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Electric Field Strength (E) F

+· T
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·

+

+
d >plateseparation uniform, a changed

particle between

* EjectricRide plateswouldexperience

·
E =V also E= same magnitude of-

N

~ d force a hence

E=-F =vq acceleration everywhere.
d

as ↓ F =ma
ma =Va

->a = Vq
d mol

Example
~ Alpha particle An alpha particle & a Proton: Mp =1u q,+1e

· proton are released from Determine

#
· · rest near positive plate. a) FcF, b)

ac
ap

& They acceleratetowards the 2(u =1.66x18
-2+k9}

negative plate. 9/e =1.6 x 10
- 123

~Proton Alpha particle:

mx =4uqc =+ 2e



as E =

Eso F =Ea bE =1

Ea.a mas=
m,ap

E.. &Ma
I aa

=

t

For an Electric Fieldaroundpoint chargeIsphere)

+ F
· >

E =EandF=

kna
+q,........

--

q

q
E =k9,q2 ·E =

av2+95
qz 9:charge whose field

strength is to be

determined

v:distance to the

point from center.



Er graphs for an isolatedpointcharge
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E2 graph for unlike charges
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V-v graph for parallel metal plates
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of a small positive charge (e.g. proton, alpha particle etc.) is

broughtclose toanother charge.
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For
Examiner’s

Use

4 Two point charges A and B each have a charge of + 6.4 × 10–19 C. They are separated in a 
vacuum by a distance of 12.0 μm, as shown in Fig. 4.1.

12.0 μm

A P Q B

3.0 μm

+6.4 × 10–19 C +6.4 × 10–19 C

3.0 μm

Fig. 4.1

 Points P and Q are situated on the line AB. Point P is 3.0 μm from charge A and point Q is 
3.0 μm from charge B.

 (a) Calculate the force of repulsion between the charges A and B.

 force  =   ..........................................   N  [3]

 (b) Explain why, without any calculation, when a small test charge is moved from point P to 
point Q, the net work done is zero.

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

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

 ....................................................................................................................................   [2]

 (c) Calculate the work done by an electron in moving from the midpoint of line AB to 
point P.

 work done  =   ...........................................   J  [4]

241 of 814

< ·

F=1an
F =8.99 x10" x(6.4 x10-19)

"

((2x18-6)2

F =2.6X10
- 17

2.6x10
- 17

Both P and Ihave thesame electric potential,
hence the change in potential and workdone is

200.

&
-

initial

Norkdone-change in EPE
=xVxq Vm =

kaA+a
V =kq =(V - Vi) xq
F =

8.99x10" x6.4x18 x2
final ( 6X10

- b ↓
Vm =1.92x 18

-3VVp =can-1aee4 x10-1)>um+arn)
Vp =2.6x10-3V

Work =(2.6x10- 1.92x10*) x1.6x10* so Work =1.1 x 10-25
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Examiner’s

Use

4  (a) Define electric potential at a point.

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

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

 ...................................................................................................................................... [2]

 (b) A charged particle is accelerated from rest in a vacuum through a potential difference V.
  Show that the final speed v of the particle is given by the expression

v = 
2Vq
m

⎛       ⎞
⎜       ⎟
⎝       ⎠

  where 
q
m  is the ratio of the charge to the mass (the specific charge) of the particle.

[2]

 (c) A particle with specific charge +9.58 × 107 C kg–1 is moving in a vacuum towards a fixed 
metal sphere, as illustrated in Fig. 4.1.

2.5 × 105 m s–1

particle
specific charge
+9.58 × 107 C kg–1

metal sphere
potential +470 V

Fig. 4.1

  The initial speed of the particle is 2.5 × 105 m s–1 when it is a long distance from the 
sphere.

  The sphere is positively charged and has a potential of +470 V.

  Use the expression in (b) to determine whether the particle will reach the surface of the 
sphere.

[3] 

247 of 814

Workdone pan unitpositive charge to move it

from infinityto a pointin an electric field.

u =0

-

xV =V

change inEPE change in KE
AVxa =m(v2- u")
vxq =Im(v

=0)

v =2vq
N/m

v
=va

infinity(V =0)

v=xMoxaFOx7 (2.5 x105)
=2V x 9.58x10

=

V =326V

v =3x105m/s will notreach

will not reach.
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5 An α-particle is travelling in a vacuum towards the centre of a gold nucleus, as illustrated in 
Fig. 5.1.

gold nucleus α-particle

charge 79e energy 7.7    10–13 J×

Fig. 5.1

 The gold nucleus has charge 79e.
 The gold nucleus and the α-particle may be assumed to behave as point charges.
 At a large distance from the gold nucleus, the α-particle has energy 7.7 × 10–13 J.

 (a) The α-particle does not collide with the gold nucleus. Show that the radius of the gold nucleus 
must be less than 4.7 × 10–14 m.

 [3]

 (b) Determine the acceleration of the α-particle for a separation of 4.7 × 10–14 m between the 
centres of the gold nucleus and of the α-particle.

 acceleration =  ................................................. m s–2 [3]

 (c) In an α-particle scattering experiment, the beam of α-particles is incident on a very thin gold 
foil.

  Suggest why the gold foil must be very thin.

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

 ...............................................................................................................................................[1]

 [Total: 7]

280 of 814

v =ka Alphaen
k =0.99 x109 I

< 9
=ze

(n =1.66X10
-

27k9
407x18

-

14m
12 =1.6x18-192

N;v=0

loss in K.E=gain EDE Vz =4.7X10-m

7.7x10
- 13

=AVXq Aparticle can reach
↓

as close as 4.7x10- "m
7.7 x 18-13 =(3 - 0) +22 from the centerof

VG
nucleus. If collision

7.7x 10
-

=8.99 x10"x 792x2 doesol occur, this

VG means radius is even

smaller than this.

F =1q F =ma

22 16.76 =4uX a

F = 8.99x10"x2ex79e a
=2.47x102m/s

(407 x 18
- 14)2

F =16.7bN 2.5x1027

so that x-particles can cross though.
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6 Two solid metal spheres A and B, each of radius 1.5 cm, are situated in a vacuum. Their centres 
are separated by a distance of 20.0 cm, as shown in Fig. 6.1.

P

sphere A sphere B

x

20.0 cm
1.5 cm 1.5 cm

Fig. 6.1 (not to scale)

 Both spheres are positively charged.

 Point P lies on the line joining the centres of the two spheres, at a distance x from the centre of 
sphere A.

 The variation with distance x of the electric field strength E at point P is shown in Fig. 6.2.

50

10

–10

–20

–30

–40

–50

20

30

40

0
0

42 6 10 14 188 12 16 20

x / cm

E / N C–1

Fig. 6.2
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11cm qcm

At the Null point
En =EB

ANA
=NaB22

Null point

qAz =ae ↓
↓

11cm

A=Vre

an =(t)
qA =1.5
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 (a) Use Fig. 6.2 to determine the ratio

magnitude of charge on sphere A
magnitude of charge on sphere B .

  Explain your working.

 ratio =  ...........................................................[3]

 (b) The variation with distance x of the electric potential V at point P is shown in Fig. 6.3.
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Fig. 6.3
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⑲
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Aphapatie- Alxq =1m(v=ui)

- (XX - Vi) x q = m(v=w) q = +22

12 =
1.6x10

- 192

- (0.54 - 8.76)x2e =1x 4ux (v=04 1u =1.66x10
-

27kg
v =1604 =406x100m/s
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  An α-particle is initially at rest on the surface of sphere A.
  The α-particle moves along the line joining the centres of the two spheres.

  Determine, for the α-particle as it moves between the two spheres,

  (i) its maximum speed,

 maximum speed =  ................................................. m s–1 [3]

  (ii) its speed on reaching the surface of sphere B.

 speed =  ................................................. m s–1 [2]

 [Total: 8]
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u
=0

->

->

:Lossin EPE=gain in K.E
- Alxq =1m(v=ui)

- (XX - Vi) x q = m(v=w)
- 10.18 - 0.76) x2 =2x4u +(v

=0)

v =7476087 =7.5x10"ms

:Lossin EPE=gain in K.E
- Alxq =1m(v=ui)

- (XX - Vi) x q = m(v=w)

- (0.54 - 8.76)x2e =1x 4ux (v=04

v =1604 =406x100m/s


