University of Larbi Ben M'hidi, Oum El Bouaghi TD — Physics — 2
Faculty of Sciences and Applied Sciences Module: Electricity and magnetism
ST common trunk department Academic year: 2025 — 2026

Tutorial n°1: Electrostatics
Part-1: Discrete charge distribution

Exercise 1

I. Calculate the electrostatic field (E) and the electrostatic potential (V) produced by an electric
charge ¢ = 6 X 1071°C in point M at a distance d = 3 cm.

IL In a Cartesian reference frame, two electrical charges g, = 3 X 1077C and gz = —1077C are
placed respectively in points 4 (1, 0,2) and B (3, —2,4): (). Determine the components of the
electrostatic force and calculate its magnitude.

We give: k = 9 X 10° N.m?.C~2

Exercise 2

We consider three identical punctual charges q4 = —q,qg = +q and q; = +q placed at the tops
of a triangle, in A (—R, 0), B (R,0) and C (0, R), respectively.

y
1- Give the expression of the electric field ET; at point O, and [
calculate its value. +‘f, .
2- Give the expression of electric potential V, at point O, and ,,"
calculate its value.
3- Calculate the electrostatic force acting on the charge qp = A4, J B
q/2 placed in O. & 0 7 o — X
4- Calculate the potential energy of the charge q,. —q +q
Wegive: k = 9X10° N.m?2.C™%2; q=2x10"°C;R =3 cm.
¥y
Exercise 3 qs>0 qp <0
_________________ .
We place four electric charges qy4, g5, qc and gp at the tops ABCD ! :
of a square, with side a and center O, origin of an orthonormal base i R :
- I ] !
0,%.)). ' !
— i 0|1 |
1- Give the expression of the electric field E, at point O. : E
2- Give the expression of electric potential V,, at point O. i |
‘ i Iy ®
We give: g4 = q, 95 = —2q, qc = 2q et qp = —q. ap <0 ac>0

Exercise 4 (Electric Flux)

Consider a point charge +¢q placed at point O on the OX axis. A circular disk of radius R is placed
perpendicular to the OX axis at a distance x from point O.

Calculate the electrostatic flux ¢ of the electric field created by the charge q through the surface
of the disk.

d -1
We give: f ol 7 =

x2+y2 Jx%+y?
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Exercise 5 (Electric dipole)

An electric dipole consists of two-point charges of equal magnitude and opposite signs: (q4 =
—q) and (qp = +q) separated by a small distance a. The dipole moment is defined by: P= q AB.
1- Determine the electric potential V), created by the dipole at the

point M, distant r from its center O, where (r > a).
2- Deduce the components E, and Eg of the electric field E at the

point M, and its module ||E || in the polar coordinate system.

w
]

For the following values of 6: (m, g), deduce the corresponding
components E, and Ey.

We now assume that the dipole is subject to a uniform external
field E ;.

a. Give the expression of the electrostatic moment L

b. Determine the potential energy of the dipole Ey,.

£ N
1

n
1

Graphically represent the electric field lines and equipotential
surfaces of an electric dipole.




Solution of Tutorial n°1

Exo-1
1) The electric field and electric potential at M
klql
E= -z = 6.103V/m
kq
V= T =180V

2) The electrostatic force exerted between g4 & gg

We have:

= quAqua
Fe:r—g‘l"
where: {r =AB = 21— 2]+ 2k
r=2v3
— 3vV3 ., 3V3 ., 3V3-
:pe:[_ Tt Ik x 1073

9
Magnitude : F, = e 105 N

Exo-2

1) The electric field E,
According to the principle of superposition:

3
Eg= ) E =F+B+E¢
i=1

A, E, J B
.r'“:-—r ----- o—
—q FB’ 0 +q
v,
Ec
(— kqal .,
A =" |7 7|
N T,
Ey = — |Eylt kf]
— - - Bl
EB:_lEBll :<EB=_TB_21
EC—_lECﬁ) N ch
E-=-|—|J
Cc rCZ ]
— kq .,
(EA——FL
— kq, —  kq .
= EB:—Fl :EOZ_F(Zl‘l'D
— kq
c —ﬁl
Magnitude : ||E_0)|| = —%\/22 + 12
V5 kq
ﬁEOZ RZ

N.A:Ep=2v5.10*V/m

2) The electric potential V,
According to the principle of superposition:

3
VOZZVi:VA+VB+VC

=1

kqs kqp kqc kq kq kq

= —_— —_— —_— V= —— - —_

0 rA+rB+rC 0 R+R+R
kq
>Vy)=—
0~ R

N.A:Vy=6.10%V
3) The electrostatic force Fp
V5 kq?

F0=QO-EO $F0=q0.EO :FOZ ZRZ

N.A:Fp =2V5.1075N
4) The potential energy E,

Ep =q0.Vo
kq?

= Ep=—7-+
P~ 2R

NA:Ep=6.10"7]

Exo-3

1) The electric field E,
According to the principle of superposition:

o~

—

Eo= ) E,=E,+Ez +Ec +Ep
i=1

§= |EA|u—A) E_)= kﬂf
J@= |Eglug N 5 g? B
L5€= |Ecluc E, = k_qzcu_é
Ep = |Eplup I:C
By = |25
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» For the distances between the charges and O:
TW=Tg=Tc=Ip=1= ga;r2= g
>  For unit vectors:

We have: 7 = cosa T+ cos B] + cosy k

2
Uy = £(l i)
U, = cos45° T — cos45°] L \/E )
;= cos45° T+ cosase) | 4= T+])
U; = —cos45° T+ cos45°] L VZ .
Up = — c0s45° T—cos45°] |Uc = 5~ (=T+)
., 2
Up 7(—1—])
(7 _ 2ka_. (= kq
EA_?”A EAzﬁg(l—f)
— 4k . k
By = — 5 |Ep=2VZ 2 (+))
) 46}“1 = I?q
Ec = ?W Ec = 2\/5; (—t+))
— 2k . k
Br=—g @ | B =Vig (<i-])

wecalculfg
— k
5By =V2 5 (i—]+20+2/ - 20+2/ ~1-])

—— kq -
= Eo = 2\/2 ? ]
2) The electric potential V,

According to the principle of superposition:

V0=ZVL'=VA+VB+VC+VD

i=1

k k k k
__Kaa | kap | kac | kao
Ta B Tc p
k 2k 2k k
Ly, -ka_2ka 2kq_kq_
r r r r
Exo- 4

1) The electrostatic flux @

We have:
do =EdS=EdScosa

Knowing that:

kq
E=ﬁ and dS =2nrdr
d’>=r*>+x*> and cosa=2
_qx (® rdr
""mﬁm

X

o=5— (1-———)
2& [R2 + x2

Exo-5

1-The electric potential V,,; created by the dipole

The electric potential V created by two charges g4 and
qp at point M is given by principle of superposition:

Vu =Vy+Vp
kqs kqg
Vy =——+—
M 7 7y
k k 1 1
e ()
7'1 rn N
7’1_7”2
M—k( )
As long asr>>a
iy =12
we can consider: T1—T2 =acosb
chosB

2- The electric field Ey created by the dipole

We use the relation: E = — grad V in the polar coordinate
system:
(E 9V 2kPcos®
or r3
= 10V kPsin®
Y r3
Magnitude Ey; = /E >+ Ep?
k P
Ey = - 1+ 3 cos?0

3-Particular cases

if:0=0> Es=0

E.= 0
T[
_T k P
if:0=3= Eo=—%

4- Electric dipole in an external electric field E,,;

a- The electrostatic moment L

2



When we place an electric dipole in an external field

E..t, the dipole is subjected to electrostatic forces
applied to its charges. These forces (equal and opposite)

cause a couple moment L defined by:
z = ﬁ A Eext
L= PE,;sina

Fy

b- Potential energy Er of an electric dipole located

in an external field

wehave: E, =qV = dE,=qdV > dE,=
q(—Eext- dl) = Ey=—qEey . d
E,=—Ey. P
Particular cases:
ifa=0 =E,=—E.P = Epnn(stable)
ifa=n = E,=+E.P = Epmax(unstable

5-Field lines and equipotential surfaces

Equipotentials are closed lines that surround the
charge and are perpendicular to the field lines.

Equipotential surfaces

Field lines

Figure: The field lines and equipotential lines of an
electric dipole Q3)



