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18. Electric fields

A-Level Physics Name:

1. Electric field strength is the force per unit:
O positive charge
O mass
O area

0 volume

Starter Quiz - PEFI/MI

Score:

2. Two plates 0.050 m apart have 200 V between them. What is the field strength?

V/m

3. Coulomb’s law gives the force between two point charges as:
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4. The field strength at distance r from a point charge @ is:

Q
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Q

4meqr

Qq
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5. Electric potential at a point is the work per unit charge to bring a positive charge from:

O infinity
O the nearest charge
O the ground

O one metre away

6. A charge of 2.0 C feels a force of 6.0 N. What is the field strength?

N/C
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7. A uniform field between two plates points:
O from the + plate to the — plate
O from the — plate to the + plate
O along the plates

0O in circles

8. Two charges of the same sign repel each other.

O True O False

9. The field is 100 g at distance r from a charge. What is it at 277
N/C
10. The two-mark definition of electric potential needs which elements? Select all that apply.
O work done per unit positive charge
O in bringing a small test charge from infinity to the point
O the potential is zero at infinity
O the charge must be stationary

Tick every correct option.

A-Level Physics - Starter quiz i/l @ @

18. Electric fields Answers - &3

A-Level Physics

1. positive charge

E=" the force on each coulomb of a small positive test charge.
q
2. 4000 V/m
V 200 V
E=—= — = 4000 —
d  0.050 m
3 QlQZ
" dmegr?

Proportional to each charge, inversely proportional to the distance squared.

Q

© dqegr?

From F = F'/q with Coulomb’s force, the test charge cancels, leaving E =

5. infinity

Like gravitational potential, it is measured from infinity, where the potential is taken as zero.

6. 3 N/C
3.( N
E F_60 3.0 —
q 2.0 C

7. from the + plate to the — plate

The field runs from high potential (+) toward low potential (—).

8. True

Like charges repel; opposite charges attract both along the line joining them.
9. 25 N/C

versesaare: 100 _ oe N

nverse-square: 2 25 &

10. work done per unit positive charge; in bringing a small test charge from infinity to
the point; the potential is zero at infinity

Per unit positive charge, and from infinity. The zero at infinity is what makes the definition well posed; station-

arity is not part of it.

A-Level Physics - Starter quiz i/l @ @



18.1 Electric fields and field lines .
NS N
@ -
AN /1N

Name: Class: Date: Total: 24 marks @

KEY WORDS clectric field H117 o field line 372k o force Jj o electric field strength HiJ75% & /
« point charge ;L Hifif

. . (a) + charge (b) — charge (c) uniform
Objective
Build the skills to answer exam questions on the electric field — its definition and field
lines. a) parallel plates (uniform field) b) dipole (+ and —)
You must be able to: [
. . . _—m
o define electric field strength as force per unit positive charge + _ + —
_
e use F'=qF
_
o represent an electric field with field lines

1 Worked examples

Study these first. Each one shows the method for a question type used later — follow
the steps and you can do the Practice and Exam-style questions yourself.

B Field strength

The electric field strength is the force per unit positive charge:

E= (NC'=Vm, F =¢E. =

F =
E c) point charge (radial) d) sphere above earthed plate
B Field lines Electric field line patterns

Field lines point the way the force acts on a positive charge: Outward from +, inward to —, and uniform between charged plates. Closer lines —

stronger field.

2 Practice
Now apply the methods above.
2.1 Define electric field strength.

A-Level Physics » 18.1 Electric fields and field 1 @ A-Level Physics » 18.1 Electric fields and field 1 ©)
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2.2 State the unit of electric field strength.

2.3 Write the equation for the force on a charge ¢ in a field F.

2.4 State the direction of the field lines around a positive point charge.

3 Exam-style questions

3.1 Electric field strength is the force per unit:
o A mass

« B positive charge

e C area
e D length

3.2 A charge of 2.0 x 1079 C experiences a force of 0.10 N in a field. Find the field

strength.

3.3 Sketch the field lines around (a) a positive and (b) a negative point charge.

A-Level Physics o 18.1 Electric fields and field 1

®

2

3.4 Two parallel horizontal metal plates are 0.067 m apart in a vacuum, with a potential
difference of 430 V between them. The upper plate is positive. An electron travels
horizontally into the region between them at 2.6 x 107 m s™!. Take e = 1.60 x 107 C.

(a) Define electric field strength. 1]

(b) Describe the pattern of the electric field between the plates, away from their edges,
and state the direction of the field. 3]

)

(c) Determine the electric field strength between the plates.

(d) Determine the magnitude and direction of the electric force on the electron. 3]

e) Describe the path of the electron while it is between the plates, and after it leaves
D ibe the path of the elect hile it is bet the plat d after it 1
them. 3]

A-Level Physics o 18.1 Electric fields and field 1 @



(f) A uniform magnetic field is now applied in the same region so that the electron passes
through undeviated. Determine the flux density required, and state how the magnetic
force must be directed. 3]

A-Level Physics o 18.1 Electric fields and field 1 @

®

Solutions

Each answer shows the steps, then the result.

2.1

« the force per unit positive charge on a small test charge (E = F/q)
2.2

« NC™ (or Vm™)

2.3

o F=qF

24

« outward (away from the charge)

3.1B

« field lines leave a positive charge

3.2
« E=Fq
0.10 N
= —50x10*NC!
20 x 105 C x
3.

(a) radial lines pointing outward from the positive charge
(
3.

3
)
b) radial lines pointing inward to the negative charge
4
a) the force per unit positive charge acting at that point
)

(
(b) the field lines are straight, parallel and evenly spaced, so the field is uniform

e they run from the positive plate to the negative one, i.e. vertically downwards here

() E=V/d
430 V

= _—64x10° -1
0.067m _ o4X 107V m

E

(d) F'=Eq
F=(64x10>Vm1)(1.60x 107 C) =1.0 x 107* N
o directed upwards — the field points down but the electron’s charge is negative

(e) between the plates the horizontal velocity is unchanged while a constant vertical force
acts, so the path is a parabola curving upwards, towards the positive plate

« beyond the plates there is no field, so it travels in a straight line in whatever direction
it had on leaving

A-Level Physics o 18.1 Electric fields and field 1 @



(f) undeviated means the magnetic force balances the electric one: Bqu = Eq, so B = E/v

B=

« the magnetic force must be downwards, opposite to the electric force on the electron

A-Level Physics o 18.1 Electric fields and field 1

_64x10°Vm™
2.6 x 107 m st

@

=25x1074T

Name: A-Level Physics: s24 41

5 (a) Define electric field.

(b) Fig. 5.1 shows two parallel conducting plates that are in a vacuum. The plates are separated
by a distance of 6.7 cm and have a potential difference (p.d.) of 430V between them.

+430V
conducting plate
[ ) ___ _
electron, speed » 6.7cm
2.6x10"ms™"
[ | -
conducting plate
oV
Fig. 5.1

(i) On Fig. 5.1, draw four field lines to represent the electric field between the plates. [2]

(ii) Determine the strength E of the electric field between the plates.

(iii) An electron travels at a speed of 2.6 x 10’ ms™" towards the region between the plates,
as shown in Fig. 5.1.

On Fig. 5.1, draw the path of the electron as it moves between and beyond the plates. [2]



Name:

(c) Auniform magnetic field is now applied in the region of the electric field in Fig. 5.1, so that the
electron in (b)(iii) travels undeviated through the region.

A-Level Physics: s24 41

(i) Determine the direction of the uniform magnetic field.

(ii) Explain, with reference to the forces exerted by the two fields on the electron, why the
path of the electron is undeviated.

(iii) Determine the flux density B of the uniform magnetic field. Give a unit with your answer.

[Total: 13]

Name:

A-Level Physics: s24 43

5 (a) Define electric field.

(b) Fig. 5.1 shows two parallel conducting plates that are in a vacuum. The plates are separated
by a distance of 6.7 cm and have a potential difference (p.d.) of 430V between them.

+430V
conducting plate
[ ) ___ _
electron, speed » 6.7cm
2.6x10"ms™"
[ | -
conducting plate
oV
Fig. 5.1

(i) On Fig. 5.1, draw four field lines to represent the electric field between the plates. [2]

(ii) Determine the strength E of the electric field between the plates.

(iii) An electron travels at a speed of 2.6 x 10’ ms™" towards the region between the plates,
as shown in Fig. 5.1.

On Fig. 5.1, draw the path of the electron as it moves between and beyond the plates. [2]
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(c) Auniform magnetic field is now applied in the region of the electric field in Fig. 5.1, so that the
electron in (b)(iii) travels undeviated through the region.

A-LEVEL PHYSICS « EXERCISE SHEET

18.2 Uniform electric fields

(i) Determine the direction of the uniform magnetic field.

(ii) Explain, with reference to the forces exerted by the two fields on the electron, why the .
path of the electron is undeviated. Name: Class: Date: Total: 17 marks

KEY WORDS clectric field H117 o uniform field )57 o field line 54k o electron i1
........................................................................................................................................... « parabolic fil}4:

..................................................................................................................................... 2] Objective

Build the skills to answer exam questions on uniform electric fields between parallel
(iii) Determine the flux density B of the uniform magnetic field. Give a unit with your answer. plates.
You must be able to:

o use E = V/d for the field between parallel plates
« describe the motion of a charged particle in a uniform field

1 Worked examples

Study these first. Each one shows the method for a question type used later — follow
the steps and you can do the Practice and Exam-style questions yourself.

B= unit ... [2] ® Ficld between plates
[Total: 13] Between parallel plates a distance d apart with p.d. V', the field is uniform:
+V
d
0
E=V/d
A-Level Physics o 18.2 Uniform electric fields @




T ) uniform field,
charge +q, +q | | -=1"""7"" strength E
mass m, ——————@——t—u0 |

I} parabolic path

| T~

speed v

A charge follows a parabola in a uniform field
E= % (Vm ' =NC™),

pointing from the higher to the lower potential plate.

B Charged particle in the field

A charge in the field feels a constant force F' = ¢FE, so it has a constant ac-
F E .

celeration a = — = q—. A particle entering perpendicular to the field follows a
m m

parabolic path (lfke a pfojectile in gravity); a particle released from rest accelerates
straight along the field, towards the plate of opposite sign to its charge.

200
‘Worked example. Plates 5.0 mm apart, 200 V: E = 50103 — 4.0x10*Vm;
5. :
force on an electron = ¢E = (1.6 x 10719)(4.0 x 10*) = 6.4 x 107 N; acceleration
F  64x1071
= =— =17, 1012 572,

O T oixigm  Ox10Tms
2 Practice
Now apply the methods above.
2.1 Write the equation for the field strength between parallel plates. 1]
2.2 Two plates 5.0 mm apart have a p.d. of 200 V. Find the field strength. 2]

2.3 State the direction of the field between two charged plates. 1]

A-Level Physics o 18.2 Uniform electric fields @

@

2.4 State the unit equal to V m™. 1]

3 Exam-style questions
3.1 The electric field between two parallel charged plates is: 1]

e A radial
¢ B uniform
e C zero

¢ D circular

3.2 Two plates 5.0 mm apart have a p.d. of 200 V. Calculate (a) the field strength, (b)
the force on an electron in the gap. (e = 1.6 x 10719 C.) 3]

3.3 Describe the path of an electron that enters the uniform field perpendicular to the
field lines. 2]

3.4 State what happens to the force on a charge if the plate separation is halved (same
p.d.). i

A-Level Physics o 18.2 Uniform electric fields @



3.5 An eclectron is released from rest at the negative plate of two plates 8.0 mm apart Solutions

with a p.d. of 250 V. (e = 1.6 x 107 C, m, = 9.1 x 1073! kg.
b ( 2 Each answer shows the steps, then the result.

(a) Calculate the field strength between the plates.

2.1
« E=V/d
2.2
« E=V/d
E 200V 40x10*Vm™
=———— =4 m
(b) Calculate the acceleration of the electron. (3] 5.0x 1073 m
2.3

« from the higher-potential plate to the lower-potential plate
2.4

« NC™

3.1B

« parallel plates a small distance apart give a uniform field

3.2
(a) E=V/d
200 V
FE=_—"———=40x10* -t
50X 105 m  F0x10Vm

(b) F=qE

F=(16x10"°C)40x10* Vm ) =64x10"" N
3.3

« it follows a parabolic path
« constant velocity along the plates, constant acceleration across the field (like a pro-
jectile)

3.4
o the force doubles (E =V /d, so halving d doubles E and hence F' = ¢F)

3.5
(a) E=V/d
E:%:&lxlﬂ“\/m’l
(b) F =qF
F=(16x10"YC)31x10* Vm ™) =50x 107" N
e a=F/m

~ 50x107° N

20X N e 101 —2
a 91 % 10-9 kg 55x10° ms

A-Level Physics o 18.2 Uniform electric fields @ A-Level Physics o 18.2 Uniform electric fields @




Name:

A-Level Physics: s25 42

6  Two parallel metal plates X and Y are separated by a distance of 0.041m, as shown in Fig. 6.1.

X Y

electron

vacuum

-
| 0.041m i
Fig. 6.1
There is a vacuum between the plates. An electron is at rest at the centre of plate X.

A potential difference (p.d.) of 58kV is applied across the plates. This causes the electron to
accelerate towards plate Y.

(a) On Fig. 6.1, use the symbols + and — to indicate which of plates X and Y is the positive plate
and which is the negative plate. [1

(b) (i) Calculate the electric field strength E between the plates. Give a unit with your answer.

(ii) Determine the acceleration of the electron.

acceleration = ......cccccceeeeeeiieeeeee e ms=2 [2]

Name:

A-Level Physics: s25 42

(c) Many electrons are now accelerated from rest from plate X to plate Y in Fig. 6.1. When
the electrons hit plate Y, the absorption of their kinetic energies results in the emission of
electromagnetic waves.

(i) Show that the minimum wavelength of these electromagnetic waves is 21 pm.

(3]
(ii) State the region of the electromagnetic spectrum that contains these waves.
..................................................................................................................................... [1]
(iii) Explain how these electromagnetic waves may be used to form images of internal body
structures.
..................................................................................................................................... [2]
[Total: 11]



Name:
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6  An electric field and a magnetic field are used to form a velocity selector. Charged particles, called
ions, pass into a region of uniform electric and magnetic fields that is between parallel plates, as
shown in Fig. 6.1.

plate
+ o+ o+ + o+ o+
path of ions
-
region of electric - - - ‘ - - =
and magnetic fields plate

Fig. 6.1

(a) The potential difference (p.d.) between the plates of the velocity selector is V. The separation
of the plates is d and the magnetic flux density is B.

Show that the speed u of ions that pass undeviated through the velocity selector is given by

%

U=@.

(2]

(b) Positive ions with kinetic energy 4.1 x 10~'7J and mass 3.2 x 102kg pass undeviated
through the velocity selector when V is equal to 980V and d is equal to 3.6 x 1072m.

Determine B.

Name:

A-Level Physics: m25 42

(c) A proton passes undeviated through the velocity selector.
An alpha particle enters the velocity selector at the same speed as the proton.

State how the expression in (a) predicts that the alpha particle also passes undeviated
through the velocity selector.

(d) By reference to Fig. 6.1 and to the forces acting on a positive ion, determine the direction of
the magnetic field. Explain your reasoning.

(e) The positive ions in (b) enter the velocity selector with greater kinetic energy.
On Fig. 6.1, sketch the path of these ions. [2]

[Total: 11]
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18.3 Electric force between point charges

Name: Class: Date: Total: 23 marks

KEY WORDS point charge 5 HLfif o coulomb’s law J4 {324t « force /]

Objective

Build the skills to answer exam questions on Coulomb’s law — the force between two
point charges.

You must be able to:

Q1Q2
dmegr?
o treat a charged sphere as a point charge at its centre

o use Coulomb’s law F' =

1 Worked examples

Study these first. Each one shows the method for a question type used later — follow
the steps and you can do the Practice and Exam-style questions yourself.

B Coulomb’s law

Two point charges a distance r apart exert equal, opposite forces along the line
joining them:

F F

A-Level Physics o 18.3 Electric force between pr rges @

like charges

- O

repel — pushed apart

Fo Q:1Q2 1

charge at its centre.

F=

4megr?’ 4re

(9.0 x 109)(2.0 x 1079)(3.0 x 10~?)

(0.040)?

2 Practice

Now apply the methods above.
2.1 State Coulomb’s law.

1
2.2 State the value of .
471'80

2.3 State whether like charges attract or repel.

A-Level Physics o 18.3 Electric force between pr

arges

opposite charges

@ -0

attract — pulled together

Coulomb force between point charges

=9.0x10° Nm?C 2

‘Worked example. +2.0 nC and +3.0 nC, 4.0 cm apart:

=3.4x 107" N (repulsive).

Like charges repel; opposite charges attract. A charged sphere acts as a point



3 Exam-style questions
3.1 If the distance between two charges is doubled, the Coulomb force becomes: 1]

o A twice as large

o B half as large

o C one quarter as large
o D four times as large

3.2 Calculate the force between point charges of +2.0 nC and +3.0 nC placed 4.0 cm
apart. (3]

3.3 Two charges of +5.0 nC are 2.0 cm apart. Calculate the force between them, an
state whether it is attractive or repulsive. 3]

3.4 A simplified model of a helium atom has a nucleus of charge +2e with two electrons

in a circular orbit of radius 2.6 x 107 m around it. Take ¢ = 1.60 x 107+ C, o
TEY

8.99 x 10° m F~! and the electron mass as 9.11 x 1073 kg. Ignore the force between the
two electrons.

(a) State Coulomb’s law.

[

A-Level Physics o 18.3 Electric force between pr rges @

(b) Show that the electric force between the nucleus and one electron is about 1.4 x
1077 N. 2]

(c) This force provides the centripetal force on the electron. Calculate the speed of the
orbiting electron. 3]

(d) Determine the period of the orbit. 2]

(¢) Det ine th t electric force on the electron . that th ) |
e) Determine the ratio , given that the nucleus has
gravitational force on the electron’ &

mass 6.6 x 10727 kg and G' = 6.67 x 10" N m*kg~?, and suggest what your answer
means for a model of the atom. 3]

A-Level Physics o 18.3 Electric force between pr arges @



Solutions
Each answer shows the steps, then the result.

2.1

o the force between two point charges is proportional to the product of the
charges

« and inversely proportional to the square of their separation
2.2

o 1/(47g0) = 9.0 x 10° N m*C~?

2.3

o they repel

3.1C

e Foc1/r% so doubling 7 makes F' one quarter

3.2
o F=0Q1Qy/(4meor?)

9.0 x 10° N m?C72)(2.0 x 107 C)(3.0 x 107° C)

=34x10°N
(0.040 m)? x

po

3.3
o F=Q?/(4reor?)

(9.0 x 10° N m? C™2)(5.0 x 107 C)? _
F= (0.020 m)2 =5.6x107'N

« repulsive (like charges)
3.4

(a) the electric force between two point charges is proportional to the product of the
charges

« and inversely proportional to the square of their separation
(b) F = Q]QQ/(47T€07’2>

(2 x 1.60 x 107 C)(1.60 x 1071 C)

~14x10"N
(2.6 x 10-11 m)? 10

F = (899 x 10° N m*C™?)
(c) the electric force is the centripetal force: mv?/r = F
-7 ; —11
o [ Er (1.36 x 10 N)(2.€) x 10~ m) 20 x10° m 5!
m 9.11 x 10731 kg

A-Level Physics o 18.3 Electric force between pe rges @

(d) T =2nr/v
_ 27(2.6 x 107" m)

_ —17
20X 100 mst o2 x10 s

(€) Fyay = GMm/r?

6.67 x 107" N m?kg?)(6.6 x 10727 kg)(9.11 x 10~ kg)

=59%x 107 N
(2.6 x 1011 m)? %

Fgrav = (

14x10"N
59x10-46 N

o gravity is utterly negligible on this scale, so a model of the atom can ignore it and
keep only the electric force

2 x 10%

A-Level Physics ¢ 18.3 Electric force between ps arges @
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Name:

2 A helium atom may be modelled as a nucleus surrounded by two electrons in diametrically
opposite circular orbits, each of radius 170 pm, as shown in Fig. 2.1.

~
~

orbit of electrons

/! 170pm )

\
'

Ielectron
' nucleus \

]

(ii) Show that the electric force between the nucleus and one of the electrons is 1.6 x 108 N.

(1]

A-Level Physics: s25 41

Name:

(c) Assume that the force in (b)(ii) is the only force on the electrons.

(i) Calculate the speed of the orbiting electrons.

(ii) Calculate the period of the orbit of the electrons.

(d) In practice, the orbit of each electron is affected by the presence of the other electron.

(i) For the position of one of the electrons, determine the ratio

electric field strength due to the other electron
electric field strength due to the nucleus

(ii) Use your answer in (d)(i) to suggest and explain how the orbit of the electron is affected
by the presence of the other electron.

[Total: 11]
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2 A helium atom may be modelled as a nucleus surrounded by two electrons in diametrically
opposite circular orbits, each of radius 170 pm, as shown in Fig. 2.1.

~
~

orbit of electrons

/! 170pm )

\
'

Ielectron
' nucleus \

]

(ii) Show that the electric force between the nucleus and one of the electrons is 1.6 x 108 N.

(1]
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(c) Assume that the force in (b)(ii) is the only force on the electrons.

(i) Calculate the speed of the orbiting electrons.

(ii) Calculate the period of the orbit of the electrons.

(d) In practice, the orbit of each electron is affected by the presence of the other electron.

(i) For the position of one of the electrons, determine the ratio

electric field strength due to the other electron
electric field strength due to the nucleus

(ii) Use your answer in (d)(i) to suggest and explain how the orbit of the electron is affected
by the presence of the other electron.

[Total: 11]
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Name:

4 (a) State Coulomb’s law.

(b) A charged sphere X is supported on an insulating stand. A second charged sphere Y is
suspended by an insulating thread so that sphere Y is in equilibrium at the position shown in
Fig. 4.1.

vertical
line

thread

sphere X sphere Y
charge +96 nC | charge +64nC
0.080m

stand
Fig. 4.1

The charge on sphere X is +96 nC and the charge on sphere Y is +64nC.
Assume that the spheres behave as point charges.

The length of the thread is 1.2m and the centres of sphere X and sphere Y are separated
horizontally by a distance of 0.080 m.

A-Level Physics: m23 42

Name:

(i) On Fig. 4.2, draw and label all the forces acting on sphere Y.

Fig. 4.2

(ii) Determine the mass of sphere Y.

(1]

(iii) Calculate the total electric potential energy stored between X and Y.

energy =



Name: A-Level Physics: m23 42

(c) An electron enters the region between two parallel plates P and Q, that are separated by a
distance of 18 mm, as shown in Fig. 4.3.

plate P +250V

path of
electron

+ 18 mm

plate Q L

Fig. 4.3
The space between the plates is a vacuum.
The potential difference between the plates is 250V. The electric field may be assumed to be
uniform in the region between the plates and zero outside this region.

(i) State the direction of the electric force on the electron when between the plates.

..................................................................................................................................... [1]
(ii) Determine the magnitude of the force acting on the electron due to the electric field.
fOrCe = o N [2]
(iii) Explain why the electron does not follow a circular path.
..................................................................................................................................... [1]
[Total: 12]

A-LEVEL PHYSICS « EXERCISE SHEET

18.4 Electric field of a point charge

Name: Class: Date: Total: 22 marks

KEY WORDS electric field H1J7 o electric field strength HiI75% % o gravitational field i /737
o force Jj o point charge i Hifi

Objective
Build the skills to answer exam questions on the electric field of a point charge.

You must be able to:

Q

4megr?
o compare electric and gravitational fields

e use £ =

1 Worked examples

Study these first. Each one shows the method for a question type used later — follow
the steps and you can do the Practice and Exam-style questions yourself.

B Field of a point charge
Q

4megr?”

It points out from a positive charge and in to a negative one, and falls as an inverse
square:

A-Level Physics o 18.4 Electric field of a point ¢ @



=g > 0

V =Q/(4neor) - zero at infinity

— positive charge +Q: V>0
— negative charge —Q: V<0

The radial field of a point charge

This is just like the gravitational field g = GM/r? — except gravity is always
attractive, while the electric field can be attractive or repulsive.

2 Practice

Now apply the methods above.

2.1 Write the equation for the field strength E due to a point charge. 1]

2.2 State how E varies with distance r from a point charge. 1]

2.3 Find the field strength at 0.10 m from a +5.0 nC point charge. (2 = 9.0 x 10°.)[2]

4meg

A-Level Physics o 18.4 Electric field of a point ¢ @

3 Exam-style questions

3.1 Both the electric field of a point charge and the gravitational field of a point mass
vary with distance as: 1]
« Al/r

« B1/r?

« Cr

« D72

3.2 Calculate the electric field strength at 2.0 cm from a point charge of +8.0 nC.  [3]

3.3 State one similarity and one difference between an electric field and a gravitational
field. 2]

3.4 An isolated solid metal sphere of radius R carries a positive charge +@). Point Q lies
outside the sphere, a distance 2R from its centre.

(a) Explain why the electric potential everywhere near an isolated positive charge is
positive. 2]

(b) State the direction of the electric field at point Q, and state how the field inside the
metal sphere compares with it. 2]
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(¢) On the axes below, sketch the variation of the electric field strength E with distance
z from the centre of the sphere, for = from 0 to 4R. 3]

(d) The field strength at the surface of the sphere is Ey. Determine, in terms of Ep, the
field strength at point Q. 2]

(e) A second identical sphere carrying the same charge is now placed with its centre 6R
from the centre of the first. Determine the position on the line joining their centres at
which the resultant field is zero, and state what the potential is there compared with
the potential at the surface of either sphere. 3]
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Solutions

Each answer shows the steps, then the result.

2.1

o E=Q/(dmer?)

2.2

e E o< 1/r? (inverse-square)
2.3

o E=Q/(4meor?)

(9.0 x 10° N m? C™)(5.0 x 107 C)

— 3 -1
GREE =45x10° N C

E =

3.1B

. Ex1/r

3.2

o E=Q/(4neor?)

(9.0 x 10 N m? C7%)(8.0 x 1079 C)

FE =
(0.020 m)?

=18x10° N C!

3.3

o similarity: both follow an inverse-square law (radial field around a point source)
« difference: the electric force can be attractive or repulsive, but gravity is always
attractive

3.4
(a) potential is the work done per unit positive charge bringing a test charge from infinity

« a positive charge repels the test charge, so external work must be done on it to bring
it closer, making the potential positive everywhere around the charge

(b) at Q the field points radially away from the sphere, i.e. directly outwards along the
line from the centre

« inside the metal the field is zero — the charge resides on the surface and the interior
is field-free

(¢c) E =0 from z =0 to z = R, drawn along the axis

« a discontinuous jump to the maximum Ej at x = R
« then an inverse-square decay for x > R, falling to Ey/4 at 2R and E,/16 at 4R

(d) outside the sphere it behaves as a point charge at its centre, so £ oc 1/2?

« at 2R the field is Ey/4
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(e) by symmetry the fields cancel at the midpoint, 3R from each centre

« the potentials, being scalars, add there, so the potential is not zero — it is smaller

than at either surface but still positive

A-Level Physics o 18.4 Electric field of a point ¢
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5 (a) Explain why the electric potential near an isolated proton is positive.

(b) An isolated metal sphere is positively charged and has radius R, as shown in Fig. 5.1.

sphere

Fig. 5.1

Line XY passes through the centre of the sphere.
Point P lies on line XY at a variable displacement x from the centre of the sphere.
Point Q is at a fixed position that is not on line XY.

The electric field strength at the surface of the sphere is E,.

(i) On Fig. 5.1, draw an arrow at point Q to show the direction of the electric field at
that point. [1
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(ii) On Fig. 5.2, sketch the variation of the electric field E at point P with x for values of x
between x = —3R and x = 3R. Do not include the region inside the sphere between
x=—-Rand x=R.

m-+H

Fig. 5.2
[3]

(c) The proton and the electron in a hydrogen atom are separated by a distance of 5.3 x 10~"'m.

Calculate the electric potential energy of the proton and the electron.

electric potential energy = .........oooiiiiiiiii e J [2]

[Total: 9]

Name:

5 (a) Define electric potential at a point.

A-Level Physics: s25 44

(b) An isolated solid metal sphere of radius ris given a positive charge.

The potential at the surface of the sphere is 9.0 x 10*V. At a distance of 3r from the centre of
the sphere, the electric field strength is 2.0 x 10°NC~".

(i) Determine the electric field strength at the surface of the sphere.

electric field strength = .......o.cocovvviieecceeeeeeeeer e NC [2]

(ii) Show that the radius of the sphere is 5.0cm.

(2]

(iii) Calculate the charge on the sphere.
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(iv) Use your answer in (b)(iii) to determine the capacitance of the sphere.

capacitance =

[Total: 10]
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Name: Class: Date: Total: 27 marks
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KEY WORDS clectric potential 1% « electric potential energy Hi#+iE
« potential gradient HL#4#)% « point charge fiHLfT o test charge {656 HiLfif

Objective

Build the skills to answer exam questions on electric potential and electric potential

energy.

You must be able to:

« define electric potential and use V =

Qq

TEGT

4degr

and F = —potential gradient

. useEp=4

1 Worked examples

Study these first. Each one shows the method for a question type used later — follow
the steps and you can do the Practice and Exam-style questions yourself.

B Electric potential
Electric potential at a point is the work done per unit positive charge to bring
a small test charge from infinity to that point (zero at infinity):
|4
r
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Ep

like charges (repel): Ep> 0

distance r

both -0 at infinity

opposite charges (attract): Ep <0

Ep=kq1q2/r -+ Ep»0asr-w

Electric potential energy near a charge

Q. _ Q1 _ AV
E B=-5.

T dmegr’ P dreyr
For a positive charge V > 0 (falling to zero); for a negative charge V' < 0.

B Adding potentials (a scalar)

Potential is a scalar, so the total potential from several charges is the algebraic sum
(keep the signs) — no directions or vectors:

_ Qi
V= Z 47T€07‘i-

‘Worked example. Point P is 0.10 m from a +4.0 nC charge and 0.20 m from a
9.0 x 109)(4.0 x 107°) (9.0 x 10°)(6.0 x 10~°

+6.0 nC charge: V = ( 3‘(10 >+( 3(20 ) = 3604270 =

630 V.

Between a positive and a negative charge, the potentials have opposite sign, so

there is a point where they cancel (V = 0): where @ = @
LA T2
2 Practice
Now apply the methods above.
2.1 Define electric potential.
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2.2 Write the equation for the potential V' due to a point charge. 1
2.3 Write the equation for the electric potential energy of two point charges. 1]

2.4 State the relationship between the field E and the potential gradient. 1

3 Exam-style questions
3.1 The electric potential at infinity is: 1]

e A a maximum

¢ B zero

¢ C always negative
¢ D infinite

3.2 Calculate the electric potential at 0.050 m from a +3.0 nC point charge. (ﬁg“ =

9.0 x 10°.) 3]

3.3 Calculate the electric potential energy of a +2.0 nC and a +3.0 nC charge placed
4.0 cm apart. 2]

3.4 State one difference between the electric potential near a positive charge and near
a negative charge. 1
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3.5 A +5.0 nC charge is at point A and a —2.0 nC charge is at point B, 0.21 m away on
the line AB.

(a) Explain why the total potential is found by adding the two potentials, including
their signs. 1

(b) Find the distance from A, on the line AB, where the total potential is zero. 3

3.6 Two point charges are fixed on a straight line. Charge A, of +4.0 pC, is at the origin;

1
charge B, of —1.0 pC, is at x = +40 pm. Take yr—— 8.99 x 10° m F~L.
TEo

(a) Define the electric potential at a point.

[

b) Show that the electric potential due to charge A alone, at = 10 pm, is about
3.6 V. 2]

(c) Calculate, to two significant figures, the total potential at = 10 pm due to both
charges. 3]
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(d) Determine the position on the line between the two charges at which the total
electric potential is zero. 3]

(e) State and explain whether the electric field is also zero at that position. 2]
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Solutions
Each answer shows the steps, then the result.

2.1

« the work done per unit positive charge in bringing a small test charge from
infinity to that point

2.2

. V= Q/(4meqr)
2.3

o Ep = Qq/(4meor)
2.4

o the field is the negative of the potential gradient: £ = —AV /Ar
3.1B

« electric potential is defined as zero at infinity

3.2

o V =Q/(4meor)

(9.0 x 10 N m? C%)(3.0 x 1079 C)
V= 0.050 m =30V

3.3
* Ep = Qq/(4meor)

9 2 2 -9 -9
(90X 10°Nw?C )((szi: WP C)BOXI07C) e 1079
. m

3.4

« near a positive charge the potential is positive; near a negative charge it is nega-
tive

3.5

(a) potential is a scalar, so the contributions simply add (algebraically, keeping their
signs) — there are no directions to resolve

(b) V' = 0 where the magnitudes cancel

50 2.0
r  02lm—uzx

5.0(0.21 m — z) = 2.0z = 1.05 m = 7.0z

e £=0.15m from A
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3.6

(a) the work done per unit positive charge in bringing a small test charge from
infinity to that point

(b) V =Q/(4meor)

(8.99 x 10° N m? C™2)(4.0 x 10712 Q)
10 x 1072 m

V = ~36V

(c) B is 30 pm away

(899 x 10° Nm?C™%)(—1.0x 1072 C)
Ve = 30 x 10712 m =030V

« potential is a scalar, so the two simply add: V=36 V—-030V =33V
(d) let the point be z from A, so it is (40 — z) from B

4.0 1.0
r 40 pm—zx

4.0(40 pm — x) = x = 160 pm = 5.0z
e r=232pm from A
(e) no

o potential is a scalar and cancels there, but the fields of the two charges at that point
both point in the same direction (away from the positive charge and towards the
negative one), so they add rather than cancel
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Name:

5 (a) Define electric potential at a point.

(b) A hydrogen atom may be considered to consist of a proton and an electron separated by a
distance of 120 pm, as shown in Fig. 5.1.

proton P electron
® ! ®
| X I |
! 120pm }
Fig. 5.1

The two particles may be considered as point charges.

Point P lies on the line joining the electron and the proton and is at a variable distance x from
the proton.

(i) Show that the electric potential V at point P when x = 10pm is equal to 130V.

(2]

(ii) Calculate, to two significant figures, V when x = 30 pm.

(iii) On Fig. 5.1, draw a cross (x) at one position, other than infinity, where the electric
potential is zero. [1
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Name:

(iv) On Fig. 5.2, sketch the variation of V with x between x = 10pm and x = 110pm.

160
VIV
80
0
10 30 50 70 90 0
x/pmit
-80
-160
Fig. 5.2
(3]
[Total: 10]
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Name:

5 (a) Explain why the electric potential near an isolated proton is positive.

(b) An isolated metal sphere is positively charged and has radius R, as shown in Fig. 5.1.

sphere

Fig. 5.1

Line XY passes through the centre of the sphere.
Point P lies on line XY at a variable displacement x from the centre of the sphere.
Point Q is at a fixed position that is not on line XY.

The electric field strength at the surface of the sphere is E,.

(i) On Fig. 5.1, draw an arrow at point Q to show the direction of the electric field at
that point. [1

Name:

(ii) On Fig. 5.2, sketch the variation of the electric field E at point P with x for values of x
between x = —3R and x = 3R. Do not include the region inside the sphere between
x=—-Rand x=R.

A-Level Physics: w25 44

M-+

Fig. 5.2
[3]

(c) The proton and the electron in a hydrogen atom are separated by a distance of 5.3 x 10~"'m.

Calculate the electric potential energy of the proton and the electron.

electric potential energy = .......c.oooiiiiiiiiiii J [2]

[Total: 9]
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5 (a) Define electric potential at a point.

(b) An isolated solid metal sphere of radius ris given a positive charge.

The potential at the surface of the sphere is 9.0 x 10*V. At a distance of 3r from the centre of
the sphere, the electric field strength is 2.0 x 10°NC~".

(i) Determine the electric field strength at the surface of the sphere.

electric field strength = ........cocooeveeeccceec e NC [2]

(ii) Show that the radius of the sphere is 5.0cm.

(2]

(iii) Calculate the charge on the sphere.
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(iv) Use your answer in (b)(iii) to determine the capacitance of the sphere.

capacitance =

[Total: 10]



	Topic 18 quiz
	Exercise sheet 18.1
	Past-paper questions 18.1
	Exercise sheet 18.2
	Past-paper questions 18.2
	Exercise sheet 18.3
	Past-paper questions 18.3
	Exercise sheet 18.4
	Past-paper questions 18.4
	Exercise sheet 18.5
	Past-paper questions 18.5

