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10.1 Concept of an electric field

CHAPTER 10. ELECTRIC FIELDS

186. 9702_ml17 qp 22 Q: 5

An electron is travelling in a straight line through a vacuum with a constant speed of 1.5 x 10/ ms™1,
The electron enters a uniform electric field at point A, as shown in Fig. 5.1.

uniform
electric field

L >
electron speed
1.5 x 10'ms™

Fig. 5.1

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

(a) State the direction of the electric field.

o@

ECEIEIAION = ..ovvecvie e ms—2[2]
(c) Calculate the electric fi
Py 1
g
*
electric field SIreNGth = ..o vm[3]
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(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 v and tdo not need to be shown.

A

Fig. 5.2 e
(1]
P é [Total: 7]
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(a) Define electric field strength.

(b) An electron is accelerated from point A to point B by a uniform electric field, as illustrated in
Fig. 3.1.

electric field

A electron
o—r=

N PNNDN NN

Fig. 3.1

The distance between A and B is 12mm. The velocity of the elegroré a kms~' and at

Bis 18 Mms™.

Calculate

(i) the acceleration of the electron, &

&

cceleration = ..o ms—2[2]

(ii) the change in 'Q&f the electron,

&

*

change in Kinetic energy = ........oeee e J [3]
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(iii) the electric field strength.

electric field strength = ..., Vm[3]
(c) An o-particle moves from A to B in the electric field in (b).

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

[Total: 12]
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(a) Define electric field strength.

(b) Two very small metal spheres X and Y are connected by an insulating rod of length 72mm. A
side view of this arrangement is shown in Fig. 4.1.

uniform electric field,
| field strength 5 0*Vm
in vertically direction

horizontal

SIDE

VIEW X o(\
—3e
Fig. 4.14(not t@)

Sphere X has a charge of +3e and as a charge of -3¢, where ¢ is the elementary
charge. The rod is held at its m@ Z at an angle ¢ to the horizontal. The rod and
spheres have negligible mass a uniform electric field. The electric field strength is
5.0 x 10*Vm™. The directi field is vertically upwards.

(1) The electric fi ed by applying a potential difference of 4.0kV between two
charged p al plates.

1. Cal eparation between the plates.

Separation = .....cccoccevee e m [2]
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2. Describe the arrangement of the two plates. Include in your answer a statement of
the sign of the charge on each plate. You may draw on Fig. 4.1.

(i) Determine the magnitude and direction of the force on sphere Y.

magnitude = &b .................... N
direction ..........

[2]
(iii) The electric forces acting on the two spheres for ple. This couple acts on the rod
with a torque of 6.2 x 1071 Nm.
Calculate the angle & of the rod to the h@
O = e °[2]
[Total: 9]
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CHAPTER 10. ELECTRIC FIELDS

(@) A spherical oil drop has a radius of 1.2 x 10~8m. The density of the oil is 940kgm=3.

(i) Show that the mass of the oil drop is 6.8 x 10~1°kg.

(2]

(ii) The oil drop is charged. Explain why it is impossible for the magnitude of the charge to
be 8.0 x 1020C.

(b) The charged oil drop in (a) is in a vacuum between two horizon

ates, as illustrated
in Fig. 4.1.

| plate
+V

oil drop,

mass 6.8 x 107'°kg
8.0mm ‘
= uniform el Id, metal plate
field stren 0°Vm-'

0 Fig. 4.1

y a distance of 8.0mm. The electric field between the plates is
gth of 2.1 x 105V m~.

The plates are s
uniform and has

ally downwards with a constant speed.

(i) (fgﬁulate tial difference V between the plates.
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(iii) Determine the charge on the oil drop.

(c) The magnitude of the potential difference between the plates in (b) is decreased.

(i) Explain why the oil drop accelerates downwards.

(d) Two types of force, X and Y, can an oil drop when it is in air, but cannot act on an oil
drop when it is in a vacuum. I@ n act on an oil drop when it is stationary or when it is

moving. Force Y can on oil'drop when it is moving.
State the name of:

(i) force X

[Total: 14]
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Two vertical metal plates in a vacuum are separated by a distance of 0.12m.
Fig. 4.1 shows a side view of this arrangement.

. 0.080m
I X 3. sand -
particle
2.0m
0Vo 0 +900V
path of
particle
L
metal plate ] [ metal plate 0

0.12m

Fig. 4.1 (not to scale)

0\
Each plate has a length of 2.0m. The potential difference bet@&lates is 900 V. The electric

field between the plates is uniform.

A negatively charged sand particle is released from re int X, which is a horizontal distance
of 0.080m from the top of the positively charged pl particle then travels in a straight line
and collides with the positively charged plate atits | oint Y, as illustrated in Fig. 4.1.

(@) Describe the pattern of the field lines (lin ce) between the plates.

______________________________________________________ T

............................................................................................................................. 2]
(b) State the name forces acting on the particle as it moves from X to Y.
............................................................................................................. 1]
oo
(c) By considerin cal motion of the sand particle, show that the time taken for the particle
to move fro is 0.64s.
(2]
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(d) Calculate the horizontal component of the acceleration of the particle.

horizontal component of acceleration = ...........cccccovveeiiiiiiiiieec e ms=2[2]

(e) (i) Calculate the magnitude of the electric field strength.

electric field strength = ...

Qv
(ii) The sand particle has mass m and charge g. Use your answ i d (e)i) to
determine the ratio 9.
m Q\

(f) Another particle has a smaller mai e of the ratio ’% than the sand particle. This particle is

For the movement
ratio on:

[Total: 13]
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A small charged glass bead of weight 5.4 x 10™>N is initially at rest at point A in a vacuum. The
bead then falls through a uniform horizontal electric field as it moves in a straight line to point B, as

illustrated in Fig. 2.1.

vertical

glass bead
weight 5.4 x 105N .
chargge -3.7x107°C A oo horizontal

uniform horizontal
electric field,

path of the
field strength 1.3 x 104V m™!

falling bead

B
side view

Fig. 2.1 (not to scale) q
0~ C.

The electric field strength is 1.3 x 10*Vm~"'. The charge on the bea

(@) Describe how two metal plates could be used to produce th &n ield. Numerical values
are not required. b

............................................................................................................................ [2]
(b) Determine the f the electric force acting on the bead.
*
&
*
®
electric Torce = .....vvviieceeeece e N [2]
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(c) Use your answer in (b) and the weight of the bead to show that the resultant force acting on it
is7.2x 10™°N.

(1]

(d) Explain why the resultant force on the bead of 7.2 x 10~5N is constant as the bead moves
along path AB.

(e) (i) Calculate the magnitude of the acceleration of the bead along th

Use your answer in (i) to deter, speed of the bead at point B.

[Total: 11]
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CHAPTER 10. ELECTRIC FIELDS

(a) State the property of an object that experiences a force when the object is placed in:

(i) a gravitational field

(b) A potential difference of 1.2 x 10%V is applied between a pair of horizontal metal plates in a

vacuum, as shown in Fig. 3.1.

top metal plate

particle

X
charge —4.2 x 10°C

103V
L

mass 5.9 x 10%kg

velocity 0.75ms™

/

bottom meta

Fig. 3.1 (not to sca|®
e e

The separation of the plates is 3.6cm. Th

A particle of mass 5.9 x 10%kg and ¢
horizontal velocity of 0.75ms~" alon

midway between
The particle is deflected by the fie

(i) Calculate the magnitud

electric force =

d between the plates is uniform.

.2 x 1072C enters the field at point X with a

the two plates.

s the top plate at point Y.

ectric force acting on the particle in the field.
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(i) By considering the resultant vertical force acting on the particle, show that the
acceleration of the particle in the electric and gravitational fields is 14ms=.

[4]
(iii) Determine: 0
1. the time taken for the particle to move from Xto Y b

0\

....................................................... s [2]
2. the distance p of point Y fr@ eft-hand edge of the top plate.

P = m [1]

[Total: 12]
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CHAPTER 10. ELECTRIC FIELDS

(a) Define electric field strength.

............................................................................................................................................... [1]
(b) Two parallel metal plates in a vacuum are separated by a distance of 15mm, as shown in
Fig. 6.1.
+ -
[ "1
particle
mass 1.7 x 1027kg
charge +1.6 x 107'°C
- - ——-> - ———
AL A2
metal — | [ met
plate | | | plat
. 15mm_ | Q\
Fig. 6.1
A uniform electric field is produced between the pla pplying a potential difference

between them.

A particle of mass 1.7 x 1027kg and char 0~19C is initially at rest at point A on
one plate. The patrticle is moved by the electric fi 0 point B on the other plate. The particle
reaches point B with kinetic energy 2.4 x 1016

(i) Calculate the speed of the part':c@)int B.

L 2

0‘,‘

*

(ii) State the work done by the electric field to move the particle from Ato B.

WOrK dONE = ..o J[1]
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(iii) Use your answer in (ii) to determine the force on the particle.

(iv) Determine the potential difference between the plates.

potential difference = ................. ( ...........................
(v) On Fig. 6.2, sketch a graph to show the variation of t wenergy of the particle with

the distance x from point A along the line AB.
Numerical values for the kinetic energy are not requir

n °
frete ’00:
X

-
L

15 x/mm

[1]
[Total: 10]
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(a) Define electric field strength.

CHAPTER 10. ELECTRIC FIELDS

(b) Two parallel metal plates in a vacuum are separated by 0.045m. A potential difference Vis

applied between the plates, as shown in Fig.5.1.

metal plate

0.045m T

metal plate proton

Fig. 5.1

A proton is initially at rest on the surface of the positive plate
electric field takes a time of 1.5 x 107’ s to reach the nega

(i) Show that the acceleration of the proton is 4.0

r n the proton.

(i) Calculate the eQ

*
&

*

&

he proton in the uniform

(2]

?‘]'PapaCambridge



“aPPapacambridas,.

(iii) Use your answer in (ii) to determine

1. the electric field strength,

field Strength = .....oooovee e NC[2]

2. the potential difference V between the plates.

(c) An « particle is now accelerated between the two metal plates in electric field.

Calculate the ratio 0
acceleration of o particle

acceleration of proto

[Total: 10]
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Two parallel vertical metal plates are connected to a power supply, as shown in Fig. 6.1.

metal plate metal plate

! 16mm [

: <

O+
o

Fig. 6.1
The separation of the plates is 16 mm. ‘\
(a) On Fig. 6.1, draw at least six field lines to represent the ele % between the plates. [1]
(b) An a-particle travels in a vacuum between the two plat %

The electric field does work on the a-particle. The gai kinetic energy of the a-particle is
15keV.

Calculate the electric field strength betw@yiates.

electric field strength = .......cccooivieiieiciccee e vm [4]

[Total: 5]
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(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 Vi ——
electron . —"B

+
velocity T oAl _25kV
37x107ms? 200 |

metal
plate

5.9cm :

Fig. 2.1 (not to scale)
Each plate has a length of 5.9cm. The separation of the platesis 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.hofizontal velocity 3.7x10"ms™! along a line
mid-way between the plates. The electron [eaves the'field at point B.

(i) Calculate the time taken for the elvto move from A to B.

0 time taken = ..., s [1]

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

.0
{@

field Strength = ..o.ooveeeeeeee e NC1[2]

(iii) Show that the acceleration of the electron in the field is 1.1 x 101®ms2.

T1'i']’PapaCambridge
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(iv) Use the acceleration given in (iii) and your answer in (i) to determine the vertical distance
y between point B and the upper plate.

......................................................................................... . TR {IPVTRTUTOURORPPRTORINNN | |
(vi) The electron enters the field at time = 0. o

On Fig. 2.2, sketch graphs to show the variation‘with time t of
1. the horizontal component v, of th loc the electron,
2. the vertical component v, of th of the electron.
Numerical values are not requi

Q7 .|

A

Vx

¥,

o
~

o
—~

Fig. 2.2
[2]

[Total: 12]

?‘]’PapaCambridge



“aPPapacambridas,.

197. 9702 w16 _qp 23 Q: 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 Yy ——
electron . —"B 54
° > , 2.5kV
velocity A 50 o—
3.7 x107ms™" ~em 0
3 — |
' | S
metal : 5.9cm :
late ' |
b ®
Fig. 2.1 (not to scale) (\
Each plate has a length of 5.9cm. The separation of the plai s 4.0cm. The arrangement

produces a uniform electric field between the plates.
Assume the field does not extend beyond the edges o

An electron enters the field at point A wit c@n velocity 3.7x10’ms™! along a line
mid-way between the plates. The electron |eaves ield at point B.

(i) Calculate the time taken for the elﬁ ove from A to B.

0 time taken =

....................................................... s [1]
(ii) Calculate th of the electric field strength.
o ¢
* 9
@
*
field strength = .......coevveeiece e NC'[2]
(iii) Show that the acceleration of the electron in the field is 1.1 x 101®ms2.
(2]
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(iv) Use the acceleration given in (iii) and your answer in (i) to determine the vertical distance
y between point B and the upper plate.

......................................................................................... *[1]
(vi) The electron enters the field at time = 0. o

On Fig. 2.2, sketch graphs to show the variation‘with time t of
1. the horizontal component v, of th loc the electron,
2. the vertical component v, of th of the electron.
Numerical values are not requi

Q7 .|

A

\j
o
Y

Fig. 2.2
[2]

[Total: 12]

?‘]'PapaCambridge



“aPPapacambridas,.

198. 9702 _s15 qp 21 Q: 7

(a) 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 —__

B 16 mm D 0
450V
4 _

O e,

Fig. 7.1 °

The potential difference between the plates is 450V and the s; *n of the plates is 16 mm.
An a-particle is accelerated from plate AB to plate CD.

(i) On Fig. 7.1, draw lines to represent the electri tween the plates. [2]

(ii) Calculate the electric field strength be
@: field Strength = ....oocveieeieee e Vm[2]

by the electric field on the a-particle as it moves from AB to CD.

en ates.

(iii) Calculate the

S 4

o
@

*

WOFK dONE = oot e J [3]
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(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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