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1. Electric work done (w)

» The work (W) done on an object by a force (F) is:

F
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» if 6 =90°—> W =0, The work done by a force on a moving object is zero when
the force applied is perpendicular to the object’s displacement.

» Work Is a scalar quantity because work is an energy transfer,
v If energy is transferred to the system (object), W is positive;

v If energy is transferred from the system, W is negative.




1. Electric work done (w)

> Conservative Force 4élaall 3 gil)
1. The work done between any two points is independent of the path taken by

the particle. _ A .
i Object moving in a uniform gravitational field
2. The work done through any closed path is zero. "7,
— _ 1
F-dx = zero ) Ka y"

I The work done by
\ the gravitational
\ force is the same for

» Examples on a conservative force are:
v Gravitational force

. f h 1 any path from a to b:
v Electrostatic force ! 7 Walp = —AU = mgh
| Pl
» The work done by conservative force can always be ¥
expressed in terms of change in Potential Energy (AU) ~b




1. Electric work done (w)

> Conservative Force 4élaall 3 gl

Object moving in a uniform gravitational field
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I The work done by

\ the gravitational

\ force is the same for

h 1 any path from a to b:

s W —AU = mgh

a—b —

G) W,_, = +ve, » AU= —ve

i.e. the potential energy decreases

(ii) W__, = —ve, — AU= +tve
a—b
i.e. the potential energy increases




1. Electric work done (w)

» Now, consider a central positive charge ¢, produce electric field E everywhere

surround it and has infinite range:
E=K-L b,
r

> W,, is done by electrostatic force (q'E) exerting on
q' by the field E through the path a—b.

d q'

» It is clear that, the work don is independent on the shape of the path joined a
— b but only on the radial distances of initial and final positions (r, & r,).

> So, the electric force is a Conservative Force 6




1. Electric work done (w)

Joule

» For similar charges, the work may positive or neqgative according the magnitudes of (r):

(1) If rq < Iy
Wa = tve  The work is done by the field, and q' moves
away from q
(2) If Vg > r
W, = —ve The work is done on the field , and q’
moves towards from q
3) If r,=ry,

Wap =0 when q' moves on surface of the sphere. 7



1. Electric work done (w)

> Prove that the electrostatic force is a conservative force?
dW = F - dL = FdL cos 0

dr = dL cos 0
dW = Fdr
> the total work don W, is:

rp rp
Wab =f Fdr = q’[ Edr
Ta T

a

r s dr 1
Wap = Kqq ) =qu’[——]




2. Electric potential energy (Ep) 45 puda sl 48l

> Since the electric force is a Conservative Force

1 1
Kaa'|———| = (E)a = ()

?"a T'b
qq’ qq’
(Ep,)ﬁI =K— & (Ep)b =K—
?"a Tb

» In general,



2. Electric potential energy (Ep)

Joule

1. The potential energy E, is a shared property of the two charges.

2. The electric potential energy is a scalar quantity is positive for similar charges
and negative for different charges.

3. The potential energy is always defined relative to some reference point where E; =0

ifr=0, - E,=zero
10



2. Electric potential energy (Ep)

Joule
(@) ¢ and g have the same sign. (b) ¢ and ¢, have opposite signs.
E, ; , E,
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e Asr—0, Ep—> —00,
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e Asr— OO,Ep——> 0.
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2. Electric potential energy (Ep)

» |If there i1s a system of n-charges, the total electric potential energy of q’ is the
algebraic sum of each potential energy of g’ with each individual charge in the system

B 9,9 q,q q;q' q,q
E, =K+ ()KE—+(-)K =+ +K

r r r, r

12



Example 2: in fig. 2 let test charge ¢'= +6uC is surrounded by three
charges where q;= +1uC, q,= -2uC and qs= -3puc at distances 40, 70 and

90 cm from g’ respectively. Calculate the electric potential energy on ¢’ .

Solution

EP:KQIQ _'_quq +KQ3q

14 r, v

o Ix107°x6x107° 9%10° 2x107° x6x107° 9%10° 3x107° x6x107°

E =9x10
P 0.4m 0.7m 0.9m

E,=0.135-0.154-0.18 =—0.2 joule 13



3. Electric potential (V) 2453 2l

» Electric Potential (V)

qq
m) L5

q q

qq’
E =K—
p r

» So, the electric potential at point (a) distant (r) from q is:

V = Joule = Volt (V
~ Coulomb _ ' ¢ V)

» The electric potential is scalar guantity positive for positive q and negative for
negative q.

14



3. Electric potential (V)

» If there is a system of n-charges, the electric potential at a point (a) is the
algebraic sum of all potentials of that charges make at this point

Va=(+)Kq—l+(—)Kq—2+(—)Kq—3+ .......... + K9
V

7 7y 2 r,

» If any charge q’ is placed at point (a), it will have an electric potential energy (E,)

equals:
- 15




Example 3: Let point a 1s surrounded by three charges where q,= +1pC,
q,= -2uC and ;= -3uC at distances 40, 70 and 90 cm from 1t

respectively. Calculate the electric potential at point a. If charge +6uC 1s

placed at point a calculate the subjected electric potential energy

Solution
y kD g4 gD
“ooon oo "
-6 -6 -6
p=9x10° DY g2 210 g g0 3x10
0.4m 0.7m 0.9m

V., =22500V -25714V —=30000V =-33214V

To calculate the potential energy E, on charge +6uC palced at a

E,=q'V= +6x107°Cx(-33214 V) =-0.2 Joule

16



4. Electric potential difference (V,,)

» There are different magnitudes of potential V because different distance r from
the central charge g or distance from source of field

» The quantity (V, - V, ) Is called potential ®<
difference V,, between points a and b:

Var = Vo= Vo =K~ — K- 3
Ta Tp

» If r,=r, for spherical surface;
Vab — Va - Vb =(

» This surface is called Equipotential surface. 17



4. Electric potential difference (V)
> Equipotential Surface 48 3l s gluia o

Equipotential surface

ol) == el
-

~- Electric Field

- -
------

» No net work W is done on a charged particle by an electric field when the
particle moves between two points on the same equipotential surface. 18




5. Electric Energy (W_,)

» The electric potential difference (V,,) between two points

_ E

» The electric energy (W_) Is the quantity of energy
responsible for motion of electric charge between two points
a and b in an electric field.

» If the electric energy is converted to kinetic energy:

_ 19




5. Electric Energy (W_,)

> If q'=e and V_ =1 Volt
K.E=16Xx1071Cx1V =16x10"1 Joule =1eV

> Electron-volt

» eV usually used to measure the energy of small particles: e.g. electrons, protons, ....

» The electric power (P) is the time rate of doing a work

dw,,
P = o Joules/s = Watt (W)

d(q'V,
P = (th“b) =V dt ‘ - :— ,is the electric current .,




Example 4: A 20 gm of mass carry positive charge 50 pC transfer
between two pints of potential difference 220 V. Calculate the (a) the
gained kinetic energy (b) the work done per unit charge (c) velocity of

transferring

Solution

(a) The gained kinetic energy

Kineticenergy K.E=q'V,, =50x107° x220=0.011Joule

(b) the work done per unit charge 1s the same potential difference = 220V

(c) The velocity v 1s calculate from kinetic energy

V:\/zK = 2)(00{,1'-; =104mi’{5
m 20x10™° Kg

21



6. Potential and Electric Field

» There Is a relation between electric field intensity and potential difference:

r b . Wab _ "D d
Wab =q Edr o qr - Edr
Ta Ta

Wap = quab
» The electric field can be found from the potential difference as: ..., V decreases
4s you move ’ 4s you move
- inviard. nufward.
-E
dv
d_ — iscalled the potential gradient
r

» The negative (=ve) sigh because the direction of E is usually in a direction of

: : 22
decreasing V with r



d Potential difference in front of infinite charged filament

> Find the potential difference between two points (a & b) in front of

an infinite charged filament?

> the electric field intensity (E) due to charged
infinite filaments is:

2KA
E=——
> So, r
& ™ dr
Vo, = | Edr=2K1| —
r
Ta Ta

V., = 2KA[In r]g’ = 2KA[Inr, —Inr,]

> If r,>r, -V, =tve or V, >V, , and vice versa

A

L

+ + + + + + A+

23



d Potential difference in front of infinite charged plane

» Find the potential difference between two points (a & b) in front of
an infinite charged plane?

b
Vab = J. Edr
T

a

° [ ] [ ] [ ] a E
» The electric field of the plane is uniform o 3 >
and equals to E —
b
Vab = EJ. dr

Ta

Vo, = E - = FEd

ab (Tb 'a ) E = Z — for non — conducting plane

2g,

o
- E = = — for conducting plane
o

Where - d =1, — 1,

24



d Potential difference of charged sphere
> (A) If the charged sphere is conducting

(i) If two points (a & b) are inside the sphere

E=0-Vv,=0

V{I=Vb

(ii) If the two points outside the sphere r>R

q
E:KT_Z
b dy

Vap = Kq




d Potential difference of charged sphere
> (A) If the charged sphere is conducting

(i) If two points (a & b) are inside the sphere

(ii) If the two points outside the sphere r>R




d Potential difference of charged sphere
» (B) If the charged sphere is non-conducting

(i) If two points (a & b) are inside the sphere

r
EKq—

(ii) If the two points outszde the sphere r>R

EKﬁ




d Potential difference of charged sphere
» (B) If the charged sphere is non-conducting

(i) If two points (a & b) are inside the sphere

(ii) If the two points outside the sphere r>R




d Potential difference of charged sphere

conducting
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