


Coulomb’s Law

* Coulomb’s Law: The
magnitude of the electric
force between two point
charges 1s directly
proportional to the
product of their charges
and 1nversely proportional
to the square of the
distance between them.

k‘QIQZ‘

F = :
-2

© 2016 Pearson Education Inc.

F?. on | . ;
/\ Charges of the
- same sign repel.

~ —
Fl on 2
Fl on2 — —F.? on | q>
|
f/lfl'?\
| y <
fl()|12—[2()|11_ ,’2
Charges
/\ of opposite
K Un cltt] clLt

>



Q21.9

The 1llustration shows the electric field lines due to three
point charges (shown by the black dots). The electric field 1s
strongest

A. where adjacent field lines are closes
together.

B. where adjacent field lines are
farthest apart.

C. where adjacent field lines are
parallel.

D. where the field lines are most
strongly curved.

E. at none of the above locations. !
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Q21.6

Two point charges anc

| a point P lie

at the vertices of an ec

uilateral

triangle as shown. Both point
charges have the same magnitude ¢
but opposite signs. There 1s nothing
at point P. The net electric field that
charges #1 and #2 produce at point

P 1s 1n

A. the +x-direction.
C. the +y-direction.

E. none of the above.
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B. the —x-direction.

D. the —y-direction.
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Q21.10

Positive charge 1s uniformly distributed around a semicircle. The
electric field that this charge produces at the center of curvature
P1s1n

A. the +x-direction.
B. the —x-direction.

C. the +y-direction.

D. the —y-direction.

E. none of the above.
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Force and torque on a dipole

* When a dipole 1s placed
in a uniform electric field,
the net force 1s always
zero, but there can be a

net torque on the dipole.

Vector torque on ="+, TR _)kXE' """"" Electric dipole moment
« » - : T = Y. . -

an electric dipole P L., Electric field
Potential energy-=... S L seree Electric field

for an electric dipole U= —-p-*E -

in an electric field P e teuanannsenente® Electric dipole moment
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Q224

A conducting spherical shell with inner
radius a and outer radius b has a positive
point charge Q located at its center. The
total charge on the shell 1s =30, and it 1s
insulated from 1ts surroundings. In the
regiona <r<b,

A. the electric field points radially outward.
B. the electric field points radially inward.

C. the electric field points radially outward in parts of the
region and radially inward in other parts of the region.

D. the electric field 1s zero.

E. Not enough information is given to decide.
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EC Q2 The indicated positive and negative charge densities are placed in infinite
sheets and arranged as shown in the figure below. What is the magnitude and
direction of the electric field in each of the 4 regions, E4, E3, E3, E4? 7

o +20 -0 +0
=9 =7 =9 =9
A. E1—2£0 £, E> 2o, %, Ej o %, E4 2802‘“
B.E=—2, E;==%, E3=0, E4;==2*
€0 €o €0
—1 :i — :i | e
C. E1—280 x, E> 2502’ E3=0, E4 2502 of = = E4
-i =i =2 —l |
D. E1—280 %, E> 2502’ = ~ £, Eq=07

E. Cant answer — it depends on d

|
9

) |

Choices are different for TestiID AA and BB



Field at the surface of a conductor

* Gauss’s law can be used to show Outer

that the direction of the electric ~ Surfaceof A
charged

field at the surface of any V- /
conductor is always
perpendicular to the surface. @

* The magnitude of the electric —

, , aussian |
field just outside a charged e |
conductor 1s proportional to the A
surface charge density o.

Electric field at g < Surface charge density
SR P SIS S as el *E —_— ¥ )
surface of a conductor, i y

; . ) 6 -----.,... ) [P 55
E perpendicular to surface 0 Electric constant
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Charge Distribution on a Conducting Shell - 1

Description: Conceptual problem. A positive charge sits in the center of a conducting spherical shell. Find the
charge distribution on the inside and outside surfaces of the shell.

A positive charge is kept (fixed) at the center inside a fixed spherical neutral conducting shell.

Part A

The positive charge is equal to roughly 16 of the smaller charges shown on the surfaces of the spherical shell.
Which of the pictures best represents the charge distribution on the inner and outer walls of the shell?

© 2016 Pearson Education, Inc.




Ex. 22.5 and 22.9

22.18 Calculating the clectric field of a conducting sphere with
positive charge g. Outside the sphere, the field is the same as if
all of the charge were concentrated at the center of the sphere.

Parts of spherical
Gaussian surfaces
atr = 2Rand r = 3R

22.22 The magnitude of the electric field of a uniformly charged

E insulating sphere. Compare this with the field for a conducting
l Outside the sphere, the magnitude| sphere (see Fig. 22.18).
E(R) = _1% reey—=— «0of the electric field decreases with
meg X " the square of the radial distance Spherical insulator

from the center of the sphere:
| |

Inside the sphere, the |

electric field is zero: |

E=0. E(R)/4 |- , i, S
E(R)/9 ——::——*————7___

0 R 2R 3R

Gaussian
surface

ER) = — =

471‘60 Rz

o 4iey R




Electric potential energy of two point charges

* The electric potential energy of two point charges only depends
on the distance between the charges.

% Values of
Electric potential energy - -uU = l 440 two charges
of two point charges 47760 Tt
A - Distance between
Electric constant two charges

* This equation 1s valid no matter what the signs of the
charges are.

 Potential energy 1s defined to be zero when the charges are
infinitely far apart.
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Electrical potential with several point charges

* The potential energy q,
associated with g, depends on <

the other charges and their
distances from g,,. | /O
1

* The electric potential energy 2 93

associated with g, 1s the ,3/>O

algebraic sum: T

Elcctrig potential energy of point charge g, and collection of charges ¢, ¢,, ¢3, ...

My = 90 (611 L 92 i q3 L ) _ 40 E di

dmeg \ry  ry 13 direy 5 1

Electric constant Distances from g to ¢q,, ¢», g3 ...

But, this is not the TOTAL potential energy of the system!

© 2016 Pearson Education Inc.



Total potential energy of the system of charges

| qid;
U = S —
dme) {Zj T

Sum over all unique pairs of point charges



Q23.5

The electric potential energy of two
point charges approaches zero as the
two point charges move farther away "‘qa
from each other. If the three point Charge #1
charges shown here lie at the vertices +q a

of an equilateral triangle, the electric \
potential energy of the system of three |

charges is qa

X
A. positive. Charge #3

Charge #2

B. negative.
C. zero.
D. either positive or negative.

E. either positive, negative, or zero.
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Electric potential

* The potential due to a single point charge is:

Electric potential due . | Jx-- - Value of point charge
to a point charge

47760 ! v~ Distance from point charge to
A
; where potential 1s measured
Electric constant

* Like electric field, potential 1s independent of the test charge
that we use to define 1it.

* For a collection of point charges:

Electric potential -, | q: ¢ ~Value of ith point charge
due to a collection
of point charges

47T60 I v.. Distance from ith point charge

to where potential 1s measured
EILL[IIL constant
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Q23.8

The electric potential due to a point
charge approaches zero as you move
tarther away from the charge. It the
three point charges shown here lie at the
vertices of an equilateral triangle, the
electric potential at the center of

the triangle 1s

A. positive.
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Charge #3

B. negative.
C. zero.
D. either positive or negative.

E. either positive, negative, or zero.
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Electric potential and field of a charged conductor

A solid conducting sphere of radius R has a total charge g.

* The electric field inside the sphere 1s zero everywhere.
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Electric potential and field of a charged conductor

* The potential 1s the same at every point inside the sphere and 1s
equal to 1its value at the surface.

o :Fn» -
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Sk Graph of potential
Y 1 q
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Finding electric potential from the electric field

* If you move 1n the direction of the electric field, the electric
potential decreases, but 1f you move opposite the field, the
potential increases.

V increases V decreases

as you move /' as you move

inward. outward.
<—E -
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Potential gradient

* The components of the electric field can be found by taking
partial derivatives of the electric potential:

Electric field . Bach electric field component ...
components found . oV o4 oV N vV
from potential: E == BE— f E = ——

ox 2 _(')y ¢ 0z

partial derivative of electric potential function V.

* The electric field 1s the negative gradient of the potential:
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Oppositely charged parallel plates

* The potential at any height y between the two large oppositely
charged parallel plates 1s V' = Ey.

If charge g equals the magnitude e of the electron
charge, and the potential difference is 1 V, the
y change in energy 1s defined as one electron volt

(eV): 1eV=1.602x101]
a? N\
B 40Q — T -
d
Y
Y Y Y by YV Y V
O
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Electrical Potential Energy and Work Done by Field on Charges

Change in EPE

was defined as: )
AU, =W, ==| F,-dr
1

Test charge g, moves from a to b

along an arbitrary p;zlh. If mOV|ng from a—> b
: positive (test) charge

W>0, AU <0
decreases potential energy

Imagine a negative charge

W<0, AU >0
Increases potential energy




Field and potential at center?
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C

Parallel Plate Capacitor

e Steps to find capacitance:

Find the potential given a
certain amount of charge.

* Do this by first finding the

electric field, then integrating
the field to find the potential.

— Then just divide the charge

by the potential. difference

oA

Ed ©O
E

0_oA_oA_gh
V G d

0

(a) Arrangement of the capacitor plates

Plate a, area A

Are y
> 4
Potential” \«<=¢ y . d
% B e #
difference = V,, \
Wi Plate b, area A
ire

Wire

arson Education, Inc

(b) Side view of the electric field E

When the separation of the plates
1s small compared to their size,
the fringing of the field is slight.

Pearson Education, Inc



Q24.3

a
A 12-uFcapacitor and a 6-uF capacitor are ‘
connected together as shown. What is the
equivalent capacitance of the two
capacitors as a unit?

A. Cog=18 uF T
B. Coq =9 UF ,
C.Ceq=0UuF

D. C,, =4 uF
E.Co =2 uF

12 uF

6 uk
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Q24.5

A 12-uFcapacitor and a 6-uF capacitor are
connected together as shown. What is the
equivalent capacitance of the two
capacitors as a unit?

A. Coe=18 uF
B. Coq =9 UF
C.Ceq=06UF
D. C,, =4 uF

E.Co =2 uF

© 2016 Pearson Education, Inc.

12 uF

6 uk



Energy stored in a capacitor

* The potential energy stored 1n a capacitor 1s:

\/l agnitude of charge on e lth plate

Potential energy Q2
stored in a capacitor ' [J = CV2 = QV
2 2
Capacitance - P()lum al (IIHLILI](,L between plates

* The capacitor energy 1s stored in the electric field between the
plates.

* The energy density 1s:

= Magnitude of electric field

Electric energy density g 1

2 2
In a vacuum u QEOE
- Electric constant
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Q24.8

You want to connect a 12-pkFcapacitor and a 6-pFcapacitor.
How should you connect them so that when the capacitors are
charged, the 12-uF capacitor will have a greater amount of
stored energy than the O-UF capacitor?

A. The two capacitors should be in series.
B. The two capacitors should be in parallel.

C. The two capacitors can be either in series or in parallel —in
either case, the 12-pF capacitor will have a greater amount of
stored energy.

D. The connection should be neither series nor parallel.

E. This 1s impossible no matter how the two capacitors are
connected.
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The dielectric constant

* When an insulating material 1s inserted between the plates of a
capacitor whose original capacitance 1s C,, the new capacitance

1s greater by a factor K, where K 1s the dielectric constant of
the material.

Capacitance of a Dielectric constant Area of each plate
parallel-plate | | "
capacitor, dielectric -~
between plates

3 \ K 4 7 Permittivity = Ke
‘)C == KC() — I(GOé — gé
b Ady. d

Capacitance -~ Electric ~ Distance between plates

without dielectric constant

* The energy density 1n the capacitor DECREASEN:

Dielectric constant -~ Permittivity = K¢,
Electric energy density ... 1Y ) | v )
: : R : u = 2K€0E — 2€E
in a dielectric L A
Electric constant “-Magnitude of electric field
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Q24.9

You slide a slab of dielectric between the plates of a parallel-plate
capacitor. As you do this, the charges on the plates remain
constant. What effect does adding the dielectric have on the
potential difference between the capacitor plates?

A. The potential difference increases.

B. The potential difference decreases.

C. The potential difference remains the same.
D.Two of A, B, and C are possible.

E. All three of A, B, or C are possible.

© 2016 Pearson Education, Inc.



Gauss’ Law

Part A

The figure shows four Gaussian surfaces surrounding a distribtuion of charges.

a
+29 4
O “h
=
()
i,
-~
e \
L™

(@) Which Gaussian surfaces have an electric flux of +q/ €g through them?



Part A

The cross section of a long coaxial cable is shown in the figure, with radii as given. The linear charge density
on the inner conductor is -40 nC/m and the linear charge density on the outer conductor is -80 nC/m. The inner

and outer cylindrical surfaces are respectively denoted by A, B, C, and D, as shown. (¢ o = 8.85 x 1012 C/N -
m?) The radial component of the electric field at a point that 44 mm from the axis is closest to

Use Gauss’ Law

ég_[& o Hene
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Q«d Sij\d‘*J) E ~dad and
Constant s Gaussiar/\ SFLIQJ‘E

=l ) = @uc_:),[_
> & (2 L) €. €.
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Current

-
> \ a2

* A current is any motion of D—
charge from one region to

@—F
another. &3, @" =
@" @_, @—»"\

e

W

I
—

Rate at which charge flows through area

..........
o .

Current through ... e | dQ W Drift speed
dn arca - dt - Il‘C]JUd """ - Cross-sectional area
Concentration of - T Charge per particle

moving charged particles
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Q25.2

A source of emf 1s connected by wires to a resistor, and electrons
flow in the circuit. The wire diameter is the same throughout the
circuit. Compared to the drift speed of the electrons before entering
the resistor, the drift speed of the electrons after leaving the
resistor 18

A. faster.

B. slower.

C. the same.

D. either A or B depending on circumstances.

E. any of A, B, or C depending on circumstances.
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