













































































































































Electric Field

Concept of Electric Field

ElectricField is a region around any charge particle
where other point charges if placed will experience
either an attractive force or a repulsive force

Electric field are classified either as uniformor a nonuniform

Electric field
Uniform Electric field is one in which field lines are parallel
and Equidistant apart as shown

Property No matter where ever charge is

placed it experience the same force

Direction of field is always from Highpotential

to low potential




















































































































































Non Uniform Electric field are one in which the field lines are
neither parallel nor equidistant apart

Field linesmust be radial
Correct Directionof field lines

When there are two unlike charges
field lines come outof positive and

I are deposited in the negative
Nullpoint

Null point A region where there is
not electric or magnetic field

For Identical charges null pt
is in the centre

For Non Identical charges nullpoint
will always be closer to the Nullpoint
smaller charge






























Note 2 In which direction will the

proton move

I Proton will move in the
direction of the Electric field
by making a tangent withr

the field lines
Q In which direction will the Electron

more

Electron moves opposite to the directionmass of proton 60 15 9
of genic field againby making

Charge on proto.tt 1 f g

mass of Electron 9.11 18 kg a tangent with the field lines
Charge on Electron l 6 15190

How can we calculate Electric field strength

Electric field strength is denoted by symbol E
It can be calculated using 2

formulas

First formula is only for uniform Electric field

E I
a

V Voltage PD
Yoo 0 d distance b w the

c
15am 400 plates

15 152
26704 m



Second Formula is used to define Electric field strength
9 this is a universal formula ie it can be used for
both uniform Non uniform electric field

Defination Electric field strength is defined as force per unit
ve charge

E E
or F Eq Units NC

How to apply the formulas

A Crest B Me 9.11 153kg
Election

a q I 6 15 c

OV
4004

s

5cm

1 Calculate Electric FieldStrength
E I tyg E 8000 m or NC

ii CalculateForce Experienced by the
electron as it moves in the field
E Iq F 8000 1.6 1519

F 1.28 10 5N



Calculate the workdone in
moving electron from A to B

Mechanics Electricity
W Fred V why preferred
W l 28 1515 5 152
W 6.4 10175 400

Y g We G4 15 J

1 Calculate the acceleration of the Electron
Fema

1 28 1515 9.11 10316

a 1 Ux 55m52

I Calculate final speed of Electron as it reaches B
Mechanics
112 4 Las

42 02 2114 1015 0.05
on

y 1.18 10my
Electricity
Y WI

q

V K V Imd v e Ia
g g m

v gtfo
noo

9 11 1031
1 8 10 my



Formulas

E E E
Iq

v f t
g

How Else can we use the velocity formula i e v

A Rest B
electron

V
HOOK

S

5cm

i Calculate the speed when the election is midway b w

the two plates A and B
Total PD bw the two
plates 40011

if electron has travelled
I

midway voltage 200V IGj 2ooI a axis
11 8.4 1815

Calculate the speedwhen electron has travelled three quarters of the
total distance

y

1
2 1.6 1019 300

911 1031
1.02 10my



in Four charges Nat ca x é all four charges
are released simultaneously which charge will reach theopposite

plate with greatest velocity

formula y 2ft
Constant

velocity will onlydepend Velocity will depend on the ratioof
upon a or 91m

v af

Sodium y calcium af Alpha E
Electron qty answer electron

in for the same charges calculate which particle will have greatest
momentum

Momentum mass x velocity Mx af Tm
m x 42

Momentum Nam
Since Voltage Il constant momentum depends upon the productof

mass charge ie momentum a tmxq



Calciumwill have greatest
momentum

Na NIT Ca auto x NT é tf
1 The distance b w the two plates A and B is now doubled

ie from 5cm to 10cm suggest what happens to the finalvelocity
of the electron if it now travels b w the two plates

A Rest B A Crest B
Election

a

Election

011
hook

011 4004

5cm 10cm

III Velocity depends upon voltage q and mass
since it doesnot dependupon the
distance bin the plates final velocity
remains unchanged

1 Sketch the following graphs for the electron moving from
one plate to the other

Y

gradient accelerelation

F Eq
F constant

F mat
a constant

straight line



KE
KE WD Fxs

if Fconstant
ICE S

S
Y

112 42 2 as distance increase

since u is zero at a much

42 2 as faster rate the

y as velocity

If velocity in doubled

S will increase by
a factorof 4



Electric Field

Half projectile motion for a charged particle in an Electric
field

OV

Itemé
ifmom 2.2cm

middle

11 610m 2504

12cm

me 9.11 1031kg

Ge 1.6 1019

1 Calculate Electric fieldstrength bw the plates

E I 2
24 110004m

ii Calculate the force on this Electron

F Eg F 11000 16 1519

F 1.8 1515N

Iii Calculate the Acceleration of this electron Explain why
acc due to gravity

F ma 1 8 1515 9.11 1531 a is not considered

a 2 10smy acc due togravity is

negligible as compare

acceleration of
Electricfield



in calculate the time taken by Electron to travel b w the

plates
d sit
012 6 10 t

t 2 10 9s

Calculate the verticle distance travelled by the electron as
it moves bw the plates

S ut that
S I 2 1015 2 159

OV

S 0.004m é one 2.2cm
I

0 Mcm 2504

12cm

Hence determine with full working weather this particle
strikes the bottom plate or Exists without striking

I I avalible space
0.4 vertical distance fallen

Electron will Exit from the other side as it has 0.7cm

remaining



Properties of Electric Field

Electric field is capable of applying force on a stationary
charge aswell as a moving charge

A
moving charge in an electric field

field always forms a parabolic path rather than a

circular path
t t t t

t
t t t t

Prokop Parabolic Path

The Force exerted by the electric field is always parallel
to the field lines

t t t t

tat't

Conservation of Energy from one form to another in

an Electric Field

Electricity
Electricpotential Energy kinetic Energy or Visellersa
How to calculate Electric potential Energy

EPE qu
V WFEPE

olevels



Comparision

Mechanics
KE increse KEdecrease

GPEdecrease GPE increase

if
Electricity

Speed of ve increases

KE also increases

Electric Potential Energy decreases

Speed of tue decrease
KE decreases

Electric Potential Energy increases

If ve charge moves against the field speed increases
KE increases Electric potential Energy decreases

If ve charge moves in the direction of the field Speed
decreases KE also decreases and Electricpotential Energy increases

If charge is moving perpendicular to the
a field lines than Depelwbone o

y



Quantisation of charge

Example The diagram below shows a charged particle b w

two metal plates A and B

1
850 mass 7.7 15 5kg

n
Charged droplets StalInay 5.4mm

lox

a Suggest Explain weather the charged particle is tvely
charged or rely charged if we want to maintain its
stationary position

Answer Weightof the droplet will act downwards so for keeping
it stationary Electric force must act upwards hence

droplet will be negatively charged

b Hence calculate the magnitude of the charge on this droplet

W E charge on electron 1.6 1519c

ng Eq The valued q should be a

mg x q multiple of 1.6 1519
Foreg 3 2 1019 4.8 1519

q mdt you can only provide electrons in whole
V numbers



q 7.7 1515 5,4 9.81
q 4 8 10192

850

This idea that charges exist as integer multiplesof the
elementary charge is known as quantization

what is the meaning
of term Quantization

It means that charges exist as integer multiples of the
Elementary charge where the term elementary charge
refers to the charge of an electron ie 1.6 15190



Columb's law of Electrostatics According to the law the
electrostatic forceof attraction or repulsion is known to be

directly proportional to the productof these charges and
inversly proportional to the square of distance b w them

Fx 2,22 F k2,22
r p

i
k
Ig

Eo Permittivity of free
Final formula F 2122

space
4TEE r 6 8.85 15 Fm 1

This ispreffered Fm Faraidpermeter

Difference b w Fa and Fe
Fa only attractive Fa Acts on masses

Fe both attractive and repulsive Fe Acb on Charges

SMC GMC
7cm

Calculate Electrostatic Force bw them

F 2,22
yteg

F 8 150 6 150

4T 8.851512 0.0

la is onlymeant to give

usthemagnitude of the force
not the direction

For direction of the force if like charges force away
from each

other If Unlike charges force towards each other



Important Constants

mp 166 10 kg qp 1.6 10 C

me 9.11 1531kg qe
l 6 15190

Example of Fe
Two charged sphere of mass 0.06kg

g tomes are at rest calculate
20 doc 2 charge on one sphere

s
r



Example r

ProtTElectron
Ratio of Fe Fa based on your answer suggest why
Famay be ignored throughout Electrostatics

Fa Gmpme Fe e

É r GRE r

E
e G 6 67 10

UTEGmpme E 8.85 1512

e 1.6 1519

If 111 Answer indicates that Faceless Fe hence

can be ignored throughout Electrostatics



Example of How Electrostatic force can be used
in Practical situations

8 The diagram shows a model for Hydrogen atom it
consist of one proton in the nucleus and one electron

orbiting at the distance r

p e

i Calculate linear velocity n of the electron in its orbit
Based on conceptof circular motion

Fe Fa KE of Electron
KE mut

e Mey KE I met
UTE r r

eKE Ime
YREorme

quÉme
KE ez

8thEor



Calculate angular velocity

Fe Fc Timeperiod for electron in an orbit
e Mer w

Teer T I T 2Rg YREamere 2

we

ÉÉ
Concept of Electric field strength
A region where a charge experience an attractive force
or repulsive force Electric field

Denoted by E

measured in Um or Nc

Electric field at any point can be calculated using the equation

P

r Calculate Electric fieldstrength

Source Charge E K Q k
y2

a
SS

limitation
E D

This formula only gives UTEr2
magnitudeof thefield



Direction of Electric Field

away
from the tve source charge

towards the ve source charge

Q Calculate Electric field strength

at P
E

hey
20 15
4TEO 0.125201C

p
s 1.3 10 NE12cm

magnitude
Direction due east

away
from tue

Q Calculate the magnitude 9 direction of Electric Field strength
at P due to two source charges placed at R E y

Calculate Ep due tox
loll c 6 llc

X
K Y

8cm 6cm



Calculate Epdue to x Calculate Ep dueby

Er YE ntggjygg.gr Ep
a 6 15

UREor 41 8.8515 0.06

1.4 10 NC 1.5 15 NE

At point P the Resultant Electric Field stength due to
source charges at X and Y can be obtained by vector
addition of the above values

Ep 1.4 10 t 1.5 107 2.9 10 Nc

If Arrows are in same direction then

add
If Arrows arein oppositedirection then

subtract the values



30M 8 llc

X
K Y

12cm 6cm

Ep due to a

Ep a

4reors 41 17
Ep 19 10 Nc

Ep due to Y

Ep ypg fifty
2 Online

Resultant 2.0 107 1.9 107 0.1 10 Nd



Concept of Null point
12ha Q unknown

A B
10cm S 8cm

Calculate 2 if P is a null point Resultant E o

at Null pt E due toa E due to B

12MC
URE o.it 470.08

D 7.79C Answer



How can we construct graphs of E vs r for
i like Charges

Ep Hullpointso 2 alphas or P 1 1 E y.jpProton
Ex

E

ep Resultant
r

resultant Note
Electric fieldstrength direction of E alpha right

direction of Ep proton left
opposite directionof Electric
field hence graph have

opposite signs

or 2 alphas 7 payoff
Resultant

Directionof Ex rightE
Direction of Ee right
Same direction of Electricfield

graphs will have some

signsY

Note graphof Ep Resultant Electricfieldstrength
can be used to determineweather charges are like
or unlike



2 Calculate resultant Electric field Strength
Q at Point P

d2
p

a e

d
a 72

let a be a

YREd



2 Calculate resultant Electric field Strength
Q at Point P

d2
p

a e

d
2 72



P
Q

r r

I r Ea

Graph of Electric Field Strength E varies with distance r

for a hollow charged sphere

t
t t

t

I
E O Hollow sphere means

HTEor no charge inside

no charge means

Ex I no Electricfield hence
E O

onefourth Idouble

r

F Ir



Concept of Electric Potential GravitationalPotential

Symbol 11 5kg
Units JC p 91

sign was takeny

into account

Note The negative sign in 9 implies that

signs were taken into consideration while

calculating gravitational Potential hence while

calculating Electricpotential v as well

the sign of source charge will be taken
into account

Example I
IMC

Ffp

I I
10cm 12 150

4Th 8.85 151276.1

1.1 10 JC



a Gac V Ifp

I I 11 6 15
10cm

Ute 8.85 151410.1

11 5.5 105 Jc

Define Electric Potential Il

Amount of workdone in moving a unit charge from infinity
to any point within the electric field

Suggest Why Gravitational potential 0 is always negative
As work is always done by the field in moving the mass

towards the source mass

From the above calculation we have established by Electric Potential

Y Can either be tue or negative because signof charge is always
considered

Positive answer implies work is done against the electric field in moving

a unit re charge from infinity to any point
whereas

Negative answer implies work is done by the field itself in moving
a unit charge from infinity to any point



Similarities and Differences b w gravitational Potential 0 and
electric potential v

Similarity
Both have value of zero at infinity

Both involve concept of workdone

Differences

One involves mass other involves charge
0 is only attractive and I can be attractive or repulsive

How to calculate Electric Potential 11 due to multiple
charges

Step 1 Calculate Electric Potential due to one charge
at a time using

V Q Taking sign in account
YREor

Step2 Finally add all your
individual answer to get the

resultant

RMC GMCP
A a

gem I am
B



Ya 12 156 1.4 10 JC
41Eo o 08

VB 6 15 0.9 100 JC
412810.00

0.5 10 JC

How to calculate change in Electric Potential

Symbol D

also called as potential difference
Formula DX Nff Mi
thee 10cm l

Iga

A B
8cm

6cm

Calculate the Potential from A to P

Step 1 CalculateUp Step 2 Calculate 112
DX Vf Yi

Ha 12M Has 12 MC DV Vp Va
YEE 008 TRE Co1 DV 5 105 2.7

Ups Elect 111 77 10550

Vp Glee 4M0604 T.is eanswe impliesthat if I Colo

YTE 0.06 ya 2 7 105 ofcharge is made to movefrom2 to

5 105 Theworkdoneagainstthefieldwouldbe

7 7 1055



IMC p
8

y
18Me

4cm

8cm

Calculate Potential difference from A to P

AV VP V2p Fay a Ff 1.8 10 0.4 100

Va t 12 10
6

TyÉÉI are 8 10
2 2 25 10 Y

Up 8 15 VB 8 15

UTE 8 152 MRE 4 15

1.8 10 V O 45 10611

Calculate the amount of workdone in
moving a proton

from A to P

V
E W qu

W 1.6 1519 2.25 106

W 3 6 10
13

FWD is doneagainst the field



Q Is it possible for Potential difference Bu to ever be

equal to zero

If Yes what will it signify

5cm of
son

i i s

10cm

10cm

Calculate DX

Up 81
412E Gof Iffy

2.16 10 ll or Jc i

a

tty Iggy
2.16 10 o Jc

Answer Yes it is possible

If potential at P Vp is equal to the potential at a
Va ie potential at a Ya ie potential diff All 0

such points are called Equipotentialpoints

It signifies that no work is done in moving a unit charge blu
these points



Sketch the graph of Electric Potential Y against r

t

t
t

t
t

t
a

t

so

Tgif Graph will be
less steepthenI

r

Explain
Hollow Charge on the inside is zero

No charge No field

No field No workdone by the field if W o them

all points inside the sphere can be classified to be
at Equipotential horizontal line 3 Marks



Graph of Electric Potential x against distance r for
like charges

11
4 2 yuppoint

2 Proton

11 2 Reason

ureor Both Potential are

positive graphs

have same signs

r

Unlike Charges

like charges

Vitt
1 electron

yall

potential zero potential

Reason

One Potential

is positive
while theother

is negative

graphs have

opposite signs



Example of How concept of Mull potential v o can be

used
20sec unknown

60cm

Va

Diagram and graph
are both provided

Find value of unknown charge 2

For pta we can conclude 11 0 This pt is 48 cm from

one charge G 60 48 12cm from the other charge

using this formula
yegg

we can find a as shown

20sec a

4REo o48 YEE o 12

D SMC



Relationship b w Electric Field Strength and Electric Potential

aE Fg UTEor

Using differentiation we can established the following
relationship

a
4MEor

gradient
E E 8

Conclusion since day refers to gradient we can say that
the negative gradient of the graph of V vs r

at any point gives the value of E at that
point

V
Calculate E at P

P grad E A

r

Integrate
differentiate

B



Reverse conclusion Using reverse principle we can conclude that
Area under the graph of E s r gives the value of V

E
V vs r

gradient E

I E vs r
r

Area V

Concept of Electric Potential Energy

Gravitational Potential Electric Potential
Energy Energy

Symbol U Symbol It

Units J Units J

Formula U m Formula U 1 q

U 91in U D

y
q 49

U GMI
Signsof Charge must

be considered



Application of Above Formula

1972 105 m s Are
79alpha particle

Stationary
24 gold nucleus

As α moves towards gold nucleus force of repulsion b w
like charges will decrease the speed of a particle ie
there will be a loss in its KE Based on Electrostatics

we can say

loss in KE Gain in Electric Potential Energy
a

At one pt its KE will become zero hence the α

particle will stop at that point and then be

repelled backward as shown

Rest
197d
Au

α alpha particle a

d distanceof KEO Stationary
closest approach KE EPE gold nucleus



Calculate value of d
14 1.66 1527

loss in KE Gain in EPE le 1.67 10 C

E 8.85 15Ima a

Inux 2 105 179e the simplify to get d
4REod

d 2.7 1514

What if the initial speed of alpha particle was higher
than the above stated value what would have happened

The value of d will decrease until a point when 2 nudie will
fuse togeather i e Nuclear fusion will take place

V
V

2 deuterium deuterium

Yeus
nucleus find statum

Initialstatus H

find the minimum speed required for them to fuse

togeather given that radius of dutrium is 1.9 10 14m

loss in KE Gain in EPE



Imi

2n v He te

URE 2 1 9 1514

Y 1.35 106 M S

Assuming that deutrium behaves as ideal gas molecule
calculate the Temperature needed for fusion to occur

mac 3 KT

2n 1.35 100 3 1.38 1523 T

T 1.5 108 K



Example no3
















