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Correction of SW N°02 of Electricity
Gauss's theorem

Exercise 1 :

The Gaussian surface is a sphere with center O and radius r.
For reasons of symmetry, the field is radial and constant at any point on the Gaussian surface.
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1- The electrostatic field E(r) at any point in space.

we have 3 cases :

Istcase r<R; (r € [0,R4]

dq = pdv = panr?dr = Qe = p [[[ dv = pan forrzdr

_ % 3
= Qune = p 277
p inrd
LT
3 then E1 = Lrl
4mrieg 3go

2" case Ry < r<R, (r_€ [Ry, Ry

so (x)= E; =

dq = pdv = panrfdr = Qi = p [[f dv =p4an foerZdr

4 p3
SO Qint = P §”R1

3"%case r>R, (re€ [R,,+»[)

Qine = Q1 +0Q, with Q; =p gan and dq, = ods = Q, = o4nR5
S0 Qe =p gan + o4mR3

4
p 5an+ o4TR2 p R:{ aR%

Then (%)= E; = hence E; =

4mr2egg 3gor2  gor?

1- The electric potential v(r) at any point in space.

E= —gradv=E = L
dr

so v=-—[Edr
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Istcase : r<R; (r € [0,R4])

p p P .2
Ei=—r=v,=—=—[rdr =——=r
1 324 121 3€0f dr so Vq 620 + Cl

2 case Ry < r<R,(r € [Ry.Ry[

pR: PR} (1 pRI1
E, = >v, =— =drso v, = -+C
27 3gor2 2 3¢ frz 2 3gp r+ 2

3"case r>R, (r € [Ry, +l)

R3 OR? R3 = oR2 1
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Infinite potential (r —») v=0 so C3=0 and v3 = ( 3e e )T
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T
- Potential is a continuous function:
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Exercise 2
The Gaussian surface is a sphere with center O and radius r. For reasons of symmetry, the

field is radial and constant at any point on the Gaussian surface.

@:#E_E:%

0

Ellds so: §fE.ds=[f E.ds = E [[ ds = E.S = E4nr? = Edmr? = 2%t
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The electrostatic field E(r) at any point in space.
We have 3 cases:
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1% case r<R;
Qint == 0 SO E1 == 0

2" case Ry < r<R;

r

dq = pdv = panr?dr = Qi = p ff dv =p4nf r2dr

Ry

4
SO Qine=p gﬂ(r3 —R})

4 3 3
p zm(r’ =Ry p (*—R}) p R3
(x)>E, = so E, = 3egr? 3£0 T — 7z

3"case r>R;
dq = pdv = pAnr2dr = Qine = p [[[ dv = p4n f:: r2dr
SO Qine =p ”(Rz R?)

4
p zm(R3 — RY)
4mr2e,

P (Rz )
R

(x)=>E; = donc E3 =

1- The electric potential v(r) at any point in space.

=2 _— dv
E=—gradv=>E=—— so v=-—[Edr

1stcase : r<R;

E,=0=> v =04
2" case R; < r<R,

E, =p—(r—$—§):>v2 =—§T(frdr—R§fri2dr)

3go

S0 vz——;’7<ﬁ—R3( )>+C2

3"%case r>R,

_ p (R3-RY) _ _p(R3-R}) 1 _p(R-RD1
E3 = —3807'2 = V3 = —380 frz dr so V3 = —380 ; + Cg
_P (R3-R}) 1
Infinite potentiel at (r—» o) v=0 so C3=0 and v; » -
0

- The potential is a continuous function:
e At R2 SO 173(R2) = VZ(Rz)
R3 — 1 R RS
P ( Ri) _p_ < n2 > +C,

= +
380 RZ 330 2 Rz
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Exercise 3 :

Consider a cylinder of radius r and height h as a Gaussian surface.
Due to symmetry, the field is radial and constant at any point on the Gauss surface.

According to Gauss's Theorem:
(D: ffE.E:ZQint
0

&
0= ﬂ‘FE = szE_:dS base T ffEdSlat
E—:L ds base — ffEdSlat =0

E I dslat s0: 9 = ffEdSlat = ff E'dslat:E' f dslat = E-Slat

= @ = E2mrh = 24t then E = £%n

&0 2nrheg

1- Electric field
'case r <R dq = Adl = Q; = Ah

A
2MTg,

Ey2mrh =2 Eq =
0

2"%case r>R__ Qine = 0, + 0,

dq, = ods = Qi+ = 0S = g2nRh

S0 Qi = Ah + 02nRh

Ah+o2nRh A R
Then E,2nrh =" E, = =

o 2TrEy EoT

4
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2- Let's find A for which E»=0

A oR A oR 1 2noR
2nrey  £or 2WreEy EoT h

Exercise 4:
1- the field : Consider a cylinder of radius r and height h as a Gauss surface.

Gauss'stheorem: @ = [[E .ds = 2%nt

€o
(pszE—:E=2ffE .dsbase+ffE .dSiqt

E—) sods lat et E L ds base = ff E . dslat =0

s0:¢=[[E .dsi=E .[dsiy =E.Siu =E2nrh
For :r <R,

Qint =0=>E{ =0

For:R; <r <R,

Qint = [[0ds = o [[ ds =05 = 02nRh

o2nmR1h oR1 1
E,2nrh = = S E,=—L-

&0 & T
For:r >R,

Qint = 01 + Q>

Q, =o02nRh and Q, = —o2nR,h donc Q;,; = 02mwh(R; — R,)

E anh _ O'ZTL'h(Rl—RZ) = E _ O'(Rl—Rz) 1
3 - &0 3~ &o T
2- The potentiel
E = —gradV
E=E(r)=>E=—Z—‘:=>V=—fE.dr
® Vlz_fEl.dT'ﬁVl:Cl
— _ — R 1 4 _9R1
e V,=—[E,dr= - fr.dr— - Inr + C,
_ _ _0(R1-Rp) (1 _ __0(R1—Ry)
e Vi=—[Esdr= e fr.dr— e Inr + C;

Supplementary exercises :

Exercise 1:

Consider a cylinder of radius r and height h as a Gauss surface.

Due to symmetry, the field is radial and constant at all points on the Gauss surface.

According to Gauss's Theorem: @ =  [[E.ds = 2 Qint

€o
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O=[[E.ds =2[[E.ds pase + [J E-dSias

E +ds base = ffEdslat =0
E Il dsige SO : 0 = ffﬁdslat = ff E'dslat:E'fdslat =E.Sia

> ¢ = E2mrh = 29
€0

- Electric field
1stcase r<R;
Qinte=0 SO E;{=0

2" case R; < r<R,

T

dq = pdv = p2nrhdr = Qi = p ff dv =p2nh | rdr
Ry

2
SO Qine = p2 Th (’;—Z—Rz—l > = p mh(r* = R})
Or Qine = p(mr?h — mRTh)

then E,2nrh = hence E, = -

p mh(r® — R?) p (*—R)) _p R
= r — —
& 2g0T 2¢

3"case r>R,

dq = pdv = panr?dr = Qi = p [[f dv = p2nh f;;zrzdr SO Qint = p mh(R? — R?

mh(R2 — R? R:—R
p mh(R; 1) s0Eg = p ( )
&o 2g0r
- The electric potential v(r) at any point in space.
dv

E=—gradv=E=—-— so v=-—[Edr

E;2nrh =

1stcase : r<R;

E1 =0=> V= Cl
2" case Ry < r<R»

E, —Zio(r—RTz): v, = —Z—go(frdr—Rif%dr) and v, = —:—so(g—Ri lnr) +C,
3"cas r>R,

E; = P (ﬁ;‘%) = v, = _P (RZ%;OR%) f%dr S0 vy = _P (RZ%g—OR%) Inr+ Cs

Exercise 2:

The Gauss surface is a sphere with center O and radius r.
Due to symmetry, the field is radial and constant at any point on the Gauss surface.
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The flux through the Gauss.

¢ — f.f E. ES: — ant //’
80 Il
1- Electric Field /
Charge volume density p = é \
o g2 Qint \
l;.(is = - . n}«\ -
ﬂ_) 2 > [[Eds=Ed4m? =y e
E lldsand E = cst °

We have 2 cases :
1st case : r<R
dq = pdv
p:é ﬁqu=47rforlér2dr
dv = 4nr?dr

2TA A
S0 Qine = 2mAr?  where E,4nr = ELrlz > E =5
0 0

2" case : r>R

2
0

2
215€0

2- The potentiel
E=—-gradv=E = ~¥ 50 = — [ Edr

_________
- ~,
- ~,

dar
1% case : r<R
A A A
E; = o= —Efdr SO vy = —=r o
2"%case : r>R
_ AR aRPcdr o ARP
2= 2r22£0 Va = 2&9 rzz Va = 2reg €2
2
At infinity, the potential is zero: lim,,, v =0=¢, =0 s0 v, = :ng
0
The potential is a continuous function, so : v, (R) = v,(R)
£=—LR+C1$C1 =£ SO 171 =_ir+£
280 280 &o 280 &o
3- The graph E(r)=f(r) v(r) the graph v(r)=f(r)
E(r)
AR
A
o AR
2¢g —
2¢,
R
R r

~
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