two parallel conducting wires. It is pulled D A
by a force F and moves in the direction shown in the figure. The direction of
the magnetic field points into the paper. Which of the following statements X X X X Figure (1) Figure (2) Figure (3)
is/are true ? P 0 >F
(1) A current will flow from C to D through P. A magnet is allowed to fall through a copper ring. What is the direction of the induced current (if any) on the ring observed
(2) A current will flow from B to 4 through Q. X X X X by the eye when the magnet is in the position as shown in Figure (1), (2) and (3} ?
(3) Aninduced voltage will be set up across 4B. . 9 .
A () only C B Figure (1) Figure (2) Figure (3)
B. (3)only A. Clockwise No current Anticlockwise
C. (1) & (3)only B. Anticlockwise No current Clockwise
D. (2) &(3) only (0F Anticlockwise No current Anticlockwise
D, Anticlockwise Anticlockwise Clockwise
5. <HKCE 1987 Paper II - 34 >
s 8. <HKCE 1990 Paper Il - 36 >
—] ’ | l_/
J— <«
Direction
X Y of motion
Figure 1 Figure 2
In Figure 1, the galvanometer deflects to the left with a reading of 10 pA. The north pole of the same magnet is now pushed
towards the coil from the other side at a faster rate as shown in Figure 2. The deflection on the galvanometer will be
A light coil of wire XY is suspended by insulating string such that it can swing freely. A solenoid connected to a cell with a A, more than 10 pA to the right.
switch S is placed near to the end ¥ of the coil as shown. What would happen to the coil XY just when the switch S is closed ? B. less than 10 pA to the left.
A. The coil moves towards the solenoid. C. more than 10 LA to the left.
B. The coil moves away from the solenoid. D. less than 10 pA to the right.
C. The coil would move down.
D. The coil would move up.
9. <HKCE 1990 Paper I1 -39 >
6. < HKCE 1989 Paper II - 42 >
lem
L1\ /1) om
........ i -
VT ™ 350
Y > i
The figure shows the display on a CRO with the time base set at 1 ms cm™ and Y-gain at 0.5 V ¢cm™., The peak voltage and 10 @
frequency of the a.c. voltage applied across the Y-plates are
peak voltage frequency In the figure above, the peak current through the resistor is —l—- Y-gain / V em™!
A. 1.5V 500 Hz A. 2mA ==
B. 15V 250 Hz B. 4mA
C. 3.0V 50 Hz C. 8mA
D. 3.0V 250 Hz D. 4A
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10.

1L

12.

< HKCE 1993 Paper I - 34 >

Qi

T e

Two coils of conducting wires are wrapped on a soft-iron core as shown in the above figure. Switch S is closed and after a
while re-opened. Which of the following statements is/are true ?

(1) At the moment when S is closed, a current flows through R from P to Q.

(2) 'When S remains closed, there is no current flowing through R.

(3) At the moment when S is re-opened, a current flows through R from P to Q.

A. (1) only
B. (3)only
C. (1) &(2) only
D. (2) & (3)only

<HKCE 1993 Paper II - 37 >

commutator

The above diagram shows a simple generator. Which of the following graphs below shows the time variation of the voltage
produced by the generator 7

voltage voltage

VANVAN—. 0
VvV

i voltage voltage
! 0 1
0 /\ t o /E 1
7 L
<HKCE 1994 Paper II - 31 >

Which of the following statements about direct current (d.c.) and alternating current (a.c.) is/are correct 7
(1) Alld.c. sources produce constant voltages.
(2) The direction of cusrent in an a.c. circuit changes with time.
(3) Both d.c. and a.c. produce a heating effect in a resistor.

A. (1) only
B. (2)only
C. (1) & (3)only
D. (2) & (3)only

i
!‘ 13. <HKCE 1994 Paper II - 36 >

14.

15,

16.

17.

magnet

saft iron core
coil

UMX\X\\

R
P 1

A magnpet is initially placed between the ends of a soft iron core as shown above. The magnet is then quickly rotated
clockwise through one complete revolution. Which of the following statements correctly describes the induced current
flowing through the resistor R ?

A.  The current flows through R from P to , and then reverses its direction.

B. The cwrrent flows through R from  to P, and then reverses its direction.

C. The current flows through R from Pto Q.

D. The current flows through R from Q to P.

<HKCE 1994 Paper II - 32 >

‘Which of the following correctly shows the major energy change in the device when it is working ?
Device From To

A. A microphone electrical sound

B. A loudspeaker sound electrical

C. A dynamo electrical electrical

D. A motor electrical mechanical

< HKCE 1994 Paper II - 37 >

The diagram shows the trace of a signal on a CRO with the time base switched off.
The Y-gain is set at 1 V em™, Which of the following statements correctly describes
the input sigral ?

A. ltisana.c. of peak voltage 1 V.

B. Itisana.c. of peak voltage 2 V.

C. Ttisad.c. of constant voltage 1 V.

D. Itisad.c. of constant voltage 2 V.

j Ilcm

< HKCE 1995 Paper II - 37 >

The diagram shows the display on a CRO with the time base at 10 ms cm™!
and Y-gain at 0.5 V cm™. Find the peak voltage and frequency of the / \
signal applied across the Y-plates.

Peak voltage / V Frequency / Hz
A. 1 16.7
B. 1 25 \ Il om
C. 1 50 -—
D. 2 25 lcm
< HKCE 1996 Paper II - 31 >

‘Which of the following devices is not an application of electromagnetic induction ?

a bicycle dynamo

a magnetic tape playback head
amoving coil microphone
amoving coil loudspeaker

Cawy»
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18. <HKCE 1997 Paper II - 36 > i 21. <HKCE 1998 Paper IX - 34 > % % x xa %
| Metal rod
P Upwards
@ Left «—— —— Right
CRO
¢ Fein
-input G
\_/ Induced current s
In the above circuit, the terminal Q and the sliding contact R of the variable resistor are connected to the Yeinput of a In the aboYe diagram, a metal rod. is placed inside amagnet'ic ﬁeld.pointing into the paper. In which direction should the rod
CRO. If R is moved towards P, bow would the amplitude and period of the trace displayed on the CRO be affected 7 l;: m9\'tedt111n ofdéstopradiicelaibinduced:citrgnt as|shown'iivthe diagrams?
. into the paper
Amplitude of the trace Period of the trace B. out of the paper
A. increases remains unchanged C. upwards
B. increases increases D.  downwards
C. decreases remaing unchanged
D. decreases decreases
22. <HKCE 2000 Paper II - 38 >
A bar magnet is placed near a solenoid. Which of the following correctly shows the direction of the induced current in the
. < -
. HKCE 1997 Paper II - 34 > O Metal ring solenoid ? (Note : The arrow * =» " indicates the direction of motion of the magnet or solenoid.)
Al B.
| = - ==
x — Ty —  [ARARRRAD
\
Y
A metal ring is released and falls vertically around a magnet as shown in the above diagram. Which of the following c D.
diagrams correctly describes the directions of the induced current, if any, in the ring at positions X'and ¥ ? 4 =
X i X 3 Oﬁ) @D
Y 4 Y
23. <HKCE 2001 Paper 11 - 35> .
20. <HKCE 1997 Paper II - 37 >

B.
b
Y
N ;
."
“

Load
(s
P

The diagram shows an electricity generator connected to a load. Which of the following can increase the voltage produced
by the generator ?

(1) Rotating the coil at a greater speed

(2) Reducing the resistance of the load

(3) Replacing the coil with one of larger area

A. (1) only
B. (2)only
C. (1) &(3)only
D. (2) & (3) only

l & magnet

@52 1| CRO

% Y-input

A long solenoid is placed in a vertical position and its two ends are connected to the Y-input of a CRO (with the time base
switched on), A bar magnet is released above the solenoid so that it falls through the solenoid. Which of the following
figures best represents the trace shown on the CRO ?

A. B. C. D.
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< HKCE 2003 Paper II - 37 >

Two coils P and Q are wound on a soft-iron core as shown above. Switches S is closed and then opened again. Which of the

following shows the directions of the induced current flowing through the resistor R ?
At the instant § is closed At the instant § is opened again

A

| 25. <HKCE 2004 Paper I - 35 >

XXK XXX XXX XXX
XXX XKXXNX XXX X
XXXXX XXX XXX X
XXX XXX XKX XXX -
uniform magnetic field

pointing into the paper

-

A rectangular coil is moved with a uniform speed from position 4 to position B as shown above. Which of the following
graphs represents the variation of the current induced in the coil with time ?

A B. 3
A A
0 S ) 0 —>{
c g D.
A N
0 t 0 —H_L t

26. <HKCE 2004 Paper II - 36 >

direction
of rotation,

/

brush load

The diagram shows a generator connected to a load. Which of the following statements is/are correct 7
(1) The generator produces an alternating current through the load.
(2) Atthe instant shown, a current is flowing through the load from P to Q.
(3) The current produced reaches a maximum when the coil is vertical.

A. (1) only
B. (3)only
C. (1)and(2) only
D. (2)and (3) only
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27. <HKCE 2004 Paper II - 38 > 30, <HKCE 2007 Paper II - 40 > metal rod
Voltage per cm Time per cm /
o X X g X XXX PXXXXXXXXXXXXX )
X X KKK XX KK XK XK XK metal rail
X X XX XX XXXXXXXXX
X X KU XX XX XX XXXXX . :
X X XX XX XX XX XX XXX ‘tf“‘f"““_m_ag“?m
e %X X X X X X X ield pointing into
the paper
R - k - X X XX XX XX XXX
. . X
The photographs show the trace of a signal on a CRO and some settings of the CRO. The voltage gain is set at 0.5 V per cm X x XXX XX
and the time-base is set at 10 ms per cm. Find the frequency and peak voltage of the input signal. oA R R Rt L a2 B
XXRX X XXX XXXXX
Frequency / Hz Peak Voltage / V
A. 10 2 Under an external force, a metal rod PQ is moving with a uniform speed v on a metal rail placed in a uniform magnetic field
B. 10 4 as shown above. Which of the following desctiptions is/are correct ?
C. 20 2 (1) Current flows through the galvanometer from Q to R.
D. 20 4 (2) The metal rod will accelerate to right if the direction of the magnetic field is reversed.
(3) The pointer of the galvanometer will deflect to opposite direction if the direction of the magnetic field is reversed.
A. (1) onl
28. <HKCE 2005 Paper 11 - 42 > B. 8 onlz
X x X X b3 % x x X X x x x x X X x x C (1) & (2) 0nly
C x xBx x x x xCx x x xBx x x x xCx x B D. (2) & (3)only
x x x x % x x * »® x x x x x x x X X
Y 5 2R wllie: o e 205 x x x x|x x 2 31. <HKCE 2007 Paper II - 42 > direction of
rotation
D X X 4x X x X x Dk oxox x4x ¥ X x xDx % A -
X x x X x x x x x X x X X X X X X x
position P position Q position R
A conducting rectangular coil ABCD is moved across a uniform magnetic field pointing into the paper as shown above.
‘Which of the following statements is/are correct ?
(1) The induced current flows from 4 to C through B when the coil is at P,
(2) The magnitude of the induced current is the largest when the coil is at Q.
(3) The direction of the induced current when the coil is at R is the same as that when it is at P.
A, (1) only
B. (3)only
C. (1) & (2)only Xl—y
D. (2) &(3) only e
The above figure shows a simple structure of a d.c. generator. Which of the following statements is/are correct ?
< 43> (1) The current delivered to the load is constant.
29 HKCE 2007 Paper 11 - 43 — (2) The current generated in the coil is alternating, but the current delivered to the load is unidirectional.
(3) The current flows through the load from X'to Y.
bar magnet A. (1) only
B. (3) only
C. (1) &(2)only
closed-loop D. (2) & (3)only
copper coil 4
32, <HKCE 2008 Paper I - 40 >

electronic balance

An electronic balance reads X when a closed-loop copper coil is placed on it as shown above. A bar magnet drops from
certain height vertically above. Just before the magnet reaches the coil, the reading of the electronic balance is

A. the same as X.

B. first smaller than X and then greater than X
C. smaller than X

D. greater than X

In the figure, a rectangular coil is pulled to the right with uniform speed in

a uniform magnetic field pointing into the paper. Which of the following : i ))i :

descriptions about the current induced in the coil and the magnetic force Sl |

acting on the coil is correct ? 0] .

A. No current is induced in the coil and no magnetic force is acting on % % | 5 —- right
the coil. ) ) 2 v selise

B. A current is induced in the coil but the resultant magnetic force acting 7 Sl b
on the coil is zero. % 1R

C. A current is induced in the coil and a resultant magnetic force is acting
on the coil to the left.
D. A current is induced in the coil and a resultant magnetic force is acting on the coil to the right.
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33.

34.

35,

< HKCE 2008 Paper II - 39 >

soft iron rod

coil 4 coil B

An experiment about electromagnetism is designed as shown above. Coil B has a greater number of turns than coil 4. Coil
B is connected to a sensitive ammeter. Which of the following statements is/are correct ?

(1) When the switch is closed, a steady current flows through the ammeter.

(2) At the moment the switch is opened, a current flows through the ammeter momentarily.

(3) If the soft iron rod is replaced by a glass rod, the ammeter will have a greater deflection at the moment the switch

is opened.
A. (1) only
B. (2)only
C. (1) &(3)only
D. (2) & (3) only

< HKCE 2009 Paper II - 40 >

direction
of rotation /-

brush load

The figure above shows the position of the coil in a generator at time £ = 0. The current is taken to be positive when it flows
from P to Q) through the load. Which of the following graphs best represents the variation of current 7 with time ¢ as the coil
rotates ?

A g B g Cr D g

< HKCE 2009 Paper I - 39 >

X Y P
===
magnet

Q z
=l

When a magnet is moving towards end Q for a solenoid, it is found that a north pole is induced at end Q. As shown in the
figure above, the magnet passes through and moves away from the solenoid, what are the polarities of end P of the solenoid

and end X of the magnet ? ~
~
polarity of end P polarity of end X
A. S S
B. 8 N
C. N S
D. N N

36.

37.

< HKCE 2010 Paper IT - 42 > 4> observer’s eye

A copper ring R is falling through a solenoid along the axis as shown. The
plane of the ring is kept horizontal thronghout. The solenoid is carrying a
steady current /. Y is the centre of the solenoid.

Which of the following combinations about the directions of the induced

current in the ring (if any) at X and at ¥ as observed from O is correct ?
atX aty

A. clockwise clockwise

B. clockwise no cutrent

(&} anticlockwise anticlockwise

D. anticlockwise no current

< HKCE 2011 Paper II - 44 >

I)
X X X X X XgX X X X X x X X X X .
S metal rail
X x x x xfx x x x x x X X x X
x x x x xfx x x x x x x x x x uniform magnetic
> v field pointing into
X x x x xfx x x x x x %X %X x X the paper
metal rod L
X x x x xfx x x x x x x x x X
R
X X X x X x X x X X X x X X X %

Q

A metal rod PQ is moving with a uniform speed v on a metal rail placed in a uniform magnetic field as shown in the figure
above. A resistor is connected across RS. Which of the following descriptions is/are correct ?

(1) Kinetic energy of the rod is converted into electrical energy.

(2) Current flows through the resistor from §'to R.

(3) The induced current will be reversed if the rod moves in the opposite direction.

A. (1) only
B. (3)only
C. (1) &(2) ouly
D. (2) & (3) only

Part B : HKAL examination questions

38,

39.

<HKAL 1980 Paper I - 23 >

The magnetic flux through a coil of N turns increases at a uniform rate from zeto to @ in time #. What is the magnitude of
the e.m.f. induced in the coil ?

A. Nt oA
B. ®i/N o
@€ N/t }\—‘/gi/
D. Nt/®

<HKAL 1982 Paper I - 25 >

S is a long solenoid. L; is a wire loop just inside the solenoid, and

Ly is a wire loop just outside the solenoid. The current in the solenoid I
is increased at a steady rate, such that the e.m.f. induced in L;

is~|.2 V. Find the e.m.£. induced in L. N
A OV.

B. 06V. Ly
C. 12V,

D. 24V.

}
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40. <HKAL 1983 PaperI-21> 45. <HKAL 1987 Paper I - 38 >
Rectangular coil PQRS is driven with constant velocity towards the right in a uniform x X X X loop
magnetic field directed perpendicular into paper as shown in the figure, Which of the Q R
following statements is correct at the instant shown in the figure ? X X X X 5
A. The magnitude of the magnetic flux through the coil changes with time. —p o 2
B. Aninduced current is flowing in the coil in the anticlockwise direction. X X X X 4
C.  Anelectromagnetic force acts on the side PQ in a direction opposing its motion. P § field
D. There is no induced current flowing in the coil. X X X X
A uniform magnetic field acting perpendicular into paper is inside a circular region of radius 8 cm. A circular loop of radius
41. <HKAL 1984 PaperI-27> 10 em is placed outside the field region as shown in the figure. If the magnetic field is now decreasing at a constant rate of
0.01 T 57, what will be the magnitude and direction of the induced e.m.f, in the loop 7
Magnitude Direction
lJ A 20x104V from A to B via the loop
S B.  20x10%V from B to 4 via the loop
A large copper disc mounted on a horizontal axle is spun in the clockwise direction between the poles of a horseshoe magnet. C. 31x10%V from 4 to B via the loop
Which of the following diagrams correctly shows the eddy currents flowing in the disc ? D. 3.1x10%V from B to 4 via the loop
A. B. €: D.
| 46. <HKAL 1988 Paper I - 42>
@ 1‘ wire frame
: X X
42. <HKAL 1984 Paper I-22 > ficldHntolpEpeT X X
A solenoid has a length of 0.30 m and cross-sectional area of 3.2 x 10™* m? There are 1000 turns of wire wound on it.
‘When the solenoid carries a current of 1.5 A, the magnetic flux through the solenoid is |
A. 6.0 x 107 Wh. A rectangular wire frame is placed outside a uniform magnetic field which is confined to a square region as shown in the
B. 2.0x 107 Whb. figure. The direction of the magnetic field is perpendicular into paper. If the wire frame moves to the right with a uniform
C. 57x10%*Whb. velocity, which of the graphs below best represents the variation of the induced current  with time £ ?
D. 2.0 x 103 Wb. (The anti-clockwise direction of the current is taken as positive.)
A. B. C. D.
I I I I
43, <HKAL 1984 Paper 1-23 > 0 t 0 t
A sinusoidal voltage is generated by an a.c. generator. If the speed of rotation of the coil is increased, what will happen
to the frequency and the peak voltage gencrated ?
frequency peak voltage 0 t 0 t
A.  increase no change [
B.  nochange increase
C.  increase decrease 47. <HKAL 1989 Paper I - 36 >
D. increase increase
44. <HKAL 1986 Paper 1-37> ® P [0}
S
—
— Q00

A short bar magnet moving with uniform velocity passes through an air-cored solenoid of connected to a galvanometer as
shown. Which of the following graphs best represents the variation of the current I in the solenoid with time ¢ 7

A I B. I ¢ 7 D. ;
Om ! 0[ = !

0 t /\
0 H

Two rectangular wire loops P and Q are placed in the same plane side by side. Loop P includes a battery and a switch S,
which is initially open. If S is suddenly closed, what is the direction of the induced current in loop O ? Are the magnetic
forces between the two loops attractive or repulsive ?

Direction of induced current Nature of force

A, clockwise attractive
B. clockwise repulsive
(¢] anticlockwise attractive
D. anticlockwise repulsive
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48.

49,

50.

51,

< HKAL 1989 Paper I - 35>

A certain length of a copper wire is bent to form a circular coil of one turn. The coil is then placed in a uniform magnetic
field with its plane normal to the direction of the magnetic field. The flux linkage through the coil is ®. The same length of
wire is now bent to form a double loop of smaller radius. The flux linkage through the coil would become

A @/

B. ®2.

C. @

D. 20.

< HKAL 1992 Paper I - 38 >
X P X X %
X X X X

—>

X X X X

X 0 X X X

A metal rod PQ moves with constant velocity across a uniform magnetic field directed perpendicularly into paper as shown in
the above figure. A voltage is induced across the rod. Which of the following statements is/are correct 7

(1) The magnitude of the voltage depends on the length of the rod.

(2) Point P is at a lower potential than Q.

(3) A magnetic force is acting on the rod to oppose its motion.

A. (1) only

B. (3)only

C. (1)&(2)only
D. (2) & (3) only

< HKAL 1992 Paper I - 40 >

An aluminium ring floats above a coil carrying alternating current. Which of the following will affect the height of the ring ?
(1) the resistivity of the ring
(2) the density of the ring
(3) the frequency of the alternating current

A, (1) & (2) only
B. (1) & (3) only
C. (2)&(3)only
D. D, &®)

< HKAL 1994 Paper IIA - 37 >

The magnetic flux linkage for a coil placed in a uniform magnetic field depends on

(1) the resistance of the coil

(2) the number of turns of the coil

(3) the angle between the normal of the coil and the direction of the magnetic field
(1) only

(3) only

(1) & (2) only

(2) & (3) only

vow

52.

53.

54,

< HKAL 1995 Paper IIA - 35 >

A bar magnet is moved perpendicularly towards a copper disc. Which of the following statements are correct ?
(1) Eddy current is induced in the copper disc.
(2) Temperature of the copper disc increases.
(3) A repulsive force is experienced by the magnet.

A, (1) & (2) only
B. (1) & (3) only
C. (2)&(3) only
D. (), @ &((3)

< HKAL 1997 Paper ITA - 23 >

coil

to light beam galvanometer

The above figure shows a small coil, connected to a light beam galvanometer, placed in a region of uniform magnetic field
between the poles of a magnet. The plane of the coil is parallel to the pole faces. Which of the following actions would
produce a deflection of the galvanometer ?

(1) Moving the coil to and fro between the poles.
(2) Moving the coil away from the region between the pole faces.
(3) Rotating the coil about a diameter through an angle of 180°,

A. (1)only
B. (3)only
C. (1) & (2) only
D. (2) &(3)only

<HKAL 1997 Paper IIA - 31 >

|
i
1% X x x
A : B
> X X X
)
h
< | x X X X
E
1 X X X X
D : €
]
P % X X X

A rectangular metal wire frame 4BCD moves to the left with a uniform speed across a region of uniform magnetic field acting
perpendicularly into paper. Which of the following is/are true at the instant shown in the figure ?

(1) A current is flowing in the clockwise direction.

(2) The electric potential at B is higher than that at C.

(3) The side AD experiences a magnetic force acting to the right,

(1) only

(3) only

(1) & (2) only

(2) & (3) only

vows»
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55. <HKAL 1999 Paper IIA - 36 > 59. <HKAL 2003 Paper IIA - 34 >
Left Right
A coil of metal wire is placed on a plane perpendicular to a uniform magnetic field. 4y 180° .
The coil is rotated through 180° about a diameter as shown. The induced e.m.f. in x % X % % I
the coil is independent of P §
A. the area of the coil. ¥ x
B. the flux density of the magnetic field. " 3 -
C. the number of turns of the coil.
D. the resistance of the coil. X X x % x Q R ]
1 wire
The figure shows a rectangular metal coil PORS moving from left to right with a uniform speed across an insulated metal
56. <HKAL 1999 Paper IIA - 30 > wire carrying a steady cutrent /. Which of the following gives the correct sequence for the direction of the current induced in
X the coil PORS ?
long straight A. Clockwise and then anticlockwise
X: :aglylrr:it z:{ chi B. Anticlockwise and then clockwise
. 6em  6em, & S ToCRO C. Clockwise, then anticlockwise and finally clockwise again
A B D. Anticlockwise, then clockwise and finally anticlockwise again
A long straight wire carrying an a.c. current lies on the plane of the paper as shown. A search coil connected to a CRO with
the time-base off is used to measure the peak value of the magnetic field produced by the a.c. current. When the search coil is 60. <HKAL 2004 Paper IIA - 28 >
placed at B, the length of the trace on the CRO is 2 em. If the search coil is placed at 4, the length of the trace would be A search coil is placed at one end of a solenoid as shown in the figure. The solenoid is connected to an a.c. source so that an
g- (1)5 il a.c. current is flowing in the solenoid. The induced voltage on the search coil is shown on the CRO connected to the search
. lem, ;
C. 2om. L solenoid
D. 4cm.
57. <HKAL 2002 Paper I1A -27 >
A metal wire of length L is inclined at angle 60° to rail PQ as shown. % X X X X X
It is moved rightwards with a uniform velocity v across a uniform
magnetic field directed into paper along the two horizontal rails PQ P 60° Q .
and RS. The strength of the magnetic field is B. What is the e.m.f. X X X X X X search coil
induced in the rod ?
A BvL L >V Which of the following changes will NOT affect the amplitude of the induced voltage in the search coil 7
2 X X X X X A, Increase the frequency of the a.c. current in the solenoid.
B. BvlL B. Increase the number of turns on the search coil.
c 2BvL R § C. Place the search coil in the middle of solenoid, without changing its orientation.
) D)) Replace the solenoid with one of greater cross-sectional area while keeping the same magnitude of a.c. current.
NG X X X X X X
D. \/S_B vl
2 61. <HKAL 2005 Paper ITA - 19 > .
A rectangular coil is placed adjacent to a straight wire MN carrying a current J which varies with time ¢ as shown in the
58. <HKAL 2002 Paper 1A - 28 > % N 2 « N graph. The wire MN is in the plane of the coil and the current / is positive (+) when it is in the direction from Mto N.
i I
X X X % uniform magnetic field
/ into paper
X X X X x T I /
x \\ ) // & - 0 T-/Z : > ¢
! T
x X X X X E

A circular frame and a square frame, made from the same type of metal wires, are placed in a uniform magnetic field as
shown. The length of each side of the square is equal to the diameter of the circle. When the flux density of the magnetic
d is increased at a steady rate, find the ratio of the induced current in the circular frame to that in square frame.
<A/ 1:1

B. 1l:n
C. =n:4
D. 2:x

M

Starting from ¢ = 0, how does the direction of the current induced in the coil vary in one period ?
Clockwise first and then anticlockwise

Anticlockwise first and then clockwise

Clockwise — anticlockwise — clockwise — anticlockwise

Anticlockwise ~» clockwise — anticlockwise — clockwise

Taowp»
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62.

63.

64.

<HKAL 2005 Paper I1A - 16 >
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Two conducting rods PQ and RS are placed on two smooth, parallel, horizontal conducting rails, A uniform magnetic field is
directed into the plane of the paper as shown. If now rod PQ is given an initial velocity to the right, which of the following
statements is NOT correct 7

The induced current is in the direction of PQRS.

The magnetic force acting on the rod PQ is towards the left.

Rod RS starts moving towards the right.

Rod PQ would keep on moving with a uniform speed.

gowy

< HKAL 2005 Paper IIA - 17 >

generator

Two ‘12 V, 6 W’ lamps are operating at their rated values. The internal resistance of the generator is 2 2. What is the
percentage of the electrical power generated by the generator dissipated by the two lamps ?

A 75%
B. 86%
C. 92%
D. 100%

< HKAL 2006 Paper IIA - 19 >

X X X X X X X X

In the figure, a thin metal rod PQ is placed along the x-direction and it is at right angles to a uniform magnetic field pointing
into the plane of the paper. In which of the following cases will there be an e.m.f. induced along the length of the metal rod ?
(1) Rotating the rod about an axis through its centre along the y-direction
(2) Moving the rod in the x-direction
(3) Moving the rod in the y-direction

A. (1) only
B. (3)only
C. (1) & (2) only
D. (2) & (3) only

| 65.

66,

< HKAL 2008 Paper IIA - 18 >

In the figure, PORS is a metal plate placed perpendicularly to a uniform magnetic field directed into the paper. At the instant
shown, the magnetic field is moving to the right and eddy current is induced in the metal plate. Which of the following
diagrams best represents a possible path of the eddy current induced in the plate ?

B

<HKAL 2009 Paper IIA - 32 >

A metal wite in shape of a square with each side 15.7 cm is placed in a uniform magnetic field of 0.6 T directed into the
paper as shown. Suppose its shape is now changed into a circle within a time of 0.5 5. Find the average induced e.m.f. and
the direction of the induced current in the frame during this period.

X X X X X X X X X X X X
X X X X X X X X X _X X X -
X X| X X [X X After 0.5 s X X X
e =
X X| X X |X X X X X -
X X X X X X X x XX x X
X X X X X X X X X X X X
average induced e.m.f. / mV' direction of the induced current
A. 8.1 clockwise
B. 8.1 anticlockwise
E; 4.0 clockwise
D. 4.0 anticlockwise
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67.

68.

< HKAL 2010 Paper IIA - 26 >

X OX__ X %X X X
P TQ
X X X X X X X X! x x
L
v
X X X X Ooxxxxlxx
R s

X x X X x X X X x x
Y

X X X X X X X X X X X

In the figure, PQ and RS are two parallel metal rails with separation L. A metal rod XY resting on the rails moves with
velocity v perpendicular to its length across a uniform magnetic field B pointing into the paper. If the rod makes an angle of
30° with the rails, what is the potential difference across Q and § ?
A BLv

cos30°

B. BLycos 30°

c. BLv
s5in30°

D. BLvsin30°

< HKAL 2009 Paper 11A - 12 >

A bar magnet is suspended by a spring from a rigid support. It is oscillating above a hollow aluminium cylinder placed below
its lower end. Which of the following statements is/are cortect ?
(Neglect air resistance.)

(1) The amplitude of oscillation of the magnet remains unchanged.
(2) The force between the bar magnet and the aluminium cylinder is always attractive.

(3) Eddy currents are induced in the aluminium cylinder.

A. (1) only
B. (3) only
C. (1) & (2) only
D. (2) & (3)only

69.

70.

71

< HKAL 2010 Paper ITA - 30 >

X X X X

In the above figure, PORS is a small rectahgular metal frame suspended from a fixed point O by a plastic string. The frame
is released from the position shown and it swings across a uniform magnetic field pointing into the paper within the dotted
rectangle. Neglect air resistance and friction. Which of the following is/are correct ?

(1) A current is induced in the frame in the direction PORSP when it is entering the field.

(2) The current induced in the frame is at a maximum when it passes 0O".

(3) The direction of the magnetic force experienced by the frame is opposite to its motion when it passes 00’

(1) only

(1) & (2) only

(2) & (3) only

1,2 &3)

oowy

< HKAL 2011 Paper IIA - 27 >

s P,
current-carrying wire =
R Q

X
A long straight wire XY carrying a steady current lies in the plane of the coil. A rectangular coil PQRS is moving to the right
with constant-speed. Which of the following gives the correct direction of the induced current in the coil and the resultant
magnetic force acting on the coil at the instant shown in the above figure ?

direction of induced current in the coil resultant magnetic force acting on the coil

A. anti-clockwise to left

B. anti-clockwise zero

C: clockwise to left

D. clockwise 2810

<HKAL 2011 Paper ITA - 31 >

R (0] <
/l |/ . uniform magnetic field
1 >
N P 1

A rigid rectangular conducting loop PORS is connected to a cell as shown. It is held at rest horizontally within a uniform
magnetic field which is parallel to the plane of the loop and perpendicular to its side RS. Which of the following statements
is/are correct 7

(1) The side RS of the loop experiences an upward magnetic force.

(2) The loop experiences a turning moment due to the magnetic field.

(3) The magnetic flux linkage through the loop is zero.

A. (1)only
B. (3)only
C. (1) &(2)only
D. (2) & (3)only
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72.  <HKAL2012 Paper I1A - 24 > Part D : HKDSE examination questions
(Y @
X X X X X X x X X X X X X X x X 75, <HKDSE Sample Paper IA - 31 >
x x x x x XRx x2x x
X X X X uniform
X X X X X X/ magnetic
x X X x —> field
X X X X X X
x x X x N
X X % X X X § X X p X X
In the above figures, a metal rod PQ making an angle ¢ with the horizontal moves with speed v across a uniform magnetic The figure shows conducting rods PQ and RS ate placed on two smooth, parallel, horizontal conducting rails. A uniform
field pointing into the paper in two different directions shown. What is the ratio of the e.m.f. induced across the rod in magnetic field is directed into the plane of the paper as shown. PQ is given an initial velocity to the right and left to roll.
Figure (1) to that in Figure (2) 7 Which statement is INCORRECT ?
A 1:sing A. The induced current is in the direction PORS.
5. i it B. The magnetic force acting on the rod PQ is towards the left.
' S C. Rod RS starts moving towards the right.
C. sinf:1 D. Rod PQ moves with a uniform speed.
D. sin?4: 1 i
{ 76. <HKDSE Practice Paper IA - 33 >
A square metal frame of side length L is placed inside a uniform ’,Y
" . magnetic field B as shown. What is the change in magnetic flux ¥ 8 X4k 3 8
Part C: Supplemental exercise through the frame when it is rotated about the axis X¥ by 90° and x| x x i x x| x
180° respectively ? ]
73. A solenoid has a length of 0.30 m and cross-sectional area of 3.2 x 10~ m?. There are 1000 turns of wire wound on it. ol SRS
When the solenoid carries a current of 1.5 A, the magnetic flux linkage through the solenoid is o0 A8y X | x x : X X | X ¥
1
A. 6.0x107 Wb, A. 0 0 i <l l
x [ x x!x
B. 2.0 106 Wb, L 2B ;
! C. BI? 0 X X xXix x X
C. 57x104Wb. | D. B 2812 Y
D. 2.0x107 Wb, .
| 77. <HKDSE 2012 Paper IA - 31>
74, | g e o oy e 0 2o s o

magnetic field -

X X x x|x x
xBx x C

X X X

A re.ctangular coil ABCD is placed in a uniform magnetic field directed perpendicular into paper. When the coil is set into
motion, an induced cutrent flows from 4 to B as shown, Which o ‘the following statements are correct ?

(1) The coil is moving towards the left. \-\

(2) The electric potential at 4 is higher than that at B. '

(3) There is a magnetic force acting on 4B towards the right.

A (1) & (2)only \
B. (1)&(3)only A,
C. (2)&(3)only )
D. (,@&?3)

1

]

1

1

y !
—> | x x x

!

> 1

]

L 1

1

1

5L

A square metal frame of length of side Z moving with constant velocity v passes through a region of uniform magnetic field
of width 5L as shown. What is the total time period during which a current is induced in the frame ?

A L
v
B.
v
c 3L
v
p. & -

v




DSE Physics - Section D : M.C.
EMS : Electromagnetic Induction

PD -EMS5 - M/ 26

DSE Physics - Section D : M.C. PD-EM5-M /27

EMS : Electromagnetic Induction

78.

79.

80.

é E.m.f. is induced in the rod with end O at a higher electric potential.
D.

<HKDSE 2012 Paper JA - 32 >

- .
i
. . - . . . . . .\ z}aﬁclsl :r:thId

A copper rod PQ is placed horizontally as shown below. It is released and then falls vertically, cutting across the magnetic

field of the Earth pointing out of the paper. Neglect air resistance. Which of the following statements is/are correct ?
(1) A voltage is induced across PQ.
(2) A steady induced current is generated in the rod.

(3) Due to the effect of the Earth’s magnetic field, the copper rod falls with an acceleration less than the acceleration

due to gravity.
A. (1) only
B. (3)only
C. (1)&(2)only
D. (2) &(3) only

< HKDSE 2013 Paper 1A - 29 >

A metal rod OP is rotated about O in a clockwise direction in the plane of
the paper with a uniform magnetic field pointing into the paper. Which
statement is correct ?

XX X XXX X X X
X X X X X X XX X
X X X X X X X
X X X XX X K X
XX X ¥X X XXX
X X XX XXX XX
XX X X X X X XX

A. Aninduced current flows in the rod from O to P.
B. Aninduced current flows in the rod from P to O.

E.m.f. is induced in the rod with end P at a higher electric potential.

< HKDSE 2014 Paper 1A - 27 >

N '

Figure (a) IA Figure (b)

M

A long straight current-carrying wire MN and a rectangular coil PQRS are fixed in the same plane as shown in Figure (a).
The current [ is taken as positive when it flows from M to N and it varies with time ¢ as shown in Figure (b). The direction of
the induced current in the coil during the time interval 0 — Tis

A. first anti-clockwise and then clockwise.
first clockwise and then anti-clockwise.
anti-clockwise throughout.

B.
C.
//\DB clockwise throughout.

| 81.

82.

83.

< HKDSE 2015 Paper 1A - 24 >

1]
Xl
1
\  metal frame
(
Mt uniform
g i Q -, magnetic field
1
1
i
1
Y
1

A rectangular metal frame is made to rotate steadily about its axis XY in a uniform magnetic field. At the instant shown, the
frame is in the plane of the paper and side 2 is moving out of the paper while side Q is moving into the paper. Which
statement is INCORRECT at this instant ?

A. The induced e.m.f. in the frame is at a maximum.

B. The induced current produced in the frame is flowing in anti-clockwise direction.

C. The magnetic force acting on side P is in a direction pointing into the paper.

D. The magnetic forces acting on the frame produce a moment opposing the frame's rotation.

< HKDSE 2016 Paper IA - 29 >

A student uses. a search coil to study the strength of the magnetic field inside a long solenoid which is connected to an a.c.
signal generator set at a certain frequency. The search coil is connected to a CRO with time-base switched off. When the
magnetic field is detected, a vertical trace on the CRO is displayed. Which of the following can improve the accuracy of this
experiment ? N

(1) Rotate the plane of the search coil until the length of the vertical trace on the CRO is the maximum.

(2) Increase the signal generator's frequency and use the same current as before.

(3) Set the axis of the solenoid along an east-west direction to avoid the effects of the Earth's magnetic field.

A (1) &(2) only
B. (1) & (3) only
C. (2)&3)only
D. (1), &@3)

< HKDSE 2017 Paper JA - 28 >

A metal rod PQ of length 1 is moving along smooth X ’_T % % %
horizontal metal rails X and Y with constant speed v in a X
uniform magnetic field of magnetic field strength B pointing
into the paper. The metal rails X and Y are separated by a XX X X
distance of d and are connected to a resistor of resistance R R d ! —>V
as shown. Which of the following descriptions about the X X X X
induced current is cotrect ?
Y
magnitude direction X éx 4 X
A Blv from X to ¥ through R
R
B. Blv Ty from ¥ to X through R
R
c. Bdv from X to ¥ through R
R
D. Bdy from Y to X through R
R
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84.

85.

<HKDSE 2017 Paper 1A - 27 >

A metal disc is rotating about its centre C with constant speed. Part of the metal disc is inside a uniform magnetic field
pointing into the paper as shown. An eddy current flows in the metal disc.

X
X
X

After which of the following changes will the eddy current increase ?

A. Reverse the direction of the magnetic field B. Increase the strength of the magnetic field

< HKDSE 2018 Paper 1A - 29 >

A stone and a strong magnet of the same size and shape are released from rest into a hollow aluminium tubing respectively.
Which of the following is correct ? Neglect air resistance.

4 stone

magnet

drops slower reason
A, stone the stone is more massive
B. magnet the stone is more massive
C. stone the magnet induces eddy current in the aluminium tubing
D. magnet the magnet induces eddy current in the aluminjum tubing

There is question in next page

HKEAA's Markin gScheme is prepared ofithe markers' ref ereme. It should not be regarded as a set of model answers.
“Smden' tsand teac herswho are no” ihv . ‘odsf in the marking process are advised to interpret the Marking Scheme with care.,

‘M.C. Answers

1. D 11. B 21. D 3. D 41. D 51. D
2. D 12. D 22.,,C 32, € 42. B 52. D
3. A 13. A 23. A 33, B 43. D 53. D
4. D 14. D 24. C 34. D 44. A 54. A
5. B 15. A 25, G 35. D 45. A 55. D
6. B 16. B 26. A 36. D 46. D 56. D
7. B 17. D 27. A 37. D 47. D 57. D
8. C 18. A 28. A 38. C 48. B 58. A
9. B 19. B 29. D 39. C 49, A 59. C
10. C 20. C 30. B 40. D 50. D 60. D
61. A 71. D 81. B
62. D 72. A 82. A
63. B 73. D 83. C
64. B 74. B 84. B
' 65. D 75. D 85. D
66. B 76. D 86. D
67. C 77. B 87. D
; 68. B 78. A
69.-A 79. D
70. C 80. D
- MLC. Solution
1 D
N (3] Since commutator is used, it is a d.c. generator, thus the current always flows in the same direction.
v @) The maximum current depends on the induced voltage which depends on the rotational speed of the coil.
v 3) By 71 =%,maximum magnitude of current depends on the resistance of R.
2. D

There is no magnetic flux passing through the coil,

thus there is no induced current in the coil.



86. <HKDSE 2019 Paper IA-28>

87. <HKDSE 2020 Paper |A-28>

—A.. observer

falling

hollow
magnet “\} ™~

aluminhum tube

Sy,

e mm e m

{

e ——.

;.rr!rr.r,

When & small strong magnet falls through a hollow aluminium tube as shown, eddy currents are
induced. Which of the following correctly describes the direction of current induced in the tube when
viewed by an observer from above ?

clockwise both above and below the magnet

anti-clockwise both above and below the magnet

clockwise above the magnet and anti-clockwise below the magnet
X anti-clockwise above: the magnet and clockwise below the magnet

vonEx

Y

—re
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A

Dynamo (generator) changes the mechanical energy of the rotating coil into electrical energy of induced current.

D

x 4 x

I
Maotion
b X
B

* ) By Right-hand rule, current should flow from D to C through P.
v 2) By Right-hand rule, induced current flows from B to 4 through Q.
v 3) By Faraday’s Law, induced voltage (¢.m.f.) is set up across 4B where & = By /.
B

When the switch § is closed, current starts to flow in the solenoid
which produces a magnetic field with N-pole at the left hand side.

An induced current would then flow in coil X¥ to oppose the change such that the pole at ¥ is North.

The two solenoids thus experience opposing magnetic forces so the coil would move away from the solenoid.

B
Peak voltage: ¥, =0.5Vem?x3cem = 1.5V
Period: T = Imsem™ x4 em = 4 ms

1

= TS = 250 Hz
X

Frequency: £ =

TR

B
Figure (1) : As the N-pole of magnet moves towards the ring, N-pole is induced at the upper end of the ring,
thus the induced current is in anticlockwise direction observed by the eye.
Figure (2) : As the magnet is inside the ring, there is no change of magnetic field, thus there is no induced current.
Figure (3) : As the S-pole of magnet moves away from the ring, N-pole is induced at the lower end of the ring,
thus the induced current is in clockwise direction.
C

In Figure 1, as the S-pole of magnet moves towards the coil (solenoid) from the left,
the left side of the coil is induced to be S-pole,

and the induced current flows through the galvanometer and deflects to the left.,

In Figure 2, as the N-pole of magnet moves towards the coil (solenoid) from the right,
the right side of the coil is induced to be N-pole, that means the Ieft side of the coil is induced to be S-pole,
thus the induced current flows in the same direction as Figure 1,

and as the magnet moves at a faster rate, the induced current is greater and is more than 10 pA.,

11

B

Peak voltage : ¥, = 2emx 10 Vem™ = 20V

Peak current: ;7 = KL = 20 T = 4 mA

° R 5x10

v 1 ‘When § is closed, current flows in primary coil to give magnetic field lines directed towards the right.
Current is induced in secondary coil from P to Q through R
to give magnetic field lines directed towards the left to oppose the change.

v 2) When S remains closed, there is no change of current, thus there is no change of magnetic field,
therefore, no current is induced in the secondary coil.

x (©)) ‘When S is opened, current stops flowing in the primary coil and the magnetic field decreases to zero.
Current is induced in the secondary coil from Q to P through R
to give magnetic field lines directed towards the right to oppose the change.

B

As commutator is used, it is a d.c. generator,

d.c. generator gives a varying d.c. voltage (unsteady voltage) as shown in option B,

D

* [¢)] A d.c. generator is a d.c. source but it produces varying d.c. voltages.
@) All a.c. sources would give out current with changing directions.
3) Both d.c. and a.c. give heating effectby P= I*R.

A

At the time shown, when N-pole of the magnet moves away from the right hand side of the core,
S-pole is induced on the right hand side of the core, thus induced current flows from P to Q through R.

After half of a cycle, when N-pole of the magnet moves away from the left hand side of the core,
S-pole is induced on the left hand side of the core, thus induced current flows from Q to P through R in reverse direction.

D

® A, microphone : sound energy — electrical energy

x B. loudspeaker : electrical energy — sound energy
x C. dynamo : mechanical energy — electrical energy
v D. motor : electrical energy — mechanical energy

A

As the trace of the signal is a line, it is an a.c. voltage.

Peak voltage: ¥, = lomx 1 Vem™ = 1V
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16.

19.

20.

21.

B
Peak voltage = 2emx 0.5 Vem™ = 1V

Period: T = 4cm x 10 ms em™ = 40 ms

Frequency: [ = 1. S 25Hz
T 40x107°
D
4 A A bicyele dynamo gives induced voltage, which is an application of electromagnetic induction.
v ‘When a magnetic tape moves across a playback head, a.c. current is induced.
v (€= ‘When sound wave is incident onto a microphone, the coil is set into vibration inside a magnetic field,

>

thus a.c. current is induced.

Loudspeaker makes use of the magnetic force produced by the current inside a magnetic field.

A
When R moves towards P, the resistance of R increases,
thus voltage increases, amplitude of the trace increases.

Period (or frequency) depends on the a.c. source, thus it remains unchanged.

B
When the ring moves towards the magnet at X, current is induced so that the lower side of the ring is N-pole.
When the ring moves away from the magnet at ¥, current is induced so that the upper side of the ring is N-pole. 4

By using Right hand grip rule, the induced current in both cases can be determined.

C
(1) Rotating the coil at a greater speed can increase the rate of change of magnetic flux,
thus induced voltage by the generator increases.
x 2) Reducing the resistance can increase the induced current,
but the resistance would not affect the induced voltage.
v 3 A coil of greater area contains more magnetic flux, thus the induced voltage increases.
L Metal rod
The induced current in the metal rod flows from left to right. X R X p R Rhih
In order to give this induced current, x x X \L x x X
i . Motion
the rod should move downwards, by using Right-hand rule. X X X X X
()

\"/ Induced current

22.

23.

24.

25.

26.

C

x A, As they move away from each other, the left side of the solenoid should be induced in N-pole,
thus induced current should flow from left to right through the galvanometer.

x B. As the solenoid moves away from the magnet, the left side of the solenoid should be induced in S-pole,
thus induced current should flow from right to left through the galvanometer.

v (0 As the solenoid moves towards the magnet, the left side of the solenoid should be induced with S-pole,
thus induced current flows from right to left through the galvanometer,

x D. As the magnet moves towards the solenoid, the left side of the solenoid should be induced with N-pole,
thus induced current should flow from left to right through the galvanometer.

A

@ When the magnet is approaching, an induced voltage is set up in the solenoid.
@ When the magnet is inside the solenoid, no induced voltage is set up.

@ When the magnet is leaving, an induced voltage is set up in the solenoid but in the opposite direction.

When S is just closed, the current through coil P produces a magnetic field downwards and upwards through Q.

In order to oppose the change of magnetic field, coil @ induces a current which produces a magnetic field in opposite
direction (downwards), thus by Right hand grip rule, the current through R is in upward direction.

When S is just opened, current through coil P suddenly stops flowing, thus the magnetic field through O decreases.

In order to oppose the change of magnetic field, coil O induces a current which produces a magnetic field in the same
direction, thus the induced current should be opposite to that when § is closed.

(C
‘When the coil just enters the field region, an induced current flows in anticlockwise direction (+).
When the coil moves inside the field region, there is no induced current.

When the coil just leaves the field region, an induced current flows in clockwise direction ().

A
v ) Since slip rings are used, alternating current is produced.
* ) By Right-hand-rule, a current is induced in the coil and flows through the resistor from Q to P.

The current is maximum at the instant shown, but becomes zero when the coil is vertical.

£ ®
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27.

28,

29.

30,

31.

32,

A
Since the time base is 10 ms per cm and the time for one cycle is 10 cm
. petiod T = 10 cm x 10 ms cm™' = 100 ms
. Frequency: f = i = _l_
T 100x107°
The amplitude of the trace is 4 cm and the voltage gain is 0.5 V per cm

. Peak voltage = 4cmx 0.5 Vem™ =2V

= 10 Hz

A

v (1) By using Right hand rule, induced current flows along 4B in anticlockwise direction.
x @) There is no induced current in this position.

x 3) By using Right hand rule, induced current flows along DC in clockwise direction.

D

Since the bar magnet is moving towards the coil, induced current flows to oppose the change.
The top of the coil becomes South-pole due to the induced current.

Action and reaction pair then exists between the magnet and the coil.

For the magnet, an upward force acts on it by the coil.

For the coil, a downward force acts on it by the magnet.

The reading of the balance is then greater due to the downward force on the coil.

B
* 1) By Right hand rule, the induced current in the rod is from Q to P,
thus current through the galvanometer is from R to Q.
x 2) If the magnetic field is reversed, the direction of the induced current would reverse.
However, the opposing force is still towards the left, and the rod should still move in uniform speed.
v 3) Since the direction of the induced current is reversed,
the pointer of the galvanometer should deflect to the opposite direction.
D
* ) The current delivered to the load by a d.c. generator is an unsteady d.c., thus the current is not constant.
v ) Due to the conumutator, current delivered to the load is a d.c., i.e. the current flows in one direction only.
v 3) By use of the Right hand rule, the induced current in the coil is in anticlockwise direction,
and thus the current flows from X to ¥ through the load.
(¢}
y X X X X
By Right hand rule : X %[X %
induced current flows upwards in the left wire. : : :
% % — right
By Left hand rule : X XX %
. . . x %
this current gives a magnetic force towards the left. X X % :

33.

34,

3s.

36.

37,

38,

39}

B
x [€9)] When the switch is closed, only a pulse of induced current flows momentarily through the ammeter.
v @) At the moment the switch is opened, an induced current flows through the ammeter momentarily.
% (©)) Since glass rod is not a magnetic material, the magnetic field will become weaker,
thus the induced current should be smaller.
D

At this position, the magnetic field is pointing towards the left from N-pole to S-pole.
The left arm of the coil is moving upwards.

By using Right hand rule, the induced cutrent in the left arm of the coil is flowing out of paper,
and then from P to Q through the load, thus the current is positive and maximum at # = 0.

D

‘When the magnet is at the right side and moving towards the solenoid,

as N-pole is induced at Q, thus end X should be N-pole, as opposing forces should exist between them.
‘When the magnet is at the left side and moving away from the solenoid,

as end Y is S-pole which is leaving, end P should become N-pole as attraction forces should exist between them,

D
The top of the solenoid is S-pole and the bottom is N-pole, by Right hand screw rule.

As the ring moves towards the solenoid at X, by Lenz’s law, to oppose the change,
a current is induced so that the bottom of the ring is S-pole, and by Right hand screw rule,
the induced current is in anticlockwise direction observed by the eye.

‘When the ring is at ¥, as there is no change of magnetic field, thus no current is induced at Y.

D
x (63) Since the rod is moving with uniform speed, its kinetic energy remains unchanged.
v 2) By Right hand rule, the induced current flows from Q to P, then flows from S to R through the resistor.
v 3) If the rod moves to left, by Right hand rule, the induced current flows from P to @ through the rod.
(o}
- A(ND)

At

_NO-0 No
t t

€

The magnetic flux through the coil L, is equal to the magnetic flux through the coil L1,
as both of the contains the same number of magnetic field lines inside the solenoid.

Thus, both of them induce the same e.m.f. of 1.2 V.
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40.

41,

42.

43.

44,

45,

D
An exm.f. is induced from P to O as PQ cuts the magnetic field lines.
Similarly, an e.m.f. is also induced from § to R as SR cut the magnetic field lines.

Since there is no net e.m.f. in the circuit, thus no induced current flows in the loop.

D
The magnetic field due to the magnet is perpendicularly into paper.

At the right hand side of the magnet, the disc moves from a region without field to a region with magnetic field,
to oppose the change, eddy current is induced in anticlockwise direction to produce magnetic field out of paper.

At the left hand side of the magnet, the disc moves from a region with magnetic field out to a region without field,
to oppose the change, eddy current is induced in clockwise direction to produce magnetic field into paper.

B

Forasolenoid: B = He NI

Magnetic flux through the solenoid : ® = B4

Lo apa= L
4
4mx107")(1000)(L.
_ (nx107)A000)A5) (35 1oey
(03)

=20x105Wb
D
© Frequency of the voltage is equal to the rotatjonal frequency of the coil, thus the frequency increases.
@ Peak voltage is proportional to the rotational speed of the coil, thus the amplitude increases.
A

When the bar magnet moves towards the solenoid, induced current in the coil is in one direction.
When the bar magnet moves away from the solenoid, induced current is in the opposite direction.

Only the graph in option A shows that the induced currents are in two directions, thus it is the answer,

A
Note that only the small loop contains magnetic field.

Thus, in calculating the magnetic flux : ® = B 4, the area A should be the smaller loop.

By ¢ = AD = AE
At At
& = [mx(0.08)2]x (0.01)
=20x10"V

As the magnetic field is decreasing, to oppose the change,
the induced current would produce a magnetic field in the same direction, that is, into paper,

thus, the induced current is in clockwise direction.

46.

47,

48.

| 49,

50.

51,

D
In the position shown, there is no cutting of magnetic field lines, thus no induced current.

As the frame moves, during the time interval that the left wire of the frame cuts across the magnetic field,
current is induced upwards and flows in the frame in clockwise direction, which is negative,
and since the frame moves with uniform velocity, the induced current is constant.

D
When the switch § is suddenly closed, current flows in loop P in anticlockwise direction.
As the current in the right wire of loop P is upwards, it then produces a magnetic field into paper at loop Q.

When loop @ suddenly experiences a magnetic field into paper,
a current is induced in anticlockwise direction so as to produce a magnetic field out of paper to oppose the change.

As the current in the right wire of loop P is upwards and the current in the left wire of loop @ is downwards,
repulsive force occurs between them as currents in opposite directions repel each other.

B

For the same length of wire forming the double loop : 2717 = 2 (2nr') . ¥’ =1r/2
The radius of the new loop is halved, thus the area of the new loop becomes one-quarter.
Flux linkage= NBA < NA

As N—>2N and 4 > %A, the flux linkage becomes % o)

A
WM =22 pas
¢ At
x 2) By Right-hand rule, induced e.m.f. is from @ to P, thus P is at a higher potential.
* (3) As the circuit is not complete, there is induced e.m.f. but no induced current,
thus no magnetic force acts on the rod to oppose its motion.
D
v ) If the resistivity of the ring is smaller, then the resistance of the ring is smaller,
thus greater eddy current can be induced in the ring and the ring would float at a greater height.
v ) If the density of the ring is smaller, then the mass or weight of the ring would be smaller,
thus the same upward magnetic force due to eddy current would make the ring float at a greater height
v 3) If the frequency of the a.c. increases, then the rate of change of magnetic flux in the coil increases,
thus greater eddy current is induced, and the ring would float at a greater height.
D
x [€))] Resistance would not affect the flux linkage of a coil.

2) Flux linkage is proportional to the number of turns of the coil.

3) Since the magnetic flux through a coil depends on the component of the magnetic field through the coil,
the angle would affect the flux linkage of the coil.
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52.

53.

54.

55.

56.

57.

D
v ) ‘When the magnet moves towards copper, the copper experiences a change in magnetic field,
thus eddy current is induced in the copper disc.
2) As eddy current is induced, the current produces a heating effect, thus temperature increases.
3) The eddy current flows in the direction to give a repulsive force to oppose the motion of the magnet.
D
x () It gives no change of magnetic flux through the coil, thus no e.m.f. is induced.
@ The ftux through the coil changes to zero, thus e.m.f. is induced.
3) The flux through the coil changes, thus e.m.f. is induced.
v [6}] By Right-hand rule, induced current flows from B to C, and then to D and 4 in clockwise direction,
x 2) The induced e.m.f, is from B to C, thus C is at a higher potential.
% 3) Side 4D is not in the magnetic field, it experiences no magnetic force.
D
. = §A® _ NBA
At t
', & depends on N, B, 4, ¢ only
. € is independent of the resistance of the cail.
D

For a search coil, the length L of the trace on the CRO is proportional to the peak induced voltage in the coil,
which is proportional to the peak value of the varying magnetic field.
For a straight wire carrying current, magnetic field produced is :
B=tel o1
2nr 1
As the distance at 4 is halved that of B, the magnetic field at 4 is doubled that of B,
thus the length of trace is doubled.

L= (%)xz = 4em

D

Since the component of v perpendicular to the wire is v sin 60°
Induced e.m.f. :

€= B(vsin60% L

= 3BvL
2

59.

60.

61.

62,

A
£
© =428 «4 @ R=Lcy
At A
[=E,.4
R e
Io Ao ts _ () (4x2r)
Iy A L. (@r) (@2=r)

[0} When the coil is at the left and moves to the right,

the coil experiences an increase of magnetic flux out of paper.

In order to oppose the change, a clockwise current is induced to produce a magnetic field into paper.
@ When the coil is just above the wire,

the coil experiences a change of magnetic flux from out of paper to into paper.

In order to oppose the change, an anticlockwise current is induced to produce a magnetic field out of paper.
6] When the coil is at the right and moves to the right,

the coil experiences an decrease of magnetic flux into paper.

In order to oppose the change, a clockwise current is induced to produce a magnetic field into paper.
D
The secondary coil is a search coil which gives the peak voltage by V, = 2nfN B, 4
v A. M=t
v B. Nt = 7T
v (S B-field in the middle of the solenoid is greater than B-field attheend. .. B, T = ¥, T
x D. By B = uonl ,Bisindependent of the area 4 .. same B = same V,
A

From ¢ =0 to 774, current flows from M to N and is decreasing, magnetic field through the loop is into paper
and is decreasing. Thus, the induced current in the loop flows in clockwise direction to oppose the change.
From ¢ = 7/4 to T/2, current flows from N to M and is increasing, magnetic field through the loop is out of paper
and is increasing. Thus, the induced current in the loop flows in clockwise direction to oppose the change.

From = 172 to 37/4, current flows from N to M and is decreasing, magnetic field through the loop is out of paper
and is decreasing. Thus, the induced current in the loop flows in anticlockwise direction to oppose the change.

From ¢ =37/4 to T, current flows from M to N and is increasing, magnetic field through the loop is into paper
and is increasing. Thus, the induced current in the loop flows in anticlockwise direction to oppose the change.

D

v A. By Right-hand rule, induced current flows along PQ and in the anticlockwise direction.
v B. By Left-hand rule, magnetic force acting on PQ is towards the left.

v C. By Left-hand rule, there is magnetic force acting on RS towards the right.

x D. Due to the opposing magnetic force acting on PQ, the rod PQ would decelerate.
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63.

64.

65.

66.

67.

68.

B
Total power consumed by the two lamps = 6 +6 = 12 W

Current passing through each lamp = 461, 05A
12

Power dissipated by the internal resistance of the generator = J2r = (0.5+0.50(2) = 2W

Percentage of power dissipated by the lamps = Lxmo% = 857% ~ 86%
12+2

B
(1) There is no cutting of magnetic flux when the rod rotates about the axis along y.
* 2) By right-hand-rule, the induced e.m.f. is between the top and the bottom of the rod, not along the rod.
v 3) By right-hand-rule, there is an induced e.m.f. along the length of the rod.
D

When the field moves away, at the left hand side of the field, the metal there experiences the loss of the field.
To oppose the change, current is induced in clockwise direction to produce a magnetic field into paper.

The eddy current should be at the edge of the field, since the change occurs there,

B

The circumference of the square and the circle must be equal.
157x4 =2nr wor = 10cm

Area of the square = 15,7 x 15.7 = 246.5 cm?

Area of the circle = 7 (102 = 314 cm?

— -4
i 0 g B (AN S I
At At 0.5)

= 81mV

As the area is increased, the coil experiences an increase of flux into paper.
By Lenz’s law, to oppose the change, the induced current acts to give a magnetic field out of paper.

Thus the induced current flows in anticlockwise direction.

C
Potential difference across Qand § = induced e.m.f. along the rod between QS
= Byl = A2 ( !1s the length of the rod)
5in30°

B
x 0 As eddy current is induced in the aluminium cylinder,

the amplitude of oscillation of the magnet gradually decreases

due to the opposing force of the eddy current.
x @) The force should act always to oppose motion, thus the force may be attractive or repulsive.
v 3) The change of magnetic flux experienced by the cylinder induces eddy current in it.

69.

70.

71.

72,

73.

74.

75.

A
v m ‘When the frame enters the field, to oppose the change,
the frame induces a current in anticlockwise direction to produce a magnetic field out of paper,
thus the induced current is in the direction PORSP.
* ) There is no induced current when it passes OO’ as there is no change of magnetic flux.
x 3) As there is no induced current when it passes OO, there is no magnetic force acting on the frame.
C

Direction of magnetic field due to the current along XY is into the paper by Right hand grip rule.

As the coil moves away, the strength of B gradually decreases and thus the flux also decreases.

To oppose the change, the coil induces a current in clockwise direction to produce a flux into the paper.
Since the induced current along RS is upwards, the magnetic force between XY and RS is attractive,

thus the magnetic force on the coil is to left.

D

% m The current is from S to R, by Left hand rule, the magnetic force should be downwards.

v @) Magnetic force on RS is downwards and force on PQ is upwards, they form a couple to give a moment.
v 3) There is no magnetic field lines passing perpendicularly through the loop, thus the flux is zero.

A

Figure l 1 ¢ = Bv L Figure2: e = B(vsin8) L

Ratio = 1:sin @

D

-7
N® =NBA4 = N%E-A = (lOOO)XWm(;w-(&ZXIO") =20x10°Wb

v (€3] By Right hand rule, B is into paper, I is downwards, thus, motion is lefiwards.
* ) By Right hand rule, induced ¢.m.f. is downwards from low to high potential.

Thus, potential of B is higher than that of 4.
v 3) By Left hand rule, B is into paper, I is downwards, thus, magnetic force F is rightwards.

OR

For induced current, magnetic force must oppose motion, thus magnetic force is rightwards.
D
v A By Right hand rule, induced current along rod PQ is upwards, thus the current is in the direction PORS.
v B. The magnetic force must be oppose the motion, thus it is towards the left.
v C Current along rod RS is from R to S. By Left hand rule, the magnetic force on RS is towards the right.
x D

. \\ Due to the opposing magnetic force, the rod PQ should decelerate to rest, not uniform speed.
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76.

77.

78.

79.

80.

D
The flux through the metal frame : @ = B4 = BIL?

‘When the frame is rotated by 90°, the flux changes from B L? to zero, thus the change is B L2,
When the frame is rotated by 180°, the flux changes from B L? to — B L?, thus the change is 2 B L%,

B

‘When the square metal frame moves the distance L into the field region, current is induced.

When the square metal frame moves inside the field region, no current is induced.

When the square metal frame moves the distance L away from the field region, current is induced.

Thus the total time that current is induced = d . 2L
v v
A
v 1) By Right hand rule, an e.m.f. or voltage is induced across PQ.
x 2) As the rod is not a complete circuit, thete is no current.
x 3) Since there is no current, there is no opposing magnetic force, thus the rod falls with acceleration g.
D

Since the rod is isolated, there is no complete circuit, thus there is no induced current.

By Right hand rule, the induced e.m.f. is from O to P, thus the end P is at a higher electric potential,

as induced e.m.f. points from low to high potential.

D
From ¢ =0 to 7/2, the current is positive and flows from Mto N.

By Right hand grip rule, the magnetic field in the coil PORS
due to 7 is directed into paper.

As current is decreasing, magnetic field B in the coil is decreasing.

By Lenz’s law, to oppose the change of magnetic field,
the coil induces a current to give a B-field in same direction,
thus, the B-field by the induced current is also into the paper.

By Right hand grip rule, the induced current in the coil is in
clockwise direction of PSRQ.

From 7= 172 to T, the current is negative and flows from N to M.

The magnetic field in the coil PORS due to I is directed out of paper.

As current is increasing, magnetic field B in the coil is increasing.
By Lenz’s law, to oppose the change,

the coil induces a current to give a B-field in opposite direction
thus, the B-field due to the induced current is into the paper.

By Right hand grip rule, the induced current in the coil is in
clockwise direction of PSRQ.

IA

Ia 4

M

magnetic field B
due to current /

S is decreasing
X X
X
X
¥ A Scomgetioineld

R due to induced
current in the coil

magnetic field B
due to current /

is g
Lad!
X~
.
\ magnetic field
R due to induced

current in the coil

In conclusion, the induced current in the coil is in elockwise direction throughout the time interval.

81

82.

83.

84.

85.

B
A. The two sides of the frame P and Q are moving perpendicularly to cut the magnetic field lines,
thus the induced e.m.f. is at a maximum at this instant.
* B. Consider the side P, it is moving out of paper. The direction of magnetic field is towards the left.
By Right hand rule, the induced current in P is in upward direction.
The induced current in Q is in downward direction,
Therefore, the induced current in the frame should be in clockwise direction.
v (¢} ‘Whenever there is induced current, there must be a magnetic force opposite to the motion.
As P is moving out of paper, the magnetic force on P is into the paper.
v D. The magnetic force on P is into the paper and that on Q is out of the paper.
These two magnetic forces form a moment to oppose the rotation of the frame.
v (3] Rotate the search coil so that the search coil has different orientation angle with the magnetic field.
‘When the vertical trace on the CRO is maximum, the plane of the search coil is perpendicular to the field.
If the vertical trace is not the maximum, the search coil only measures a component of the field.
v @ Since the induced voltage is proportional to the frequency of the a.c., higher frequency gives longer trace,
thus, percentage error of the length of the trace is reduced, and accuracy is improved.
x (©)) The Earth's magnetic field would not affect the experiment,
as search coil cannot detect steady magnetic field such as that of the Earth.
C

By using Right hand rule, induced current flows upwards along the rod, thus it flows from X to ¥ through R.

Since only the length d of the rod can have current flow, induced currentis Bdv/R.

B

x Al Reverse the direction of magnetic field can only reverse the direction of eddy current,
but cannot increase the magnitude of eddy current.

v B. Increase the strength of the magnetic field can increase the rate of change of magnetic flux,
thus, the induced eddy current increases.

x C. ‘When the whole disc is inside the magnetic field, there is no change of magnetic flux,
thus, no eddy current is induced.

x D. Cut several slits give lamination that will reduce the induced eddy current.

D

As the magnet moves down along the aluminium tubing,

the aluminium experiences a change of magnetic flux of the magnet,

thus, eddy current is induced in the aluminium tubing.

As eddy current is induced, there is an opposing magnetic force acting on the magnet.

Thus the net downward force acting on the magnet is less than mg, its downward acceleration is less than g,

therefore, the magnet drops slower.
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The following list of formulae may be found useful :

Induced e.m.f.

Force on a current-carrying conductor in a magnetic field

Magnetic field due to a long straight wire

Magnetic field inside 2 long solenoid

Use the following data wherever necessary :
Permeability of free space

Charge of electron

Electron rest mass

Acceleration due to gravity

Part A : HKCE examination questions

1. <HKCE 1980 Paper I1-9>

The figure below shows a simple current generator.

)
Ar
F=BIlsing
o ted
2nr
B = #.,;VI

o = 4 x 107 Hm™!
e =160x10"C
me = 9.11 x 103 kg

g = 9.81 ms? (close to the Barth)

w

(a) In the figure shown below, sketch a graph to show how the induced voltage varies with time when the coil is turned

through one revolution, starting with the plane of the coil lying parallel to the field.

Induced voltage

(2 marks)

» Time

(b) The generator is used to deliver a d.c. current. What modification to the generator is necessary to enable this to be

done ?

(2 marks)

<HKCE 1981 PaperI-7>

A light rectangular conducting loop EFGH moves from left to right with uniform velocity across a uniform magnetic field
pointing into paper. Figure 1, 2 and 3 show three subsequent positions of the loop during its motion.

X X x x x x x x K X X *® X X X x X x ¥ x x % x X x K x
—p R ol —_—
X X X X ¥ X x ¥ x xxu-xl-(‘vx ¥ X x X x X X X x

E F E F E F
X X x x ®x x x wx ¥ X x X x x x ¥ x x x x x xXx X x IXx x x
X x x] x x x £ x % X X X X x x X X X ¥ x x X x x Ix x x

H G
o %%« o« oxox x « » H X % x F ox o Wox Wk W W% W X
X x x x x X *® ¥ ¥ ¥ ® % x x x X ¥ N ¥ x A X X XA X x =

Figure 1 Figure 2 Figure 3

(a) What can you say about the induced current in each of the three cases shown in Figure 1,2 and 3 7 (3 marks)

(b) State whether an external force is required to maintain the motion of the loop with uniform velocity in each of the above
three cases. Explain briefly, . (6 marks)

<HKCE 1982 Paper I-7 >

If an a.c. signal is inputted to the CRO with the time-base set at 1 ms cm™ and the voltage sensitivity set at 2.5 V cm™,
the wave pattern displayed is shown in the below figure.

it
Y
\
/i 1 I \
\
At J. Al l’
&
\
2cm *
t
(a) From the wave pattern obtained, estimate the peak voltage of the input signal. (1 mark)
(b) Estimate the time taken for the spot on the screen to produce a complete cycle. (1 mark)

(¢) What is the frequency of the input signal ? (2 marks)
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4. <HKCE 1982 Paper I - 9> <HKCE 1983 Paper 1-8>
The diagram below shows a solenoid with an iron core, a bar magnet and compasses 4 and B with needles pointing in the The below figure shows an alternating current generator.
directions indicated. Neglect the effect of the Earth’s magnetic field. e
solenoid WRY L
bar magnet
S 2+ ]
N S
£ l:" slip rings

@

®

Sketch on the diagram above, the magnetic field pattern near end X and end Y.
Indicate
(i) the polarities of Xand ¥

(i) the neutral point, and

(iii) the direction of the current in the solenoid. (8 marks)
‘What happens to the neutral point in each of the following cases :

(i) the iron core is taken out of the solenoid at the left hand, and, (1 mark)
(ii) the battery is replaced by a centre-zero galvanometer ? (2 marks)

1 e

bar magnet

After the two changes described in (b) have been made, the bar magnet is moved towards the solenoid and passes
through it. Indicate on the given diagrams above the positions of the galvanometer pointer when

(i) the magnet is just entering the solenoid,
(ii) the magnet is inside the solenoid, and

(iii) the magnet is just leaving the solenoid. (3 marks)

@

(®)

Describe briefly with the aid of a diagram how the alternating current generator can be converted into a direct current
generator. (4 marks)

Sketch a graph of the output voltage of the a.c. generator against time. Indicate on the time axis of your graph the times
at which

(i) the plane of the coil is parallel to the magnetic field (using the letter H ), and

(ii) the plane of the coil is perpendicular to the magnetic field (using the letter V). (5 marks)

Describe what happens to the output voltage if (6 marks)

(i) the generator rotates at double its original speed.

(if) the generator rotates in the opposite direction.

(iif) the number of turns of the coil is doubled.
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< HKCE 1985 Paper I- 7>

The below figure shows a simple experimental set-up to study the induced current in a wire moving in a magnetic field. The
wire is connected to a galvanometer. If current flows through the galvanometer from 4 to B, the pointer will deflect to the

right.

galvanometer

(2) Draw a diagram to indicate the directions of motion of the wire, of the magnetic field and of the induced current (if any)

(i) if the wire is moving quickly upwards.
(if) if the wire is moving quickly sideways towards the north pole.

Describe briefly what happens to the galvanometer pointer in each case.

®

(6 marks)

(i)

(b) State THREE methods of increasing the induced current in the experiment.

(3 marks)

7. <HKCE 1988 Paper I - 9>

~——————————— spiral spring

—{ riz

pointer -
1 N
-1 ﬂ<——— magnet
- S
ruler - A
. '« solenoid
B

%

A student sets up an apparatus as shown in the above figure and claims that it can be used to measure a current flowing from
terminal 4 to B through the solenoid.

(a) (i) Explain why this set-up can be used to measure current. (3 marks)
(ii) Suggest TWO methods to increase the sensitivity of the set-up. (2 marks)
(ifi) Can this set-up still measure current if the magnet is replaced by a soft iron bar ? Explain briefly. (3 marks)

(b) 4 and B are now connected to a centre-zero galvanometer. The magnet is set to vibrate up and down. It is kept out of
the solenoid. Is there any current passing through the solenoid when the magnet

(i) moves towards the solenoid ?
(if) is at its lowest point ?

If there is a current, state its direction. Explain briefly in each case. (5 marks)
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8.

<HKCE 1989 Paper I - 7>

A student uses the set-up as shown in the figure to investigate the generation of electrical energy from wind. The blades are
turning in the direction shown.

(a) What is the name of the parts labelled
@ 4,
(i) B, and

i) C? (3 marks)

(b) Sketch the variation of the output current against time and determine the direction of the current passing through the
resistor R at the moment shown in the figure. (3 marks)

(¢) Youare given a voltmeter and an ammeter. Draw a circuit diagram to show how they can be used to measure the power
output by the generator. (3 marks)

(d) The current output is 0.7 A when the voltage between XY is 12 V. Determine the power output by the generator at that
moment. (2 marks)

(e) State TWO advantages and TWO disadvantages of using wind to generate electrical energy. (4 marks)

9.

< HKCE 1996 Paper I-7 >

(@

®)

D¢ @ Y

Figure 1

A bar magnet is pushed with constant speed from left to right through a solenoid as shown in Figure 1. Describe the
change in the direction of the current passing through the galvanometer during the motion of the magnet. (3 marks)

lem

Figure 3

Figure 2

Figure 2 shows the structure of a simple a.c. generator. A voltage is induced when the coil is set into rotation. The
output of the generator is displayed on a CRO as shown in Figure 3. The time base of the CRO is set at 20 ms cm™ and
Y-gain at 50 mV cm™.

() Which points (P, 0, R and § ) shown in Figure 3 correspond to instants at which the plane of the coil is parallel to
the magnetic field ? (2 marks)

(ii) Find the peak voltage and frequency of the output of the generator. (3 marks)

(iii) Describe what happens to the peak voltage and frequency of the output of the generator in each of the following
cases :

(1) Increasing the speed of rotation of the coil.

(2) Winding the coil on a soft-iron core. (4 marks)

(iv) Steam is commonly used to drive generators in power stations to generate electricity. Suggest two other practical
means of driving generators. (2 marks)
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10,

<HKCE 1998 Paper I - 5>

The Figure above shows a type of motor. PQ and RS are solenoids. The solenoids and the coil ABCD are connected in
parallel to a battery.

(a) State
(i) the polarity at end 0 of the solenoid PQ,

(ii) the direction of rotation of the coil as seen by the observer, (2 marks)
(b) Name the component E and explain its function. (3 marks)
(c) Suggest two ways of increasing the rotating speed of the coil. (2 marks)

(d) A student says “If the battery in the above Figure is replaced by a 50 Hz a.c. supply, the coil will only oscillate to and
fro. Hence the motor will not function properly.”

Explain why the student is incorrect. (4 marks)

(e) Describe, with the help of a diagram, how the motor in the above Figure can be converted to a direct current generator,
(3 marks)

11.

12.

< HKCE 2002 Paper I- 6> o
Aluminiom ring

) Soft-iron rod

A soft-iron rod is inserted into a solenoid 4B, which is connected to a battery and a switch § as shown in the above figure.
Initially S is open. An aluminium ring is also inserted into the rod and placed beside the solenoid. S is now closed.

(a) State the polarity at end B of the solenoid. (1 mark)

(b) Explain why the aluminium ring will move away from the solenoid. (3 marks)

< HKCE 2003 Paper I-6>

Figure 1 shows a battery-powered electric fan. Mary wants to construct a simple generator from the fan. She removes the
motor of the fan and connects it to a light bulb (see Figure 2). When the blades of the fan are turned rapidly, the bulb lights

up.
Blade

Light bulb

Motor

Figure 1 Figure 2
(2) Name two essential components of a motor, (2 marks)
(b) Explain why the bulb lights up when the blades are tumning. (3 marks)
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13.

<HKCE 2008 Paper I - 11 >

A student uses the setup in Figure 1 to study the current induced in a solenoid when a magnet is falling through it. When a
current is passing through the current sensor from 4 to B, a positive reading is obtained. Figure 2 shows the result after the
magnet is released at a certain height.

magnet
A
B
L E
09 10 L1 12 13 14 15 16
Time/s
Figure 1 Figure 2
(a) State the polarity of end ¥ of the magnet. (1 mark)

(b) Explain why the reading of the induced current is negative when the magnet leaves the solenoid. (3 marks)

() Explain why the magnitude of “negative peak” is greater than that of “positive peak”. (2 marks)

14. <HKCE 2010 Paper I-13 >
A hand-shaken torch does not require any battery. Shaking it for a short while will produce a current and give out bright

light. Figure 1 shows the structure of the torch.

circuit parts

fiy

movable magnet

fixed coil

Figure 1

rubiber cushion path of the movable magnet

light emitting rubber cushion
component
(a) Describe how current is produced in the fixed coil when the torch is shaken. (2 marks)
(b) State one method to increase the cwrent without modifying the torch. (1 mark)
(©) Describe the energy conversion when this torch is in operation. (2 marks)

(d) In another design as shown in Figure 2, the fixed coil covers the whole length of the path of the movable magnet. 1t is
found that the torch becomes dimmer than the original design when operating it in the same way. Explain briefly. (The
resistance of the fixed coil can be neglected.) (2 marks)

circuit parts movable magnet fixed coil

Figure 2

path of the movable magnet

rubber cushion

light emitting
emitting
component

rubber cushion
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Part B : HKAL examination questions 16, (b) Ifnow the d.c. supply is replaced by an a.c. supply.
15. <HKAL 1996 Paper 1-7> () What would be observed if the switch is closed ? (1 mark)
Al e
i (ii) Suggest a practical use of this experimental resuit. (1 mark)
R L g
1 (—
bar magnet
(iif) The heat capacity of the ring is 7.8 J K and its temperature is found to rise from 25°C to 40°C during the first 50 s
Figure 1 Figure2 when the a.c. supply is on. Find the average rate of increase in internal energy of the ring. (2 marks)
A centre-zero galvanometer 4 is connected in series with a resistor, R, and a 1.5 V cell as shown in Figure 1. The pointer of
A deflects to the left. The galvanometer is now connected to a coil as shown in Figure 2. When a bar magnet is moved with
uniform speed by a student towards the coil, the pointer of 4 deflects to the right.
(a) On Figure 2, indicate the direction of the induced current in the coil and also the poles of the bar magnet. (2 marks)
(b) Where does the electrical energy in the circuit come from ? (1 mark) !
| 17. <HKAL 2000 PaperI-7>
(2) In the figure below, there are two parallel wires carrying currents in opposite directions. The current in the left wire is
perpendicularly out of paper while the current in the right wire is perpendicularly into paper. Sketch in the space below
(c) Suggest THREE ways to increase the deflection of A. (2 marks) the magnetic field pattem around the two wires. (2 marks)

16.

<HKAL 1996 Paper I -7 >

retort stand

aluminium ring
d.c. supply

A coil and a retort stand made of iron are arranged as shown. The coil is connected to a d.c. supply via a switch S, When the
switch is pressed on, the aluminjum ring placed on top of the coil jumps up momentarily and then falls back to the top of the
coil.

(a) Briefly explain this observation. (3 marks)

(b) In the figure below, if the current flowing through both wires is 5 A and the separation between them is 0.05 m, find the
magnitude of the resultant magnetic field due to these two wires af point X, which is 0.02 m from wire Q. (2 marks)

SAl TSA

[Aocosegsd O SEEAT g
0.02 m

0.05m
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17. (c) Two long parallel current-carrying wires are now connected to a signal generator giving out a.c, current. A search coil
connected to a CRO is used to investigate the magnetic field around the two wires. With the time base of the CRO
switched off, a vertical trace is observed on the screen of the CRO.

signal (@]
gencerator 7D

a.c. ammeter

long parallel wires

O,
search coil

| o
o

(i) Explain what is represented by the length of the trace observed on the CRO. (2 marks)

(i) Explain whether the measurement of the magnetic field by the search coil would be affected by the Earth's magnetic
field. (2 marks)

18. <HKAL 2000 PaperI-8>

In the figure below, a space shuttle carries a satellite attached to it by a 20 km long conducting cable. The two move together
around the Earth above the equator in orbital motion. In the orbital motion, the cable sweeps through the magnetic field of

the Earth.
x x x K
satellite
X X X X X
x x A x x
20 km
x x A X x | Not to scale
cable
X X by X X
shuttle
X X X X
—
X X x * x
Given @ Magnetic field strength in the orbital region = 30 x 106 T

Orbital position of the shuttle = 6.8 x 10 m from the centre of the Earth
Mean radius of the Earth = 6.4 x 105 m

(a) Calculate the orbital speed of the shuttle at this position. (3 marks)

(b} Find the e.m.f. induced across the cable. State one assumption that you have made in the calculation. (3 marks)

19.

20.

< HKAL 2001 Paper 1-4 >
The figure below shows a solenoid of diameter 5.0 cm and length 50 cm. The solenoid has 1000 turns and it catries a

v

50 cmy =

\\\\))\/

d

)

—

=

solenoid
(a) Calculate the magnetic field strength at the centre O of the solenoid. (2 marks)
(b) Calculate the magnetic flux linkage through the solenoid. (2 marks)

< HKAL 2003 Paper 1-4>

The figure below shows a circular coil of 100 turns and radius 5 cm pivoted by two smooth vertical supports. It is placed in a
region with a uniform magnetic field of 0.1 T towards the right. The ends of the coil are joined together and the resistance of
the coil is 10 Q.

e :

Z N\ >

7 N\ >
; uniform magnetic field

\ 7 2

N pd -

o —— >

The coil is turned through 90° by an external force until its plane is perpendicular to the magnetic field.

(a) Would the coil resist being turned ? Explain briefly. (2 marks)

(b) If the coil is released from rest at the new position described above, would it move back to its original position ?
Explain briefly. (2 marks) -

() The coil is now fixed with its plane perpendicular to the magnetic field. The flux density of the field is increased at a
uniform rate of 0.3 T s™%. Find the magnitude of the current induced in the coil. (3 marks)
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Part C : HKDSE examination questions

21,

22,

< HKDSE Sample Paper 1B - 7>

Amy uses the motor of a toy fan as a simple generator. She connects a bulb to the two terminals of the motor. This is shown
in the Figure below.

blade

motor

The bulb lights up when the blades are turned rapidly, Explain why and state the energy conversion taking place in this
process. (4 marks)

< HKDSE 2012 Paper IB - 10 >

You are given a long conducting wire, a pair of slab-shaped magnets on steel yoke and a light-beam galvanometer for
detecting small currents. With the aid of a diagram, describe an experiment to investigate TWO factors affecting the e.m.f.
induced in a conductor when it moves in a magnetic field. (7 marks)

light-beam
galvanometer

conducting wire slab-shaped magnets

on steel yoke

23. <HKDSE 2014 Paper IB -9 >

(@) You are given a low voltage d.c. supply, an aluminium ring, a switch, a coil of 1100 turns and a retort stand arranged as
shown. Use three connecting leads to complete the connections among the apparatus in the figure and describe how to

demonstrate Lenz’s law in electromagnetic induction. State and explain the observation. (6 marks)
retort stand
(iron)
aluminium low voltage
ring d.c. supply
coil of ; <\
100 = R
tumns _F—==np ©
[ﬁ\ ) @)
connecting
terminals
(b) Describe what would be observed if the experiment in part (a) is repeated with
(i) alow voltage a.c. supply; (1 mark)
(ii) alow voltage a.c. supply and an aluminium ring with a slit cut through it as shown [ o 1 (1 mark)
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24,

< HKDSE 2016 Paper IB - 8 >

Read the following passage about lightning and answer the question that follow.

thundercloud

lightning

induced charges lightning current

m/gomd Y
7 FFFFIFFFH T T

Lightning occurs when charges accumulate in the clouds to such an extent that the electric field in the atmosphere is
strong enough to cause the air to lose its insulating properties. The threshold electric field for 'breakdown' to occur is
about 3 x 10° V m™ above which electrons or ions in the atmosphere can pass through the air between clouds and the
ground or between clouds and clouds. The peak current of a typical lightning bolt can reach about 30 000 A. How the
charges are separated and accumulated in the clouds is not fully understood yet. In most cases, negative charges are at
the base of the cloud and positive charges are induced on the ground.

(@ () Whatisthe meaning of 'breakdown' in the passage ?

(1 mark)

(i) The thundercloud's base and the ground can be modeled as two parallel plates with opposite charges. If the
negative charges distributed at the cloud's base are about d = 2 km from the ground, find the potential difference
between the cloud and the ground when the electric field in the atmosphere just reaches the threshold of
'breakdown'. (2 marks)

A lightning detector having a small square coil inside is placed at point O which is 1.5 km from the lightning bolt. The coil
and the lightning's direction are in the same vertical plane as shown. Assume that the lightning current flows vertically
upwards to the thundercloud from the ground.

Diagram NOT drawn to scale1
square coil
[I's,.0f
lightning Lot
current T

ground

24.

25.

®)

(i) State the direction of the magnetic field ( to the left / to the right / into paper / out of paper ) produced at point O by
the lightning current. Estimate the magnetic field strength's peak value at O. (3 marks)

(ii) Explain why within the very short duration of lightning, an induced current first flows in the coil. in a certain
direction and then reverses. Your answer should include the directions of the induced current in the coil. "
(3 marl

(iif) Among the physical quantities related to lightning, electric field in the atmosphere, lightning cun.rent f'md
magnetic field due to lightning, suggest which one can be monitored so as to give fore-warning of lightning.
Explain your choice. (2 marks)

< HKDSE 2618 Paper IB - 9 >

@

uniform
magnetic

field B .
\\‘

resistor

The Figure above shows a metal rod PQ of length L moving with constant velocity v across a uniform magnetic field B
pointing out of the paper. An e.m.f. & is induced across rod PQ as it cuts the field lines. When the rod is connected to a

resistor outside the field, a current 7 flows in the circuit.

(i) Indicate the direction of I in the above Figure.

(1 mark)

(il) Explain why an external force F is required to maintain the uniform motion of rod PQ. Find F in terms of the
physical quantities given. (3 marks)

(iii) This set-up works as a generator, By considering the mechanical power input by external force F to the set-up,
showthat & = BLw. (2 marks)




DSE Physics - Section D : Question PD-EM5-Q/21 [ DSE Physics - Section D : Question Solution PD-EM5 - QS /01
|
EMS5 : Electromagnetic Induction EMS5 : Electromagnetic Induction
HKEAA's Marking Scheme is prepared for the markers' reference. It should not be regarded ag a set of model answers.
25. (b) At a certain place the Earth’s magnetic field runs along the S-N direction such that the field lines make an angle § with Students and teachers who are not involved in the marking process are advised to interpret the Marking Scheme with care.
the horizontal as shown in Figure (a).
Question Solution
Earth’s magnetic field
NORTH ——= . @ Induced voltage
7 /
horizontal » !
Figure (a) Figure (b) \/
A ship with a vertical aluminium mast sails at sea along a straight course to the west as shown in Figure (b). As a result,
an e.m.f. is induced across the mast XY,
< the induced voltage is maximum at £= 0> 1]
@) g)sﬁgltzuzh Vl\;hl)]; :;1 Lseglllz’n t?e horizontal component of the Earth’s magnetic field that is cut by the mast w(hlli: ai\)/es <& complete cycle shown above is driwa> -
(b) Change the slip rings 1
| to a commiutator, [13
(i) Given: lengthof mastXy = 20 m < accept the use of diagram to show the commutator >
speed of the ship = 6 m s~ [ 2
Earth’s magnetic field = 50 pT
8 = 30°
Referring to (a)(iii), calculate the e.m.f. induced across XY and state whether the distribution of free electrons along
the mast is more at end X, more at end ¥ or uniform along XY. (3 marks)
[
|
|
1
|
2 (a) Infigure 1, induced current flows in direction of GFEH. 1]
(iii) Suppose X and Y are connected by a cable running side-by-side with the mast so that they form a complete circuit. I OR
e @ marks) In figure 1, induced current flows in anticlockwise direction. m
In figure 2, no induced current flows. (1}
In figure 3, induced current flows in the direction of HEFG. m
OR
In figure 3, induced current flows in clockwise dircction. {11
(b) Infigure 1, an applied force along the direction of motion is required to maintain the motion of the loop 1]
since there is an opposite magnetic force acts on the wire GF when current flows in magnetic field. m
In figure 2, no force is required [1]
since there is no current flowing in the loop. f1]
“EhiEsels question 1n next page In figure 3, an applied force also along the direction of motion is required to maintain the motion of the loop m
since there is an opposite magnetic force acts on the wire /& when current flows in magnetic field. m




26. <HKDSE 2019 Ppaper-I1B-9>

A rectangular coil PORS of 20 turns, each having an ares of 0.005 m? is placed in a uniform magnetic ficld B
of strength 0.3 T pointing into the paper a3 shown in Figare 9.1, :

uniform magnetic field B

g

=
X OX X X M X X
x xOx % s %
*x xEx x x[lx x
x xfx x xflx
x xf|x x x§x x
ROXag} X XoX X

X XM X X X X X

() The strength of the magnetic field decreases uniformly to zero within 0.5 s.

(i} Explain why a current would be induced in the coil. (2 marks)

*(ii) Calculate the change In wial magnetic flux linkage throngh the coil and the value of the induced
e.m f. £in the coll. (3 marks}

®) Nfrw_ tl:)esooil is rotated wniformly about an axis through 130° as shown in Pigures 5.2(a) end 9.2(b)
within 8.5 s,

Figure 9.2(a) . Figure 9.2(b)

() State the value of the change in total magnetic fiux linkage through the coil in this case (1 mark)

(i) At the moment when the coil rotated through 90°, would the induced current flow in the direction
PORS, PSRQ or is there no induced current in the coil ¢ " (1 mark)

{c) _?ig‘ure 9.2 ‘sh_ows a thin rectangular aluminium plate suspended by a long swing. The plate is partly
inside a wniform magnetic field provided by a strong roagnet.

aluminium plate

The maget, Which is not in contact with the plate, is suddenly shifted to the right.

() On Figuwe 9.3, draw a small circle at the location where eddy currents are induced on the

aluminium plate. Use an arrow to indicate the direction of current (2 marks)

(i) Describe the subsequent motion of the aluminium plate, if any. (1 mark)
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(a) Peak voltage = 3emx2.5Vem™ = 7.5V 1] (a) Replace the slip rings by a commutator. [2]
(b) Time taken = 4 cm x I mscm™ = 4 ms B8] Connect the coil to the commutator via 2 carbon brushes. 1
1
F = ___
(c) Frequency 2105 [11
= 250 Hz [1] 1
@ solenoid
/L/A \\ bar magnet
B )
ﬂ—@— . —@—>~ v < Voltage is maximum at =0 > i
neutral
\\ point /'/ < Both positive and negative voltage shown>  [1]

®

©

< Correct pattern >

< Indication of direction of magnetic field >
< Both of the poles are South >

< Neutral point between two compasses >

< Correct direction of current >
(i) The neutral point moves towards X

(i) The neutral point disappears

[2]
(2]
[2]
f1]
n

{1

[2]

[1]

(1

< Correct H>

< Correct V>

(c) (i) The output voltage increases and the frequency also increases (OR double)
(ii) The amplitude of the voltage is unchanged but the phase is reverse.

(iii) The output voltage increases (OR double).

@ ©

motion
magnetic
field current
The pointer deflects to the left.
(i)

motion

magnetic
c
field

The pointer does not have any deflection.

(b) Any THREE of the following :
*  Move the wire with a greater speed
%  Use a stronger magnet
*  Replace the wire with a coil of more number of turns
*

Replace the wire with one of lower resistance

< Shape correct >

{1]
1
1

[2]
[2]
2

[2]

1

[2]

(1]
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7. (a) (i) Current flowing through the solenoid will give a magnetic field to attract the magnet. [1] 8. (¢) Advantages: (Any TWO) [2]
The magnet will be pulied down {1 % Wind is cheaper
and the spring will extend. 1 *  Wind is of unlimited supply
% 'Wind has no pollution
(ii) Any TWO of the following : 2]
Di t : (Any TWO 2
% Increase the number of turns in the solenoid isadvantages : (Any ) 2
*  Unsteady output (no output when no wind)
¥ Use a stronger magnet
* Low power output
¥ Useaweaker spring % Suitable only for windy places
(iii) The set-up can still work. (1] % Direction of wind always changes
Since the soft iron will be magnetized by the magnetic field of the solenoid, [11
ttracti 1§ ists. 1
B e 2 9. (a) When the magnet moves towards the solenoid, a current passes through G from X'to 7. [1}
() @) Yes! [1] ‘When the magnet is inside the solenoid, there is no current, 1]
FromBto 4 (1] When the magnet moves away from the solenoid, a current passes through G from ¥ to X. 1]
There is a change of magnetic field and thus has an induced current. [1]
(b) (i) The plane of the coil is parallel to the magnetic field at points Q and §. 2]
(ii) No! [1]
(ii) Peak voltage = 1 x50 = 50 mV (OR 0.05V) [1]
There is no change in magnetic field at the lowest point as the magnet is momentarily at rest. 1]
Period: T = 4x20x1072 = 0.085 1
Frequency: f = i = oL = 12.5Hz m
8.  (a) (i) Aiscoils. [1] T 0.08
(ii) B is carbon brush [1] (iif) (1) Peak voltage increases [1]
e ) Frequency increases [1
(ili) C'is commutator (OR two split rings) (OR two halfrings) [11 [
(2) Peak voltage increases [1]
®) ¥ ‘ Frequency remains unchanged. [1]
2) ' . 4
(iv) Any TWO of the following : 21
> X Wind (OR moving air)
[ *  Running water
Current flows from X to Y. 13
*  Seawave
© generator generator 3]
OR R 10, (a) (i) End Qis asouth pole. [1]
(ii) The coil rotates in a clockwise direction. 1]
(b) Eisacommutator (OR 2 half-rings ) (OR 2 split-rings ) [1]
(d) Power = VI = (12)x(0.7) {11 It is used to reverse the direction of current flowing through the coil when the coil has rotated haif cycle. [1]
=84W 1] Hence the coil will continue to rotate in the same direction. [1]
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The aluminium ring will move away from the solenoid under the action of the repulsive force acting on it. [1]

10. () Any TWO of the following : 121 12. (2) Any TWO of the following : [2]
* Increase the voltage of the battery (OR. Increase the current passing through the coil ) X coil
% Increase the number of turns of the coil %  magnet
*  Increase the area of the coil *  commutator
%  Increase the number of turns of the solenoid *  soft iron core
% Insert a soft iron core inside the paper cone (b) When the blades are turning, the coil inside the motor will rotate [1]
*  Wind the coil on a soft-iron core in the magnetic field of the magnet. [1}
(d) If the direction of current is reversed, the polarities of the solenoids 1 A voltage is induced in the coil (il
d th t through the light bulb to light it up.
and the current flowing through the coil are reversed at the same time. [1] B e e
So the direction of rotation of the coil will remain unchanged. [1]
Hence the motor will still function properly for a.c. supply. [1] 13. (2 North (OR N-polc) 1
OR
(b) By Lenz’s law, the induced current flows in a direction to oppose the change of magnetic field. [1]
If the direction of current is reversed, the direction of current flowing through the solenoid [1] '
| When the south pole leaves, current is induced so that the lower end of the solenoid becomes north. [1]
and the current flowing through the coil are reversed at the same time. [1]
By Right hand grip rule, the induced current then flows in an opposite direction through the sensor. [1]
So the direction of the forces acting on the coil will remain unchanged. [1]
Hence the motor will still function properly for a.c. supply. [ (c) The magnet is accelerating. (OR The speed of the magnet is increasing.) 11
© Thus the rate of change of magnetic field is greater. (13
e
[1] {
| 14.  (a) When the torch is shaken, the movable magnet moves across the fixed coil.
I The magnetic field through the fixed coil changes (OR the coil cuts the magnetic field lines) [1]
and a current is induced. (OR by Lenz’s law, a current is produced.) [
(b) Any ONE of the following : 38}
% Shake the torch with a greater speed.
The wires connecting the commutator are disconnected from the battery. 1] ! % Shake the torch more times
The other arrangements remain unchanged. [1] .
(c) Kinetic encrgy (OR K.E.) changes to electrical energy, [1]
and then changes to light (OR light and heat ) 1]
11. (@) Bis South pole. 1] |
| (d) Because the magnet cannot leave the coil, (OR the magnet is always inside the coil ) 1]
(b) When S'is closed, a magnetic field will be built up in the solenoid, I the coil experiences weaker (OR no change) of magnetic field. m
There will be an induced current flowing in the aluminium ring. [1] | <OR>
By Lenz’'s Law, the induced current flows in a direction such that it produces an effect to oppose the change. [1] ’
Only when the magnet is entering or leaving the coil, 1
So the end of the ring near the solenoid becomes a south pole. |
‘ there is a change in magnetic field. [1]
|
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15. (@)
®)
©

16. (a)

®)

17. @

< Correct direction of current >

152

< Correct poles of magnet >
e

Y|

bar magnet

Work done by the student in pushing the magnet.

Move the magnet more quickly

Use a stronger magnet

* ¥ #

Use a coil with more turns

% Insert a soft iron in the coil

< any one or two correct >

< the third one correct >

When § is closed, current starts to flow in the coil and produces magnetic field,
Thus an increase of the magnetic field occurs through the ring.
By Lenz Law, an eddy current is induced in the ring to oppose the change.

Opposing magnetic force acts on the ring to make it jump up momentarily.

However, when the current reaches its steady value, no change of field results and the ring falls back.

(i) The ring will float steadily above the coil in air.

(ii) Practical use : magnetic levitation of a train

7.8% (40— 25)
50

= 23715t

(iii) Rate of increase in internal energy =

< direction correct >

< pattern correct >

®) B = M(J__L)

2n 0.02 0.07

3.6x10°T

1
f1l

(1

[1]
(1]

(1

{1
[1]

[1]
{1

(11

(1
]

(1]

(1]

17.

19.

20.

(c) (i) The length of the trace represents the peak-to-peak voltage of the induced voltage in the search coil.

It is proportional to the peak value of the magnetic field produced by the a.c. cuzrents.

(i) The working of the search coil would not be affected by the Earth’s magnetic field.

Since the Earth's magnetic field is steady, no e.m.f. can be induced in the search coil.

Q) g= OM L GM=gR& = (9.81) x (6.4 x 1097
@ g -
Ry
By GMm _ mv?
rz r
L. [GM _ [o81x(6ax10%
Vs 6.8x10°
= 7690 ms!
(b) & = BvL

= (30 x 107%) x (7690) x (20 x 10°)
= 4610V
Any ONE of the followings :
% The cable is always perpendicular to the B-field
*  The magnetic field is uniform over this20 km cable

% The satellite and the shuttle move with the same speed

# NI _ (drx107)(1x10°) (60x107)
7 05

1.51 x 10T

(& B =

]

() NO = NBA
= (1 x 10%) (1.51 x 10~%) (m x 0.025%)
= 2.96 x 10 Wb

(a) Yes, the coil would resist being turned.

=

‘When the coil is turned, a cutrent is induced.

By Lenz’s law, magnetic forces acts on the coil to give a moment to oppose its rotation.

() No.

Since there is no induced current through the coil, no magnetic forces act to rotate the coil.

[1]
(11

[1}

{1

{11

{11

(il
[l

(1]

{11
Il

{1

(1

{1

(1

[1]
1
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23.
2. © £=N22 = N4 28 - (100) (% 0,059 (0.3) = 0236V [ ®
At At
retort stand
I1=£- 0.236 [ (iron)
N I aluminium low voltage
T = 00236 A 11 ring d.o. supply
coil of | ; <\
100 /\‘;h\ Mo
21.  When the blades are tuned, the coil inside the motor will rotate in the magnetic field of the magnet. [1] tumns No @
An induced e.m.f. will be set up in the coil. Ny G /"
connecting
The induced current flows through the bulb and lights up the bulb. [1] terminals
Kinetic energy is converted to electrical energy and then to heat and light energy. 1] < the connection of the 3 wires is ALL cosoct > 1
Place the aluminium ring on the top of the coil through the rod of the retort stand. 1]
22, When the switch is closed, the ring jumps up momentarily and falls down. [1]
light-beam
galvanometer As the aluminium ring experiences a sudden increase of magnetic field produced by the coil at the start, 1
according to Lenz’s Law, eddy currents are induced in the ring to oppose this change. [1]
A repelling upward magnetic force then exerts on the ring to push it up.
‘When the current and magnetic field becomes constant, the ring falls back as eddy current no longer flows. m
< The conducting wire connected to the light-beam galvanometer > 1] @) P e sy S e A (1
< The wire placed between the pairs of magnets > [1 (ii) The ring remains at rest on the coil without moving up. 1]
< Two hands holding the wire > [11
Connect the long wire to the galvanometer and place the wire across the magnetic field.
To investigate the factor affecting the induced e.m.f. : (Any TWO of the followings ) 24. (2) () AnyONE of the followings : (1]
* Rate of movement | %  The air loses its insulating properties.
Move the wire slowly across the field and then quickly across the field. [1] *  The air becomes conducting.
The galvanometer would deflect more for a faster rate. [1] % Charges can pass through the air between the clouds and the Earth.
%  Number of turns G E = 14 i
Move the wire across the field. Then wind the wire into a few number of turns and move it again. [1] d
The galvanometer would deflect more for more number of turns of the wire. [1] V= Ed=(3x10°x(2000) = 6x10°V {1
* Relative movement | (b) (i) Magnetic field into paper [1
Move the wire vertically down across the field and then up across the field. [1]
i
The galvanometer would deflect to one side and then to the opposite side. 1 B = g:z—r 1
|
% Polarities of magnet ‘ _ 4nx107 x 30000
Move the wire vertically down across the field, the galvanometer would deflect to one side. [1] 2nx1500 o
Reverse the polarities of magnets and repeat the experiment, the galvanometer would deflect to the opposite side. [1] = 4%10T 1]
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24. (b) (i) When the lightning current is increasing, the induced current flows in the anticlockwise direction
o as to oppose the increase of magnetic field.
After reaching maximum, the lightning current is decreasing,

the induced current flows in the clockwise direction (OR opposite direction).
(iif) Electric field

E-field increases (OR builds up) before lightning occurs
OR
Lightning current and magnetic field only exist during lightning.

25. (@ (@)
uniform
magnetic

field B
\.

(ii) By Lenz's law, a magnetic force Fj acts on the rod to oppose its motion.
An applied force F is needed to balance Fi to maintain uniform motion.
o F=BIL

(li) Mechanical powerinput: P = Fv = (BIL)v
Power input = electrical power output
 BILv = ¢1
&=BLv

(b) () The horizontal component is perpendicular to the mast.
OR

The vertical component is parallel to the mast

() & = (Bcos30°)Lv
= (50 x 1076 cos 30°) (20) (6)
= 512x10°V (accept 5.12mV)

More electrons at end X
(iii) No current

Both the cable and the mast cut the field lines, both have same e.m.f, induced
and the two induced e.m.f. oppose each other.

OR

There is no change of magnetic flux through the loop of the circuit.

[1]
f1]

{1
1
f1]

[1]

1

[1]
1]
f1]

{1]

(1]

(1]

1]

1]
[1]
{11

(1

1

i
{
|
|
|

2
i
|
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The following list of formulae may be found useful :

Power in a circuit P=1V=1IR
. . . v, N,
Ratio of secondary voltage to primary voltage in a transformer I_/IL ~ ]_VP_
s s
Part A : HKCE examination questions
1. <HKCE 1980 Paper II - 45 >
— V —
[T
< T 4 [—=°
¢ 4P
q9_ VPR c 4r
ngw 4P _ 5
Three coils A, B and C are wrapped around an iron core as shown. Coil 4 has N turns while coil B and C both have ';‘N
turns. If an input voltage ¥ is applied across 4, what will be the voltage acting across coil C'?
A 1y
B. 1v
C. 2v
4v
2. <HKCE 1980 Paper II - 34 >
‘What is/are the advantage(s) of using high voltage in power transmission over long distances ?
(1) Current in the transmission cables can be reduced.
(2) Less energy is wasted as heat.
(3) Higher voltage can be used in household circuit.
A. (1) only
B. (3)only
C. (1) &(2)only
D. (2) &(3)only
3. <HKCE 1980 Paper II- 41 >

Which of the following statements concerning direct current (d.c.) and alternating current (a.c.) is/are correct ?
(1) The magnitude of voltage in d.c. is constant while that in a.c. varies.
(2) The direction of current in d.c. does not change while that of a.c. reverses periodically.
(3) Both d.c. and a.c. can have heating effect on a resistor.

A. (1) only
B. (3)only
C. (1) & (2)only
D. (2) &(3)only
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< HKCE 1982 Paper II - 34 >

Y Q) %}ﬁﬂ

In the transformer shown, the ratio of the number of turns on the primary coil to that on the secondary coil is 10 ; 1. If the
power input is 50 W, find the current in the secondary coil, assuming that the transformer has a 80% efficiency.
A. 1.0A

B. 15A
C. 20A
D. 25A

<HKCE 1984 Paper II - 26 > T

Q

200V 1wv

As shown in the diagram, 2 200 V mains supply is stepped down to 10 V by a transformer. If the output current is 3 A and
the efficiency of the transformer is 75%, what is the current in the primary coil ?

A 01A
B. 02A
C. 03A
D. 04A

< HKCE 1985 Paper II - 39 >

200V

300V generator
10 kW

transmission cables machinery

The 300 V generator in the above diagram is supplying electrical power to operate a piece of machinery which has a rating of
10 kW at 200 V. The total resistance of the transmission cables is 2 Q. What is the power loss in the transmission system ?
A, 25kW

B. 5kW
C. 10kW
D. 20kW
<HKCE 1985 Paper II - 41 >
200V 100 Q
a.c. supply T

The diagram shows a transformer with the primary coil connected to an a.c. voltage of 200 V while the secondary coil is
connected to a resistor of 100 Q. If there are 100 turns in the primary coil and 10 turns in the secondary coil, what is the
current passing through the resistor 7 (Assume that the efficiency of the transformer is 100%)

A, 005A
B. 01A
C. 02A
D. 1A
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10.

11.

12.

< HKCE 1986 Paper II - 29 >

A transformer can be used to
(1) step-up the voltage of a given a.c. supply.
(2) increase the power of a given a.c. supply.
(3) step-up the voltage of a given battery.

A, (1) only
B. (2)only
C. (1) &(2) only
D. (2)&(3)only

<HKCE 1986 Paper II - 34 >

The efficiency of a transformer is 50% and the input and output voltages are 200 V and 12 V respectively. If the power

output is 30 W, the input current is

A 015A
B. 03A
C. 15A
D. 25A

<HKCE 1988 Paper II - 29 >

T 05A

200V door
ac. v bell

|

In the circuit diagram shown, the transformer is 100% efficient. Which of the following statements is/are correct ?
(1) The current in the primary coil is 0.5 A.
(2) The resistance of the door-bell is 20 Q.
(3) The ratio of the number of turns in the primary coil to that in the secondary coil is 20 ; 1.

A. (1) only
B. (3)only
C. (1) & (2)only
D. (2) & (3)only

<HKCE 1989 Paper IT - 36 >

transmission cable I
generator P J[ { Q }—_—{ factory l

The figure above shows how electrical power can be transmitted to a distant factory. The transformers P and Q should be

13 0
A, stepup step up
B. stepup step down
C. stepdown step up
D. step down step down

< HKCE 1989 Paper IT - 41 >

Which of the following corfectly shows the major change of energy in the devices ?

Device From To
(1) an electric motor electrical mechanical
(2) aloudspeaker sound mechanical
(3) atransformer electrical electrical
A. (1) only
B. (2)only
C. (1) &(3)only
D. (2) &(3) only
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13.

14.

15,

< HKCE 1990 Paper II - 37 >

200V
2c. L\

v ) 10y
40w 40w

In the circuit shown, the efficiency of the transformer is 80%. If the two lamps are to work at their rated values, what is the
current in the primary coil and what kind of transformer is being used ?

Current in primary coil Transformer
A, 02A 20 : 1 step down
B. 04 A 20 : I step down
@ 0.5A 20 : 1 step down
D. 04 A 10 : 1 step down
< HKCE 1991 Paper II - 38 >
fuse
 m— |
| Sem—
@ 200v 2 S 10v

In the above circuit diagram, the transformer is 100% efficient. What js the maximum pumber of identical light bulbs, each
of rating ‘40 W, 10 V" that can be connected in parallel across the secondary coil without blowing the fuse ?
(Assume that the fuse will blow if the current flowing through it exceeds 15 A.)

A 3

B. 20
C. 60
D. 75

< HKCE 1992 Paper 11 - 34 >

|

200V

|

Rt

P79¢

In the circuit shown, the rating of each light bulb is ‘20 W, 10 V’. The current in the primary coil is 0.5 A. If all the bulbs
work at their rated values, find the turns ratio and the efficiency of the transformer.

Turns ratio

5: 1 step down
20: 1 step down
20 : 1 step down
20 : 1 step down

vowp»

Efficiency

80%
20%
40%
80%

FES B VASIVEI LIS = v

SR e sAA



DSE Physics - Section D : M.C. PD -EM6 - M /05

EMBG6 : Alternating Current

16.

17.

18.

19.

20.

< HKCE 1992 Paper I - 35>

Which of the following can increase the efficiency of a transformer ?
(1) Increasing the number of turns of the secondary coil.
(2) Using a laminated iron core.
(3) Using a thicker copper wires to make the coils.

A. (1) only
B. (3)only
C. (1) &(2)only
D. (2)&(3)only

< HKCE 1994 Paper IT - 34 >

An electrical power of 100 kW is transmitted at 20 kV through cables of total resistance of 4 Q. Find the voltage drop and
power loss in the cables.

Voltage drop Power loss
A. 20V 20W
B. 20V 100 W
C. 100V 20W
D. 100V 100 W

<HKCE 1994 Paper 11 - 35 >

In the circuit shown, the rating of the light bulb is ‘40 W, 10 V°.

The efficiency of the transformer is 80%. If the bulb works at its

rated value, find the current in the primary coil. 200V ‘ CD 40w
A 016A a.c. 1ov
B. 02A

C. 025A

D. 16A

<HKCE 1996 Paper II - 36 >

P
k. 90 turns
@ :
90 turns
R

The primary coil of a transformer has 3600 turns and is connected to 200 V a.c. supply. The secondary coil has 180 turns,
which can be tapped at different points as shown above. A ‘40 W, 10 V” light bulb is connected to the transformer so that it
works at its rated value. Which of the following statements is/are correct ?

(1) The bulb should be connected to points P and Q.

(2) The current through the bulb is 4 A.

(3) Ifthe efficiency of the transformer is 80%, the current in the primary coil is 0.25 A.

A. (1) only
B. (2)only
C. (1) & (3)only
D. (2) & (3)only

<HKCE 1997 Paper IT - 32 >

Which of the following devices converts mechanical energy into electrical energy when it works ?

A. atransformer
B. adynamo

C. amotor

D. amicrophone

DSE Physics - Section D : M.C.
EMBS6 : Alternating Current

PD - EM6 - M/ 06

21.

22

23.

24,

< HKCE 1998 Paper I - 35 >

A4V a.c. supply is stepped up to 20 V by a transformer. If the current in the primary coil is 1 A and the power loss of the
transformer is 0.8 W, find the current in the secondary coil.

A, 0.04A
B. 0l6A
C. 02ZA

D. 024A

< HKCE 1999 Paper II - 34 >

Which of the following is/are the advantage(s) of using high voltages for long distance transmission of electricity ?
(1) The transmission speed can be increased.
(2) Some heavy industries operate at high voltages.
(3) The energy loss in the transmission cable can be reduced.

A. (1) only
B. (3)only
C. (1) & (2)only
D. (2) & (3) only

< HKCE 1999 Paper II - 31 >

NEIX

Two bulbs P and @ are connected to an ideal transformer as shown. Which of the following statements is/are true when
switch S'is closed ?

(1) The brightness of bulb P decreases.

(2) The reading of the ammeter increases.

(3) The reading of the voltmeter remains unchanged.

A. (1) only
B. (3)only
C. (1) & (2) only
D. (2) & (3) only

< HKCE 1999 Paper II - 36 >

A6V, 6 W light bulb is to be operated at its rated value. Three circuits are set up as shown below.

" 2
@ 12V
= {1
12V T 60 b .
©)
12V Num_ber of turns
ac. in primary coil = 200

in secondary coil = 100

The power supplies all have negligible internal resistance. In which of the above circuits is the bulb working at its rated
value ?

A. (1) only

B. (3)only

C. (1) & (2) only

D. (2) & (3) only




DSE Physics - Section D : M.C. PD - EM6 - M /07

EMBS6 : Alternating Current

25.

26.

27,

28.

< HKCE 2001 Paper II - 34 >

12v -7\

A 12 V a.c. supply is connected to a transformer with tumns ratio 1 : 1. The secondary coil is tapped at equal intervals as
shown above. Two ‘6 V, 0.5 W’ light bulbs are connected to the secondary coil of the transformer. In which of the following
cages will the two bulbs work at their rated values ?

) ® - @ S
(ES 1w 1]

A. (3)only

B. (1) &(2)only

C. (2) & (3)only

D. 1,@ &)

<HKCE 2001 Paper II - 38 >

The figure shows a model power line. An a.c. supply and 7l 3
two ideal transformers are used to operate a lamp of rating
‘6 V,24 W’. The total resistance of the cables 4B and CD n, - S
is 10 Q. If the lamp operates at its rated value, find the v
power loss in the cables. .

04W D

g' 3.6W 1:20 step-up 20: 1 step-down
C: 180 W transformer transformer
D. 1440W

< HKCE 2005 Paper I - 43 >

‘Which of the following statements about long distance power transmission at high alternating voltages are correct ?
(1) Alternating voltages can be stepped up or down efficiently by transformers.
(2) For a given transmitted power, the current will be reduced if a high voltage is adopted.
(3) The power loss in the transmission cables will be reduced if a high voltage is adopted.

A (1) &(2)only
B. (1) &(3) only
C. (2) & (3) only
D. 1),D&®)

<HKCE 2006 Paper II - 38 >
The photograph shows an adaptor for charging up the battery inside a mobile phone. Which
of the following statements about the adaptor are correct 7
(1) Ttisused to step down the voltage from the mains to a value for the mobile phone.
(2) It can convert the voltage from a.c. to d.c.
(3) Itisblack so that it can radiate heat more efficiently than those in other colours.

A. (1) & (2) only
B. (1) & (3)only
C. (2)&(3)only
D. (),)&3)
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29.

30.

31.

< HKCE 2006 Paper II - 37 >

} C Q)

In the above circuit, the transformer is ideal (efficiency = 100%). At the beginning, the switch S is closed and the light bulbs
X and Y are operated at their rated values. What would happen to the brightness of the bulb X and the ammeter reading if S is
now opened ?

&/
>

Brightness of X Ammeter reading
A. increases increases
B. increases decreases
(3 remains unchanged decreases
D. remains unchanged remains unchanged
< HKCE 2007 Paper XX - 44 >

Specification :
(/. \
Q\A’“‘ Voltage input 220V
)
tobe Voltage outputs 6V & 12V

The above figure shows 2 portable transformer. It outputs different voltage by varying the turns ratio between the primary
and the secondary coils. Assume that there is no power loss in the transformer and the resistance of the load remains
unchanged, when the output changes from 6 V to 12 V, which of the following statements describing the transformer is/are
correct ?
(1) The number of turns of the primary coi! should be doubled and the number of turns of the secondary coil remains
unchanged:
(2) The input current should be doubled.

(3) The output power should be 4 times as before.

A. (2) only

B. (3) only

C. (2 &@3)only
D. (), &Q)

< HKCE 2008 Paper II - 41 >

v

Specification :
Tnput ac. 220V
Output a.c. 12V, 100 mA

The above figure shows a transformer. Assume the transformer is ideal, what is the current drawn from the mains supply if
the transformer delivers currents at the rated value ¢

A. 55mA

B. 100 mA
C. 1200 mA
D. 1830 mA
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32.

33.

34.

< HKCE 2010 Paper II - 44 >
5 A fuse

- QP O

In the circuit above, the primary coil of a transformer is connected to the 220 V mains supply with a § A fuse. The efficiency
of the transformer is 90%. What is the maximum number of identical 40 W light bulbs, operating at their rated values, that
can be connected in parallel to the secondary coil without blowing the fuse ?

20V o

A

A 24
B. 25
C. 27
D. 28

< HKCE 2010 Paper II - 43 >
metal core

a.c. supply v coil 4 coil B a.c. voltmeter

[
[

The figure shows a metal core with two coils. When the switch is closed, the a.c. volimeter shows a reading. Which of the
following combinations will give the largest voltmeter reading ?

material of the metal core no. of turns of coil 4 no. of turns of coil B

A. copper 500 1000
B. copper 1000 500
C. iron 500 1000
D. iron 1000 500

< HKCE 2011 Paper I - 42 >

2 Ly Sl\'

220V 3
mains
supply %

Ly

The figure above shows an ideal transformer. The primary coil of the transformer is connefsted to the 220 V a.c. mains an'd
two lamps L; and L, are connected in series to the secondary coil. Initially, S is closed. Which of the following statements is
correct when § is opened ?

A. The current in the primary coil of the transformer decreases.

B. The voltage across the secondary coil of the transformer increases.

C. The brightness of L; decreases.

D. The brightness of L; increases.

DSE Physics - Section D : M.C.
EMG6 : Alternating Current

PD-EM6-M/10

35.

<HKCE 2011 Paper II - 43 >

Electrical power is transmitted from a power station to local substations by an alternating current and high voltage. It is
because

(1) the voltage of an alternating current can be stepped up or down using transformers easily.

(2) by using high voltages, electrical power can be transmitted faster along the cables.

(3) by using high voltages, there is less power loss in the transmission cables.

A (1) &(2) only
B. (1) & (3)only
C. (2) & (3) only
D. (1), (2)&(3)

Part B : HKAL examination questions

36.

37.

38.

39,

< HKAL 1984 Paper I - 26 >

A power station supplied electrical power to a user. The power generated by the station is 1200 kW. After stepping up, the
voltage transmitted to the cable is 132 kV. If the total resistance of the transmission cable is 550 <2, find the electrical power
available to the user.

A. 700 kW

B. 1155kW
C. 1195kW
D. 1200 kW

<HKAL 1995 Paper ITA - 30 >

generator machine

A large machine in a factory consumes 10 kW of electrical power at a voltage of 500 V. If the generator from the power
station transmits electrical power to the factory through cables of total resistance 0.2 Q, the voltage produced by the generator
should be

A, 500V
B. 501V
C. 502V
D. 504V

< HKAL 2008 Paper IIA - 19 >

When 240V a.c. is applied across PQ of an ideal transformer, the voltages P R
measured across RS and ST are 4 V and 8 V respectively. If6 V a.c. is now

applied across ST, what will be the voltages measured across PQ and RS ? s

Voltage across PQ Voltage across RS

A. ov oV

B. 180V ov Q T
C. oV 3V

D. 180V 3V

< HKAL 2013 Paper IIA - 34 >

The electrical power dissipated by a heater when connected to a 10 V d.c. supply is two times of that when the heater is
connected to a sinusoidal a.c. supply. What is the peak voltage of the sinusoidal a.c. supply ?

A 5V
B. 542
c. 10V
D. 1042
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Part C : HKDSE examination questions

40.

41.

42,

43,

< HKDSE Sample Paper IA -33 >

Power is transmitted over long distances at high alternating voltages. Which statements are correct 7
(1) Alternating voltages can be stepped up or down efficiently by transformers.
(2) For a given transmitted power, the current will be reduced if a high voltage is adopted.

(3) The power loss in the transmission cables will be reduced if a high voltage is adopted.

A (1) &(2) only
B. (1)&(3)only
C. (2) &(3)only
D. (1), (&G

< HKDSE 2014 Paper 1A -30 >

‘When a heater is connected to a d.c. voltage of 10 V, the power dissipated is P. If the heater is connected to a sinusoidal a.c.,
the power dissipated becomes %P. What is the r.m.s. voltage of this a.c. source ? Assume that the resistance of the heater is

constant.
A 5V
B. 542V
c 10V
D. 1042V

< HKDSE 2016 Paper IA - 30>

A sinusoidal a.c. of a certain frequency delivers a r.m.s. voltage Vims. If its frequency is doubled and its peak voltage is
halved, what would be the r.m.s. voltage ?
1

A -V
o s,
1

B. -y
f s
1

C. _—v
2 (2 rms.

D. 7,

rm.s.

< HKDSE 2016 Paper 1A -31 >

A e

[

In the above circuit, each light bulb works at its rated value 22 W, 11 V'. The current in the primary coil is 0.25 A. Find the
efficiency of the transformer.

A 20%

B. 40%
C. 64%
D. 80%
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4.

45,

46.

<HKDSE 2017 Paper IA - 29 >
A heater of resistance 100 Q is connected to the mains supply. The r.m.s. voltage of the mains supply is 110 V. Which of the
foilowing statements are correct ?

(1) The peak voltage across the heater is 156 V.

(2) The power dissipated by the heater is 121 W.

(3) The power dissipated by the heater will be doubled if the r.m.s. voltage of the mains supply doubles.

A (1) &(2) only
B. (1) &(3)only
C. (2)&(3)only
D. (1),(2 &(3)

<HKDSE 2017 Paper IA - 30 >

The input terminal of a transformer is connected to the 220 V mains supply. Ten identical light bulbs are connected in
parallel to the output terminal of the transformer. All the light bulbs are working at their rated values of ‘3 V, 1.5 W’. If the
efficiency of the transformer is 70%, what is the current drawn from the mains supply ?

A 0.007A
B. 0048 A
C. 0.068 A
D. 0.097A

< HKDSE 2018 Paper 1A - 30 >

In the circuits below, if a 12 V sinusoidal a.c. is applied across ab and across xy respectively, the voltages across cd and zw
are both 6 V. Now if a 6 V sinusoidal a.c. is applied across cd and across zw respectively, what would be the voltages across
ab and xy respectively ?

a X
EC EZ
b d ¥ w

voltage across ab voltage across xy

A 12v 12V
B. 12V 6V
C. 6V 6V
D. 12V oV

47. <HKDSE 2019 Paper IA-29>




48. <HKDSE 2019 Paper IA-30>

48

49. <HKDSE 2020 Paper IA-29>

6V,05A

3V,LOA

B

i i light bulbs marked
tdeal transformer with two secondary coils cm?rmectcd to two ] :
}l‘ih:/ %g;zr;s::gv‘ssa‘x; !Id,;aA’ respectively. Whena I2V ac supgly is carfncctcd tq the primary coil, the
bull;s v;/ork at their n;spectivc rated values. Estimate the current in the primary coil.

A, 025A
B. 0.50A
C. 075A

D. 1.0A
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HKEAA's Marking Scheme is prepared for the markers' reference. It should not be regarded as a set of model answers.
Students and teachers who are not involved in the marking process are advised to interpret the Marking Scheme with care.

M.C. Answers
1. B 11. B 21. B 3. A 4. B
2. C 12. C 22. B 32. A 42. A
3. D 13. C 23. D 33, C 43, D
4. C 14. D 24. B 34. A 4. A
5. B 15. D 25. D 35. B 45. D
6. B 16. D 26. A 36. B 46. B
i G 17. B 27. D 37. D 47. C
8. A 18. C 28. D 38. D 48. B
9. B 19. D 29. C 39. C 49. B
10. D 20. B 30. B 40. D
M.C. Solution
1. B
By 1 = Ny
Vo N
Vo) _ 2) Vo=V
™ @ 2
2 C
[¢))] If high voltage is used, the current through the transmission cables would be small
by P=vI . VT = I
v @ ByP=I)R . I\ = Pul
. less energy is wasted as heat during the transmission of power
x 3 Voltage in power transmission >> voltage in houschold circuit
*. voltage need to be stepped down
3, b
x [6)) The magnitude of voltage in d.c. may not be constant, such as that produced by d.c. generator.
v 2) Electron flows in the opposite direction of current,
In d.c., since the direction of current does not change, direction of electron flow does not change.
v 3 Current has heating effect on resistor, which does not depend on the direction of current.
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C
77=P°m 30%:52‘_ s P =40W
B, (50)
N 1 P. 40
=y - = I=—"%=—=2A
V=g e < 200220 AT
B
A 759 = 0BG . p-o2a
B, V1, (200)1,
B
10
300V I 200V
10

Let the resistance of the machinery be R.

Since the cables and machinery are in series, they have the same current J,

2 2
r="_ (200)3=4Q w1 =3% _s5on
P (10x10% 244
OR
By P=VI L (10X 10% = (200) 1 . I=50A

Power loss in the cables : Pioss = I2R = (50)*(2) = 5000 W = 5kW

(o
By Lo M sl 0 s Ve=20V
> N (200) 100
By Vs = IsR s (20) = L (100) L L=02A
[¢))] Transformer can step-up the voltage of a.c.
* 2) Transformer cannot be used to increase the power.
* 3) Transformer cannot work on d.c., but battery gives d.c. steady voltage.
B
o B o, Po
o Wi
50% = —0) Li=03A
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10.

11.

12.

13.

D
* () For 100 % cfficiency, (2005 = (10)(0.5) .. I = 0.025 A
v @ r=Y-1_xq
7 0s
v @ M _F_200_,,
N, ¥, 10
B

High voltage is used in electricity transmission, thus P should be a step up transformer to step up the voltage in cable.

After transmission, the voltage has to be stepped down to be used in factory, thus Q is a step down transformer.

C
1) motor : clectrical energy — mechanical energy
x 2) loudspeaker :  electrical energy — sound
4 {3) transformer : electrical energy — electrical energy
C
77=i= Fon . 0% = 2240 oo Ir=05A
P, Vo Iy (200) 1,
Turns ratio in transformer : e, - Ve = 200 =120
N, 7V, 10
It is a step down transformer since Np > Ns.
D
Velp = Pon o (200)(15) = n (40) Lon=15
D
Turns ratio ; Vs = rated voltage = 10V N = 143 = 200 =20
Ny Vg 10
As the voltage changes from 200 V to 10 V, it is a step down transformer,
Efficiency : n = _(20x4) = 80%
(200)(0.5)
D
x 0 If number of turns of the secondary coil is increased, secondary voltage is increased,

however, power loss would not decrease, thus the efficiency remains unchanged.

(Although power output increases, but power input also increases to give the same efficiency.)

2) If laminated iron core is used, eddy current can be reduced, thus power loss is reduced.

3) If thicker copper wire is used, the resistance of the coils is reduced,
thus heating effect of current in the two coils is reduced, so power loss is reduced.
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24.

25.

26.

27.

28.

29.

B
% ®
e @
v ©}
D
v ®
o @
4 3)
A

Voltage across bulb = 12V = 6 V, thus the bulb cannot work at its rated value.

2 2
Resistance of the light bulb: R = K_ = .(Q =68
R ®

T

Equivalent resistance of the bulb and the left resistor = % =3Q
Thus, voltage across the light bulb is 4 V, the light bulb cannot work at its rated value.

Secondary voltage : y, = 100 x12 = 6V .- the light bulb work at its rated value.
200

The output voltage is 12V .. each light bulb shares 6 V .. work at rated values

Two intervals give an output voltage of 6 V. work at rated values

Each light bulb is connected across two intervals ..

For the lamp to operate at its rated value, the current through the lamp should be 12—3 =4A

As it is a step down transformer, the current through the wire ABCD should be % =02A

Power loss in the cables = 2R = (0.2)*(10) = 04 W

D
4 [¢9) Power transmission needs transformers for stepping up and down, and transformers work on a.c. only
v 2) For a give transmitted power, P = V1, thus current / is reduced if voltage ¥ is increased.
v 3) By Pioss = I* R, reduced current resulting from high voltage gives smaller power loss.
(03] Since the voltage of a mobile phone is very low, about a few volts,
the adaptor must contain a step-down transformer for stepping down the voltage.
@ Since the battery of a mobile phone is d.c., the adaptor must convert the a.c. voltage of the mains to d.c.
3) Since transformer would give out heat when it operates,
black colour can increase the radiation of heat since black surface is a good emitter of heat.
C
[€)) Since the secondary voltage of the transformer remains unchanged,
the power dissipated by bulb X is unchanged, thus the brightness of X remains unchanged.
2) Since secondary current is decreased, by 1 = Ne - constant, primary current should also decrease.
14 s

each has an voltage of 6 V . work at rated values
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30.

31

32.

33,

34.

35.

B

x (€8] By Vs: Ve = Ns: Np, if the number of tums of the primary coil is doubled,
the output voltage would change from 6 Vto 3 V.

x 2 Since the output voltage is doubled, by Pou = Vs?/ R, output power Poy becomes 4 times,
As there is no power loss, Pin = Pou, thus input power Py, also becomes 4 times.
By Pn = Vplp,as Vpis unchanged, Ip should be 4 times.

v [©)] By P = Vi?/R, when Vs is doubled, the output power becomes 4 times,

A

Since the transformer is ideal, the efficiency is 100%, i.e. power input is equal to power output.
Vel = Vsl

5 (220 V) B = (12 V) (100 mA) s b =545mA ~ 5.5mA

A
Assume the maximum number of light bulbs is . The maximum primary current is 5 A which is limited by the fuse.
n= i - Puul
B, &l
; 40n
S90%) = ——— Son= 2475
O = 206

The maximum number of light bulbs should be 24 so that the fuse would not blow.

C
The metal core should use iron so that there is good magnetic flux linkage between the two coils.
To give larger voltmeter reading, the transformer should be stepped up.

Thus, number of turns in coil 4 is 500 and number of turns in coil B is 1000 can give the largest voltmeter reading.

A
Before §'is open, L1 is shorted and thus only L; lights up. The resistance is R.
After §'is open, both lamps light up and the equivalent resistance is 2R, thus the secondary current decreases.

v A. Since I5:Ip = Np:Ns, with the same turns ratio, the decrease of Is gives the decrease of Jp.

x B The secondary voltage should remain unchanged as it depends on the turns ratio and 73 only.
x Gs The brightness of L; should increase as it is not lit up initially.
D The brightness of L; should decrease as the ourrent flowing through it is decreased.
v ) Since transformers work on a.c., thus a.c. voltage can be changed easily.
x ) Electrical power is transmitted with the speed of light, and is independent of the voltages.
v 3) By using high voltage, current in cables is reduced, thus less power is lost in the transmission cables.

PD - EM6 - MS / 06
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36.

37.

38.

39.

40.

41.

B

3
p = B 1200107 g 0g 4
v = 132000

Poy = Py — Proww = P — I?R
(1200 x 10%) — (9.09) (550) = 1.155x 106 W = 1155 kW

1

D

3
;o B A0x109 o0
v (500)

Voltage across the cables = (20) x (0.2) = 4V

E.m.f. produced by generator = 500+ 4 = 504 V

D

Since the voltage is directly proportional to the number of turns,
Neg: Nes : Nsr =240 : 4 :8=60:1:2

If Vst=6V, then Veg: Vas: 6=60:1:2

Ve =180V and Frs=3V

C
Forde.: P = V_z = ao*

R R

2

Forac.: Py = Vs

R
£=Q°_)j=2 5 Ve = 107V
B,

Peak voltage : Vo = N2 Vi = ~2 x7.07 = 10V

D
v (1) Transformers work on a.c. efficiently.
v 2) By P = VI, for the same P, higher ¥ means that smaller transmission current /.
v 3) By Pioss = I* R, smaller ] means that Pross can be reduced.
B
2 1 2
Forde.: P = v LP) = @0
R R
v} Ly o Vel
Forac.: P = Zms_ sz Py = Jm
or a.c. 2 ) R
2
Combine the two equations : R = 10 b Ve =542V
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43.

44,

45.

46,

A

By Vims = Lo
V2

Thus, if the peak voltage is halved, the r.m.s. voltage is also halved.

D
7 S B @242 o

B Wl (220)0.29)
v m Peak voltage : Vo = /2 Vims = +/2 x 110 = 156V

v ) Power: P = Vel /R = (110)3/(100) = 121 W
% ?3) Since P o ¥2, if ¥ doubles, power P should be 4 times.

D

By 7= Pnul = ‘P«'mt

B, VoI,
(1.5%10)
(2201,

70% =

b= 0097A

B
For the transformer, if the input voltage 12 V a.c. is applied across ab, the output voltage across ab is 6 V,

Thus, the tumns ratio is 12 : 6 = 2 : 1 and it is a step-down transformer.

a a
2vV—> . 12V <— .
—>6V <6V
b d b d

If the input voltage is 6 V a.c. across cd), since now the turns ratio is 1: 2,

the output voliage across ab is 12 V and it becomes a step-up transformer.

For the potential divider, if the input voltage 12 V a.c. is applied across xy, the output voltage across zw is 6 V.

x X
2v—> 6z 6V <— z
F w ¥ W

If the input voltage 6 V is applied across zw, since current only flows through the lower part of the resistor,
no current flows to the upper part of the resistor, the voltage across the upper part of the resistor is 0 V,

thus, the voltage across xy is still 6 V.

PD -EM6 - MS/ 08
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The following list of formulae may be found useful :

Power in a circuit P=1V=1IR
: : ; oo B
Ratio of secondary voltage to primary voltage in a transformer = ~ .
s s

Part A : HKCE examination questions

1. <HKCE 1980 PaperI-9>

The figure below is a block diagram showing how electric power is supplied to consumers.

sources
of energy

— generators —_— transformers ——p consumers

(a) One source of energy is from wind. State the conversion of energy in the generators and describe how the energy
conversion is possible. (3 marks)

(b) Why is the efficiency of a transformer always less than 100% ? Mention one method of improving transformer
efficiency. (4 marks)

(c) Explain why a 40 W fluorescent tube appears to be brighter than a 40 W filament lamp. (2 marks)

2. <HKCE 1981 Paper1-7>

1

output voltage

The primary coil of a transformer is connected to a 200 V, 50 Hz a.c. mains supply. Suppose the primary coil has 2000 turns
and the secondary coil has 100 turns.

200V
50 Hz

(a) Find the output voltage across the secondary coil. (3 marks)

DSE Physics - Section D : Question PD-EM6-Q/ 02
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2. (b) Find the frequency of the output voltage. (1 mark)
3. <HKCE 1982 Paper1-9>
The following pieces of apparatus (as shown in the below figure) are provided : an a.c. power supply, a CR.O. and a
transformer.
pu b= 20 turns
.__1.0_0 Sadic: 1000 turns
a4
I ! 80 turns
g or
5Vac. = —Q
a.c. power supply CRO transformer
In the above diagram, show how you would connect the above pieces of apparatus to display a 10 V a.c. on the CRO.
(6 marks)
4. <HKCE 1983 Paper 1 - 7>
(@) 22000 W of electrical power are transmitted through a cable with a resistance o£ 0.5 Q at 11000 V.
(i} Find the current passing through the cable, (2 marks)
(ii) Find the power lost in the cable during transmission. (3 marks)
(iif) Why should a high voltage be used in power transmission ? (2 marks)
(b) Describe briefly how an altemating current of 11000 V can be stepped down to 200 V., (2 marks)
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5. <HKCE 1987 Paper1-8>
The figure shows an arrangement to study the input and output characteristics of a transformer.

R
The readings of the ammeters and voltmeters are as follows:
Reading of 41 = 2.5A
Reading of 42 = 1.8 A
Reading of V1 = 12V
Readingof V2 = 2V
(a) (i) Calculate the power input of the transformer. (1 mark)
(if) Calculate the power output of the transformer, (1 mark)
(iif) Calculate the efficiency of the transformer. (1 mark)
(b) Suppose R is now replaced by another resistor of higher resistance.
(i) How would the reading of the ammeter 4, change ? (1 mark)
(ii) How would the reading of the ammeter 42 change ? (1 mark)

(c) Suggest TWO changes in the transformer which will improve its efficiency. In each case, give ONE reason to support
your suggestion. (4 marks)
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<HKCE 1990 Paper 1-7>

The below figure shows a 3-pin electrical plug and a transformer. The three wires X, ¥, Z of the transformer are to be
connected to the plug. The plug will be connected to a 200 V a.c. power supply. The output voltage of the transformer will
be 110 V. Assume the transformer is 100% efficient.

X (Green/yellow)
Y (Blue)
Z (Brown)

(@ () To which of the terminals 4, B, and C of the plug should each of the wires X, ¥ and Z be connected ? (2 marks)

(ii) Explain briefly why the fuse should be connected to the terminal 3. (2 marks)
(iii) Suggest one reason why it is necessary to have the X-wire connection. (2 marks)
(iv) Find the turns ratio (primary coil to secondary coil) of the transformer. (2 marks)

(b) An iron of rated values “110 V, 1100 W is connected to the output of the transformer and switched on for half an hour.

(i) Calculate the current drawn from the transformer by the iron, (2 marks)

(ii) Calculate the cost of electricity if one kilowatt-hour of electrical energy costs 80 cents. (2 marks)

(iif) If fuses marked 1 A, 3 A and 7 A are available, which one is most appropriate to be used in the plug in the figure ?
Explain your choice. (3 marks)
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< HKCE 1995 Paper I - 5>

A o———------ B
dc.
power supply
C o————m - D

Two long wires 4B and CD of total resistance 4 Q are used to connect a d.c. power supply to a lamp. The lamp is working at
its rated value ‘12 V, 24 W*.

(a) Find
(i) the resistance of the lamp, (2 marks)
(if) the current flowing through the lamp, (2 marks)
(iif) the power loss in the wires, (2 marks)
(iv) the efficiency of the circuit supplying power to the lamp. (2 marks)

(b) To reduce the power loss in the wires, an a.c. power supply and two transformers are used as shown in the figure below.

a.c.
T
power supply i &
] = D
(i) Inthe figure below, draw wires to connect the terminals of the components according to the figure above.
(3 marks)
‘Transformer @
A oY,
=
m Lamp
Power supply
Transformer
(ii) Explain how the arrangement can reduce the power loss in the wires. (3 marks)
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8.

< HKCE 1997 Paper I - 7>
Two students suggest using a 24 V d.c. supply and a 24 V a.c. supply separately to operate a lamp X rated at ‘6 V, 12 W,

(@)

®)

24V

L

A student connects X in series with a 24 V d.c. supply and a resistor R (see the Figure above). If X works at its rated
value,

(i) find the current flowing through X, (2 marks)
(ii) find the voltage drop actross R, (1 mark)

(iif) find the resistance of R, (2 marks)
(iv) what percentage of the electric power provided by the d.c. supply is dissipated in R ? (3 marks)

The other student suggests that X can also be made to work by using a 24 V a.c. supply together with a transformer.

(i) Draw a circuit diagram to show how X, the a.c. supply and the transformer are connected. (2 marks)

(i) What is the advantage of using this method over the one shown in the above Figure ? (1 mark)

(iii) Determine the turns ratio (primary to secondary) of the transformer for X to work at its rated value, and calculate
the primary current if the transformer is 100% efficient. (4 marks)
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9.

< HKCE 2000 Paper I - 10 >

(2) A transformer is used to operate a ‘110 V, 1000 W electric cooker at its rated value from the 220 V a.c. mains supply in
Hong Kong. The primary coil of the transformer has 5000 turns and the efficiency of the transformer is 80%. Find

(i) the number of turns in the secondary coil of the transformer, (2 marks)
(i) the operating resistance of the cooker, (2 marks)
(i) the power input of the transformer, (2 marks)

(2 marks)

(iv) the current flowing in the primary coil of the transformer.

(b) Figure 1 shows a travel cooker and the label attached on it. The cooker has a voltage selector switch shown in Figure 2.

Voltage
Model No : EA 2000
ac 120V/240V
360 W
~ 50-60 Hz
120V 240V
Figure 2

Figure 1

(i) A fuse is installed in the cooker. Explain the function of the fuse. (2 marks)

(i) Two students make the following remarks about using the cooker in Hong Kong :
John: The voltage selector switch should be set to 120 V and the output of the cooker would be 360 W.

Peter : The voltage selector switch should be set to 240 V and the output of the cooker would be less than 360 W.

Explain whether each of the above remarks is correct. (4 marks)
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10. <HKCE 2001 Paper I-5>
power consumers
station
transmission cables
o
o |
T T i o |
= [ [ HES
— [
The above figure shows how electrical power generated in a power station is transmitted over long distances to consumers.
(a) State the function of the transformer 7. (1 mark)
(b) Explain why a.c. and high voltages are used for long distance power transmission. (3 marks)
11. <HKCE 2004 Paper I-10>

brush §

;: unit '}
| conx / 1 \ \
'

plastic cased,

| soft-iron bar / P/
t(.imxim - ,,"'
sd;:ply ',"
coil ¥+ charging .-~ .
- T " Model No.EA 2004
\  ac.220V50Hz [/
. 3w o

The Figure above shows an electric toothbrush. It consists of a brush unit and a charging unit.
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T (2) Inside the brush unit, there is a 1.2 V rechargeable cell for driving a motor. When the toothbrush is in operation, the
; current flowing through the motor is 1.8 A, Calculate

(i) the power consumed by the motor, and

(i) the energy consumed by the motor in 3 minutes. (4 marks)

(b) When the energy stored in the cell has been used up, the brush unit is placed on the charging unit to recharge the cell.
The charging unit is connected to the mains supply and its label is also shown in the above Figure. It takes 16 hours to
recharge the cell fully. Calculate the energy drawn by the charging unit from the mains supply in 16 hours. (2 marks)

(c) The cell inside the brush unit is connected to coil X located at the bottom of the unit. Another coil ¥ is located inside the
charging unit with a soft-iron bar fixed inside it. When the brush unit is placed on the charging unit, the soft-iron bar
lies inside coil X.

() The brush unit and the charging unit are completely covered by plastic cases and there is no metal contact between
them. Explain how a current is produced in the brush unit to recharge the cell. (3 marks)

(ii) Ifcoil Y has 11 000 turns, estimate the number of turns of coil X. Assume the output voltage of coil X'is 3 V a.c.

| {2 marks)
(iti) State the function of the soft-iron bar. (1 mark)
(d) The charging unit is fitted with a two-pin plug as shown in the above Figure.
(i) To which two wires of the mains supply should the pins of the plug be connected ? {1 mark)

(ii) Suggest one reason why it is safe for the charging unit to be fitted with a two-pin plug. (1 mark)
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12. <HKCE 2005 Paper I - 12 >
voltmeter

transformer

Figure 1
a.c. power supply

4
)
)
1
r

second;ny l;ﬁmary
coil coil

Josephine conduets an investigation on transformers. She sets up a circuit as shown in Figure 1.

(2) Josephine varies the input voltage ¥ to the transformer and records the corresponding output voltage ¥, The results arc
shown in Table 1. In Figure 2, plot a graph of ¥, against 7.

V2 vV
Hence draw a conclusion for this investigation. 10
niv ValV

1.0 1.7

2.0 33 5

3.0 5.1

4.0 6.9

Table 1 0 2 4 nwiv
Figure 2
(2 marks)

(b) Josephine wants to study the relationship between the output voltage and the number of furns in the secondary coil of the
transformer. Describe how she can conduct the experiment. (2 marks)

©

voltmeter

Figure 3
a.c. power supply
-
coil
. o coil
T ose[_)hme adds a bulb to the circuit as shown in Figure 3 above. Suggest a method that Josephine can use to estimate the
efficiency of the transformer. Additional apparatus may be used if necessary. (3 marks)
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13.

< HKCE 2007 Paper I-12>

The Figure below shows a setup to generate electricity. A magnet is set into rotation between two fixed solenoids. The
output terminals X and ¥ are connected to a light bulb.

axis of rotation

fixed solenoid

\

fixed solenoid

£

X (¥
ovo

(a) Explain how alternating current is generated in the above setup.

(3 marks)

(b) The bulb is now removed from the setup. X and Y are then connected to the primary coil of a transformer. The
secondary voltage output of the transformer is found to be 12 V. If the turns ratio of the primary coil to the secondary

coil is 1 : 8, find the primary voltage. (2 marks)
(c) State the advantages of using

(i) ac.,and

(ii) high voltages

for long distance power transmission. (2 marks)
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14.

<HKCE 2009 Paper I - 12 >

The Figure below shows the power transmission of a bell system in a school. A signal generator in the school office produces
a 10 V a.c. signal and is connected to HK as shown in the figure. The signal is then stepped up to 100 V and transmitted to a
classroom through a long transmission cable. Assume all transformers are 100% efficient,

transformer X transformer ¥

R ——

I
|
|

=
o

School office Classroom loudspeaker

long transmission cable

(2) The primary coil of transformer X has 500 turns. Find the number of turns in the secondary coil. (1 mark)

(b) Each wire of the transmission cable, MP and NQ, has a resistance of 80 Q. Assume the current through the wires
is 0.1 A

(i) Find the voltage across MP. (2 marks)
(if) Find the voltage across PQ. (1 mark)
(iii) Find the power delivered to the loudspeaker. (2 marks)

(c) Suggest TWO methods to increase the power delivered to the loudspeaker with the same 10 V a.c. signal. (2 marks)
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15.

<HKCE 2011 Paper I-10>
(a) A magnet is dropped through a copper coil C; as shown in Figure (a). C is cannected to a resistor.

Figure (a)

G

aapAApARRRl ©

Al plastic tube
(i) What is the magnetic pole induced at end U of C; as the magnet approaches it ? (1 mark)

(ii) If the resistor is disconnected and the circuit becomes open, it is found that the magnet passes through Ci in shorter
time. Explain this phenomenon. (2 marks)

(b) Now, C; and another copper coil of smaller number of turns, C3, are wound on a soft iron core as shown in Figure (b) to
make a transformer. C; is connected to an a.c. supply.

a.c. supply

2| soft iron core

Figure (b)

(i) What is the use of the transformer ? (1 mark)

(ii) Suggest two ways to improve the efficiency of the transformer. (2 marks)

(iif) Another power supply is connected to PQ to replace the a.c. supply. The variation of the current through C; with
time is shown in Figure (c). A current flowing from P to @ through C; is taken as positive.

/A

Figure (c)

0| »t/s

Torm claims that no induced current will be produced in C) as the current in C; has no change in direction.
Comment on whether Tom’s claim is correct or not. (3 marks)
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Part B : HKDSE examination questions

16, <HKDSE Sample Paper IB - 13 >

Josephine conducts an investigation on transformers. Primary and secondary coils are wound on two soft-iron C-cores to
form a transformer. She set up a circuit as shown in Figure 1.

Figure 1
(a) Josephine varies the input voltage ¥ to the transformer and records the corresponding output voltage ¥3. The results are
shown in Table 1. Figure 2 shows the graph of V2 against V1. Draw a conclusion for this investigation. (1 mark)
(v
H H 1} ]
10 R X
niv Vilv B 2
L5 25 o s ke
3.0 5.1 wn
45 7.6 5
6.0 10.0
Table 1 ws
0 2 4 6 ViV
Figure 2
(b) Deduce the value of V3 that will be produced when ¥ equals 8.0 V. (1 mark) ~

(¢) Josephine wants to study the relationship between the output voltage and the number of turns in the secondary coil of the
transformer. Describe how she can conduct the experiment. (2 marks)

A ANS VARAGC UL BV Sawre emAAS
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16.

17.

(@

voltmeter

Figure 3 a.c. power supply

L} L}
secondary  primary
coil coil

Josephine adds a bulb to the circuit as shown in Figure 3 above. Suggest how Josephine can estimate the efficiency of
the transformer. State the measurement(s) she must take. Additional apparatus may be used if necessary. (3 marks)

< HKDSE Practice Paper IB - 10 >

Read the following passage about ignition coils and answer the questions that follow.

Ignition coil

An ignition coil is used to produce sparks from the battery of a car to ignite the fuel in the engine. It is
used to produce high-voltage pulses from a low-voltage d.c. supply.

An ignition coil consists of two coils of insulated copper wire that are wound around a common iron core.
One coil, called the primary coil, is made from relatively few (tens or hundreds) turns of thick copper wire.
The other coil, called the secondary coil, typically consists of many (thousands) turns of thin copper wire.

When an electric current is passes through the primary coil, a magnetic field is created. The iron core
guides most of the primary coil’s magnetic field to the secondary coil. When the current in the primary coil
is suddenly interrupted, a high voltage pulse of many thousand volts is developed across the secondary
coil. This voltage is then sufficient to cause an electrical discharge to produce a spark.

() Explain why a voltage is developed across the secondary coil when the current in primary coil is suddenly interrupted.
(2 marks)

(b) Suggest one reason why the voltage developed across the secondary coil is very large. (1 mark)

(¢) Assume input power to the primary coil equals to the output power of the secondary coil, explain why thick wire should
be used to construct the primary coil. (2 marks)
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18. <HKDSE Practice Paper IB -9 >
12 V d.c. power supply ‘:]
I [ S R o
q o | /O M heater

19.

R

Suppose now the heater is connected to a sinusoidal a.c. power supply. The peak value of the voltage of the a.c. power
supply is 15 V. How would the output power of the heater change ? (2 marks)

Jjoulemeter

< HKDSE 2012 Paper IB - 9 >

Read the following description about the ‘shaver supply unit” in bathrooms and answer the questions that follow.

The danger of electric shock is particularly high in bathrooms. Normal electric socket outlets should not be installed
in bathrooms. As electric shavers and toothbrushes are becoming popular these days, a special unit, called ‘shaver
supply unit’ is now common in bathrooms to provide electricity just for these low power consumption electric
appliances (sce the Figure).

The shaver supply unit consists of a transformer in which the secondary is not earthed and is completely isolated
from the 220 V a.c. mains supply connecting to the primary. It can be used with 220 V or 110 V shavers.

f ® il
Shaver supply unit { )
Live i R
AR
[ 110V
220Vac. s fontabt
Lo Ch
t &5
Neutral Panel of shaver / il
i supply unit
(a) Explain why the chance of electric shock is high in bathrooms. (2 marks)
(b) Explain what would happen if the human body touches
(i) the live wire of the mains supply in the primary circuit ; (2 marks)
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19, (b) (ii) one of the conducting wires in the shaver circuit outlet. (2 marks)
(c) What is the turns ratio of the primary coil to the secondary coil of the transformer so as to provide 110 V? (1 mark)
20. <HKDSE 2012 Paper IB -8 >

In the circuit shown in the Figure, resistors R; and R; represent the heating elements in a heater using mains supply. Both
resistors are immersed in water.

heater

The heater can be operated in two modes, namely, heating and keeping warm, and it is controlled by the switch S. The power
consumed by the heater in the heating mode is 550 W and in the mode of keeping warm is 88 W. The mains voltage
15220 V a.c.

(a) In which mode is the heater operating when switch §'is open ? (1 mark)

(b) Find the resistance of R;. (2 marks)
(c) When switch S is closed, calculate the current passing through resistor R;. (3 marks)
(d) What is the peak value of the sinusoidal current flowing through the heater when switch §'is closed ? (2 marks)
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21. <HKDSE 2015 Paper IB - 8 >

Electricity generated from power plants are transmitted at a high voltage through overhead cables in suburban areas.

(a) Each overhead cable consists of 40 strands of identical transmission lines bundled together.

a strand of
transmission line of
an overhead cable

(i) One single strand of transmission line has a cross-sectional area of 1.3 x 1075 m? and resistivity 2.6 x 107% Q m.
Find the resistance per km of a single strand of transmission line. (2 marks)

(i) Explain why the resistance per km of an overhead cable is much smaller than that of a single strand of transmission
line. Estimate the resistance per km of an overbead cable. (2 marks)

(i) Hence, explain why a bird can stand with both feet on a high-voltage cable without getting an electric shock.
(2 marks)

(b) Electrical power of 180 MW is transmitted at a voltage of 400 k'V through an overhead cable.

(i) Calculate the current carried by the overhead cable, (2 marks)

(i) Show that less than 0.1% of the electrical power is lost after transmitted through a total of 10 km of overhead cable.
(2 marks)

(iii) As the voltage drop across this overhead cable is negligible, a voltage of 400 kV at the cable's end is stepped down
by an ideal transformer with tums ratio 12 : 1,

(D Find the secondary voltage from the transformer. (1 mark)

(I) State ONE factor leading to energy loss in a practical transformer and suggest the corresponding measure for
improvement. (2 marks)

A & wsr vV Aaesees S v wmetsre eaann =
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|
HKEAA's Marking Scheme is prepared for the markers' reference. It should not be regarded as a set of model answers. .
Students and teachers who are not involved in the marking process are advised to interpret the Marking Scheme with care. 4. (@ (@ By P=VI [1]
. : i (22000) = (11000) I L I=2A 1
Question Solution ) (1
(ii) Powerloss = I2R [1]
1. (a) Energy conversion in a generator is from kinetic energy to electrical energy. [2]
= (2% (0.5) [1]
It is achieved by the wind driving the coil into rotation inside a magnetic field. [1] . i
®)] Ehete sleRergylors|ue) toeddyTomrent (21 (iif) To reduce the current in the transmission cables 11
Use laminated core. {2]
and thus reduce energy loss (OR power loss) during power transmission. [1]
OR
There is energy loss due to dissipation of energy by the resistance of the coils. 121 () Usca step-down transformer [1]
Use thicker wires. 21 with turns ratio = Np : Ns = 11000:200 = 55:1 [11
(c) Ina fluorescent tube, less energy is wasted as heat. [2]
5. (@) (i) Powerinput = 12x2.5 =30W [1]
i (i) Poweroutput = 2x1.8 = 3.6 W 1]
2 @ oM 1] :
Vs N i A 3.6
(iliy Efficiency = =~ x 100% = 12% [
. (200) _ (2000) [ | 30
v, (100) !
| ®) (i) A:decreases m
Vs =10V [1]
{ (ii) 42 decreases [1]
by f=50Hz 1] !
| (¢) @ Uselaminated core [11
to reduce the eddy current induced in the core. [1]
3, @  Use thicker wires for the coils 1
) to reduce the resistance and heating loss in the coils. [1]
20 turns |
|:| 100V ac. . 6. (@ () X connectedto A Y connectedto C Z connected to B
La
T T 80 turns <any ONE correct > m
Y
5Vac. ‘L \t”_/ [ < the other TWO correct > n
| (i) Any ONE of the following : 2]
: *  The fuse will blow and break the circuit if a fault develops.
|
* Terminal B will be connected to the live wire.
<Use 100 V a.c. > i (iii) To prevent electric shock if a fault develops. 2]
i 2
< Use 1000 turns as primary > [2] (iv) Tums ratio = _2_(& [
< Use 100 turns as secondary > [2] 110
= 1.82 11

< Correct connection of the CRO > [11
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® G P=VI
(1100) = (110) 7

I=10A

(ii) Energy = 1.1kWx0.5h = 0.55kWh
cost = $0.8x0.55 = $0.44

(i) " = Vahr
(200) 1y = (1100)
L =55A
The fuse marked 7 A should be used.

, _r a2

@ @ =y =~ S6R
Y O
@ = 2R 2A

(iif) Power loss in the cables = J2R = (2)?x(4) = 16 W

(iv) Efficiency = Lo x100%
P,

=2 100%
24416

= 60%

® O

Transformer

< Two wires connected from power supply to the left side of a transformer >
< Two wires connected from the transformer to the right side of another transformer >

< Two wires connected from the left side of the other transformer to the lamp >

1]

1

m
m

(]

(1

i

[2]

2]

(1]

[1]

[3]

|
[1]
[1]

(by (ii) Transformer 7} steps up the voltage.
The current through the cable is reduced.

As power dissipated in the cables is equal to 7R, so the power loss is reduced.

P.n
14
=2A

(a) (i) CurrentthroughX =

(i)) Voltage drop across R = 24 -6 = 18V

18

(iii) Resistance of 8 = 7 =
n 2
90

(iv) Percentage = &81 x 100%
2(24)

= T5%
OR

2
Percentage = 20 « 100%

2(24)
= 75%
OR
Percentage = _Z(IL x 100%
2(18)+12
= 75%

® @

< Correct connection of circuit >
24V
a.c. supply l CD X < Correct symbols >

(ii) This method can reduce the power loss in the circuit.

(i) Tums ratio = Y. _24
v, 6
-4
Primary current = P _12
v 24
054

(11
(1]
(1 -

(1
[1]
(]
[1]
(1]
(2]

(1]

[2]

(1]

21

[1]

(1
0y

11
(1]
(1]
Iy
[1
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9.

@ O

(b)

o |

Ny
NS
. 220 _ 5000

110 W,

. Ns = 2500

(i) P= —

‘ _ (110')2
- (1000) = o

. R=121Q

Output power
Input power

1000

(ili) Efficiency = %x100%

(80%) = x 100%

in

. Pu=1250W
(V) P=VI

(1250) = I(220)

L I=57A

(i) If an excessive large current flows through the cooker
the fuse will melt (blow) and breaks the circuit.
(ii) John is not correct.
The selector switch should not be set to 120 V, as the applied voltage in Hong Kong is 220 V,
that is much higher than the rated voltage.
The fuse of the cooker will blow.

Peter is correct.

The switch should be set to 240 V, as applied voltage in Hong Kong is 220 V.

Since the applied voltage is slightly less than 240 V, the output power would be less than 360 W.

Ti is used to step up the voltage.

An a.c. voltage is used because it can be stepped up or down by transformers efficiently.
Stepping up the voltage can reduce the current passing through the cables.

This can reduce the power loss in the cables.

[ OR This can increase the efficiency of power transmission.]

[1]

0]

1]

f]

(1]

[1]

m

(1]
(1]

(1]

[1]
[t

(1

(1]
[}
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1. (@ (@) P=VI=(12)x(.8) [1]
=216W 1
(i) E = Pt = (2.16)x (3 x 60) [13
=388.8J (OR 389J) [1]
(o) E =Pt
= (3) x (16 x 60 x 60) [1
= 1728007 (OR 173000J) (OR 173 kJ) [11
(¢} () When the charging unit is connected to the mains supply, an alternating current flows through coil ¥. [1]
A changing magnetic field is set up in coil ¥ and hence in coil X, n
An induced voltage is set up in coil X to recharge the cell. [1]
G) By Ye-Ne
s Ns
220 _ 11000 1
W, 1
Ns = 150
Coil X has 150 turns. 1]
(i) The soft iron bar can increase the strength of the magnetic field. {11
(d) (i) The pins should be connected to the live and neutral wires. [1]
(i) Any ONE of the following : [1]
% The charging unit has no metal case.
% The charging unit has a completely insulated plastic cover.
% The charging unit is double-insulated.
12. (a)
/v
N - | |
101 ‘
(1]
5
2
i
0 > 4 nwiv
The output voltage ¥ is proportional to the input voltage V1. [1
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3%

®)

©

(@

(®)

®

©

She should vary the number of turns of the secondary coil #;, and measure the corresponding output voltage 72.

The input voltage ¥ and the number of turns of the primary coil 711 should remain unchanged.

Josephine should use ammeters to measure the primary current /; and secondary current /3,
and calculate the input power ¥; [ and the output power V2 I
.1

171

x100%

The efficiency of the transformer can then be estimated by

The current is induced when the magnetic field between the two solenoids is changing.
By Lenz’s law, the induced current flows in a direction to oppose the change.

‘When the magnet rotates towards a solenoid, the induced current flows in one direction,

and when the magret rotates away from the solenoid, the induced current flows in the opposite direction.

Voo Jip
s s
O peisv
a2 @
(i) Easy to step up during transmission.

(ii) Reduce power loss.

Ny = SOOX% = 5000

@ v =1IR
= (0.1)(80) = 8V
() Vro =100 — 8 — 8 = 84V
@iy P = VI
= (84)(0.1) = 84 W
OR

P =VI-I*R
(100)(0.1) ~ (0.1 (80 x2) = 8.4 W

@ Deliver the power through the cable using a higher voltage.

(OR Increase the number of turns in the secondary coil of transformer X. )

@  Use thicker wires for the cable.

(OR Decrease the resistance of the cable.)

1
1l

(]
(il
1

{1

{t]

[t

{1
1
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15.

17.

18.

(a) () Southpole

(i) No induced current can flow in the open circuit.

The magnet then passes through the solenoid without any resistive magnetic force.

(b) (i) To step up the voltage.
(ii) Use thicker wires in the coils.
Use laminated core.
(iii) As the magnitude of the current is varying, C; produces a varying magnetic field.
Cy will still experience changing magnetic field.
Current will be induced in C) and hence, Tom’s claim is wrong.
(@) The output voltage 77 is directly proportional to the input voltage #1. <accept Vs« ¥ >

) 2=80x10 =133V <acoept 13.2 1o 13.6V >
6

(c) The input voltage ¥ and the number of turns of the primary coil N should remain unchanged.

She should vary the number of turns of the secondary coil N of the transformer,
and measure the corresponding output voltage ¥2.

The relationship can then be studied.

(d) Josephine may use ammeters to measure the primary current /; and secondary current I,

She can then calculate the input power ¥} I and the output power V2 I

The efficiency can then be estimated by : efficiency = OWPUtPOwer , 1gg0,
input power

(a) When the primary current is suddenly interrupted, the magnetic field through the secondary coil changes.

An e.m.f. is induced across the secondary coil.

(b) The number of turns of the secondary coil is much larger than that of the primary coil.
OR

The rate of change of magnetic flux is very large.

(¢) By Velp = VslIs, as secondary voltage is higher, the primary current is larger.

In order to minimize the heating effect of the primary current, thick wire of smaller resistance should be used.

15

The r.m.s. voltage of the a.c. supply = 22 = 106V
2

This value is smaller than 12 V, thus the power output of the heater decreases.

(1]

f1]
(1]

[1

(1]
(1

(1]
(1
i

[1

1

[1]

[1]

[t
{1
(1

{1
1

By

{1]

Ry
(1

(i

f1]




DSE Physics - Section D : Question Solution PD - EM6 - QS / 09 DSE Physics - Section D : Question Solution PD-EM6-QS/10

EMBS6 : Alternating Current | EMG6 : Alternating Current
19. (a) Inbathroom, humid air and mist contain much water that is a conductor. [11 21. (a) (ii) The strands are connected in parallel. 1]
| OR
i ducti th between the human body and the source of electricity. [1]
e ‘ 4 The cross-sectional area of cable is greater than each of transmission line, [13
OR
The water lowers the resistance between the hwman body and the source of electricity. [1] Resistance of cable per km = %102 = 0.05 Q km™! [
" i 1
(b) ® The human body would get electric shock il (iti) The resistance of the bird's body is much larger than that of the short segment of the overhead cable. [
because current flows through the body to the Earth and returns to the Neutral wire. [1] oR
(ii) The human body will not get electric shock 1] | The potential difference across the feet is very small. 3
because there is no return path for the current (OR there is no complete circuit) 1] Hence, negligible current flows through the bird's body. 3}
(¢) Turnsratio = 2:1  <accept turns ratio=2> () @ By P=VI i1
& (180 % 10%) = (400 x 10%) 7
w I=450A (1]
20. (a) keeping warm 1
(i) R=005%10 =050
®p=" Pl = I*R = (450)2 x (0.5) = 101 250 W o
R Percentage of power loss = __101250 x 100% = 0.05625% < 0.1 % [17
0)* 180x10°
oo(88) = (22007 [
1
it) ¥s = 400x L = 333 kv 3
Ri = 550Q B 12
(c) Power given out by the resistor Ry = 550 - 88 = 462 W 1] (iv) Heating loss due to the heating effect of current in the resistance of coils. B8]
P=VI g [ Use thicker wires for the coils. [
OR
462) = (220) I [
620/ = ety i | Power loss due to eddy current induced in the soft iron core. [1]
=l . Use laminated soft iron core. (1]
OR
Total current = P (550) - 554 [1]
v (220
Currentin Ry = (220) = 044 (1]
(550)
Currentin Rz = 2.5 - 0.4 = 2.1 A [1]
(d) Peak current = J2 %25 [1]
=354A 1

21. (a) (i) Consider alength of 1000 m

R = PL = (26x10)x(1000) _ 54 [
4 (1.3x107)

Resistance per km = 2.0 Q km™! 1]






