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01 (a) Define charge.

(b) A heater is made from a wire of resistance 18.0Q and is connected to a power supply-of
240V. The heater is switched on for 2.60Ms.

Calculate

(i) the power transformed in the heater,

(ii) the current in the heater,

CUHITENL = ooicsivvereereerecersenrnrieereesssesnnens A[1]

(iii) the charge passing through the heater in this time,

(iv) the number of electrons per second passing a given point in the heater.
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2 (a) Define electric field strength.

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

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

(b) A potential difference of 2.5kV is applied across a pair of horizontal metal plates.in a vacuum,
as shown in Fig. 2.1.

metal
plate

2.0cm —
electron ________—/ B 5
o

L

velocity A _ &Ky
3.7 x 10’ms™

2.0cm

metal
plate

Fig. 2.1 (not to scale)

Each plate has a length of 5.9cm. The separation of the plates is 4.0cm. The arrangement
produces a uniform electric field between the plates.
Assume the field does not extend beyond the edges of the plates.

An electron enters the field at point A with_horizontal velocity 3.7x10"ms™" along a line
mid-way between the plate sJ he electrcgn:!a ves the ﬂeld at point B.

(i) Calculate the time taken for the electron to move :fro;jn Ato B.

HIMIE tAKEN = oo e r e aanes s [1]

(ii) Calculate the magnitude of the electric field strength.

fIElt) SETENGHN = s swssrn«-aimsisssamomss s smsmsons sesaoes NC[2]

(iii) Show that the acceleration of the electron in the field is 1.1 x 10"®ms2,
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(iv)

(v)

(vi)

© UCLES 2016
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Use the acceleration given in (iii) and your answer in (i) to determine the vertical distance
y between point B and the upper plate.

Explain why the calculation in (iv) does not need to include the gravitational effects on
the electron.

.................................................................................................................................... [1]
The electron enters the field at time { = 0.
On Fig. 2.2, sketch graphs to show the variation with time t of
1. the horizontal coﬁ?hponémf\'ﬁ f thcz velocity of the electron,
2. the vertical componenth ft velocuyof t/tywe %electron.
Numerical values are gnot réqﬁired. e
A A
Vx Vy
0 b 0 g
0 t 0 t
Fig. 2.2
(2]
[Total: 12]
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3 (a) Define electric field strength.

(b) A sphere S has radius 1.2 x 10-°m and density 930kgm™
Show that the weight of S is 6.6 x 107'4N.

2]

(c) Two horizontal metal plates are 14mm apart in a vacuum. A potential difference (p.d.) of
1.9kV is applied across the plates, as shown in Fig. 3.1.

+1.9kV o— l /

metal plate

metal plate

£ st rashe

A uniform electric field is produced-betweer
The sphere S in (b) is charged and is held statlonary between the plates by the electric field.

() Calculate the electric field strength between the plates.

electric field Strength = ..........coccoiiieieeeeeee e vm[2]
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(ii) Calculate the magnitude of the charge on S.

| ’ (iii) The magnitude of the p.d. applied to the plates is increased.

Explain why S accelerates towards the top plate.

© UCLES 2014 9702/22/0/N/14
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4 (a) Define electric field strength.

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

(b) Two horizontal metal plates are 20mm apart in a vacuum. A patential difference of
1.5kV is applied across the plates, as shown in Fig. 4.1.

metal plate

+1.5kV
o oil drop 20mm
oV metal plate
Fig. 4.1
A charged oil drop of mass“~5:0"s<'*‘?@mli*kgﬁi? held-stationary by the electric field.
(i) On Fig. 4.1, draw line petween the plates. [2]
(ii) Calculate the electric h-between the plates.
................................ vm[1]
(iii) Calculate the charge on the drop.
CHATTE B crcawmmunsssssammemamsmenss s C[4]

(iv) The potential of the upper plate is increased. Describe and explain the subsequent
motion of the drop.
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5 Anelectron is travelling in a straight line through a vacuum with a constant speed of 1.5 x 10"ms™".
The electron enters a uniform electric field at point A, as shown in Fig. 5.1.

uniform
electric field

g 2>
electron speed
1.5x10"ms™"

Fig. 5.1

The electron continues to move in the same direction until it is brought to rest by the electric field
at point B. Distance AB is 2.0cm.

(a) State the direction of the electric field.

............................................................................................................................................... [1]
(b) Calculate the magnitude of the deceleration of the electron in the field.
dECEIEration = ...occooviiiieieieeereecer e ms™ [2]
(c) Calculate the electric field strength.
electric field Strength = ..o vm[3]
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15
(d) The electron is at point A at time t= 0.

On Fig. 5.2, sketch the variation with time t of the velocity v of the electron until it reaches
point B. Numerical values of vand tdo not need to be shown.

A

Fig. 5.2
(1]

[Total: 7]

© UCLES 2017 9702/22/FIM/17 [Turn over




6 Two horizontal metal plates X and Y are at a distance 0.75cm apart. A positively charged ;
particle of mass 9.6x10~15kg is situated in a vacuum between the plates, as illustrated in | gumirers

Fig. 6.1. Use
plate X
A | D S A S aE e
0.75cm o
|
plate Y
Fig. 6.1

The potential difference between.the.plates.is.adjusted until the particle remains stationary.

(a) State, with a reason, which plate, X or’Y; is positively chérged.

(b) The potential difference regunred .,or tha clet@be séétionary between the plates is
found to be 630 V. Calculatg___~ " e meeome oo

(i) the electric field strength between the plates,

field strength = .........cooiiiiiiiiiniiie, NC [2]
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13

(ii) the charge on the particle.
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7  Two oppositely-charged parallel metal plates are situated in a vacuum, as shown in Fig. 7.1. For
) Examiner’s
. Use
negatively-charged
metal plate -
particle, mass m
___.._..__._.__\7__.._ ___________________________________________________
charge +q
speed v
positively-charged | . + :
metal plate : |
1 L 1

Fig..7.1

The plates have length L. \
The uniform electric field between the plates has magnltude E. The electric field outside the
plates is zero.

A positively-charged particle has mass m and charge +q. Before the particle reaches the
region between the plates, it is travelling with speed v paraliel to the plates.
The particle passes between the plates‘and into the region beyond them.

(@) (i) OnFig. 7.1, draw the path of the partlcle between the plates and beyond them. [2]

Iates, state expressions, in terms of E,

(ii) For the particle in the%;;eg QQ&QQME
m, q, v and L, as appropriate, for

1. the force F on the particle,

2. thetime t for the particle to cross the region between the plates.

© UCLES 2010 9702/23/0/N/10
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(b) (i) State the law of conservation of linear momentum. Fap

Examiner’s
Use

(ii) Use your answers in (a)(ii) to state an expression for the change in mementum of
the particle.

(iii) Suggest and explain whether the law of conservation of linear momentum applies
to the particle moving between the plates.

© UCLES 2010 9702/23/0IN/10 ) [Turn over
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0 & (@) Define electric field strength. v

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

(b) Two flat parallel metal plates, each of length 12.0cm, are separated: by-a_distance, of
1.5cm, as shown in Fig. 2.1.

I +210V
elecron . 15
speed 5.0 x 10’ ms™! e
: 12.0cm E
Fig. 2.1

The space between the plates is avacuum.
- The potential difference between the plates is 210V. The| electric field may be assumed

to be uniform in the regiongbetween,_,tf@g«fpgf tes.and zero i‘utside this region.
Calculate the magnitude of the ele¢ “strength between the plates.

ic fiel
ey

field strength = ..., NC[1]

© UCLES 2007 9702/02/M/J107
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(c) An electron initially travels parallel to the plates along a line mid-way between the plates,
as shown in Fig. 2.1. The speed of the electron is 5.0 x 10’ ms™,

For the electron between the plates,

() determine the magnitude and direction of its acceleration,

(ii) calculate the time for the electronito tra
of the plates. Jos

(d) Use your answers in (c) to determine whether the electron will hit one of the plates or
emerge from between the plates.

3]
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An electron travelling horizontally in a vacuum enters the region between two horizontal

?+4OOV

metal plates, as shown in Fig. 6.1.

electron P
path >

region of / J_

electric field

Fig. 6.1

The lower plate is earthed and the upper plate is at a potential of + 400 V. The separation of
the plates is 0.80 cm.

umed to be uniform and outside the plates

The electric field between the plates may be
to be zero.

S

(a) OnFig. 6.1,

(i) draw an arrow at P to show the direction of the force on the electron due to the
electric field between the plates,

(ii) sketch the path of the electron as it passes between the plates and beyond them.

(3]

(b) Determine the electric field strength £ between the plates.

9702/2/0/N/02

For
Examiner’s
Use



11 For
Examiner’s
(c) Calculate, for the electron between the plates, the magnitude of v
(i) the force on the electron,
force = ..., N
(ii) its acceleration.
acceleration = ....................cccooiii ms2
(4]
(d) State and explain the effect, if any, of this electric field on the horizontal component of
the motion of the electron. :
...................................................................................................................................... [2]
9702/2/0/N/02 ’ [Turn over




J 0 (@) Two horizontal metal plates are connected to a power supply, as shown in Fig. 7.1.

For
Examiner’s
metal plate e
s~ l _
7k
+ 0
1.2kV 40mm
-9
. |
l metal plate
Fig. 7.1

The separation of the plates is 40mm.

The switch S is then closed so that a potential difference of 1.2kV is applied across the
plates.

résént the electric field between the metal

(i) On Fig. 7.1, draw six field lings 46"
/42 @

plates.

(ii) Calculate the electric field streﬁéth E between the plates.

| (b) The switch S is opened and the plates lose their charge. Two very small metal spheres
| A and B joined by an insulating rod are placed between the metal plates as shown in

Fig. 7.2.
|
| metal plate
S~ | B
| i
} - 15mm —
| + .0 1 1
j C B
| 1.2kV "o @ 40mm
-—O —e +e
insulating rod
I |
I metal plate
Fig. 7.2

© UCLES 2013 9702/23/0/N/13




15

Sphere A has charge —e and sphere B has charge +e, where e is the charge of a proton.
The length AB is 15mm. The rod is supported at its centre C so that the rod is horizontal
and in equilibrium.

The switch S is then closed so that the potential difference of 1.2kV is applied across
the plates.

(i) There is a force acting on A due to the electric field between the plates.
Show that this force is 4.8 x 10~15N.

[2]
(ii) The insulating rod joining A and B is fixed in the position shown in Fig. 7.2.
Calculate the torque of the couple acting on the rod.
FORQUEI S Lintiiiidivsiin i isionngoneeenns UNit [3]
(iii) The insulating rod is how reléased so'that it is free to rotate about C.
State and explain the position of the rod when it comes to rest.
.............................................................................................................................. [2]

© UCLES 2013 9702/23/0/N/13
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5
1 1 (@) Explain what is meant by an electric field.

............................................................................................................................................... [1]
(b) A uniform electric field is produced between two vertical metal plates AB'and, CD, as shown in
Fig. 7.1.
A C
a-particle | i
B 16mm D
450V
+ -—
O Oo—

An a-particle is accelerate

() On Fig. 7.1, draw lines between the plates. [2]
(i) Calculate the electric field str s,
electric field Strength = ............ccooooveieeei e, vm[2]

(iii) Calculate the work done by the electric field on the a-particle as it moves from AB to CD.

WOTK dONE = oo J [3]

Question 7 continues on page 16.
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16
(iv) A B-particle moves from AB to CD. Calculate the ratio

work done by the electric field on the a-particle
work done by the electric field on the p-particle.

Show your working.
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1 2 Two vertical parallel metal plates are situated 2.50cm apart in a vacuum. The potential
difference between the plates is 350V, as shown in Fig. 6.1

[ 350V -
| / electron
+ ki -
2.50cm
Fig. 6.1

An electron is initially at rest close to the negative plate and in the uniform electric field
between the plates.

(@ (i) Calculate the magnitude of the electric field between the plates.

electric field strength L —————— NC [2]

(i) Show that the force on the electron due to the electric field is 2.24 x 10-15N.

(2]

For
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Use
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12

(b) The electron accelerates horizontally across the space between the plates. Determine For
Examiner's

(i) the horizontal acceleration of the electron, e

acceleration = ..........ccooooevoovioi ms—2 [2]

(i) the time to travel the horizontal distance of 2.50cm between the plates.

(c) Explain why gravitational e
your calculation in (b).

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

...-....................-...-...-...--..-...-.-..-.......-...-...--...-...--..-- ..........................................................

© UCLES 2009 9702/22/M/J109




Two vertical parallel metal plates are situated 2.50cm a

part in a vacuum. The potential
difference between the plates is 350V, as shown in Fig. 6.1

For

. Examiner's
Use
- 350V
electron
+ b -
i
e 2.50cm o
I
Fig. 6.1

An electron is initially at rest close to the negative plate and in the uniform electric field
between the plates.

(@ (i) Calculate the magnitu@&a@&h@@l@@tﬁe&i@ld@a&w@e@ the plates.

:

(i) Show that the force on the electron due to the electric field is 2.24 x 10715N.

(2]

© UCLES 2009 9702/21/M/3/09
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(b) The electron accelerates horizontally across the space between the plates. Determine For

) - Examiner’s
(i) the horizontal acceleration of the electron, Use

acceleration = ........c.ocvveeeeiioie ms=2 [2]

(i) the time to travel the horizontal distance of 2.50cm between the plates.

R

(c) Explain why gravitational effects on 1he electron need not be taken into consideration in
your calculationin (b).

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

..........................................................................................................................................
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14  Two parallel plates P and Q are separated by a distance of 7.6mm in a vacuum. There is a For

potential difference of 250V between the plates, as illustrated in Fig. 4.1. Examiner’s
Use
7.6 mm
plate P~ | X T plate Q
250V |
—Y
Fig. 4.1

Electrons are produced at X on plate P. These electrons accelerate from rest and travel to

plate Q. e
The electric field between the plates may be assumed to be uniform.

(@) (i) Determine the force on an ele¢ fue to'the electric field.

(ii) Show that the change in kinetic energy of an electron as it moves from plate P to
plate Qis 4.0x107"7 J.

(2]

© UCLES 2008 9702/02/0/N/08
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(iii) Determine the speed of an electron as it reaches plate Q. For
Examiner's
Use

(b) The positions of the plates are adjusted so that the electric field between them is not
uniform. The potential difference remains unchanged.

State and explain the effect, if any, of this adjustment on the speed of an electron as it
reaches plate Q.

© UCLES 2008 9702/02/0/N/08 [Turn over
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4

Two large flat metal plates A and B are placed 9.0 cm apart in a vacuum, as illustrated in
Fig.5.1.

plate A plate B
8.Ccm
Lol
%
480V
Fig. 5.1

A potential difference of 450 V is maintained between the plates by means of a battery.

(@) (i) On Fig.5.1, draw an arrow to indicate the direction of the electric field between
plates A and B. '

(i) Calculate the electric field strength between A and B.

field strength = ..........................cccc.... NC!
(3]

9702/2/0/N03
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15 For

Examiner’s

(b) An electron is released from rest at the surface of plate A. e

(i) Show that the change in electric potential energy in moving from plate A to plate B
is 7.2x10~17J.

(ii) Determine the speed of the electron on reaching plate B.

(c) On the axes of Fig.5.2, sketch a graph to show the variation with distance d from plate

A of the speed v of the electron. (1]
&
v
Q i H H H H
o 2 4 -] 10
dicm
Fig. 5.2

9702/2/0/N03 [Turn over




16 Two parallel metal plates P and Q are situated 8.0 cm apart in air, as shown in Fig. 6.1.

8.0 cm

+160 V

Fig. 6.1
Plate Q is earthed and plate P is maintained at a potential of +160 V.

(@) (i) On Fig.6.1, draw lines to represent the electric field in the region between the
plates. > [2]

(i) Show that the magnitude of the electric field between the plates is 2.0 x 103V m.

(1]

© UCLES 2005 9702/02/M/J/05
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13

(b) A dust particle is suspended in the air between the plates. The particle has charges of
+1.2x10715C and —1.2x107'5C near its ends. The charges may be considered to be
point charges separated by a distance of 2.5 mm, as shown in Fig. 6.2.

+1.2x10-15C

_direction of

~ electric field
-1.2x10-15C
Fig. 6.2
The particle makes an angI'e“"cf“35"“V\‘iith"the“'direction"of'the electric field.
(i) On Fig. 6.2, draw arrows to show the direction of the force on each charge due to
the electric field. ’ [1]
(ii) Calculate the magnitude of the force on each chargé due to the electric field.
force = e, N [2]
(ili) Determine the magnitude of the couple acting on the particle.
‘ COUPIE = e, Nm [2]

‘ -

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

© UCLES 2005 9702/02/M/J/05 [Turn over

For
Examiner's
Use




,j T (a) State whatis meant by an electric field. For
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Use

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

(b) The electric field between an earthed metal plate and two charged metal spheres,is
illustrated in Fig. 5.1.

earthed
metal plate

charged

charged
sphere

sphere

Fig. 5.1

(i) On Fig. 5.1, label each sphere with (+) or (=) to show its charge. [1]

(ii) OnFig. 5.1, mark a re;;ion Wheré~»tﬁe:magnitude of the electric field is

1. constant (label this region C), (1]

2. decreasing (label this region D). [1]

© UCLES 2010 9702/21MIJ0 [Turn over
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(c) A molecule has its centre P of positive charge situated a distance of 2.8 x 10-9m from
its centre N of negative charge, as illustrated in Fig. 5.2.

w1 0-"%m
ll o . >
applied

= electric field
50x10% Vi

molecule

Fig. 5.2

The molecule is situated in a uniform electric field of field strength 5.0 x 10*Vm=". The
axis NP of the molecule is at an angle of 30° to this uniform applied electric field.
The magnitude of the charge at P and at N is 1.6 x 10-"9C.

.arrow at l\i to show the directions of the
ch of these points. [1]

(i) On Fig. 5.2, draw an szarrow at Pa
forces due to the applied electric fi

(i) Calculate the torque on the mo}@gg{&p@éﬂ;ted by tl’ie forces in (i).

OrquUe = ..o, N m [2]

© UCLES 2010 9702/21/M/3110
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1 8 (a) Define electric field strength.

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

............................................................................................................................................... [1]
(b) An electron is accelerated from point A to point B by a uniform electric/field; as iffustrated in
Fig. 3.1.
/ electricfield
A electron € B
e < @
s — é.. e
Fig. 3.1

The distance between A and B is 12mm. The velocity of the electron at A is 2.5kms™" and at
Bis 18Mms™.

Calculate

(i) the acceleration of the electron,

acceleration = .......ccceveiveeecieeeceeee s ms™ [2]

(ii) the change in kinetic energy of the electron,

change in KINBHC BNEIGY = uciiiewisssisuisisossntssassossnt ssbsssssssssssnssss J [3]

© UCLES 2017 9702/23/M1J/17




(iii) the electric field strength.

electric field strength = ........ccoovviveieece e, vm[3]
(c) An a-particle moves from Ato B in the electric field in (b).

Describe and explain how the change in the kinetic energy of the a-particle compares with
that of the electron. Numerical values are not required.

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

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

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

[Total: 12]
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