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Introduction

Electric shock sensation occurs due to discharge of static electric charges through the body.

Static electricity is generated by accumulation of electric charges on surfaces.
Electrostatics studies forces, fields, and potentials from static charges.

Ex 1: Why do we feel a shock when touching a car door after sliding on a bus seat?
Step 1: Sliding causes charge accumulation on body.

Step 2: Touching metal door discharges static electricity.

Step 3: Discharge causes shock sensation.

* Q1: What causes the sensation of electric shock when touching a metal object after sliding on a
seat?
A. Current flow
B. Discharge of static electricity
C. Magnetic field
D. Heat generation
» Q2: Electrostatics primarily deals with:
A. Moving charges
B. Static charges
C. Magnetic fields
D. Electric currents
* Q3: Which of the following is NOT related to static electricity?
A. Charge accumulation
B. Electric discharge
C. Electric current
D. Electrostatic force



Answer Key

e Q1: B -Shock is due to discharge of static electric charges.
* Q2: B - Electrostatics studies static charges and their effects.
» Q3: C- Electric current involves moving charges, not static electricity.

Memory Aids

« Static electricity = charges at rest.
» Shock = sudden discharge of static charge.
 Electrostatics = study of static charges and forces.

Electric Charge
Types and Properties

» Neutral body becomes charged by gaining or losing electrons.

« Two types of charges: positive (+) and negative (—).

» Losing electrons - positive charge; gaining electrons — negative charge.
o Like charges repel; unlike charges attract.

e Glass rod or cat’s fur rubbed with silk = positive charge.

 Plastic rod or silk rubbed - negative charge.

» Charged object = electrified; no net charge = neutral.

» Gold-leaf electroscope detects presence and type of charge.
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« Ex 1: Identify charge types on rods:

Step 1: Glass rod rubbed with silk = positive charge.
Step 2: Plastic rod rubbed with silk - negative charge.

Step 3: Like charges repel; unlike charges attract.

Q1: What happens when a neutral object loses electrons?

A. Becomes negatively charged

B. Becomes positively charged

C. Remains neutral

D. Becomes magnetic

Q2: Which pair of charges will repel each other?
A. Positive and negative

B. Positive and positive

C. Negative and positive

D. Neutral and positive

Q3: What device is used to detect electric charge?
A. Ammeter

B. Voltmeter

C. Gold-leaf electroscope

D. Galvanometer

Q1: B - Losing electrons makes object positively charged.
Q2: B - Like charges (positive-positive) repel each other.
Q3: C - Gold-leaf electroscope detects electric charge.

Positive charge = loss of electrons.
Negative charge = gain of electrons.

Like charges repel; unlike charges attract.
Gold-leaf electroscope detects charge.



Conductors and Insulators

» Allow electric current to pass easily due to free electrons.
o Examples: Metals (copper, aluminum), human and animal bodies, earth.
o Charge distributes uniformly over the surface when transferred.

» Offer high resistance to electric current.
o Examples: Glass, porcelain, plastic, nylon, wood.
» Charge remains localized at the point of contact.

o Three wires: Live, Neutral, Earth.

» Live and Neutral carry current from power station.

» Earth wire connected to ground for safety.

» Metallic parts of appliances connected to earth wire to discharge extra charge safely.

o Ex 1: Charge distribution on a conductor
o Given charge Q on conductor.

o Charge spreads uniformly on surface.

o Surface charge density o0 = %, where A is surface area.

» Ex 2: Identifying conductor or insulator
o Material allows current easily - Conductor.
o Material resists current = Insulator.

* Q1: Which of the following is a good conductor?
o A.Glass



o B. Copper
o C. Plastic
o D.Wood
* Q2: What happens to charge on an insulator when charged?
o A. Spreads over surface
o B. Moves freely inside
o C.Remains localized
o D. Flows to earth
e Q3:In household wiring, the earth wire is used to:
o A. Carry current to appliances
o B. Connect live and neutral wires
o C. Discharge extra charge safely to ground
o D.Increase resistance

Q1: B - Copper is a metal and a good conductor of electricity.
Q2: C - Charge on insulators remains localized and does not spread.

Q3: C - Earth wire safely discharges extra charge to the ground to prevent shocks.

Conductors: "Free electrons flow" - easy current flow.

Insulators: "Charge stays put" — no free electron movement.

Earth wire: "Safety path" for extra charge.

Basic Properties of Electric Charge

» Total charge in a system with discrete charges q1,q92,93,.-.,9niSq=q1 +q2 +q3+ ...+ qn

» Total charge in an isolated system remains constant.



o Charge can neither be created nor destroyed, only transferred.

« Charge is quantised: Q = +ne, wheren =1,2,3,...ande = 1.6 X 10~ ¢ (charge of one
electron).

1 Coulomb charge contains approximately 6 x 1018 electrons.

Ex 1: Find total charge if a system has charges 2 x 107 ®C, =3 x 1079C,and 5 x 107 ® C.
o Totalchargeq=2x10%-3x10%+5x10%=4x10"°cC.
Ex 2: Calculate number of electrons in 3 C charge.

. _ 3 a8 19
Number of electrons = ——-—; 1.875 x 10*°.

Q1: What is the total charge of charges 1uC, —2uC, 3uC?
A)2uC B)6uC C)1uC D) \(0\mu C\>

Q2: Which statement is true about charge conservation?
A) Charge can be created

B) Charge can be destroyed

C) Total charge in isolated system is constant

D) Charge is not quantised

Q3:IfQ = 4.8 x 10719 C, whatis n in Q = ne?
A)2 B)3 C)4 D)5



Q1: A) 2uC - Sum of charges: 1 — 2 4+ 3 = 2uC.

Q2: C) Total charge in isolated system is constant - Conservation law states charge is neither created
nor destroyed.

. o Q  48x107"
Q3:B)3-n= ¢ = w =3

o Charge addition: Sum all charges algebraically.
» Conservation: Charge constant in isolated system.
» Quantisation: Charge = integer x electron charge.

Coulomb's Law

Force between two point charges q; and g separated by distance 7 in vacuum:

12l 1 |q1g2]

o F =k —
r2 dmey 712

« € = permittivity of free space = 8.854 x 10712 C?N 1m 2
k=g =9 x10° Nm*C?
Force is attractive if charges are unlike, repulsive if like.

Force on g9 due to qy:

o 1 9192 - - 1 qigo . o
. Fy = —— (g —71) = Imey [ |? ro1 = —Fo

Obeys Newton's third law: forces are equal in magnitude and opposite in direction.



e T91 = g — 71 is the vector from q; to go.

F, H1=hH—H

Force Direction for Charges

o For like charges (g1g2 > 0), force vectors point away (repulsion).
 For unlike charges (q1q2 < 0), force vectors point towards each other (attraction).



» In a medium with dielectric constant K, force reduces by factor K:

Fo 1 qe

o F = —
K dreg K 12

o F\is force in vacuum.

 Ex 1: Calculate force between two charges 2uC' and 3uC separated by 0.5 m in vacuum.

_ 1 |ag
e Use F' = T
e F=9x10%x 210x3x107 _ 916N

0.52

e Q1:Two charges +1uC and +2uC are 1 m apart. Force magnitude is?
A) 18N
B)9N
C)36N
D)ON
» Q2: If distance between charges is doubled, force becomes?
o A) Half
o B) Quarter
o C) Double
o D) Four times

(o]

o

(o]

(o]

o Q3:Two charges q; = 3uC, g2 = —3uC separated by 0.3 m in dielectric medium K = 3. Force
magnitude?
o AJ9ON
o B)30N
o C)10N
D) 270 N

o

« QTIA)I8N-F =9 x 10° x 1102210 _ 18N

e Q2: B) Quarter - Force varies as 1/r2, doubling r reduces force by 4.



Q3: C) 10 N - Force in vacuum = 9X109X3X013;6X3X10_6 =30 N, inmedium F =30/3 =10 N

Force F' < —|q;(212‘

Like charges repel, unlike attract

Force in dielectric = force S

k=9 x10% ¢y = 8.854 x 102

Forces between Multiple Charges

Force on a charge due to multiple charges is the vector sum of individual forces.

Individual forces remain unaffected by other charges.

Mathematically, ﬁ’l — 1?’12 + ﬁ’lg—l—. .. +ﬁ’1n.

Each force FY; is calculated using Coulomb's law: F; = —— 255 74,.

Unit vector 71; points from charge q; to g;.



Charges g1, g2, g3 have position vectors 71, 72, 73 from reference point O.
Vectors 1o = 79 — 71 and 13 = 73 — 71 represent directions and distances.

Forces ﬁ’m and ﬁlg act on g; due to g2 and g3 respectively.

Total force on q; is I7‘1 = ﬁ’m + Fi3.

For n charges, net force on g; is sum of forces from all other charges.

BN o 1 no Qg g
Formula: F1 = Zi:2 Fli = m Zi:Q r—27‘1¢.

)

Each force vector is calculated independently and then summed vectorially.



Electric Field from Multiple Charges

Electric field at a point due to multiple charges is vector sum of fields from each charge.

Electric field due to charge g; at distance ry; is Ey; = % 7

. mr—%ﬁi-
« Total electric field: E = S, E;.
« Direction given by unit vectors 71;.
byod Y0 . D143 D9n ° h o~ G4
o ke Rt > T ” g 7
4 . :n:e \



 Given charges q; = 2uC, qo = 3uC at distance 13 = 0.5m.

1 Q1QZ,':;
dmeg 12, 12

. Usek =9 x 10°Nm?/C% F = 9 x 10° x 202310 _ 316N,

e Calculate force F9 =

« Direction along 71s.

o Three charges q1, q2, g3 at known positions.
o Calculate F’lg and F’lg separately.

e Add vectors to find net force F‘l = F’u + ﬁlg.

o Q1: Two charges +2uC and +3uC' are 1 m apart. Force magnitude is?
o A)5.4N
o B)6.0N
o C)10.8N
o D)12.0N
e Q2:1fq; = +1uC,qy = —1uC,r = 0.5m, force is?
A) Attractive, 36 N
B) Repulsive, 36 N
C) Attractive, 18 N
D) Repulsive, 18 N
e Q3:Three charges g1 = 1uC, g2 = 2uC, q3 = —1uC' at 1 m apart. Net force on ¢ is?
A) Zero

o

(o]

[e]

[e]

o

[e]

B) Directed towards g3
C) Directed towards q-
)

(o]

[e]

D) Directed away from both

e Q1:C)10.8 N - Use Coulomb's law: F' = k% =9 x 107 x 2><10761><23X1076 = 10.8N.



o Q2: A) Attractive, 36 N - Opposite charges attract; force magnitude calculated similarly.
» Q3: B) Directed towards g3 - Negative charge g3 attracts g; stronger than g repels due to
charge values.

» Superposition: Add forces vectorially, independent of other charges.
« Coulomb's law: F' = k4.

« Unit vector 7 shows force direction.

o Opposite charges attract, like charges repel.

Electric Field

 Electricfield is the region around a charge where its force is felt by a unit positive test charge.

« Electric field E due to a point charge q at position 7:

» 1 F
E=_————f=—
deg |72 Qo
* o is the positive test charge.
» Net force on test charge gg near charges g1, g2, ..., Qqy:
F=F + Fy+... +F,
» Net electric field at test charge:
F_ Ay By B _pLF :
E = o + 0 +...+ 0 =F,+ Es+...+E,
e Formula:
= 1 g
E(r) = 7,
( ) 4:7T€0 — Tzz Di

« #,, points from the i*" charge to point P.
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Physical Significance

Electric field is a property of the charge system, independent of the test charge.
Electric field is a vector quantity (like force).
Changes in electric field propagate at the speed of light due to electromagnetic waves.

Electric field is detected by forces on charges and can transport energy.

Solved Examples

« Ex 1: Calculate electric field at distance 7 = 0.5 m from a point charge ¢ = 2 x 1075 C.

1 g
4dmey 12

Step 2: Substitute Fleo =9 x 10° Nm?/C?

Step3: E = 9 x 10° x 28~ = 7.2 x 10 N/C

Step 1: Use formula B =



Q1: Electric field due to a charge +-3uC at 2 mis:

A) 6.75 x 103 N/C

B) 2.25 x 103 N/C

C) 1.5 x 103 N/C

D)9 x 103 N/C

Q2: Net electric field at point P due to two charges +q and —q placed 4 m apart, P is midpoint.
The field magnitude is:

A) Zero

) 1 2q
dmeg (2)2
q

C) 47160 4

D) 473'-60 %

Q3: Four charges ¢; = +1uC, q; = —1uC, q3 = +2uC, q4 = —2uC are placed at equal
distances 1 m from point P. Net electric field at P is:

A) Zero

B)9 x 10° N/C

C)18 x 103 N/C

D) 36 x 10° N/C

Q1: A

Calculation: E = 9 x 10% x %2076 = 6.75 x 103 N/C

Q2: A

Fields due to equal and opposite charges at midpoint cancel out.
Q3: A

Equal positive and negative charges symmetrically placed produce zero net field.

Electric field formula: E = k%, where k = 9 x 10° Nm?/C2.
Electric field vectors add like forces (vector sum).
Field direction: away from positive, toward negative charges.



Electric Field Lines

 Electric field lines map the electric field around charges.

» Tangent to a field line at any point shows the direction of the net electric field.

 Field lines start from positive charges and end at negative charges or infinity.

» Field lines never intersect; intersection would imply multiple directions of the field.

« Field lines do not form closed loops due to the conservative nature of electrostatic fields.
» Density of field lines indicates field strength; closer lines mean stronger field.

o Field lines are normal (perpendicular) to conductor surfaces where they start or end.

sk ofe

» Continuous curves without breaks in charge-free regions.

» Start from positive charges, end at negative charges or infinity.
« Tangent at any point gives direction of electric field intensity.

» Two field lines never cross.

e Do not form closed loops.

« Field strength proportional to line density.

» Always perpendicular to conductor surfaces.

« Electric field strength decreases with distance from the charge.

« Field lines spread out as distance increases, reducing density.

 Field strength at a point is inversely proportional to the square of the distance from the charge:
FE x %



Solved Examples
Ex 1

 Find the relative strength of the electric field at points P; and P; located at distances r; and 75
from a point charge q.

o Useformula: E = %, where k = 9 x 10° Nm?/C?2.
¢ Calculate ratio: . i)
. E2 1"% .



What is the direction of electric field lines around a positive point charge?

A. Toward the charge
B. Away from the charge

C. Circular around the charge
D. Random directions

Which of the following is true about electric field lines?

A. They can intersect
B. They form closed loops

C. They start from positive and end at negative charges
D. They are parallel everywhere

At what distance from a point charge q is the electric field strength E reduced to one-fourth of its
value at distance r?

[ ]
onNn w>
[y N
= bs |3 3

Q1: B - Field lines radiate outward from positive charges.



» Q2: C- Field lines start from positive and end at negative charges; they never intersect or form
loops.

e Q3: A- Electric field ' % so doubling distance reduces field to one-fourth.

» "Positive push out, negative pull in" for field line directions.
 Field strength E o line density.
 Field lines never cross = unique field direction.

« Electric field E o< = for point charges.
r

Electric Flux

o Electric flux (@) is the number of electric field lines passing through a surface.
e Mathematically, ® = fs E-dA.
« For uniform electric field, ® = E - A= EAcos 6, where 6 is the angle between E and the area

vector fi

o If 0 = 90°, flux ® = 0 (field lines parallel to surface).

o If0 = 0°, flux is maximum ®,,,,., = FA.

o Electric flux is a scalar quantity measured in volt-meter (V. m) or newton meter squared per
coulomb (Nm?2 c1).

 Electric field can be non-zero even if flux is zero, but zero flux implies zero net field through the
surface.



Solved Examples

Ex 1: Calculate electric flux through a flat surface of area 2 m? with uniform electric field 5 N/C at 30°
to the normal.

e Use® = FAcosf =5 x 2 x cos30° = 10 x 0.866 = 8.66 Nm?/C.



Q1: Electric flux through a surface is zero when the angle between Eand A'is:

(]
O
—
0]
o

o

Q2: A uniform electric field of 10 N/C is perpendicular to a surface of area 3 m?2. What is the electric
flux?

A) 0 Nm2/C
B) 10 Nm?2/C
)
)

C) 30 Nm?2/C
D) 300 Nm?2/C

Q3: Electric flux through a surface of area 4 m? with electric field 6 N/C at an angle 60° is:

« A) 12 Nm?/C
B) 24 Nm?2/C
C) 6 Nm?2/C
o D) 48 Nm?/C

Q1: C) 90° - Flux is zero when field lines are parallel to surface.

Q2: C)30 Nm?2/C-® = EAcos0° = 10 x 3 = 30.

Q3:A) 12Nm?2/C-® =6 x 4 X cos60° = 24 x 0.5 = 12.



Memory Aids

e Flux® = EAcos?é.
e 0 =0°-maxflux, 8 = 90° - zero flux.
e Fluxis scalar, unit: V.m or N m2/C.




Yy

g

—

- + E
+

A

!

—

= —TERZE and q)out =nR’E = q)total = (I)in = q)circular > —T[.RZE and ¢0ut v q)cu.rved = ‘TER?'E -, q)total =0
‘ ds g = R+ E
dg: - “":. ............... d§ E e’

Electric Dipole

Definition and Dipole Moment

« Electric dipole: two equal and opposite charges separated by a small distance.

« Dipole moment p = ¢(2a), points from negative to positive charge.
 Distance between charges = 2a.
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Electric Field on Axial Line (End-on Position)

* Electric field at point on axis: E= E+q + E,q = 4%0 {(T_la)z - (r_:a)z}

B
4meg(r2—a?)?

« At large distance (r > a), E=_-L2%

dmey 3

e Also, E’ =

j;' +
b_
2a
8 i il
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Electric Field on Equatorial Line (Broadside-on Position)

S
47e (r2+a2)3/2

« Electric field at equatorial point: E = —(l:iLq + E’_q) cos p =

—

« Atlarge distance (1 > a), E = — £+

4meqrs



Physical Significance

» Nonpolar molecules: centers of positive and negative charges coincide (e.g., CO5, CHg) = no
permanent dipole moment.

» Polar molecules: centers do not coincide (e.g., HoO, NH3) = permanent dipole moment.
o External electric field can induce dipole moment in nonpolar molecules.



 Calculate electric field at axial point 7 = 10a for dipole moment p.

1 2p
dmeg 13 °

e Substitute » = 10a, calculate E.

e Use formula: £ =

» Q1: Dipole moment p points from (A) positive to negative charge (B) negative to positive charge
(C) both directions (D) none

« Q2: Electric field at large distance on axial line is proportional to (A) 1/r% (B) 1 /73 (C) 1/r (D) 72

« Q3: For a dipole with p = 4 x 10~2° C:m, distance 7 = 0.1 m, calculate approximate axial
electric field E using €9 = 8.85 x 10712 F/m. (A) 7.2 x 103 N/C (B) 1.8 x 10* N/C (C)
3.6 x 10° N/C (D) 9.0 x 10 N/C

* Q1: B - Dipole moment vector points from negative to positive charge.
« Q2: B - Electric field on axial line at large distance varies as 1 /73,

* Q3:A-Using E = {12 calculate E ~ 7.2 x 10° N/C.

47e

« Dipole moment p = g X 2a, points negative to positive.
o Axial field o< 2p/r3, equatorial field oc —p/r3.
» At large distances, axial field is twice equatorial field.

Electric Field at General Point

* Resolve dipole moment p into components: p cos 6 (axial), p sin 8 (equatorial).



Electric field due to axial component: F; = 2t2cosé

r3
« Electric field due to equatorial component: Ey = kp:?lo .
« Resultant field magnitude: E = kp\/zsL;eH.
T

* Angle ot between Eand 7 tana = %.

P

)

= a +q

o Find resultant electric field at point P where § = 60°, r = 0.2 m, dipole moment
p=5x10"%cm,

e Calculate F/1, E5 using formulas.

o Calculate resultant E and angle a.

« Q1: The angle a between resultant field and 7 is given by (A) tan~!(tan 0) (B) tan ! (tan 6/2)
(C) tan—!(2tan #) (D) tan ! (sin 6)

« Q2: Resultant electric field magnitude varies as (A) 1/2 (B) 1/73 (C) 1/r (D) r®

e Q3:Forfd =45°,p=3 X 1072 ¢m, r = 0.1 m, calculate FEiand Ey (usek =9 x 10°
Nm?2/C2). (A) E1 = 3.8 x 10*, Es = 1.9 x 10* (B) E1 = 2.7 x 10*, E» = 2.7 x 10% (C)
E; =19 x 10% E, = 3.8 x 10* (D) E; = 4.0 x 10%, E, = 2.0 x 10*



Q1:B-a = tan"!(tan 6/2) from formula.
Q2: B - Electric field varies as inverse cube of distance 1/r3.
Q3: A - Calculate using By = 2kpcos /73, E; = kpsin/r3,

Resolve dipole moment into axial and equatorial components.

Resultant field magnitude involves v/ 3 cos? 6 + 1.
Angle « is half the tangent of € in tangent form.

Dipole in a Uniform External Field

An electric dipole consists of charges +q and -q separated by distance 2a.

Placed in uniform electric field E, forces on charges are equal and opposite, net force = 0.

Forces are not collinear, causing torque 7 = Fr| = qF X 2asin6 = pFE sin 6, where
p=q X 2a.

Vector form: 7 = p X E Qis angle between p and E.
Torque extremes: Ty, = 0at @ = 0°,180°; Tyee = pE at @ = 90°.
Torque aligns dipole along the electric field direction.



gE

Solved Examples

« Ex 1: Calculate torque on dipole with p = 4 x 1072 Cm, E = 5 x 10* N/C, 0 =60°.
o UseT =pEsinf =4 x 1072 x 5 x 10* x sin 60°.
o T=173x10"* Nm.

Practice Set

e Q1: What is the net force on an electric dipole in a uniform electric field?
o A)Zero
o B)qFE
o C)2qF
o D) Depends on 6
e Q2: Torque on a dipole is maximum when @ is:
o A)0°
o B)45°
o C)90°
o D) 180°
« Q3: Adipole with moment 2 x 1072 C mis in a field of 10° N/C at 30°. Calculate torque.
o A)1x 107> Nm
o B)5 x 107> Nm



o C)1x 107 Nm
0o D)2x 1072 Nm

Q1: A - Forces on +g and -g cancel, net force is zero in uniform field.

Q2: C-Torque T = pE sin § is max at 90°.
Q3:B-7=pEsin30° =2 x 1072 x 10° x 0.5 =5 x 10" % N m.

Torque 7 = pE'sin O aligns dipole with field.
Net force zero in uniform field.
Max torque at 90°, zero at 0°, 180°.

Dipole in a Non-Uniform Electric Field

In non-uniform field, forces on +q and -q differ, causing net force and torque on dipole.
Net force direction depends on dipole orientation relative to field gradient.

If E not parallel or antiparallel to p, dipole experiences both net force and torque.

1
pE’

where I is moment of inertia.

Time period of oscillating dipole in uniform field: T' = 27

B (increasiapeield) E (Increasing field)
>
Force on + Force on —
Force on — ¢ Force on + g 9 .

e +—> Frst e p ¥

~ jo—p—=o+ g —_——

p +q o

Direction of net force = ——» Direction of net force = ¢——

« Ex 1: Dipole in increasing field experiences net force. If force on +q is 2 X 10°N right and on -
qis 1 x 1078 N left, net force?



o Netforce=2x107%—1x107%=1 x 1075 Nright.

e Q1: What happens to dipole in non-uniform field?
o A) Only torque
o B) Only net force
o C) Both net force and torque
o D) No force or torque
e Q2 If E is not parallel to p, dipole experiences:
o A) No force
o B) Only torque
o C) Only net force
o D) Net force and torque
e Q3: Time period of oscillating dipole depends on:

oA) L

)

w
5| &

(o]

o
o
~E R~

o]
&

Q1: C- Non-uniform field causes both net force and torque.

Q2: D - Non-parallel E and P cause net force and torque.

Q3:A-T = 2m4/ pLE time period formula.

Non-uniform field: net force + torque.

Oscillation period T' = 274/ I /pE.
Force direction depends on dipole orientation.



Continuous Charge Distribution

Charge Densities and Distribution

Electric charge is treated as continuous at macroscopic scale due to dense electron
concentration.
Charge distributions:
o Line charge: Charge spread along a line segment. Charge AQ = AAI, where A is linear
charge density (C/m).

o Surface charge: Charge spread over a surface area. Charge AQ) = oA S, where o is
surface charge density (C/m?).
o Volume charge: Charge distributed in volume. Charge AQ = pAV, where p is volume
charge density (C/m3).
Charge densities:

o Linear charge density: A = % (C/m)
o Surface charge density: 0 = ﬁ—g (C/m?2)

o Volume charge density: p = ﬁ—g (C/m?3)

Electric field from continuous charge distributions:

1 )\Al /
A= Toep > -7 (line charge)

1 UAS 7

o EU = m (surface charge)
FE

esfl

(0]

o p " (volume charge)

AV
T

o)
Line charge AQ = A\A/ Surface charge AQ = GAS Volume charge AQ = pAV

— l pAV .

= 1 AAL cAS ’
s = ¥, E Dy e
b dme, alZA‘[ ¥ 47‘50 2 e

Solved Examples

« Ex 1: Calculate charge on 2 m length of wire with A = 3 x 1075 C/m.
o Use@Q@=AN=3x10°%x2=6x10"°C.
« Ex 2: Find surface charge on 0.5 m2 with o = 4 x 106 C/m2.



o UseQ=0S=4x10°%%x05=2x10"°%C.

e Q1: Linear charge density A units are:
A) C/m
B) C/m?2
C) C/m3
o D)C
e Q2: Surface charge density o is charge per unit:
A) Length
B) Area
C) Volume
D) Mass
» Q3: Volume charge density p units are:
o A)C/m
o B
o C

[e]

o

o

o

[e]

(o]

o

e Q1: A) C/m — Linear charge density is charge per unit length.
e Q2: B) Area — Surface charge density is charge per unit area.
e Q3: C) C/m3 — Volume charge density is charge per unit volume.

 Afor line (length), units C/m.

« o for surface (area), units C/m2.

 pforvolume, units C/m3.

« Electric field sums contributions from small charge elements.



Electric Field Linear Charge

* Finite wire: Ep = %sin «, depends on wire angle o and distance .
« Infinite wire: Ep = %r)‘ depends on A and  only.

e Charged arc: Ep = %2 sin a, depends on arc angle , A, and .

o k= 47350 is Coulomb's constant.

Electric field due to linear charge distributions

Finite wire Infinite wire Charged arc
(o = 180°)

o
2
o
+++++++
3
)

Ex 1: Find electric field at P due to infinite wire with A = 5 x 107® C/matr = 0.1 m.

o Use Ep = 21;)\ _ 2><9><10;">1<5><10*6 — 9 x 105 N/C.
Ex 2: Calculate Ep for charged arcwith A = 4 x 107% C/m, o = 30°, r = 0.2 m.

o Use Ep = B 25inq = 2407 9 5 0.5 = 1.8 x 10° N/C.

Q1: Electric field due to infinite wire varies as:
o A) 1/1“2
o B) 1/7“
o C)r
o D) Constant

Q2: For a finite wire, electric field depends on:
o A) Wire length only



o B) Angle subtended a and distance r

o C) Charge only

o D) None
» Q3: Electric field at P due to charged arc is proportional to:
A) sin o

o

o B)cosa

(o]

)
C) tan
)

o D) a?

Q1: B) 1/r — Infinite wire field decreases inversely with distance.

Q2: B) Angle o and distance r — Finite wire field depends on geometry.
Q3: A) sin a — Arc field proportional to sine of arc angle.

Infinite wire field oc 1 /7.

Finite wire field depends on angle subtended.

Arc field involves 2 sin « factor.

Electric Field Charged Ring

 Consider ring radius a, total charge @, point P on axis at distance x.

« Small charge element d() produces field dE = % at P.
o Field component along axis: dE cos § = %.
o Net field at P:

rQ

E—
4eg(a? + x2)3/2

e Atring center x = 0, E = 0 due to symmetry.
« Field points along ring axis; maximum at specific x.



A dQ

--“[j:;jfornﬂy charged ring
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Q is total charge of the ring

x is distance of point on the

axis from centre of the ring.

Electric field is always along
the axis.

L 2"

« Ex 1: Calculate electric field at z = 0.1 m on axis of ringwith Q@ = 5 x 107 % C, @ = 0.05 m.
o Use B — —_k@¢ _ _ 9x10°x5x10°x0.1

(a2+22)32 " (0.05%40.1%)3/2
o Calculate denominator and evaluate F.

e Q1: Electric field at center of charged ring is:

o A) Maximum

o B)Zero

o C) Depends on charge
o D) Infinite

e Q2: Electric field on axis of ring depends on:

o A) Distance from center x
o B) Ring radius a



o () Total charge Q)
o D) All above

e Q3: Formula for electric field on axis of ring is:
o A) 22

ka

(a2+x2) (a2+z2)3/2

)
) kQa
)

o

(o)

o
@)

(a2+2)3/2
ka

o
(a2+22)?

O

e Q1: B) Zero — Field cancels at ring center by symmetry.
e Q2: D) All above — Field depends on x, a, and Q.

e Q3:B) WTJ% — Standard formula for ring axis field.

 Field zero at ring center.
o Field max at some distance on axis.
e Formula involves x and a in denominator power 3/2.

Gauss's Law

o Gauss's law states total electric flux ® over a closed surface S in vacuum is 6—10 times the total
charge enclosed @enclosed:

@ §S E dS qenclgsed
o Electric field E due to point charge @ at distance R is:

_ Q
E 47['50 R2

 For a spherical Gaussian surface of radius R, flux:
®=FEx4rR? = 2
e Gauss's law holds for any closed surface, regardless of shape or size.

* (enclosed 1S the sum of all charges inside the surface.
« Electric field includes contributions from charges inside and outside, but Gauss's law relates
only to enclosed charges.



Gaussian surface must not pass through discrete charges but can pass through continuous
charge distributions.

Useful for calculating electrostatic fields in symmetric charge distributions.

Based on inverse square law; violation indicates deviation from Coulomb's law.

Ex 1: Calculate electric flux through a spherical surface of radius 0.5 m enclosing charge 2 uC.
Step 1:Use ® = =

Step2:q =2 x 1079C, gy = 8.85 x 107 12C?/Nm?

Step3: ® = —210° 996 x 105 Nm?/C

8.85x10 '
Ex 2: Find electric field on surface of sphere radius 0.1 m with enclosed charge 5 uC.

Step 1: Use EF = 47350 %
Step2: Q@ =5 x 107°8C,R = 0.1m

Step3: E = % = 4.5 x 10°N/C

e Q1: Gauss's law relates electric flux to:
A) Total charge outside surface
B) Total charge inside surface
C) Electric field only
D) Surface area only
o Q2: Electric flux through a spherical surface of radius 0.2 m enclosing charge 3 uC'is:

A) 3.39 x 10° Nm?/C
B) 2.5 x 10° Nm?/C
C) 1.5 x 10° Nm?/C
D) 4.0 x 10° Nm?/C
 Q3: Electric field at 0.3 m from a point charge 6 uC'is:
A)2 x 10°N/C
B)6 x 106 N/C
C)1.8 x 10°N/C
D)3 x 105 N/C

* Q1: B - Gauss's law relates flux to total charge enclosed inside the surface.



. _ 4 _ _3x100°  _ 5 Ny 2
¢ QA-® = - = "5 =3.39 x 10° Nm~/C

+ Q3:C-B = 200 — 1.8 < 109N/C

O F|UX @ — Genclosed
€0

icfield E— -1 @
e Electric field £ = Ines 7
» Gaussian surface: closed surface enclosing charge

e Gauss's law confirms inverse square law

Applications of Gauss's Law

e Gauss's law helps find electric fields E for symmetric charge setups.

» Key charge distributions: line charge, thin sheet (non-conducting and conducting), spherical
shell, solid sphere.

« Electric field formulas depend on geometry and charge arrangement.



|
—  Jislinear charge density (assumed
Infinitely long line charge uniform).
5 _ A . 2kir|— risperpendicular distance of point
< i._e. E=2Eﬂrr= r from line charge.
_ 7 isradlal unit vector drawn from
: the charge to test poinl.
— o is surface charge density
I| Infinitcly lorgs now-condosting (assumed uniform).
' >y TR — 7 is upit normal vector.
E:En —  The magnitude of electric ficld
S s is independent of distance from
sheet.
Infinitely lange charged _
canducting shect - o is the surface charge density
o (sssumed uniform).
E=—n ]
) — 1 is the unit vector perpendlcular
to the surface.
Uniformly churged (i) Forr2R, — R is radius of the sphere.
sphesical shell/ kQ ~ _ ¥ is vector drawn from centre of
solid conducting aphere E= ﬁr sphere to the Foldl
— Sphere acts like a polnt charge
| (ii) Forr<R, placed at centre for points outslde
I| E=0 the sphere.
—  E is always along radial direction.
— Qs the total charge (= og4mR?)
(o = surface charge density)
Uniformly charged solid (i) Porr2R, — F is vector drawn from centre of
“”D'”‘";"“:_‘"':ﬁ“g GP:H;JN - kQ sphere to the point.
L E=|_F_|2r — Sphere acts like a point charge
placed at the centre for points
3 ‘ (ii) Forr<R, outside the sphere.
B= k_q;'— —  E is always along radial dircction.
R 4
— Qs total charge (pgmﬂs]
‘ (p = volume charge density)
\ — Insldc the sphere, Eec 1
1
—  OQutside the sphere, E Z
l __|
Charge Distribution Details
« Infinitely long line charge: E = #ﬁor field oc 1/, radial direction.

« Infinitely large non-conducting thin sheet: £ = 2%0 uniform field, perpendicular to sheet.



« Infinitely large charged conducting sheet: £ = 610 uniform field, perpendicular to surface.

» Uniformly charged spherical shell or conducting sphere: Outside: E/ = i—? Inside: £ = 0.

« Uniformly charged solid non-conducting sphere: Outside: ¥ = Ijﬂ—? Inside: &/ = k}%’", linear

increase with 7.

« Ex1:Find E at 7 = 0.1m from a line charge with A = 5 x 1079 C/m.
o Use E = -2

2mwegr *

_ 5x10-6 ~ 4
o Calculate B = s——== ——— ~ 8.99 x 10 N/C.

e Ex 2: Electric field near a charged conducting sheet with surface charge density
c=1x10"°%C/m?

_ o _ _1x10°% 5

e Q1: Electric field due to an infinite line charge varies as?
o A) 1/’!’2
o B)1/r
o C) Constant
o D)r
e Q2: Electric field inside a uniformly charged spherical shell is?
o A)kQ/r?
o B)Zero
o C) kQr/R3
o D) Constant non-zero
e Q3: For a uniformly charged solid sphere, electric field inside at distance r is?
o A)kQ/r?
o B)Zero
o C) kQr/R3
o D)o /2¢g

e Q1:B) 1/r - Field from line charge decreases inversely with distance.
e Q2: B) Zero - Inside spherical shell, electric field is zero by Gauss's law.
e Q3:0Q) er/R3 - Inside solid sphere, field increases linearly with 7.



Line charge: E o< 1/r.

Sheet charge: uniform F, independent of .
Spherical shell: zero inside, 1/1"2 outside.
Solid sphere: linear E inside, 1/7"2 outside.



