POTENCIAL ELECTRICO, ENERGIA E CAPACIDADE
ELECTRIC POTENTIAL, ENERGY AND CAPACITY

1) Considere uma linha recta segundo z carregada com uma distribui¢do
linear de cargas de 5nC/m. Consider a straight line oriented by z loaded with a
linear electrical charge distribution of 5nC/m, see picture at left.

a) Determinar a diferenga de potencial entre os pontos a e b tais que: a(2m,nt/2,0) e b(4m,m,5m). Find
the electrical potential difference between the points a and b at (2m,n/2,0) and at (4m,m,5m), respectively.

— — — AA’. r _.— pl a ﬁ_ a 7l a
V,—V;p = IB E-dL E= S meR a, dl =dra, +rdgu,+dza,

Resolugdo Resolution

(2.212.0) 5x10° - . . -
Vam Ve = _L4,n,s> 78 .85ax 10, & (drd, +rdfa, + dza,)
(2,72/2,0) 5%10° 5x10° 2]
Vi =— dr+0+0 Vi =- -
AB me 2n8.854><10’12r( ) AP 28.854x107™7 Lr
5%10° > 5%10°
V,,. =— In(r V,,. =— In(2)—1In(4
AB 2n8.854><10’12[ ol AB 2n8.854x10*2( (2)-1n(4)
5%10° 1 5%x10°
V.. =— ln — V., = In(2
A 218.854%x107" (2] A 218.854%107" )

Resposta Answer

V,, =623V
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b) Determinar a diferenca de potencial entre os pontos a e b tais que: a(2m,0, 0) e b(4m, 0, 0). Find the
electrical potential difference between the points a and b at (2n, 0, 0) and at (4m, 0, 0), respectively.

Resolugdo Resolution

(2,0,0 5%10°

VeV =l 00 35 ssanig T, A @, + rddi, + dzd.)
(2,0,0) 5%10° 5x10° 21
=- dr+0+0 Vi =— —
AP L4»0»0>2n8.854x10"2r( : ) AP 2n8.854><10’12L r
5%10” > 5%107
Vap == In Vi =— In(2)—In(4
= amssaxio » = Drmgsaxio® )1l
5%10” 1 5%10”
Vi =— In| — V. = In(2
A 2n8.854x 1072 (2) A2 8.854 %107 )

Resposta Answer

V,, =623V

c) Compare e comente os resultados obtidos nas duas alineas anteriores. Compare and discuss the
results obtained in the two previous questions.

Resolugdo Resolution

Neste exemplo a diferenca de potencial apenas depende da componente segundo a radial dos pontos

em causa. In this example the difference of potential depends only on the radial component of the points.

Resposta Answer

O resultado é o mesmo. The result is the same.
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2) Numa zona do espaco o campo eléctrico é definido pela 5 v/
equacdo ao lado em coordenadas esféricas. In an area of the space =T A m
the electrical field is defined by the equation at left in a spherical frame.

a) Determine a diferenca de potencial entre os pontos a e b. Find the difference of electrical potential

between the points a and b.

Vo~ Vg =—[ E-dL E=-—4d Vm dl = drd, + rd6i, + rsin(6) dgd,
Resolugdo Resolution
V=V, =— f: B di Vi =-] (420”’: ’”(_ lr_?aj (ard, + raéa, + rsin(9) dgd,)
2
erzzin( 16 216 1
V,, = —LW) [— 7)(dr +0+0) V= LFdr V,, = —16{;}4 V,, =4V

Resposta Answer

b) Mostre que, no presente caso, a diferenga de potencial apenas é funcdo de uma coordenada e
comente este facto. Show that, in this case, the difference of potential is a function of only one coordinate and
discuss this.

Resolugdo Resolution

Vo= Vy=—[ E-dL )

Rp.05.¢05)

(Rp04,04) 16 - - . —
! (——zarj . (drar + rd @, + rsin(6) d¢a¢)

r
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Vi = _J.

Ry.05.95) Rp T

Rp.04.00) _E Ry 16
T

Ry
. j(dr+ 0+0) Vi = | ' —dr V,, = —16[1}

v -1 L
l{A l{B

Resposta Answer

Vag apenas é funcdo de R, e de Rg, por isso, apenas depende uma coordenada que é a coordenada

radial. Vg is only a function of R, and Rg therefore only depends on one coordinate that is the radial coordinate.

V=V, r<a
3) Uma superficie esférica de raio 2m com centro em (0,0,0) tem um i,
potencial eléctrico dado pela equagdo apresentada ao lado. A spherical V=a—; r2a
surface with radius 2m and center in (0,0,0) has an electrical potential given by
the equation shown at left.

a) Calcule a diferenca de potencial entre os pontos P1 e P2 que distam da origem 5m e 3m,
respectivamente. Find the electrical potential difference between two points P1 and P2 that are distant from the
origin of 5m and 3m, respectively.

V=V, r<a
V,

V=a—": r>a
r

a=2m

Resolugdo Resolution

v, v, v, .V
V=22 V=222 V,=V,-V, Vp=2-0-20
4
V,=——V
12 15 0

Electromagnetismo José Puga, JTP@isep.ipp.pt




Resposta Answer

4
Vv, =——V,
12 15 0

b) Determine a expressdo do campo eléctrico E representado pela equagdo de potencial dada. Find the
expression of the electric field E represented by the given equations of electrical potential.

V=V r<a

vV E=-VV
V=a—2; r>a

r

Resolugdo Resolution

-VV, r<a 0
_.= _.= a 1_.
E —Va& r=a E —aV,——-a,
r orr
Resposta Answer
- 0 r<a
=< V, .
E a—a, r=a
r

0A laA 0A
rad(A)=VA=223 +-225 + %23
grad(A) or r80 Ao rsenfdg *
r<a ~ 0 r<a
r=a E= alzoﬁr r=a
r

c) Calcule a totalidade da energia armazenada no campo eléctrico. Find the total electrical energy stored in

the electric field.

1 B 0
W, = [€B’dv E={ V,.
2 a—y
,,
Resolugao Resolution
aV,} . xRl
W, = g% lim [ jo [ 7# sin(0)drd 6d ¢
__(av,)
W, =—e=—0 ,lhm - j j in(6)dad g
aV,) 1 gz .
W, =8%;L [-cos(®)[ dg

r<a
>4 dv =r*sin() dr d6 de
V,) eerp
W, =¢ (a i >m.|. '[ [ 1Es1n(6’)dl9d¢
aV,) 1 2z ¢z .

W, = S(TOZ [ [ sin6)dadg
w, =Y oy

p=e—0 " 2dg
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W, =27caV,

Resposta Answer

W, =27eaV?

d) Utilizando o operador divergente, identifique a densidade de carga nas diferentes zonas. Using the
divergent operator identify the charge density in different areas.

- - H 0 r<a
V-D=p D=¢E E= algfl, r>a
’
. - 19A) 19 1 9A
div(A)=V-A=— Lt — 0)+ e
(A r° dr rsen 86( osend) rsenf 0d¢
Resolugdo Resolution
- 2 JoE
V-Eziza(r—Er)+ ! i(Eesen0)+ L 7%
r’ or rsen6 90 rsend J¢
V.-g0 r<a 0 r<a
g ) V. 83&5 r>a g 8ii rza& r>a
" r’ ot r’
0 r<a 0 r<a
pP= 19 p=
8aV0—2—(1) r>a 0 r>a
r-dr
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4) Deduza a expressdo da capacidade de uma casca esférica isolada de raio r que se PN
encontra inserida num meio de permissividade relativa Er. Derive the expression of the e RN
electric capacity of an isolated spherical shell with radius r that is inserted through a relative | |« ' |
permittivity Er. ' '

-
dE = P2
47t R?
As = o dQ _ i
V.-V, =—[ E-dL D=¢E _Q p=—= dE =P g
AE '[B ¢ \% ds dner?

ds,, = r’sin(6)d 6l dl = drd, + rdé, + rsin(9) d¢i,

Resolugdo Resolution

Procurar a carga armazenada na casca esférica. Find the electrical charge stored in a spherical surface.

p= iTQ dQ=pds  dQ=prsin(d)dai¢ Q=pr*[" [ sin@)aaip
S 0 0
Q=pr*[ 2d¢ Q=4nrip

Procurar o potencial da esfera em relagdo ao infinito. Find the potential of the sphere relative to infinity.

No infinito um corpo finito pode ser visto como pontual, entdo o campo eléctrico pode ser modelizado
pela expressdo da carga pontual. At the infinity a finite body can be seen as timely. Then the electric field can
be modeled by the expression of the point charge.

— Q _ - rzp_. 2
E=ma,e E:8R2 g Vi == lim rR ;RB Gy |- (dRGy + rd 6, + rsin(0) dga,)
P17 (11 r
V,; =p— lim| — V,; =p— lim| ——— Vs =—p—
AB =P c RI—Q{R}, A — P c il R 7 AB pg
c_l4mrip C=4ner C=dnege,r
ot
€

O mesmo seria conseguido tendo em conta que um corpo carregado simetricamente pode ser visto
como uma carga pontual de valor igual sua carga. The same would be achieved taking into account that a
body symmetrically charged can be seen as a point charged with the same value.

Resposta Answer

C=4nee,r
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5) Deduza a expressdo da capacidade por metro do cabo coaxial
com raio interno, a, e raio externo, b, respectivamente. O dialéctico
isolante entre o condutor interno e o externo tem permissividade
relativa Er. Find the expression of the capacity per meter of the coaxial
cable with inner and outer radius a and b, respectively. The insulating
dialectic between the inner conductor and the outer conductor has i
relative permittivity Er.

COPPER
WIRE

INSULATION
COPPER MESH
OUTSIDE INSULATION

Q V,-V, =—[ E-dL D =¢E dl =drd, + rdgi, + dzd,

Resolugdo Resolution

Devido a simetria do condutor cilindrico interno o campo eléctrico por ele gerado é o mesmo que o do
condutor rectilineo. Due to the symmetry of the internal cylindrical conductor the electric field generated by it is

the same as the straight conductor.

Procurar a carga armazenada na linha. Find the electrical charge stored in the line.

_dQ _ o _
=" dQ=pdl Q=p[ Q=pL

Procurar o potencial do condutor exterior em relagdo ao interior.

E=—P 3,
2mer
V-V, =-[EdL v, :—Jj(z;rﬁk)(drﬁ,+rd¢ﬁ¢+dz(iz) V,, =—Lbz7fgrdr
Vv, = —i(ln(b) ~In(a)) Vv, = —;’mln(z] v, = Zigln(Z]
ng C= pL C:27raL szﬂ C/LZZ’IISREO

Pl 4
2me b

Electromagnetismo José Puga, JTP@isep.ipp.pt




Resposta Answer

2 me g€,

o0

C/L =

6) Encontre a expressdo da capacidade por metro entre um condutor
rectilineo de raio r e um plano de massa que distam entre si de d. Para o r.‘
calculo, considere o diametro do condutor muito menor que a distancia d
entre o condutor e o plano de massa. O dialéctico isolante entre o condutor ‘
e o plano de massa tem permissividade relativa Er. Find the expression of
the capacity per meter of a straight conductor of radius r and a ground
plane that are distant from each other d. For the calculation, consider the
conductor diameter much smaller than the distance between the conductor
and the ground plane. The dialectical insulator between the conductor and
the ground plane has relative permittivity Er.

=y
=/\

-‘—-\ e
NS

N
—/\\

E=_7" a, C=

Q V. =—["E.dL D = ¢E [ =dra 7 i
SR v V.-V, .LEdL D =¢E dl =dra, +rd¢a, + dza,

Resolugdo Resolution

Resposta Answer
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