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The net electric flux ® i through any closed surface is equal to the net charge @);,, inside divided
by the permittivity constant eg:

7{5 : dg: 47Tinn == an i.e. CIDE == an
€0 €0

with €p = 8.854 x 107 12C2N~"Im—2

The closed surface can be real or fictitious. It is called “Gaussian surface”.
The symbol ¢ denotes an integral over a closed surface in this context.

e (Gauss’s law is a general relation between
electric charge and electric field.

e In electrostatics: Gauss’s law is equivalent
to Coulomb’s law.

e Gauss’s law is one of four Maxwell’s
equations that govern cause and effect in
electricity and magnetism.







The electric fluxes through the Gaussian surfaces S4 and Sg are <I>(EA) = 5C'/¢p and

<I>(EB ) — 3C /ep, respectively.

O 9

Find the electric charges ¢; and g».




The electric fluxes through the Gaussian surfaces S4 and Sg are <I>(EA) = 1C'/¢p and

<I>(EB ) — 3C /ep, respectively.

g

Find the electric charges g2 and gs.




A proton, a neutron, and an electron are placed in different boxes. The electric fluxes through the
three Gaussian surfaces are as indicated.

Zerc

Name the particle in each box.




Three point charges q1, g2, g3 produce electric fluxes through the three Gaussian surfaces as
indicated.

(a) Find the net charge Q = q1 + 92 + ¢s3.
(b) Find the individual charges q1, g2, g3.
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A positive charge and a negative charge are placed in different boxes. One box remains empty.
The electric fluxes through the three Gaussian surfaces are as indicated.

%

(a) Which box contains the positive charge?
(b) Which box contains the negative charge?




The electric fluxes through the Gaussian surfaces S 4, Sg, and S¢ are cI>(EA) = 4C'/¢g,
<I>(EB) = 1C/¢p, and <I>(EC) = 2C'/¢g, respectively.

S

Find the electric charges q1, g2, and gs.
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Design the Gaussian surface such that it reflects the symmetry of the problem at hand.

e Use concentric Gaussian spheres in problems with spherically symmetric charge distributions. The
electric field is perpendicular to the Gaussian sphere (E || dA).

e Use coaxial Gaussian cylinders in problems with cylindrically symmetric charge distributions. The
electric field is perpendicular to the curved surface (E || dA) and parallel to the flat surfaces
(E L dA).

e Use Gaussian cylinders with axis perpendicular to planar charge distributions. The electric field is
parallel to the curved surface (E L dA) and perpendicular to the flat surfaces (E || dA).




Consider a positive point charge Q.
Use a Gaussian sphere of radius R centered at the location of Q.

Surface area of sphere: A = 47 R?.
Electric flux through Gaussian surface: ® 5 = ?{E .dA = E(47wR?).

Net charge inside Gaussian surface: Q;, = Q.
Qin

€0

becomes E(4mnR?) =

I Q  kQ
Areg R2  R2’

Gauss’s Iaw%E" dA = Q
€0

Electric field at radius R: F =




T D

||||| E SR

e Consider a uniformly charged wire of infinite length.
e Charge per unit length on wire: X (here assumed positive).
e Use a coaxial Gaussian cylinder of radius R and length L.

e Electric flux through Gaussian surface: ®p = fﬁ .dA = E(2wRL).

e Net charge charge inside Gaussian surface: QQ;, = A\L.

)\L
e Gauss’s IaW]{E dA = 9 pecomes E(2nRL) =
€0 60
L . 1 A
e Electric field at radius R: E = —.
2meg R
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e Consider a uniformly charged plane sheet.
e Charge per unit area on sheet: o (here assumed positive).
e Use Gaussian cylinder with cross-sectional area A placed as shown.

e Electric flux through Gaussian surface: ® 5 = 7{5 . dA = 2EA.

Net charge charge inside Gaussian surface: Q;, = cA.

Q becomes 2F A = 0—.

€0 €0
e Electric field at both ends of cylinder: E = 2i
€0

e Gauss’s Iawfﬁ . dA =

(pointing away from sheet).

e Note that EZ does not depend on the distance
from the sheet.




Consider a uniformly charged slab.
Charge per unit volume on slab: p.
Use Gaussian cylinder as shown.

Total electric flux: &5 = 2|E,|A.

2pAlz| - (lz| < a)

Net charge inside: Q;, = { 00 A (2] > a)
pPAa Z| 2 a

Gauss's law: 2|E;|A = { ¢

__pa (z < —a)

Electric field: E, = P2 (-a<z<a)
0

23 (2> a)
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e Radius of charged spherical shell: R

e Electric charge on spherical shell:
Q = oA = 4wo R?.
e Use a concentric Gaussian sphere

of radius r.
o 7> R: E(4rr?) = @
€0
1
L g+ ¢
Ameq T2
. 2\ Q'Ln o
e r < R: E(4nr®) = =0
€0

= E=0




Radius of charged solid sphere: R

Electric charge on sphere: E, .

Bi= —— gr r<R
Q — pv — %pRs 41'560 R3 <
Use a concentric Gaussian sphere 1 Q
. : E.=— —=r2R
of radius r. 5 dne, 12
r > R: E(4mr?) = Q
€0 |
1 :
= E — Q ER r
Ameg T E
1 /4rm
r < R BE(4nr3®) = — —r3> R
) = = (0% NS
1
= E(r)= L < r
3€eo Ameqg R3
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e Consider two infinite sheets of charge with charge per unit area 4o, respectively.
e The sheets are positioned at x = 0 and x = 2m, respectively.

e Magnitude of field produced by each sheet: £ = 7

2€p0
e Electricfieldatx < 0: E, = Ea(f) + Ezg_) -2 + i 0.
2€0 2€0

e Electricfieldat0 < z < 2m: E, = Esffr) + E:(,;_) =+ + = —.
2€0 2€0 €0

e Electric field at x > 2m: E, = E§3+) -+ Ea(;_) =+ c 7 _ 0.
2€0 2€0
y
- e
>t P B - -
+ —
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Consider three pairs of parallel, infinite, uniformly charged sheets.
The charge per unit area is equal in magnitude on all sheets.
Find the direction (T, |, none) of the electric field at the nine locations indicated.

Eq
E> Es
Es




Consider two very large uniformly charged parallel sheets as shown. The charge densities are
o4 =+7x10""2Cm~2and op = —4 x 10~ 2Cm 2, respectively. Find magnitude and
direction (left/right) of the electric fields E;, Eo, and Es.

Ry
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Consider two very large uniformly charged parallel sheets as shown. The charge densities are
o4 =+7x10""2Cm~2and op = —4 x 10~ 2Cm 2, respectively. Find magnitude and

direction (left/right) of the electric fields E;, Eo, and Es.

Solution:

>
= o4 = 0.40N/C (directed away from sheet A).

Ea

2€0




TTHT] IEL

i

Consider two very large uniformly charged parallel sheets as shown. The charge densities are
o4 =+7x10""2Cm~2and op = —4 x 10~ 2Cm 2, respectively. Find magnitude and

direction (left/right) of the electric fields E;, Eo, and Es.

—o— o o
Eq E; Es
Solution: Op Og
Ea = |(27A| = 0.40N/C (directed away from sheet A). / /
€0
B loB| B .
Ep = = 0.23N/C (directed toward sheet B).

2€0
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Consider two very large uniformly charged parallel sheets as shown. The charge densities are
o4 =+7x10""2Cm~2and op = —4 x 10~ 2Cm 2, respectively. Find magnitude and

direction (left/right) of the electric fields E;, Eo, and Es.

—o— o o
Eq E; Es
Solution: Op Og
Ea = |(27A| = 0.40N/C (directed away from sheet A). / /
€0
B loB| B .
Ep = 5 = 0.23N/C (directed toward sheet B).
€0

E1=FE4s — Eg =0.17N/C (directed left).
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Consider two very large uniformly charged parallel sheets as shown. The charge densities are
o4 =+7x10""2Cm~2and op = —4 x 10~ 2Cm 2, respectively. Find magnitude and

direction (left/right) of the electric fields E;, Eo, and Es.

—o— o o
Eq E; Es
Solution: Op Og
Ea = |(27A| = 0.40N/C (directed away from sheet A). / /
€0
B loB| B .
Ep = 5 = 0.23N/C (directed toward sheet B).
€0

E1=FE4s — Eg =0.17N/C (directed left).
E2 = FE4+ Eg = 0.63N/C (directed right).
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Consider two very large uniformly charged parallel sheets as shown. The charge densities are
o4 =+7x10""2Cm~2and op = —4 x 10~ 2Cm 2, respectively. Find magnitude and

direction (left/right) of the electric fields E;, Eo, and Es.

—o— o o
Eq E; Es
Solution: Op Og
E = |(27A| = 0.40N/C (directed away from sheet A). / /
€0
B loB| B .
Ep = 5 = 0.23N/C (directed toward sheet B).
€0

E1=FE4s — Eg =0.17N/C (directed left).
E2 = FE4+ Eg = 0.63N/C (directed right).
Ex =FE4 — Eg =0.17N/C (directed right).
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Two very large, thin, uniformly charged, parallel sheets are positioned as shown.

Find the values of the charge densities (charge per area), o 4 and o g, if you know the electric
fields E1, Eo, and E3.

Consider two situations.
(a) E1 = 2N/C (directed left), E2 = 0, E3 = 2N/C (directed right).
(b) E1 = 0, E2 = 2N/C (directed right), E's = 0.

< 7
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Two very large, thin, uniformly charged, parallel sheets are positioned as shown.
Find the values of the charge densities (charge per area), o 4 and o g, if you know the electric
fields E1, Eo, and E3.

Consider two situations.
(a) E1 = 2N/C (directed left), E2 = 0, E3 = 2N/C (directed right).

(b) E1 = 0, E2 = 2N/C (directed right), E's = 0.

Solution:

Op Og
(a) The two sheets are equally charged: / /

o4 =o0p =2e(IN/C) =1.77 x 1071 C/m?.
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Two very large, thin, uniformly charged, parallel sheets are positioned as shown.
Find the values of the charge densities (charge per area), o 4 and o g, if you know the electric
fields E1, Eo, and E3.

Consider two situations.
(a) E1 = 2N/C (directed left), E2 = 0, E3 = 2N/C (directed right).

(b) E1 = 0, E2 = 2N/C (directed right), E's = 0.

Solution:

Op Og
(a) The two sheets are equally charged: / /

o4 =o0p =2e(IN/C) =1.77 x 1071 C/m?.

(b) The two sheets are oppositely charged:
o4 =—0p =26(IN/C) =1.77 x 10~ 11 C/m?.




Consider a conductor with excess charge @ in
isolation.

The mobile charges (electrons) are rearranged

spontaneously until we have Ey = 0
everywhere inside the conductor.

I Eo — 0 inside the conductor, then Gauss’s
law implies that there can be no net flux
through any Gaussian surface that is inside the
conductor.

Hence there can be no net charge in any
region inside the conductor.

Hence all excess charge must be at the
surface, where it produces an electric field

Ej(7) on the outside only.
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Eq(r)
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e Now place a point charge g near the charged conductor.

e The electric field produced by ¢ causes a further rearrangement of mobile surface charges
until we have again E = 0 in the interior.

e Locally, the electric field Eis perpendicular to the surface of the conductor, and its magnitude
IS proportional to the charge per unit area: £ = o/¢g.
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e Consider a conductor with a cavity and excess charge Q.
e Gauss’s law implies that there is no net charge on the surface of the cauvity.

e The external field is Ey (). There is no field in the cavity.
e Now place a point charge ¢ inside the cauvity.
e Gauss’s law implies that there is a charge —q on the surface of the cavity.

e Charge conservation implies that there is a charge @Q + g on the outer surface of the
conductor.

e The external field changes to E(7). There is a nonzero electric field field inside the cavity.




TTHT]

At
CLA00t

Consider a metal cube with a charge 2C on it positioned inside a cubic metal shell with a charge

—1Conit.

e Find the charge Q;,: on the interior surface and the charge Q..+ on the exterior surface of
the shell.

-1C

2C

i

"!'I'—r"—"'f
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A conducting spherical shell of inner radius 1 = 4cm and outer radius ro = 6¢cm carries no net
charge. Now we place a point charge ¢ = —1uC at its center.

(a) Find the surface charge densities o1 and os.
(b) Find the electric fields £y and Es5 in the immediate vicinity of the shell.

(c) What happens to the electric fields inside and outside the shell when a second point charge
@ = +1uC is placed a distance d = 20cm from the center of the shell?

(d) Which objects exert a force on the second point charge?
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A point charge ¢, = —7uC is positioned at the center of a conducting spherical shell with a charge
qs = +4uC onit.
e Find the direction (inward/outward) of the electric field at the points A and B.

e Find the charge ¢“™* on the inner surface and the charge ¢¢** on the outer surface of the
shell.
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A long conducting cylinder of radius Ry = 3cm carries a charge per unit length A = 5.0uC/m. Itis
surrounded by a conducting cylindrical shell of radii R; = 7cm and R2 = 11cm. The shell carries
a charge per unit length A = —8.0uC/m.

(a) Find the linear charge densities A1, A2 on the inner and outer surfaces of the shell.
(b) Find the electric fields Eq, E1, E3 in the vicinity of the three conducting surfaces.

Pl
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Consider two concentric shells with charges on them as indicated.

e Findthe charges g4, gB, 9qc, gp on each of the four surfaces.




i

FUREL R ARER

'-"”-"-"-i-ﬂq T

Consider two concentric conducting spherical shells. The total electric charge on the inner shell is
4C and the total electric charge on the outer shell is —3C. Find the electric charges q1, g2, g3, q4
on each surface of both shells as identified in the figure.
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Consider two concentric conducting spherical shells. The total electric charge on the inner shell is
4C and the total electric charge on the outer shell is —3C. Find the electric charges q1, g2, g3, q4
on each surface of both shells as identified in the figure.

Solution:

Start with the innermost surface.

Note that any excess charge is located
at the surface of a conductor.

Note also that the electric field inside a
conductor at equilibrium vanishes.
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Consider two concentric conducting spherical shells. The total electric charge on the inner shell is
4C and the total electric charge on the outer shell is —3C. Find the electric charges q1, g2, g3, q4
on each surface of both shells as identified in the figure.

Solution:

Start with the innermost surface.

Note that any excess charge is located
at the surface of a conductor.

Note also that the electric field inside a
conductor at equilibrium vanishes.

e Gauss’s law predicts g4 = 0.
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Consider two concentric conducting spherical shells. The total electric charge on the inner shell is
4C and the total electric charge on the outer shell is —3C. Find the electric charges q1, g2, g3, q4
on each surface of both shells as identified in the figure.

Solution:

Start with the innermost surface.

Note that any excess charge is located
at the surface of a conductor.

Note also that the electric field inside a
conductor at equilibrium vanishes.

e Gauss’s law predicts g4 = 0.

e Charge conservation then predicts g3 + g4 = 4C. Hence g3 = 4C.




i

i ED

I_I_IJ_.I'_".III_'! R

Consider two concentric conducting spherical shells. The total electric charge on the inner shell is
4C and the total electric charge on the outer shell is —3C. Find the electric charges q1, g2, g3, q4
on each surface of both shells as identified in the figure.

Solution:

Start with the innermost surface.

Note that any excess charge is located
at the surface of a conductor.

Note also that the electric field inside a
conductor at equilibrium vanishes.

e Gauss’s law predicts g4 = 0.

e Charge conservation then predicts g3 + g4 = 4C. Hence g3 = 4C.
e Gauss’s law predicts g2 = — (g3 + q4) = —4C.
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Consider two concentric conducting spherical shells. The total electric charge on the inner shell is
4C and the total electric charge on the outer shell is —3C. Find the electric charges q1, g2, g3, q4
on each surface of both shells as identified in the figure.

Solution:

Start with the innermost surface.

Note that any excess charge is located
at the surface of a conductor.

Note also that the electric field inside a
conductor at equilibrium vanishes.

e Gauss’s law predicts g4 = 0.

e Charge conservation then predicts g3 + g4 = 4C. Hence g3 = 4C.
e Gauss’s law predicts g2 = — (g3 + q4) = —4C.
e Charge conservation then predicts q; + g2 = —3C. Hence ¢q; = +1C.
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Consider a conducting sphere of radius 71 = 1m and a conducting spherical shell of inner radius
ro = 3m and outer radius r3 = 5m. The charge on the inner sphere is Q1 = —0.6uC. The net
charge on the shell is zero.
(a) Find the charge Q2 on the inner surface and the charge Q3 on the outer surface of the shell.
(b) Find magnitude and direction of the electric field at point A between the sphere and the shell.
(c) Find magnitude and direction of the electric field at point B inside the shell.
(d) Find magnitude and direction of the electric field at point C' outside the shell.
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Consider a conducting sphere of radius 71 = 1m and a conducting spherical shell of inner radius
ro = 3m and outer radius r3 = 5m. The charge on the inner sphere is Q1 = —0.6uC. The net
charge on the shell is zero.
(a) Find the charge Q2 on the inner surface and the charge Q3 on the outer surface of the shell.
(b) Find magnitude and direction of the electric field at point A between the sphere and the shell.
(c) Find magnitude and direction of the electric field at point B inside the shell.
(d) Find magnitude and direction of the electric field at point C' outside the shell.

Solution:

(a) Gauss’s law implies that Q2 = —Q1 = +0.6uC.
Given that Q2 + Q3 = 0 we infer Q3 = —0.6uC.
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Consider a conducting sphere of radius 71 = 1m and a conducting spherical shell of inner radius
ro = 3m and outer radius r3 = 5m. The charge on the inner sphere is Q1 = —0.6uC. The net
charge on the shell is zero.

(a) Find the charge Q2 on the inner surface and the charge Q3 on the outer surface of the shell.
(b) Find magnitude and direction of the electric field at point A between the sphere and the shell.

(c) Find magnitude and direction of the electric field at point B inside the shell.
(d) Find magnitude and direction of the electric field at point C' outside the shell.

Solution:
(a) Gauss’s law implies that Q2 = —Q1 = +0.6uC.

Given that Q2 + Q3 = 0 we infer Q3 = —0.6uC.
0.6uC

(b) E4 = k(2m)2 —

1349N /C (inward).
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Consider a conducting sphere of radius 71 = 1m and a conducting spherical shell of inner radius
ro = 3m and outer radius r3 = 5m. The charge on the inner sphere is Q1 = —0.6uC. The net
charge on the shell is zero.
(a) Find the charge Q2 on the inner surface and the charge Q3 on the outer surface of the shell.
(b) Find magnitude and direction of the electric field at point A between the sphere and the shell.
(c) Find magnitude and direction of the electric field at point B inside the shell.
(d) Find magnitude and direction of the electric field at point C' outside the shell.

Solution:

(a) Gauss’s law implies that Q2 = —Q1 = +0.6uC.
Given that Q2 + Q3 = 0 we infer Q3 = —0.6uC.

0.6uC
(2m)2
(c) Ep = 0inside conductor.

(b) Ex =k

1349N /C (inward).
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Consider a conducting sphere of radius 71 = 1m and a conducting spherical shell of inner radius
ro = 3m and outer radius r3 = 5m. The charge on the inner sphere is Q1 = —0.6uC. The net
charge on the shell is zero.

(a) Find the charge Q2 on the inner surface and the charge Q3 on the outer surface of the shell.
(b) Find magnitude and direction of the electric field at point A between the sphere and the shell.

(c) Find magnitude and direction of the electric field at point B inside the shell.
(d) Find magnitude and direction of the electric field at point C' outside the shell.

Solution:

(a) Gauss’s law implies that Q2 = —Q1 = +0.6uC.
Given that Q2 + Q3 = 0 we infer Q3 = —0.6uC.

b) Ea = k2C _ 1349N/C (inward).
(2m)?

(c) Ep = 0inside conductor.

A Eo = k2C _ 150N /¢ (inward).

(6m)2
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A point charge @, is positioned at the center of a conducting spherical shell of inner radius

ro = 3.00m and outer radius r3 = 5.00m. The total charge on the shell Qs = +7.00nC. The

electric field at point A has strength £4 = 6.75N/C and is pointing radially inward.
(a) Find the value of @, (point charge). r
(b) Find the charge @Q;.,+ on the inner surface of the shell.
(c) Find the charge Q..+ on the outer surface of the shell.
(d) Find the electric field at point B.




A point charge @, is positioned at the center of a conducting spherical shell of inner radius

ro = 3.00m and outer radius r3 = 5.00m. The total charge on the shell Qs = +7.00nC. The
electric field at point A has strength £4 = 6.75N/C and is pointing radially inward.
(a) Find the value of @, (point charge). r
(b) Find the charge @Q;.,+ on the inner surface of the shell.
(c) Find the charge Q..+ on the outer surface of the shell.
(d) Find the electric field at point B.

Solution:

Qv

€0

(a) Gauss’s law implies that —E 4 (4wr?4) =

-y ——.-I'.'.' ot ——
111 []

i
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A point charge @, is positioned at the center of a conducting spherical shell of inner radius

ro = 3.00m and outer radius r3 = 5.00m. The total charge on the shell Qs = +7.00nC. The
electric field at point A has strength £4 = 6.75N/C and is pointing radially inward.
(a) Find the value of @, (point charge). r
(b) Find the charge @Q;.,+ on the inner surface of the shell.
(c) Find the charge Q..+ on the outer surface of the shell.
(d) Find the electric field at point B.

Solution:

Qv

€0

(a) Gauss’s law implies that —EA(4wr?4) =
(b) Gauss’s law implies that Q;n: = —Qp = +3.00nC.
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A point charge @, is positioned at the center of a conducting spherical shell of inner radius

ro = 3.00m and outer radius r3 = 5.00m. The total charge on the shell Qs = +7.00nC. The

electric field at point A has strength £4 = 6.75N/C and is pointing radially inward.
(a) Find the value of @, (point charge). r
(b) Find the charge @Q;.,+ on the inner surface of the shell.
(c) Find the charge Q..+ on the outer surface of the shell.
(d) Find the electric field at point B.

Solution:

Qp

€0

(a) Gauss’s law implies that —EA(4wr?4) =
(b) Gauss’s law implies that Q;n: = —Qp = +3.00nC.

(c) Charge conservation, Q;nt + Qezt = Qs = 7.00nC,
then implies that Qcz+ = +4.00nC.




i

i ED

'.'-”-.".".'.I_',! R

A point charge @, is positioned at the center of a conducting spherical shell of inner radius

ro = 3.00m and outer radius r3 = 5.00m. The total charge on the shell Qs = +7.00nC. The

electric field at point A has strength £4 = 6.75N/C and is pointing radially inward.
(a) Find the value of @, (point charge). r
(b) Find the charge @Q;.,+ on the inner surface of the shell.
(c) Find the charge Q..+ on the outer surface of the shell.
(d) Find the electric field at point B.

Solution:

Qv

€0

(a) Gauss’s law implies that —EA(4wr?4) =
(b) Gauss’s law implies that Q;n: = —Qp = +3.00nC.

(c) Charge conservation, Q;nt + Qezt = Qs = 7.00nC,
then implies that Qcz+ = +4.00nC.

(d) Ep = 0inside conductor.
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(a) Consider a conducting box with no net charge on it. Inside the box are two small charged
conducting cubes. For the given charges on the surface of one cube and on the inside
surface of the box find the charges Q1 on the surface of the other cube and Q2 on the
outside surface of the box.

(b) Consider a conducting box with two compartments and no net charge on it. Inside one
compartment is a small charged conducting cube. For the given charge on the surface of the
cube find the charges @03, 04, and Q5 on the three surfaces of the box.

+3C
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(a) Consider a conducting box with no net charge on it. Inside the box are two small charged
conducting cubes. For the given charges on the surface of one cube and on the inside
surface of the box find the charges Q1 on the surface of the other cube and Q2 on the
outside surface of the box.

(b) Consider a conducting box with two compartments and no net charge on it. Inside one
compartment is a small charged conducting cube. For the given charge on the surface of the
cube find the charges @03, 04, and Q5 on the three surfaces of the box.

+3C

—5C/\/ Q Q3 4/ Q /\/

Solution: @ (b)

(a) Gauss’s law implies @1 +3C + (=5C) =0 = @1 = +2C.
Net charge on the box: Q2 + (—5C) =0 = Q2 = +5C.
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(a) Consider a conducting box with no net charge on it. Inside the box are two small charged
conducting cubes. For the given charges on the surface of one cube and on the inside
surface of the box find the charges Q1 on the surface of the other cube and Q2 on the
outside surface of the box.

(b) Consider a conducting box with two compartments and no net charge on it. Inside one
compartment is a small charged conducting cube. For the given charge on the surface of the
cube find the charges @03, 04, and Q5 on the three surfaces of the box.

+3C

s Q, Qs/ Q4"/

Solution: @ (b)

%

(a) Gauss’s law implies @1 +3C + (=5C) =0 = @1 = +2C.
Net charge on the box: Q2 + (—5C) =0 = Q2 = +5C.

(b) Gauss’s law implies Q3 + (—6C) =0 = Q3 = +6C.
Gauss’s law implies Q4 = 0.
Net charge onbox: Q3 + Q4+ Q5 =0 = Q5 = —6C.
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The charged conducting spherical shell has a 2m inner radius and a 4m outer radius. The charge
on the outer surface is Qext = 8nC. There is a point charge @), = 3nC at the center.

(a) Find the charge Q;nt on the inner surface of the shell.

(b) Find the surface charge density o.xt 0n the outer surface of the shell.
(c) Find the electric flux ® g through a Gaussian sphere of radius » = 5m.
(d) Find the magnitude of the electric field E at radius » = 3m.

Qext
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The charged conducting spherical shell has a 2m inner radius and a 4m outer radius. The charge
on the outer surface is Qext = 8nC. There is a point charge @), = 3nC at the center.

(a) Find the charge Q;nt on the inner surface of the shell.

(b) Find the surface charge density o.xt 0n the outer surface of the shell.
(c) Find the electric flux ® g through a Gaussian sphere of radius » = 5m.
(d) Find the magnitude of the electric field E at radius » = 3m.

Qext

Solution:

() Qint = —Qp = —3nC.
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The charged conducting spherical shell has a 2m inner radius and a 4m outer radius. The charge
on the outer surface is Qext = 8nC. There is a point charge @), = 3nC at the center.

(a) Find the charge Q;nt on the inner surface of the shell.

(b) Find the surface charge density o.xt 0n the outer surface of the shell.
(c) Find the electric flux ® g through a Gaussian sphere of radius » = 5m.
(d) Find the magnitude of the electric field E at radius » = 3m.

Qext
Solution:
(@) Qint = —Qp = —3nC.
(D) Coxt = _Qext 3955 10~ C/m?. '

47 (4m)?
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The charged conducting spherical shell has a 2m inner radius and a 4m outer radius. The charge
on the outer surface is Qext = 8nC. There is a point charge @), = 3nC at the center.

(a) Find the charge Q;nt on the inner surface of the shell.

(b) Find the surface charge density o.xt 0n the outer surface of the shell.
(c) Find the electric flux ® g through a Gaussian sphere of radius » = 5m.
(d) Find the magnitude of the electric field E at radius » = 3m.

Qext
Solution:
(@) Qint = —Qp = —3nC.
Qext —11 2 r

b ext = ——— = 3.98 x 10 C .
(b) et = 2 /m

o Qext o 2
(c) g = = 904Nm?/C.

€0
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