ELECTRIC FIELDS

18 Electric fields W S

18.1  Electric fields and field lines 12:““&

Candidates should be able to: gﬁﬁ

1 understand that an electric field is an example of a field of force and define electric field as force per unit
positive charge

Z recall and use F = gf for the force on a charge in an electric field

3 represent an electric field by means of field lines

18.2  Uniform electric fields

Candidates should be able to:

1

2

18.3

recall and use £ = AV/Ad to calculate the field strength of the uniform field between charged parallel
plates

describe the effect of a uniform electric field on the mation of charged particles

Electric force between point charges

Candidates should be able to:

T

2

understand that, for a point outside a spherical conductor, the charge on the sphere may be considered
to be a point charge at its centre

recall and use Coulomb’s law F = Q,Q,/ (4 rwur" ) for the force between two point charges in free space

18.4  Electric field of a point charge

Candidates should be able to:

1

18.5

recall and use E=Q .l’{dm.'ur?] for the electric field strength due to a point charge in free space

Electric potential

Candidates should be able to:

1

define electric potential at a point as the work done per unit positive charge in bringing a small test
charge from infinity to the point

recall and use the fact that the electric field at a point is equal to the negative of potential gradient at
that point

use V= Q/(4mne,r) for the electric potential in the field due to a point charge

understand how the concept of electric potential leads to the electric potential energy of two point
charges and use £, = Qg / (4mz,r)
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4 Two point charges A and B each have a charge of +6.4 x 107 '%C. They are separated in ¢
vacuum by a distance of 12.0um, as shown in Fig. 4.1.

12.0um

" 164 x10-9C

s e Messsand sl

-~
L 3.0um 1 3.0um

Fig. 4.1

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

(a) Calculate the force of repulsion between the charges A and B.
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{d ) Explain why, without any calculation, when a small test charge is moved from point P to
point Q, the net work done is zero.

e B WNs Ng=s e (e=W)g)

Sing. Vo= Va , %o (Vp-Va)=0 amd q=+1C
Thevore, W=p dwa B 2es p.d

= 9]

( Calculate the work done by an electron in moving from the midpoint of line AB to

P V= (Vo = Va )(¥)
V= [(?r":'.é. ~1.92)16*) [+ 60x15"]
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Q.1
Two positively charged identical metal spheres A and B have their centres separated by a distance
of 24 cm, as shown in Fig. 6.1.

sphere A sphere B

Fig. 6.1 (not to scale)

The variation with distance x from the centre of A of the electric field strength E due to the two
spheres, along the line joining their centres, is represented in Fig. 6.2.

8] T e b T e e R et L D e e e i o i

8
E/104NCT

Fig. 6.2
(a) State the radius of the two spheres.

radius =




(b) The charge on sphere A is 3.6 x 107?C. Determine the charge Qg on sphere B.

Assume that spheres A and B can be treated as point charges at their centres.

Explain your working.

(c) (i) Sphere B is removed.

Use information from (b) to determine the electric potential on the surface of sphere A.

electric potential =




2;
A metal sphere of radius R is isolated in space.

Point P is a distance x from the centre of the sphere, as illustrated in Fig. 7.1.

Fig. 7.1

The variation with distance x of the electric field strength E due to the charge on the sphere is
shown in Fig. 7.2.

20

Fig. 7.2

(a) State what is meant by electric field strength.




(b) (i) Use Fig. 7.2 to determine the radius R of the sphere. Explain your working.

(ii) Use Fig. 7.2 to determine the charge Q on the sphere.

(¢) An a-particle is situated a distance 8.0 cm from the centre of the sphere.

Calculate the acceleration of the a-particle.

acceleration =

[Total: 10]
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5 An a-particle is travelling in a vacuum towards the centre of a gold nucleus, as illustrated in

Fig. 5.1.
Y
gold nucleus c-particle [JJE)
O —
charge 79e energy 7.7x 10713}
Fig. 5.1

The gold nucleus has charge 79e.

The gold nucleus and the a-particle may be assumed to behave as point charges.
At a large distance from the gold nucleus, the a-particle has energy 7.7 x 10712,

(a) The a-particle does not collide with the gold nucleus. Show that the radius of the gold nucleus
must be less than 4. ?xm 4m.

@m 1-7 m:g =KQQ?“3(Q’)

— 1) (o el £.OXLD
g TFnm’ = @00 cro [T oxip J (2! g0
2 - W72 x5 m e P

Ths volae ‘g B Ra  2epatduss cOpgoeh
of F’Ehhﬂ- ‘:‘htﬁ%& m& nudoms, 0 fediv 3 Geld ot (4

L T2 R0 =Wy v

{h} Determine the acceleration of the a-particle for a separation of 4.7 x1077*m between the
centres of the gold nucleus and of the a-particle.

F o= ™M Q
K (@1:@ Q) _ (M) ()

(8- ‘39x1§')[?°\ (rboxe D){ 20> box\o )] ['-l (t Eﬁﬁl?.rj [Q]
(b7 % 18")*"

acceleration =

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

Suggest why the gold foil must be very thin.

Sineke. . et hon...of. ctzposticle  Prn (ol vuclous.
L. Yoe. Vedult | odoowt  Size. amd Toh of vwcloug g

[Total: 7]
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5 Two deuterium {fH} nuclei are travelling directly towards one another. When their separation
is large compared with their diameters, they each have speed v as illustrated in Fig. 5.1.

v v

SE— -

deuterium @ @ @ deuterium
i*

nucleus nucleus

Fig 57> Sapaalen bolwos el 'w
Gud. U e dlomeln

The diameter of a deuterium nucleus is 1.1 x 107 m. vyl g, 0

(a) Use energy considerations to show that the initial speed v of the deuterium nuclei must
be approximately 2.5 x 108ms ' in order that they may come into contact.
Explain your working.

Logs of \inolu Mfm e Gam v Elenic €,
Lmv) = aa
2 \3 uns

i
(2 (166x15" D)V [tmh}{i = ][L - §oxln

L1 x g5

Il

(3]

Exsminars
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4 (a) Explain what is meant by the potential energy of a body.

The... abj&bj ............... o oedv. .. do.week. dw.

o C..Q\OM%{ ................ SIS~ ibon. w0 Geld
3—H _______ SFDT‘C.E e 2]

(b) Two deuterium (2 1 H) nuclei each have initial kinetic energy E, and are initially separated
by a large distance.

The nuclei may be considered to be spheres of diameter 3.8 x 10-'%m with their masses
and charges concentrated at their centres.

The nuclei move from their initial positions to their final position of just touching, as
illustrated in Fig. 4.1.

o

-
initially @ @
kinetic energy E, kinetic energy E
3.8x10""m
at rest
Fig. 4.1

(i) For the two nuclei approaching each other, calculate the total change in

1. gravitational potential energy,

GEy = - @MW

A
(G_mmg“)[20.asxlE“J][zfl-asmEﬁﬂ
i 2. @R >
= l*qu lﬂf_ltq _Lﬂ
Q3x 1
energy = ... l ceeeeenn d [3]
2. electric potential energy. a
E€p = -t (S
Ee e & & )
_ (e.9axM) (r6oxi5) (O 60x10
2. &% 'S
=14
- 606X ~Y
energy = ........ 6 QE’X“‘ v J [3]

© UCLES 2010 702410
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9

(il) Use your answers in (i) to show that the initial kinetic energy E, of each nucleus Eor

s 0.19MeV. Examiners
Kivaul neigy i Gox v ERdiC 4+ 1088 of GroMad | o
‘mt& N e
a2 E.i:p — GEP
’?_E_ - GGE}Eln ~ 1- q‘;m"'
Ee= 2.02 X1 i i
| Mey = (&) (-60x15"™) = o1 ~J o

Ee r 2:8x6¢ - o.19Mey

(iii) The two nuclei may rebound from each gher Suggest one other effect that could
happen to the two nuclei if the initial kinetic energy of each nucleus is greater than
that calculated in (ii).

Rod ol wn Ruu Lol offor. AL in
nw.hm, ...... E wsimn... feodd«. & .o J?w\d ]
N oams, .

Edochon velt: O 3 R K

om nad lon o ledon Wk g
efa\é ﬁ?" ﬁﬁ"\%v o P-d. I)B 1 velh.

TL Ect v N l_h‘_\l__

e 7 =
1 av - W B
‘ 1,5,:,-,;13"qj
'y 1) = =
leV = 1:60X15 '

IMeV = (16°) (160 x18%)
IMeY = - Box1o-d

© UCLES 2010 a702/41/MAJA0 [Turn over
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5 Two small solid metal spheres A and B have equal radii and are in a vacuum. Their centres are
15cm apart.
Sphere A has charge +3.0pC and sphere B has charge +12pC. The arrangement is illustrated in
Fig. 5.1.

= +Y e+l s
sphereA  / \ pulr ¢ g ™, sphereB
charge +3.0pC | - --1€ o - Ptk ot 41—— . charge +12pC
Nl Byt By N
1 i i
. 50cm |
i -
' 15¢cm
Fig. 5.1

Paoint P lies on the line joining the centres of the spheres and is a distance of 5.0cm from the
centre of sphere A.

(a) Suggest why the electric field strength in both spheres is zero.

_____ Elechic Fore  betomor 2eto. omd Ro . e
..... EQEE-MC'F'%Q&'Q“W E=-—%=%=0 2]

(b) Show that the electric field strength is zero at point P. Explain your working.

EPecivic feld Syength ok P dw ﬁ_:‘;puqe ot A-
Er- KQa . (2-99x10) (3-0x107 _ R, i B
= CS'DHIEEJZ' )
Elecivic fleld S¥ength of P dw & clarge of
c.K@Q . (@aW)(12x6? | ,qers 10:8NC
e Cioxo D)= -
Sinte Ex= Eg W mogwindy bub och in 6PPEi direchiony
ond Comod out e <ffledt of Qach otfex. o

(c) Calculate the electric potential at point P.

< ’I_ Qﬂ . QE
W il w3
(o5 T

S.0X1p% 10X\02

= 16182

electric potential = 16'2.\; 2]
& LUCLES 2016 70241 Q0/MNME



13
(d) Asilver-107 nucleus ('95Ag) has speed v when it is a long distance from point P.

Use your answer in (c) to calculate the minimum value of speed v such that the nucleus can

reach point P. E
Ee = Ep . J 2\Voy
myvt = Voy = V= | =5

o (1-62) [h?(lrénxlﬁlqﬂ
L 107(1.6& %15° 2

V = 117 Ilf.lm"J\ll

1
2

speed = I'I._"':"’“':'r'nS‘1 [3]

[Total: 10]

RELATION RETWEEN ELECTRIC FIELD
POINT AND POTENTIAL GRADIENT.-

E: —ve Geadiont 6f potevia) agaimst
igtemte W
B ~ B
Ad
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6 A solid metal sphere of radius R is isolated in space. The sphere is positively charged so that the
electric potential at its surface is V. The electric field strength at the surface is Eg.

(a) On the axes of Fig. 6.1, show the variation of the electric potential with distance x from the

centre of the sphere for values of x from x= 0 to x = 3R.

V- K8
A
Vot LU potential
g}
S | R [ 2R | 3R
v | 10Vs | 0 SV oW,

1.0 VE‘EB' Q\: :

08V, 0 6 . \

0.6 Vo4 [

0.4V, :
"'ﬂ..!_'ﬁ

0.2V,

0 i :
? R 2R 3R
distance x
Fig. 6.1

[3]

(b) On the axes of Fig. 6.2, show the variation of the electric field strength with distance x from
the centre of the sphere for values of x from x=0to x = 3R.

E- - &Y
AL

© UCLES 2016

field
strength

106y «i pnasa: L. X8
L
0.8E, : -
y .
06E, 5 E i a2
LY
0.4E,
% | R | 2R | 3R
0.2E AN
“" P | B | 1'OE |0-25E5]a-E;
0 g L L L
0 A 2R 3R
distance x
Fig. 6.2
[3]
[Total: 6]
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6 (a) State an expression for the electric field strength £ at a distance r from a point charge Qin a
vacuum.
State the name of any other symbol used.

(b) Two point charges A and B are situated a distance 10.0cm apart in a vacuum, as illustrated in

Fig. 6.1.
charge A charge B
*
\ _____________ N /
X
10.0cm
Fig. 6.1

A point P lies on the line joining the charges A and B. Point P is a distance x from A.

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

11 Fi
1
! i
2.5 0 I
1
i1
E/102NC Y
\ /
2.0 \
Y f
%
Al
== H‘m -,--""Jh
1.5
1'ﬂD 2 4 B 8 10
x/cm
Fig. 6.2

& LUCLES 2018 B702/4100/MM 9



15
State and explain whether the charges A and B:

(i) have the same, or opposite, signs

Obposila Signaorcounte . Eleckvic Geld . sienptf
_______________________________________ "mﬂfsqumadfankarvdq.

"T'\Skgelﬂ ...... ok @“ﬂd ...... (>0 SIBONY o 2]

(ii) have the same, or different, magnitudes.

So.. EM@ ..... & eﬂd%ﬂ%ﬁa ..... ,&ﬂmwvfwbdm

(c) An electron is situated at point P.

Without calculation, state and explain the variation in the magnitude of the acceleration of the
electron as it moves from the position where x = 3cm to the position where x = 7cm.

........... Sinte o F B e
ma:= By = az(-L)E > AXE

Fom 200 W Si0em 5 ﬂmﬂatslwn ..... d auepm ......

[Total: 10]
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STATIC ELECTRICITY M Sc. (Physics). MCS, MBA-IT. B Ed

. 3 o : : M IACE, D ASSMNe(TBMI. COPFPITH
1. Two parallel metal plates P and O are situated 8.0 ¢cm apart in air, as shown in Fig. 1.1, teacher 786G hotmail b 2

|
8.0cm

i
I
l-:
|
i

Plate (Q 15 earthed and plate 1* 15 maintained at a potential of +160 V.
(&) (1) On Fig. 1.1, draw lines to represent the electric field m the regon between the plates.
(i) Show that the magnitude of the electric tield between the plates is 2.0x10° V™!

E: Jﬂ\f é E: 'ISD'—ci . ?.QX]DEVTH?
Ad 2:0xlo>

(b) A dust particle 1s suspended in the air between the plates. The particle has charges of +1.2 x 10 "C and
~1.2 x 107" C near its ends. The charges may be considered to be point charges separated by a distance of
2.5 mm, as shown in Fig 1.2

+1.2x 1015 C

_ : - direction of
. electric field

irﬁxﬁ}&-ﬂ 25

-1.2x 1075 C

The particle makes an angle of 35° with the direction of the electric field
(i) On Fig. 1.2, draw arrows to show the direction of the force on each charge due to the electric field.
(ii) Calculate the magnitude of the force on each charge due to the electric field.

F:Eo
(zmm&)(:-zmuls) ~12

force = .., Z-L{XI'D e N R

(iii) Determine the magnitude of the couple acting on the particle.

Clackersise ot CM{JPQ LFJCd)
i G-B = (2 '-tmn J(ﬂ th&mgf)

COUPIe:= e Dime 2]
(iv) Suggest the subsequent motion of the particle in the electric field

Dusk patich wove vn clickwise direde omsl
hoges Coma el T opposilily loped gl




2. Two horizontal metal plates X and Y are at a distance 0.75 cm apart. A positively charged particle of mass 9.6 x 107"

kg is situated in a vacuum between the plates, as illustrated in Fig, 2.1
Akhtar Mahmood (03334281759
M Se. (Plnvsics), MCS, MBA-IT, B Ed
WIS DCE, D ASSe TBMy, OCPfPITE)
teacher_TE&mhotmail com

"J
+

plate Y

Fig 2.1
The potential difference between the plates 1s adjusted until the particle remains stationary.
(a) State, with a reason, which plate, X or Y, is positivelv charged

2]

(b) The potential difference required for the particle to be stationary between the plates 15 found to be 630 V.
Calculate
(i) the electric field strength between the plates,

&30
O 75xX1 52

Y
I1eld strength =, %'Lf A\WD. .

(ii) the charge on the particle.

lkbmmrcx FE = Downwg "‘\'l"cl W
ECV =, h”lﬂ - CV= EEa_
q - (9-¢ %10 )(3-21)

: Y
% L{.'K'[n Rameee: 0 v e S
Multiple Choice Questions

An electron is situated in a uniform electric field, as
shown in the diagram. =

>
M

> field

-
What is the direction of the electric force acting on
the electron?

A downwards @tu the left

C to the right D upwards

Two parallel, conducting plates with air between
them are placed close to one another. The top

plate is given a negative charge and the bottom one is
earthed. Which diagram best represents the
distribution of charges and the field in this situation?

[ |

b, b,
+ +

/|

i
+

_'_‘:L <l okvae
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3. Anelectron travelling horizontally in a vacuum enters the region between two horizontal — MSe(Phusics. MOS, WRA-IT. B Ed
i i - WIS INCE B ASSMNe [ TRAD, OOCPFPITHI
metal plates, as shown in Fig. 3.1. teacher_786@hotmail com

T+4DUV

electron
path

region of

electric field
Fig 3.1

The lower plate is earthed and the upper plate is at a potential ot + 400V, The separation ot the plates is (.80 cm
The electric field between the plates may be assumed to be uniform and outside the plates to be zero
(a) On F1g 3.1,
(i) draw an arrow at I* to show the direction of the foree on the electron due to the electric field between the plates,
(ii) sketch the path of the electron as it passes between the plates and beyond them,

3]
(b) Determine the electric field strength £ between the plates.

i)
ad 0.80 x1o> e

y
= 90X\

(¢) Calculate, for the electron between the plates, the magnitude of (i) the force on the electron,

F= Eq
(5-0%10") (160 x10'1)

=19

B0 xlo N

(i) 1ts acceleration

F= W B
% OXIH‘S Cq A\ x,l"ﬁl)q

O‘ - % ?g :)Q.I..U "H',I_EF acceleration =" .o i, mE™2
[4]

(d) State and explain the effect, if any, of this electric field on the horizontal component of the motion of the
electron,

_Sinca. tQadﬂc__ e acls ve(Beally o
_____ we  (Dre. . AAa
..... &QV%QM (
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4. Two large flat metal plates A and B are placed 9.0 ¢cm apart in a vacuum, as illustrated  MScPhsics. MOS, WBA-IT. B Ed
WIS INCE, B AR TRAD, OOCPPITHI

in F'Igd' I p] ate A pl ate B tepcher_786&Ehotmul com

A potential difference of 450 V 1s maintained between the plates by means of a battery.
(a) (i) On Fig. 4.1, draw an arrow to indicate the direction of the electric field between plates A and B.
(ii) Calculate the electric field strength between A and B3,

=: AY _  Lso

——

N q. umﬁq

3
S0 xlo

Field strength= .. .. .

(b) An electron 15 released trom rest at the surface of plate A.
(i) Show that the change in electric potential energy in moving from plate Atoplate Bis 72 x 10°7 ).

V= AN = \E i
Y e
Eax V0
= CLSu)C]-&amE_Iq)
= e \;?:I
(ii) Determine the speed of the electron on reaching plate B.
MO EV_ ~ oge ‘f’f eLeedvic E:p
._"__M"v'l R Ve

- N 2 Ne 8 s 2@5@0-5&15@
} » =l 91 x1p )

l'1
™ = me Speed= ...,

(¢) On the axes of Fig. 4.2, sketch a Eraph to show the vanation with distance 4 from plate A U‘f.g'iﬂlﬂﬂl ¢
fr{"_m

electron.
2

Q08 = "\Jl ~U
1
2(EYd = V' - (o)




