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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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39.

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.




DSE Physics - Section D : M.C. Solution
EM1 : Electrostatics

PD - EM1-MS/09

DSE Physics - Section D : M.C. Solution
EM1 : Electrostatics

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
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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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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
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" 2. Transfer Processes (#4445 i&42)

3. Change of State (3 fE e 2 8)

4. General Gas Law ($@ /&M E4H

5. Kinetic Theory (&%)
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. Newton’s Laws (43 &£ 4)

. Moment of Force ( /7 4£)

. Work, Energy and Power (453 ~ fe 4035 %)
. Momentum ($ %)

. Projectile Motion (#5441 %)
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2. Atomic Model (B-F#8)
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Elective 1 — Astronomy and Space Science (X X £ o L R #4)
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2. Astronomy through history (& s # #4484 %)

3. Orbital motions under gravity (€5 Tt $uii E #)
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1. Rutherford’s atomic model (& ##%8 FH )
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1. Making sense of the eye (B ¢) & F)

2. Making sense of the ear (F 49K %)

3. Medical imaging using non-ionizing radiation (35 % Meds 47 8 4% 4 4)
4, Medical imaging using ionizing radiation (% #4549 8 4 945 4)





