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Correction of SW N° 01 Electricity
Part 2: ELECTROSTATICS
Charges distribution

Exercise 5 :

- The electric field components dEx and dEy resulting from the charge in the elementary
element of length dy defined by the angle 0.

The elementary electric field dE, at point M, created by the linear charge element dq present
in the element of length dl.

The charge is on the axis (Oy) so dl=dy and dg=Ady y
dE = k% g &

(with r is the distance between the elementary charge dq

and the point M) and  is directed from dq to the point M. ©

0
U=cosf T—sinfj
dE
dEy = k22 coso
- d Ad x = cos
dE=k—Zﬁ=k—2y(cost9 1—sinf)) = r?
T T Ay
dE, = —k—-sinf
r

We have three variables: y, r and 6; we need to choose one variable and write the other two as
a function of this variable

In this case the variable chosen is 6 which varies from a to ©/2.

Write r and y as functions of 6 n/2.

cosf = %:> r = ﬁ with « a » is the distance OM and it does not depend on 6.

tg o =g=>y=atg9

=>dy=ad(tg0) = do

a
cos?0
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( A—2__de

dEy = k%cos@ A
— Ey = k-
) 0520 dEx =k " cosfd6
a A
A—=db __ph
dE, = —k cosazﬁ <ind dE, kasmede

\ cos?0

e The Ex and Ey components of the electric field created by the wire (Ay) and its modulus:

The studied load changes or is located from point A, corresponding to angle a, to infinity,
corresponding to angle n/2.

( /2 A /2
| Ex = dEx = a cosfdo Ey =k— (sm(n/Z) — sina)
| >, . R
/2 A /2
LEy = | dE, =k | sinodo (Ey=kg ( cos(m/2) + cos a)
a a

A
Ey = k—(1 —sina)
N a
E, = kacosa

. A A
>E = ka(l —sina) T+ kacosaf

> 2 2
The modulus of the electric field: |E| = J (k§(1 —Sina)> + (k= cosa)

- The expression of the electric field at the point M equidistant from the ends of the wire of
length 2L:
In this case, the angle 6 varies from (-®) to ©.
@ A @
Ex = |_,dEx = k= [_, cosfdf L
@ Ao,
Ey = [ ,dEy, = —k- [_, sinfd

Ey = k%(sind) — sin(—®))

E, = —k%(— cos @ — (—cos(—)))

A
Ex =k 2 (sin® +sind)

A
E, =ka(cosa—cosa) =0
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o A
=SF = ZkEsinCD?

When symmetrical about the (Ox) axis, the electric field will have a single component along
the x-axis, the other component being zero.

L L = AL -
[ —_—— = — = 2 2
sin® - = so E Zka b T VLI + a

- The electric field for an infinite wire

In this case 0 varies from (- /2) to /2

EX = dEX =k— f cos0do
n/2 /2
I

n/2 A /2
f =—k— sinfd6o
—-1/2 a —1/2

‘51

Ey = k%(sinn/Z — sin(—m/2))

> A
E, = —ka(— cosm/2 + cos(—m/2))
A .
Exy =k—(sinm/2+sinm/2)
= A a
E, = ka(cos m/2—cosm/2) =0
- A
=>F =2k—-1
a
Exercise 6 :

1- Electrostatic field We're looking for the elementary field (ﬁ) created by the
Charge element dq present in the element of length dl.

We are looking for the elementary field dE created by the charge element dq present in
the element of length dl. (dg=Adl)

kg ldl L
= azu —R2+x2(cos L —sinf7))

According to the relationship of Pitagorth : a?>=R?+x* and %= cos07 — sin6j}

3
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We have symmetry with respect to the axis (Ox), so the electric field has a single component
Ex, (Ey=0) and cosf = z ==

VRZ+x2
kA x X . . .
So dE, = T dl = dE, = kA (R2+x2)§ dl, (There is a single variable (I) and x and
R are constant with respect to I).
Ey = kA—"— [7™dl = kA—"— 2nR with k=L/(4me,)
(R?+x2)2 (RZ+x2)2
So E=2X —XR
280 (R24x2)2
2- Electrostatic Potentiel :
- —_— av - _ d_V
E =—gradV = —EL:>E ==
v fEd AR 1 j‘ 2x d
= — X =——- X
2gq 2

n+1 Ul
f U’Unzn+1 pourf lenU

-3 -1
USR? + 2 =32, U=2x so Cil2” _(Be)? 2
’ B —73_|_1 —71 VRZ+x2
- fEd _ /1R1< -2 )
- T 289 2 \\/R2 + x2
AR 1
So V=
Exercise 7 :

1- Electrostatic Potentiel :

We are looking for the elemental potential dV created by the Charge element dq present in the
elemental surface. ds. (dg=cds)

— % *
dv = - 4 ﬂ

dg=ods
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The elementary surface in this case is a ring of radius r (with 0<r<R) and thickness dr and
ds=2mrdr.

2mr

dr

ds=2mrdr

S=nr? =ds = 2nrdr

dq ods o2mrdr
dv=k—=k =k
a Jr2 +y? Jr2 +y2

R 2rdr
v = kcmf
0

j U’Un B Un+1
T n+1

U=r? +y2, n=-1/2; U =2r dr

R -1
v = kcmj 2rdr(r? +y?)z
0

1
(r2 +y?)2
1

2

v = 2komy/r? + y?
v = 2kom (\/R2 +y? — \/?)
v = 2kom (\/m - Iyl)

R 2rdr
v= kcnf ——— = 2komy/R? + y? — 2kom,/ 0 + y?
0 /12 +y?

v = 2kom (\/Wyz - Iyl)

y>0 v=2kan(\/R2+y2—y)
y<0 v=2kan(\/R2+y2+y)

v = komt

v =
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e Calculate of electrostatic Feild :

4 — av - __d_V
E ——gradV——a]:,»E— =

= _ _y
(y>0 E, = 2ka7t<\/R2i+y2 1)

y<0 Ey=—2kmt<$+ 1)

ey

e Calculating the electric field using the direct method:

E =

with dg=cds= dg=oc2mrdr, according to the relationship of Pitagorth:
a’=r’+y” and U= sind71 + cos6]

We have symmetry with respect to the axis (Oy), so the electric field has a single component

_ _Yy__ Y
Ey, (Ex=0) and cosf = = 4
— kdq_., — kods RN 5
dE = ?u = dE = m(sm@t+ cosfy))
ko2nrdr y 2rdr
= = = —_—
so dE,, 2yt Jr2ryt dE, = komy (r2+y2)g
R 2rdr 1 1
By = komy [} 280 = —zhomy (i)

with k=1/(4meo)

so we have tow cases

E=Ey:

( 4 y

y>0 E =__<—_1>
! Y 280 \\/R? + y?

ly <0 E =_L<L+1>
\ g 2g9 \\/R? + y2

2- The electric field as the disk radius R tends towards infinity :

y>0 Ey:% "
limgp_,., E: o solim|E| =—
y<0 E,=—— R0 280

280



