Solve problems involving general charge disribution and the electric field
Develop a tool, sketches, descriptive text or presentation to
show the morphology of electric field lines of a single or
multiple charge system with positive and/or negative

charges
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2.11 What are the signs of the charges in the configuration shown in
the figure?

a) Charges 1, 2, and 3 are negative.

b) Charges 1, 2, and 3 are positive.

c) Charges 1 and 3 are positive, and 2 is negative.

d) Charges 1 and 3 are negative, and 2 is positive.

e) All that can be said is that the charges have the same sign.
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2.12 Which of the following statements is (are) true?
a) Electric field lines point inward toward negative charges.
b) Electric field lines form circles around positive charges.
c) Electric field lines may cross.
d) Electric field lines point outward from positive charges.

e) A positive point charge released from rest will initially accelerate
along a tangent to the electric field line at that point.
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2.26 A +1.60nC point charge is placed at one corner of a square
(1.00 m on a side), and a —2.40nC charge is placed on the corner
diagonally opposite. What is the magnitude of the electric field at
either of the other two corners?
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100 cm #2.28 Two point charges are placed at two of the corners of a triangle

+150pc a8 shown in the figure. Find the magnitude and the direction of the
electric field at the third corner of the triangle.
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A negative charge of 1.5 X 10~7 € experiences a 550yl 1.5 X 1077 C 4w daas

force of 0.030 N to the right in an electric field. I QUM . & ka3
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4.5 x 1077 N/C to the right

2.0 x 10® N/C to the right

4.5 x 1077 N/C to the left

2.0 X 10° N/C to the left
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©2.29 A +5.00C charge is located at the origin. A —3.00 C charge is
placed at x = 1.00 m. At what finite distance(s) along the x-axis will
the electric field be equal to zero?
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Find for a uniform distribution of charge, the linear charge density X for chargealong a line, the surface
charge density o for charge on a surface, and the volume




Concept Check 212

A total of 1.45x10° excess electrons

are placed on an initially electrically
neutral wire of length 113 m. What is the
magnitude of the electric field at a point
at a perpendicular distance of 0.401m
away from the center of wire? (Hint:
Assume that 113 m is close enough to
“infinitely long.”)

a) 9.21x1073N/C
b) 2.92x107'N/C
) 6.77x10'N/C
d) 812x10%N/C
e) 3.31x10° N/C
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a) 9.21x103 N/C
b) 2.92x10"' N/C
¢) 6.77x10" N/C
d) 8.12x10% N/C

e) 3.31x10° N/C

Which of the equations below represents the
total charge distributed over a surface?
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2.60 An infinitely long charged wire produces an electric field of
magnitude 1.23x10° N/C at a distance of 50.0 cm perpendicular to the
wire. The direction of the electric field is toward the wire.
a) What is the charge distribution?

b) How many electrons per unit length are on the wire?
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2.5 Two infinite nonconducting plates are parallel to each other,
with a distance d = 10.0 cm between them, as shown in the figure.
Each plate carries a uniform charge distribution of o = 4.5 pC/m?
What is the electric field, E  at point P (with x, = 20.0 cm)}?
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b) 2.54x N/C

c) (=5.08x10°)x N/C
d) (5.08x10%)x N/C
e) (—1.02x10°)% N/C
f) (1.02Xx10%)x N/C
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2.59 Two parallel, infinite, nonconducting plates are 10.0 cm apart and
have charge distributions of +1.00 pC/m?* and —1.00 pC/m’. What is the
force on an electron in the space between the platest What is the force on an
electron located outside the two plates near the surface of one of the two plates?
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What'’s the expression that represents the electric field
produced by two parallel conducting plates has the same
charge distribution at point P?
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What'’s the expression that represents the electric field
produced by two parallel non - conducting plates has the
same charge distribution at point P?




The diagram below shows two charged plates
placed close to each other. Rank points 1, 2
and 3 from greatest to the least electric field
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#2.83 Consider a uniform nonconducting sphere with a surface charge
density p = 3.57x107° C/m’ and a radius R = 1.72 m. What is the
magnitude of the electric field 0.530 m from the center of the sphere?
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2.75 A solid metal sphere of radius 8.00 cm, with a total charge of
10.0 pC, is surrounded by a metallic shell with a radius of 15.0 cm
carrying a —5.00 pC charge. The sphere and the shell are both inside a
larger metallic shell of inner radius 20.0 em and outer radius 24.0 cm.
The sphere and the two shells are concentric.

a) What is the charge on the inner wall of the larger shell?

b) If the electric field outside the larger shell is zero, what is the
charge on the outer wall of the shell?
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2.58 A hollow metal sphere has inner and outer radii of 20.0 cm and
30.0 cm, respectively. As shown in the figure, a solid metal sphere

of radius 10.0 cm is located at the center of the hollow sphere. The
electric field at a point P, a distance of 15.0 cm from the

center, is found to be E,; =1.00x10* N/C, directed radially

inward. At point @, a distance of 35.0 cm from the center, the

electric field is found to be E, = 1.00x10* N/C, directed radially
outward. Determine the total charge on (a) the surface of the

inner sphere, (b) the inner surface of the hollow sphere, and (c) the
outer surface of the hollow sphere.
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P S #2.55 A —6.00 nC point charge is located at the center of a conducting
) spherical shell. The shell has an inner radius of 2.00 m, an outer

g =—6.000C_~] radius of 4.00 m, and a charge of +7.00 nC.

a) What is the electric field at r = 1.00 m?

b) What is the electric field at r = 3.00 m2

c¢) What is the electric field at r = 5.00 m2?

d) What is the surface charge distribution, o, on the outside surface
of the shell?




Apply the relationship between the electric field E and the electric force F and the charge q
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Concept Check 2.6

A small positively charged object could be placed in a uniform electric field at position A or position B in the
figure. How do the electric forces on the object at the two positions compare?

a) The magnitude of the electric force on the AEER

object is greater at position A.

b) The magnitude of the electric force on the
object is greater at position B.

e
e

¢) There is no electric force on the object at
either position A or position B.

d) The electric force on the object at position
A has the same magnitude as the force on e) The electric force on the object at position 4

the object at position 8 but is in the opposite is the same nonzero electric force as that on
direction. the object at position B.
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Concept Check 2.7

A negative charge —q is placed in a
nonuniform electric field as shown
in the figure. What is the direction
of the electric force on this negative
charge?
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PROBLEM

An electron with a kinetic energy of 2.00 keV (1 eV =1.602x10"'? ) is fired horizontally
across a horizontally oriented charged conducting plate with a surface charge density of|
+4.00x 10™° C/m? Taking the positive direction to be upward (away from the plate), what
is the vertical deflection of the electron after it has traveled a horizontal distance of 4.00 cm?
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In the figure an electron is fired horizontally towards the positive X-
direction over a horizontally charged conducting plate with a surface
charge density of +3.0 x 10~15C/m? If the vertical deflection of the

| electron is 0.5 cm after it has traveled a horizontal distance of 2.0 cm.

What is the velocity of the electron when is fired? And what’s its KE?
(Neglect Earth gravity)
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According to the figure showing an electron fired with an initial velocity
Vo from point A above a horizontally charged plate with a surface
AN charge density of 3.2 uC/m?, the electron arrived at position (B).

What is the magnitude of V; at point A?
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#2.33 A small metal ball with a mass of 4.00 g and a charge of 5.00
mC is located at a distance of 0.700 m above the ground in an
electric field of 12.0 N/C directed to the east. The ball is then
released from rest. What is the velocity of the ball after it has
moved downward a vertical distance of 0.300 m?
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2.43 An electron is observed traveling at a speed of 27.5x10° m/s

parallel to an electric field of magnitude 11,400 N/C. How far will the
electron travel before coming to a stop?




Solve problems on electric flux
Define the electric flux through a surface as the dot product between the electric field vector and the area

vector at each point of that surface and expresses that in an equation
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What is the flux through a circular area with
radius of 0.30 m placed in an external electric
field has a strength of 1200 N/C and makes
an angle of 60°with the plane of the circle?
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A hemisphere with radius of 0.2 m has a
charge of +20 nC inside its center
Calculate the electric flux passing through
it
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What is the magnitude of the electric
flux through the sphere shown in the
figure that contains an electron and tow
?protons

1.6 X 10~8 N.m2?/C
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1.8x 10" N.m?/C

3.6 X108 N.m?/C

5.4 x 10-8 N.m2/C

According to the figure, a uniform electric
field E = 360N/C, that is perpendicular to the
plane of one face of the cube. if the electric
flux passing through the left shaded face is
equal to —1.2Nm?/C . What is the cube side
length?
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Concept Check 2.8

A cylinder made of an insulating
material is placed in an electric
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field as shown in the figure. The net
electric flux passing through the
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surface of the cylinder is

a) positive.

Al \B
b) negative. \\
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C) zero.
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Three isolated charges of +2q, —2q, and +3q are placed in a 3D vacuum space, where they are

surrounded by a Gaussian surface, as shown in the figure. What is the total electrical flux / 5’
through that surface? Hint: €, represents permittivity of vacuum. ‘ O )
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P = +3q/e°
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Which of the following statements represents Gauss’s law?
fnsa Ol i 40 & ol (e
Electric flux through a closed surface is proportional to the charge inside the surface.
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Electric charge is uniformly distributed on the surface of a charged conductor
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Electric field inside a conductor is always zero.
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The surface of any conductor is an equipotential surface.
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Define the electric flux through a surface as the dot product between the electric field vector and the area vector at each point of that surface and expresses
that in an equation (Solve problems on electric flux)

According to the figure, a cube that has Job  camsa (S Gea
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field (E=200N/C), that is perpendicular to s
the plane of one face of the cube. What Is dalda (E=200N/C) ahils
the magnitude of electric flux passing La omSall 43 gl ) (5 glea pa
?through the black face PE e YLy gl lida

Tl 4 gl

o

2.51 Electric fields of varying 2s0N/ClB dalise a5l ,4S ¥l ans 2.51
magnitudes are directed either = ' Llss okl J) ol dslad) ) Le) uslall
inward or outward at right p JSE 3 ) Casl el Gle aald

angles on the faces of a cube,
as shown in the figure. What is
the strength and direction of the| 15:0 N/€
field on the face R A
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A cube with side length of 20 cm has a
charge of +20 nC on one of its corners
Calculate the electric flux for each of three
faces
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A cube with side length of 20 cm has a
charge of +20 nC inside it penetrated by an
electric field of 100N /C x
Calculate the electric flux for each face of its
faces
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Prove that the electric flux through a closed surface is given by the net charge inside the surface divided by the permittivity of the medium,
and write the Gauss's law in its integral form
(Apply Gauss' law to relate the net flux through a closed surface (real or imaginary) to the net charge enclosed by the surface)




Develop a tool, equation or sketch, to obtain the resultant
electric field strength at a point generated by a nearby
system of point charges using the superposition principle

Solve problems related to the electric field due to several point charges
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Figure 2.9 shows three fixed point charges q, = +15

b=600m,a=800m ‘-
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point P = (b,ap
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2.27 A +48.00nC point charge is placed on the x-axis at x = 4.000 m,
and a —24.00-nC point charge is placed on the y-axis at y = —6.000
m. What is the direction of the electric field at the origin?
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A small, non-conducting ball of mass m = 1.0 mg and charge

q = +2.0 x 1078C hangs from an insulating thread that makes an
angle 8 = 30° with a vertical, uniformly charged conducting sheet
Considering the gravitational force on the ball, calculate the surface
charge density of the sheet.




