19 Electric fields Answers

Page 359 Test yourself on prior knowledge

1

Magnesium also has 12 electrons in orbit round the nucleus. There is as much positive as
negative charge, so the atom is neutral.

When an electron is removed from an atom a positive ion is formed. When an electron is added
to an atom a negative ion is formed. lons always occur in pairs, because charge is conserved. An
electron which is removed from an atom will either remain as a free electron, or attach itself to
another atom.

A charged particle experiences a force in an electric field.

Magnetic fields (in which moving charges and magnetic materials experience forces) and
gravitational fields (which create forces on objects that have mass) are the most common
examples of other fields.

Elementary particles experience forces in nuclear force fields.

Electrons in the paper can move. The positive charge on the comb attracts electrons towards the
top of the paper, leaving the bottom positively charged. The top of the paper is attracted
towards the comb and the bottom of the paper is repelled. However, because the top of the
paper is closer to the comb, the attractive force is larger than the repulsive force, so there is a
resultant upwards force.
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Page 361 Activity

Testing Coulomb’s law

1 (Graph overleaf)

Distance between centres of spheres’ shadows /mm | 100 | 70| 50| 40 30 20

Deflection of sphere B’s shadow / mm 1 3 5 8 15 29

1/r* / m? 100 | 204 | 400 | 625 | 1111 | 2500

If Coulomb’s law applies, a graph of s against 1/r? should be a straight line through the origin (see
answer to 2, below).

These results produce a straight line which passes very close to the origin. Allowing for a small
systematic error in the measurement of s (0.6 mm using value of intercept given by Excel), they
therefore support Coulomb’s law.
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2 If the electrostatic force acting on the sphere is F then, from the diagram:
Resolving vertically: mg = T cosé

Resolving horizontally: F=Tsind

= tan#

Dividing gives: £ _ Tsinb
g8 "mg  Tcos@

For small angles: tan@= sinf= %
so F = mgtanf = mg%

that is, the horizontal displacement of sphere B is proportional to
the force.

From Coulomb’s Law: F= QI—QZZ
4TTEGT
Equating these expressions for force gives: @0 _ mg 2
4TTE(T2 l
1 (1
4mEgmMg \1

3 Possible sources of error include:

e There will be a systematic error if the centres of A and B are not on on the same horizontal
line.

o If the shadows are not sharp, it may be difficult to determine r and s precisely. Ambient
light levels should therefore be low.

e Since the spheres are light, draughts may introduce errors.

o If the lamp is poorly placed (too close, or nearer one sphere than the other), the shadows
cast on the screen will not be directly behind one or both spheres and this will also lead
to errorsinrands.
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e The force experienced varies with charge, so if the spheres are not charged to the same
levels each time, results from each run cannot be compared. Charging using a supply
reduces this error.

e The spheres will gradually discharge to the atmosphere. Keeping sphere A connected to
the supply, as shown in the diagram, means this is only an issue for sphere B. Charging
using an EHT supply reduces the proportional change in charge; and the effect of losses
can be reduced by recharging B between runs, making measurements quickly and, if
possible, working in a dry environment.

4 Use a camera, making sure it is set at right angles to the graph paper, and make measurements
from the resulting images.

Page 362 Test yourself

Q10>

4TTE(T2

1 a)F =

(2x1079 C) x (5 x1077C)
~ 47 % (8.85 x 10~12Fm~1) x (0.24 m)?2

=1.56 uN
b) Calculate using same method or proportionality and answer to part (a):
F=1.56 uN X (2;}_0)2 with rin mm
i) 6.2uN
ii) 14 uN
iii) 25 uN
iv) 39 uN

2 F = Q10Q2

4TET?

2
_ (1.6 x10719 C)
" 47 x (8.85 x 10~12Fm~1) x (5 x 10~11 m)2

=9x10%N

The electron exerts the same force on the proton (Newton’s third law).

3 F = Q10Q2

4TET?

_ (92x16x10717 C) x (2 x 1.6 X 10719C)
" 47 x (8.85 x 10~12Fm~1) x (8 x 1015 m)2

=660 N

This is about the weight of an adult — this shows us how strong the electrostatic force is.
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_ Q102 _ 30QxQ

4mEgT2  4mEgT?

S0 Q7 =7 x (8.85x 1072 Fm) x (0.1 m)? x (80 x 10° N)
Q=1.7x107C
So the large charge is 3Q=5.2x 107 C

5 a)

mg

b) F=mgtan©
=103 kg x9.8 N kg x tan 36

=0.007 N

Q10>

4TTEYT2

6 a) F =

_ (79%x1.6x107° C) x (1.6 X 1071°C)
T 4w x (8.85x 10~ 12Fm~1) x (7 X 10~13 m)2

=0.037N

mv?
b) F—T

Py Fr

_0.037Nx7x10"'3m
T 91x10731kg

v =1.7 x 108 m s which is 56% of the speed of light.

Pages 366— 367 Test yourself
7 v=ic!

J=Nm

SoV=Nmc?

ThereforeVmi=NmCim?!=NC?
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8 a) E ==

_ 1500V
T 0.075m

=2x10*Vm?

b) F =EQ

F
Q=<

_ 15x107’N
T2x104Vm1

=7.5x10%C
c) W=Fd
=1.5x107 Nx0.075 m

=1.1x10%)

9 a) The electrons are deflected more as there is a larger upwards force on them.

b) The electrons are deflected less as they spend less time in the electric field.

10 a) At this speed, the weight is balanced by drag.

a
b) t =7

_ 01m
" 1ms1?

=0.1s

c) It will curve to the right. (If there is little drag to the right, this will be a parabola.)

ol

+ —
d)i) £ =g
3000V
T 0.05m
=6.0x 10*N
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ii) F =EQ
=6.0x10°Vmtx1.2x10%8C

=7.2x10*N
F
e)a =

_72%x107*N
T 2x10"%kg

=3.6ms>

f) s =lap
2

= % x3.6mstx(0.15)

=0.018 m=1.8cm

If there is significant drag the deflection will be less.

11 AV=area under the graph
= % (2000Vm™*+1000V m?)x0.4m

=600V

12 a) EQ upwards is balanced by mg downwards.

AFQ:EQ

YW=mg

Vv
bymg=-2 (1)
_mgd

So Q v

_1.7x10"5 kgx 9.8 Nkg™? x 0.006 m
- 312V

=3.2x10%C

c) Using same method with new value of V gives Q = 4.8 x 10° C

d) The smallest charge the drop can carry is 1.6 x 10° C (the charge on an electron).

mgd

Rearranging (1) gives V = )
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_1.7x10715kgx 9.8 Nkg™? x 0.006 m
- 1.6 x 10~19 kg

=624V

e) This experiment is usually attributed to Robert A. Millikan, although there is some controversy

surrounding the contribution of his colleague Harvey Fletcher (and also around his selection of
results for publication).

Pages 368— 369 Test yourself

13a) i) £ =-2%

41rE)T2
- . . L Kk
Combining constants into a single term and measuring in mm = 300 = Too?
= k =300 x 1002
. 300 x 1002
and field strength at 50 mm, Eso = %
=1200 N C?
In the same way:
II) E>00 =75NC?
III) E>so =48 N C!
In each case:
b) Your graph will show an inverse square law relationship.
1400
1200
1000
~ 800
8]
=
T,
o g00
400
200
0
0 50 100 150 200 250 300

r/mm
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Combining constants into a single term and taking the distance OA as one unit = 3600 = =z

. . 3600
so field strength at a distancer from O, E; = "

This leads to the values shown in the table on the next page for the field strength.

Point Distance from O / Field strength /

arbitrary units NC?
B 2 900
C 3 400
D 4 225
E J12 + 12 1800
F J22 + 12 720
G J32+12 360
H J22 + 22 450
| J4z + 22 180
J J32+32 200
K J4% + 32 144

15a) E = m’ﬁ

_ 5x107°C
7 (41 x8.85 x 10~ 12Fm~1) x (0.3m)?

=500 N C* (to the right)

__Q

4Tt

4

_ 10~8C
"~ (41 x8.85 X 10~12Fm~1) x (0.2m)?

= 2250 N C? (to the right)
So the total field strength = E,+ E,=2 750 N C!

b) i) Now the field is—2 250 N C* + 500 N C*=—1 750 N C™ (i.e. to the left)

Q1Q2

4TET?

i) F =

_ 5x107? x 1078 C
"~ (41 x8.85 x 10~12Fm~1) x (0.5m)?

=1.8x10°N

The force is repulsive.
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Pages 374—- 375 Test yourself

16a) i) V =—2
4ATEGT
_ 1.5x1077C
~ (47 x8.85 x 10~12Fm~1)x 0.25m
=5400V

ii) Visinversely proportional to r so

V =5400V x 222
0.75

=1800V
b) AW =QAV
=2.0x 10®C x (5400 — 1800) V
=7.2x107]
17 AW =Q AV
a) AW =2x107Cx0
=0
b) AW =2x107Cx (500 — 300) V
=4x107)
c) AW =2x107Cx(800—300) V
=10")
18 a) i) 25V+25V-25V+25V =50V
ii) 25V-25V+25V-25V=0
iii) 2(25V) -3(25V) + 25V -25V =-25V
b) The second: A balances C’s field; B balances D’s field
19V oc% Taking the distance AB as 1 unit gives V = @ and thus:
a) i) AtC:r=2units,V=60V
ii) AtD:r=3units,V=40V
iii) AtE: r=4 units, V=30V
iv) At F: r= (42 +3%)% =5 units, V=24V
b) i) EB=3units,V=120V+40V =160V
ii) EC=2units,V=60V+60V=120V

iii)ED=1unit, V=40V +120V =160V
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iv) EF =3 units, V=24V +40V =64 V
) i) 120V-40V=80V

ii) 60V—60V=0

i) 40V —-120V=-80V

iv)24V-40V=-16V

20 a) i) True: the field is at right angles to the equipotential, and it points along the path from the

positive to the negative ion.
ii) True: the potential gradient is larger.
b)i) O
i) AW =QAV

=ex (5.0V-(-2.5V))=75eV

Page 376 Test yourself

21a) F =%

_ (6.7 x 107 Nm?kg™2)x(1.67 x 10727)?
B (10—10m)2
=1.9x 10" N
_ @10

b) F = 4TrEgT?
_ (1.6 X 10719C)2
" (47 x 8.85 X 10"12Fm~1)x(10~10m)?
=23x10%N

C) F_Ez 2x107°N ~ 1036

—44
Fg 2x10 N
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d) It will remain 10% as both forces follow inverse square laws.

22 The strong force is short range — the nucleus is only a few femtometres (10%> m) across.
The strong force must be stronger than the electric force, so that the electric force does not
cause the nucleus to disintegrate.

23 A metal box will exclude electric fields from the inside because all points on a conducting surface
will have the same potential.

Pages 377-380 Practice questions

1

2

B

C

10C

11 a) i) Tothe left. [1]

ii) The acceleration remains constant. [1]

b) i)

i)

12a) F

The field is constant, so the force is constant. Since F = ma, the acceleration is constant. [1]

The acceleration decreases as the electron moves to the left and the field decreases. [1]

The proton accelerates to the right [1]

L F I
the acceleration is less as a = — and mass is bigger [1]

the acceleration increases as the proton moves to the right where the field is stronger. [1]

=EQ [1]

\%
=3xQ [1]

=300V 40x10M8C
0.06 m

=2.0x 1074 N [1]
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b) F =mg
=2.6x 10 kg x 9.81 N kg™
=2.6x 10N [1] + [1] for diagram

20x 104N

\
26 x 104N

c) Resultant force acting on the sphere is

1
F =(2.02+2.69)zx 104N

=3.3x10%N [1]
F
a =— (1]
_33x107N
T 2.6 x10715kg
=13 ms™ [1]

at a direction 0 to the horizontal where

tan 0 = z6
2.0
0 =52°

(1]

d) The gravitational force is doubled because the mass is doubled; and the electric force is
doubled because the charge is doubled. [1]

Since these forces act at right angles, the resultant force is also doubled, but the acceleration

stays the same as a =F/m. [1]
13a) F =kxd
=0.12Nm1x9x103m [1]
=1.1x 103N [1]
b) E == [1]

500V
T 02m

=2500V m™[1]
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c) F=EQ [1]
F
Q-=c
_11x1073N

T 2500 Vm-1
=4.4x107C [1]

d) Force acting on the sphere is proportional to displacement and in the opposite direction. [1]

m
T = Zn\/;
_ ,15x10‘3 kg
=2n 012 Nm-1 [1]

=2.2s[1]

\%
143) E =
6

_ 600V
T012m

=5000V m™[1]

F
b) tan 0 = e [1]
F =2.4x103kgx9.81 Nkg™xtan 10° [1]

=4.15x 1073 N [1]

) Q =t

_415x1073N [1]
© 5000V

=83x107=8x10"7C[1]

15a) 0 [1]

b) i) V =—2[1]

4TEYT

_ 1.6x1071°C 1]
" (4mx 8.85x 10~12 Fm~1) X (1.5 x 1010 m)

=9.6V[1]
ii) 2x9.6V=19.2V[1]
c) Electrical potential energy of an electron at C =-19.2 eV [1]
Total energy =-19.2eV+3.7eV
=-15.5eV [1]

d) The ionisation energy is 15.5 eV, because this is the energy required to take the electron to
infinity (with zero KE). [1]
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16 a) E, = [1]

4Tt r2

N 6x107°C
~ (41 x 8.85 x 10-12 Fm~1) x (0.5 m)?2

=216 N C* [1]
Es has the same magnitude as the charges and distances are the same in both cases.
At C, both Exand Eg are in the same direction, so total field, due to both =432 N C1. [1]

b) i) Correct shape [1], arrows in correct direction [1]

ii) The direction of the field at D is parallel to AB and directed to the left. [1]
17 a) E= % (1]

The potential gradient is greater at A than it is at C (the equipotential are closer together). So
the field is stronger. [1]

b) i) 0[1]

i) W = QAV [1]
=2x10°Cx 100V
=2x107J[1]

182) E=2[1]

The potential gradient is greater near the tree because the equipotentials are closer together.
So the field is greater. [1]

b) i) W =vQ
=ExdxQ[1]
=46x10°Vm1x05x10°%mxe[1]

=23 eV[1]
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ii) Inlower pressure the distance travelled between collisions, d, is bigger. [1]

Thus, the electron gains more energy between collisions for a given field, so the field to
produce ionisation can be less. [1]

(Referring to the equation used for the last part of the question: W=Exd x Q
Q and W are constant, so if d increases, E decreases.)

c) i) Diagram [1 mark]

| , Cloud
A A A A A 4 A
L 1 Ground
+ “+ * * + + &
ii) E ==
7 %108V
= 300m (1]

=2.3x10°Vm™[1]

0 _Q

i)l = . [1]
_4s5cC
T 0.0245
=190 A [1]

iv) W =VvQ

=7x108Vx4.5C [1]

=3x10°J=3GJ[1]
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Page 380 Stretch and challenge

19 a) The fields at C, due to the charges at A and B are as shown.
—Esing +Esing

Eg A Ecos@ Ecosé Ea

As the charges are equal: Ea=Eg = E

The vector sum of the fields at Ciis 2 E cos 0 along the line OC, where E is given by:

Q

4megr?

2q cos©
4TEyr?

So Ec =

but cos 6 =§

x
So Ec= q—3
2TEr

1
Since r = (x* + a%)2

qx
Ec = - 3
2T (X2 + a2)2

b) For a maximum we require % =0
Using the quotient rule for differentiation:

vu'—uv’

i.e. if f(x) :% then f/(x) = ——

3 1
2 2\5 3,42 2\3
X“ +a®)2—x| =(x* + a®)2 X 2x
dE. ( ) (2( ) >

dx 21E (%2 + a?)3

dE .
When d—xc =0, the numerator of this is zero

3 1
= (x? + a%)z =3x*(x% + a%)z
x?+a?=3x?
2

2x*=a

a
Xx=t—
2
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20 KE is transferred to electrical potential energy.
At O the particle has zero kinetic energy and maximum electrical potential energy

D e L 2
The electrical field at O is given by E = a
4mega
. . S 2q2
so the electrical potential energy of the particle is W = 4112 "
0
1 2
So-mv? =
2 2Ttgga
2 _2q°
- 2TEgam
_ q
(meggma)l/2
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