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3¢V M Capacitor calculations. (a) Calculate the capacitance of a

parallel-plate capacitor whose plates are 20cm ¥ 3.0 cm and are separated by a
1.0-mm air gap. (b) What is the charge on each plate if a 12-V battery is connected
across the two plates? (c) What 15 the electnc field between the plates? (d) Estimate
the area of the plates needed to achieve a capacitance of 1 F, given the same air gap d.

SOLUTION (a) The area A = (20 > 102 m)}(3.0 > 102 m) = 6.0 > 10> m> The
capacitance C 15 then
A 6.0 > 103 m?

C = €;— = (B85 = 10 P C*Y/N-m’ = 53 pF.
" { ) 1.0 = 10 > m ¥
(b)) The charge on each plate is
Q2 = CV = (53 = lﬂ_llF}{ll"ﬁ"} = 6.4 = 1010
(c) For a uniform electric field, the magnitude of F is
v 12°%W 4
B = — = = 1.2 = 10"V /m.
o 1.0 = 107 m /

() We solve for A in Eq. 2 and substitute < = 1.0F and 4 = 1.0mm to find
that we need plates with an area

1 F)1.0 = 103
A _ Cd - { -}{. - m_-:ll s l_l:.E: mE‘
€o (9 = 102 C3YN-m?)




Example /

A parallel-plate capacitor, hilled with a A
dielectnic with K = 3.4, 1s connected to a 100-V battery (Fig. 16a). After the *ﬁ v
capacitor 1s fully charged, the battery 1s disconnected. The plates have area @)
A=40m’, and are separated by d = 40mm. (a) Find the capacitance, the A
charge on the capacitor, the electric field strength, and the energy stored 1n the " fu—somn

capacitor. (b) The dielectric is carefully removed, without changing the plate
separation nor does any charge leave the capacitor (Fig. 16b). Find the new

values of capacitance, electric field strength, voltage between the plates, and the

energy stored i the capacitor. | o _
" SOLUTION (a) First we find the capacitance, with dielectric:

- Key A 3.4(8.85 = 107" C*/N-m?)(4.0 m?)
d 4.0 > 107 m
= 3.0 x 10°°F.

The charge () on the plates is

o = OV o= {E.D b ID_EF]I{IDDV] = 3.0 = 10°°C.




The electrnic field between the plates is

v 100 W
E = — = = 25 kW, /m.
o 4.0 > 10 7 m /

Finally, the total energy stored in the capacitor is
U = 3CV: = (3.0 1£I'_E‘F::I-I:IEI'I]"'-.-F}1 = 1.5 = 10 * 1
(&) The capacitance without dielectric decreases by a factor K = 3.4:

ur:: (3.0 = 10°FF)
c, = — = = 88 = 10 7F.
“ K 3.4

Because the battery has been disconnected, the charge () can not change: when
the dielectric is removed, V = /C increases by a factor K = 3.4 to 340 V.

The electrnic field 1s
340 W

| %
E = — = = 85 kV/m.
o 4.0 > 10 m /

The energy stored 1s

v o= ;Cwv?

(8.8 = 107° F)(340 Vv)*
= 5.1 = 1074171




3TN Dielectric partially fills capacitor. A parallel-plate capacitor has
plates of area A = 250 cm” and separatiomn o = 2.0 mm. The capacitor is

charged to a potential difference Vg = 150 V. Then the battery is disconnected
(the charge & on the plates then won't change), and a dielectric sheet
(K = 3.50) of the same area <1 but thickness £ = 1.00mm is placed between
the plates as shown in Fig. 18 Determine {(a) the inmitial capacitance of the
air-filled capacitor, (&) the charge on each plate before the dielectric is Inserted,
(c) the charge induced on each face of the dielectric after it is inserted. (d) the
electric field in the space between each plate and the dielectric, () the electric

field in the dielectric, (f) the potential difference between the plates after the
dielectric is added, and (g) the capacitance after the dielectric is in place.

SOLUTION (a) Before the dielectric is in place, the capacitance is

250 % 107 m’
200 % 107 m

A :
Co = & = (885 x 107" C//N-m’) = 111pF.

(b) The charge on each plate is
0 =GV, = {l.ll X 1071 F:][lﬂﬂ‘h’]l = 1.66 X 107 C.




(c) Equations 10 and 11 are valid even when
(Eq. 11b)

1 1
Ly = 1 ——] = (1eax10°%C)I1 —— | = 119 x 10°%C,

(d) The electric field in the gaps between the plates and the dielectric
(see Fig. 17c) is the same as in the absence of the dielectric since the charge on
the plates has not been altered. The result of Example 13 in the “Electric Charge
and Electric Field” Chapter can be used here, which gives E; = o /ey, [Or we can
note that, in the absence of the dielectnc, E,= V,/d =Q/C,d
(since V; = Q/C,) = Qfey A (since Cy = ey A/d) which is the same result.]
Thus

the dielectrnic does not fill the gap, so

1.66 % 1075C
E, = € _ = 7.50 % 10* V/m.

eg A (BES x 1072 C/N-m*)(2.50 ¥ 107 m?)




(€) In the dielectric the electric field 1s (Eq. 10)
Ey 7.50 = 10 V/m

En = = = 2,14 = 10 V,/m.
° T K 3.50 fm
(f) To obtain the potential difference in the presence of the dielectric we use
V = —JE -df, and integrate from the surface of one plate to the other along a
straight line parallel to the held hines:

vV = —Jﬁqﬂ‘ = Eyfd — F) + EpL,
which can be simplhihed to

¥V = Epld — £ + £

N K

1.00 > 1073
(7.50 x ID""in.-";"m]('LIII- % 103 m + m)

3.50
= Go.4V.

(g) In the presence of the dielectric, the capacitance is

Q@  1.66 x 10°C
cC == = — 172 pF.
v 06.4 V :







(II} Use Gauss's law to show that E = 0 inside the inner
conductor of a cylhindncal capacitor (see Fig. 6 and Example 2
of “Capacitance, Iielectrics, Electric Energy Storage™) as
well as outside the outer cylinder.

FICURE &

{a) Cylindrical capacitor
consists of two coaxial
cylindrical conductors.
(b) The electric field lines
are shown in cross-
sectional view.




Ql Two point charges g, = —12.0 uC and gz = 45.0 uC
and a third partcle with unknown charge ¢g. are
located on the x axis. The particle g, is at the origin,
and ¢y 1s at x = 15.0 cm. The third particle is to be
placed so that each particle is in equilibrium under the
action of the electric forces exerted by the other two
particles. (a) Is this situation possible? If so, is it possi-
ble in more than one way? Explain. Find (b) the
required location and (c¢) the magnitude and the sign
of the charge of the third particle.




Q2/ A negatively charged particle —g is placed at
the center of a uniformly charged rimg, where the ring
has a rotal positive charge O as shown in Figure P25 82,
The particle, confined oo mowve along the x axis, is
movecl a smmall distance x along the axis (where x =-=_ &)
arnd released. Show thatr the particle oscillates in simnm-
Ple harmonic motion with a freguency given by

L (fea2y

l:

Figure P23.82




Q3 Two particles, each with charge 52.0 nC, are located on

the yaxisat y = 25.0 cm and y = —25.0 cm. (a) Find the
vector electric field at a point on the xaxis as a function

of x. (b) Find the field at x = 56.0 cm. (c) At what loca-
tion 18 the field 1.001 kN/Cz You may need a computer

to solve this equation. (d) At what location 1s the field
[0.01 kKN/C/




Q4/
A parucle with charge g 1s located inside a cubical

gaussian surface. No other charges are nearby. (1) If
the particle i1s at the center of the cube, what 1s the
flux through each one of the faces of the cube? (a) 0
(b} 9/2¢; (c) q/6ey (d) g/Be; (e) depends on the size of
the cube (11) If the particle can be moved to any point
within the cube, what maximum value can the flux
through one face approach? Choose from the same
possibilities as in part (1).




5/
? Charges of 3.00 nC, —=2.00 nC, -7.00 nC, and 1.00 nC

are contained inside a rectangular box with length
100 m, width 2.00 m, and height 2.50 m. Outside the
hox are charges of 1.00 nC and 4.00 nC. What 1s the
electric flux through the surface of the box: (a) 0
(b) =5.64 x 10° N-m*/C (c) —147 x 10° N - m*/C
(d) 147 X 10°N - m-/C (e) 5.64 X 10°N - m-/C




9% A uniform electric field of 1.00 N/C is set up by a uni-
torm distribution of charge in the xy plane. What 1

the electric field mside a metal ball placed 0.500 m
above the xy plane? (a) 100 N/C (b) =100 N/C (c) O
(d) 0.250 N/C (e) varies depending on the position
inside the ball




Q7l (a) Find the net electric
flux through the cube

shown in Figure P24.15.
(b) Can you use Gauss's

law to find the electric
field on the surface of /

this cube? Explain.




Q8/

Avssume the magnitouade of the eleciric field on each
face of thhe cube of edge . —

10O m in Figure P24 32
is unitorm arnd cthe directions of che fields on each face

are as indicarted. Find (a) the net electric flax chhrough
the cube amnd (b)) the met charge inside the cubee.
() Could the mnet charge be a single point chargers
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Figure FP24.32




QY/
A cylindrical shell of radius 7.00 cm and length 2.40 m

| has 1ts charge uniformly distributed on its curved sur-
face. The magnitude of the electric field at a point
19.0 cm radially outward from its axis {measured from
the midpoint of the shell) is 36.0 kKN/C. Find (a) the
net charge on the shell and (b) the electric field at a

point 4.00 cm from the axis, measured radially out-
ward from the midpoint of the shell.




7 A solid sphere of radis 40.0 cm has a total positive

charge of 20.0 yCuntformly distributed throughout 1ts
volume. Calculate the magnitude of the electric field

@) 0 cm, (b) 10.0 cm, (c) 40.0 cm, and (d) 60.0 cm
trom the center of the sphere.




Q11/
Two infinite, nonconducting sheets
of charge are parallel to each other
as shown in Figure P24.56. The

sheet on the left has a uniform sur-
face charge density ¢, and the one

on the right has a uniform charge
density —g. Calculate the electric
field at points (a) to the left of, (b) 1n —
between, and (¢) to the right of the -

two sheets. (d) What If? Find the 'igure P24.56
electric fields in all three regions if both sheets have
positiee uniform surface charge densites of value (.




Q12/

A closed surface withh dimensions a — & = 040 m and
c = 0,600 m is locatred as shown in Figure P24.63. The
lett edge of the closed surface 1s located at position
x — . I'he electric field throughout the region is non-
uniform and is given by E = (300 + 2.00x3)i N C,
where xi1s in meters. (a) Calculare the nee eleceric flax

Figure P24.63




