Electric Fields

(a) State what is represented by gravitational field lines.

(b) Figure 1 shows the gravitational field above a small horizontal region on the surface of the
Earth.

Figure 1

l j \' J gravitational
T T 1 , field lines
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J surface of the Earth K

Suggest why the field lines converge over a small area at K.

(c) A ball travelling at constant speed passes position J moving towards position K in Figure 1.

Assume friction is negligible.

Explain any change in the speed of the ball as it approaches K.
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Electric Fields

(d)

(€)

(f)

Figure 2 shows lines of force for the electric field surrounding two charged objects
L and M.

Figure 2

Explain why the lines of force shown in Figure 2 cannot represent a gravitational field.

L — *ve qral\,‘\{jqﬂwvu»ﬂ, {lqﬂ\{k S C(J\W()J‘\J @jﬁwﬂ\%-
J =

Mo —s VS

1)

State which object L or M has a charge with the greater magnitude.

object ‘ R
§

State which object L or M has a positive charge.

L

object

()
Draw, on Figure 2, an equipotential line that passes through point N.
Do not extend your line beyond the given field lines.

2)
" L Jont (Total 9 marks)
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Electric Fields

2 Two parallel metal plates of separation a carry equal and opposite charges.

[a

+++++++ + +
[

Which graph best represents how the electric field strength E varies with the distance X in the
space between the two plates?

A B
‘ E | E :
UU\\J%JYM qu-lg)\(i ' |
£. Y i i
o~ 05 o 0f L
c D
I : / |
{][} cla X ﬂ(] -

o] o] o] [o

(Total 1 mark)
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Electric Fields

3 A particle of mass mand charge ( is accelerated through a potential difference V over a distance

d.
What is the average acceleration of the particle? v F
e
gl N
AL
ma
my 1y -
B g =
oG
v F~=1w¢ — 0 = — A
c meged dm
_V
'I-.-I,-'If - —
D ﬁ o
V
IZ = EQ = ’(7'( Q (Total 1 mark)

4 An electron on the surface of the Earth is placed in an electric field of strength 5000 N C™1.

[ electric force

What is for the electron?

\ gravitatioal force)

A 1.1x10™"
B 2.9x10710

C 3.4 x10°

o] [l P [l

D 9.0 x 1013

(Total 1 mark)

5 An o particle makes a head—on collision with a gold nucleus containing 79 protons. The distance
of closest approach of the a particle to the nucleus is 4.0 x 1074 m.

What electrostatic force acts on the gold nucleus when at this separation?

-9

—\9
A 9.1x10"" N =] QD{ - 92 y\éNo <= drwe C
B 23 N El F~ k QLQL
an e L2 -
C 290N [=]
Ty (b _W)L
ya PAAE AR
D 1.4x 10N [=] :: \ 5 n,x ‘ [CRA
L‘ﬂ){%fbx\; q \’
k ne ) (Total 1 mark)
F21. %3 = 134
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Electric Fields

6 Two fixed parallel metal plates P and Q are at constant electrical potentials of +100 V and +70 V
: respectively. A proton travelling from P to Q experiences a force F due to the electric field
between P and Q, and a change of potential energy of AEp,.

£ fD=1y
\ = 7 P Q
© .
-\ e .
E=va=tafne 3 oD
E:\'{K\;\’\j:i\_@) ----- ‘ —————

Which line, A to B, in the table gives the direction of F and the value of AEp?

Direction of F AEp
A towards P +30 eV [=]
B towards Q +30 eV [=]
C towards Q -30 eV [o] /
D towards P -30 eV [<]

(Total 1 mark)

7 An electron moves through a distance of 0.10 m parallel to the field lines of a uniform electric
" | field of strength 2.0 kN C™1.

What is the work done on the electron? ¥

A zero

B 1.6x10717J

=Fd
C 32x10%) w=F

o] [of [of [of

3 -\
D 1.6x10721] F= @< 2no k1600

3 ~\9 —\?
w =2 X ¥xWhx\e A ©l= 5'29(\9 (Total 1 mark)
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Electric Fields

3 Four positive charges are fixed at the corners of a square as shown.

+{) fourth charge

+0

50

The total potential at the centre of the square, a distance d from each charge, is

dne d

Three of the charges have a charge of +Q

What is the magnitude of the fourth charge?

A 1€
8 Q
C \2Q
D 2Q \/

(Total 1 mark)

9 A charged spherical conductor has a radius r. An electric field of strength E exists at the surface
_| due to the charge.

What is the potential of the spherical conductor? E*— ! _(\3__
AT € vt
A r2E
B rE? Ve —i—
X NLe
c g V;i«

AN —
3\“’36 V- Er — gpan Jabe oy

D E C
(Total 1 mark)

ﬁ){(& pe wn Y,
FO’”“’\V& 5]’\06’\:1 €= %-;A\/:&DV“/VD O e
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Electric Fields

10.

The figure below shows a system that separates two minerals from the ore containing them using
an electric field.

s = < Wn

=-.- '.-.-1‘
5‘.% conveyor belt
i
| .
I
|
|
|
|
l not to scale
|
45m| 0VO— i L f——065kV
I
|
|

_— collectors

The crushed particles of the two different minerals gain opposite charges due to friction as they
travel along the conveyor belt and through the hopper. When they leave the hopper they fall 4.5
metres between two parallel plates that are separated by 0.35 m.

(@) Assume that a particle has zero velocity when it leaves the hopper and enters the region
between the plates.

Calculate the time taken for this particle to fall between the plates.

-4.5m ) 1 +- )?,5 J—l—vﬂ’:; Jé s
= latt— = —_— = = ©
S (’é;t 7 o 9.9
o

7

i
o

B

9.4 ™ time taken = S
=1 (2)

(b) A potential difference (pd) of 65 kV is applied between the plates.

Show that when a particle of specific charge 1.2 x 10-% C kg~ is between the plates its
horizontal acceleration is about 0.2 m s~2,

@“35”\- ‘ Cl\a . -6 »
SP&Q{)’\'G B = L1xlo C/lfj N ® =<\41X\° Xh’\>
Ty 0"‘6"34" - wm S5
Al" ¢
Fesl L F= 105718 .3 x(\axie am ) = ety
<! . E@ )
// ) 3
J £S5 Xw
s Ez, _\/BT = . 2)gs 3 N/C, C B Fn/ly/ 3)
% o (e T e
PDx 65k . %»\ - y/\
U =91 ’M/Jz
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Electric Fields

(c) Calculate the total horizontal deflection of the particle that occurs when falling between the
plates.
A=1
. OC }:“ 0.1 m/ SL
\ L
1 -
S =% S:wh\;m 0t hxorw(@94) = oo m
w =0
Vo= horizontal deflection = m
W = oL ™ (1)
b =9d6s . . . .
(d) Explain why the time to fall vertically between the plates is independent of the mass of a
particle.
W LV\‘ﬁ F’ = WA
v L5
S:‘VL]CTJ-;at — ‘{,’1 \J ~ ho vw\rfJ,
=
(2)
(e) State and explain two reasons, why the horizontal acceleration of a particle is different for

each particle.

Mass is not constant since particle mass will varyv

Chargeomaparticteis ot constant+

Acceleration = Eq/mor (V/d) (q/ m)or Vq/dmv

E or V / d constant but charge and mass are ‘random’ variables so g / m will vary (or

unlikely to be the same)v’

(4)

(Total 12 marks)
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Text Box
Mass is not constant since particle mass will vary✓
 Charge on a particle is not constant✓
 Acceleration = Eq / m or (V / d) (q / m) or Vq / dm✓
 E or V / d constant but charge and mass are ‘random’ variables so q / m will vary (or
 unlikely to be the same)✓


Electric Fields

11 A conducting sphere holding a charge of +10 uC is placed centrally inside a second uncharged
| conducting sphere.

Which diagram shows the electric field lines for the system?

<
X

N\

(Total 1 mark)

w
o] [o] [o] [o]
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Electric Fields

12 The ionisation potential for the atoms of a gas is V. Electrons of mass mand charge € travelling
at a speed V can just cause ionisation of atoms in the gas.

What is V?
el”

A o~
2m
2elV

B —
m

9|

¥
C ||‘3_
2m

2eV

D —_
\l m

An electric field acts into the plane of the paper. An electron enters the field at 90° to the field
lines.

9|

(Total 1 mark)

13.

The force on the electron is

A zero.

B along the direction of the field.

C at 90° to the field.

D opposite to the direction of the field.

o o] [of [o

(Total 1 mark)
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Electric Fields

14 A positive charge of 2.0 x 107 C is placed in an electric field at a point where the potential is
+500 V.

What is the potential energy of the system?

A 10x107"J <o

B 1.0x10'JcC™

C 4.0x107J >

of [o] [of [o

D 4.0x107JcC™ -

(Total 1 mark)
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Electric Fields

Which diagram shows lines of equipotential in steps of equal potential difference near an isolated
point charge?

15.

/

=/ )

(o9)
of o [o] [o

(Total 1 mark)
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Electric Fields

16 Two fixed charges of magnitude +Q and +3Q repel each other with a force F. An additional
: charge of —2Q) is given to each charge.

What are the magnitude and the direction of the force between the charges?

Magnitude of force Direction of force
A % repulsive
B 5F attractive
C 5F repulsive
D g attractive

(Total 1 mark)

17 At a distance L from a fixed point charge, the electric field strength is E and the electric potential
1 s V.

What are the electric field strength and the electric potential at a distance 3L from the charge?

Electric field strength Electric potential

>
wa | by
o=
o)

w
wa | by
W |
!

E V

C 9 3
E V

b 9 0

(Total 1 mark)
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Electric Fields

(a) Explain, in terms of binding energy, why energy can be released when two nuclei undergo
nuclear fusion.

18.

Total Mass of nuclei is more than the mass of the fusion product «/ 1
1 Alternatively-the-BiA-otthe-fusion-products-greaterth

a nR/IA o

Binding energy or Binding energy per nucleon increases when a nucleus is formed by fusion « 2
2 In order to release energy, the total binding energy of the two nuclei must be less than the binding energy of the nuclide
formed

(2)

(b) During the collapse of a supermassive star, helium-3 and oxygen-17 fuse to release energy.
The equation for this reaction is

34,17 204+
2HE‘ 30 — ml\e

The table below gives data for these nuclei.

Nucleus Mass /u

‘;He 3.01603

lg 0 16.99913

20
10 Ne 19.99244

Calculate, in J, the energy released when this reaction occurs.
Mass d&*ﬁbt Dy W fr oﬁ Farent — s 0‘/_ PYoAV\(,'(T:

Dw = Qg.olﬁog'(‘ 6 .999\3) = \9.99284 = 0.0 12F 1L
—-2.% —Lt o
Al L 6™ (frmuta dheet ] —2 dm = 0,021 Fralbbine = 2758100
energy released = J

-19 1 Y i (2)
E L 2.1 E3b v x(u\}) = 336400 J = 33930

'J
3

&
I
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Text Box
Total Mass of nuclei is more than the mass of the fusion product ✔1
 ✔1 Alternatively the B/A of the fusion product is greater than B/A of  both the starting nuclei.


 Binding energy or Binding energy per nucleon increases when a nucleus is formed by  fusion ✔2
 ✔2 In order to release energy, the total binding energy of the two  nuclei must be less than the binding energy of the nuclide formed
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Electric Fields
(c) One model of nuclear fusion suggests that fusion happens when nuclei touch.
Initially the helium nucleus and oxygen nucleus are separated so that the force between
them is negligible. They move towards each other until they fuse. Fusion occurs when their

centres are separated by a distance of 5.1 x 107'® m.

The figure below shows the initial positions and final positions of the nuclei.

initial .
positions |\ 2 He€ J—> oo »---- (very large distance) ---<-----

not to scale

final
positions
1

I
I
]
]
I
>

5.1=10-15m

Calculate the total change in electrostatic potential energy between the initial positions and
final positions of the nuclei.

-V -\
- %\(\"é ){\D C :’Lx\é ¥\0 C
Ve — - 2 Epp - R ) R ¥
“t HTLE r .
FwAl -13
AV - VL_ \) = Q q’ ( \ —_ L ) = %X—ML\O)_ < L‘—‘S_ é‘) :71‘)_\65)( lo J
‘ HTCE nooo AT K B85 wat \ Saxi )
0 ~ T x\;\zj
change in electrostatic potential energy = J

)
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Electric Fields

(d) 31‘1'3 can undergo fusion reactions with either Téﬁ or 1;0 at the same temperature in a
star.

The nucleus has properties that depend on its proton number and its nucleon number.
These properties affect the fusion reaction.

, . . ) 4. .
Discuss, for this star, how these properties affect the rate of fusion of 1 65 with EHE

compared to the rate of fusion of lgﬂ' with %HE.

Making reference to the doubling charge which increases the gain in potential energy or force needed (to bring nuclei
together) o/ 1

34
So) the larger charge (of ,S) requires greater kinetic energy or pressure for fusion and decreases the rate of fusion
&
J2 (uw'ttr;)
Making reference to the larger radius/size of the sulphur nucleus compared to the oxygen nucleus

34
(So) the larger radius (of 5) (requires smaller kinetic energy or pressure for fusion) and the separation can be larger
for fusion to take place so increases the rate of fusion « 3

3)
(Total 9 marks)
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Text Box
Making reference to the doubling charge which increases the gain in potential energy or  force needed (to bring nuclei together)✔1

 (So) the larger charge (of      ) requires greater kinetic energy or pressure for fusion and decreases the rate of fusion ✔2 (owtte)
 Making reference to the larger radius/size of the sulphur nucleus compared to the oxygen nucleus
 
 (So) the larger radius (of       ) (requires smaller kinetic energy or pressure for fusion) and  the separation can be larger for fusion to take place so increases the rate of fusion ✔3
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