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» Electrostatic Foce (5/9/19)
Interactive

Charged Objects

Key Concepts

« There are two kinds of electric charge, positive and negative. Interactions of these charges
explain the attraction and repulsion that you observed in the strips of tape.

« Electric charge is not created or destroyed:; it is conserved. Charging is the separation, not
creation, of electric charges.

* Objects can be charged by the transfer of electrons. An area with excess electrons has a net
negative charge; an area with a deficit of electrons has a net positive charge.

« Charges added to one part of an insulator remain on that part. Insulators include glass, dry
wood, plastics, and dry air.

« Charges added to a conductor quickly spread over the surface of the object. In general,
examples of conductors include graphite, metals, and matter in the plasma state.

» Under certain conditions, charges can move through a substance that is ordinarily an
insulator. Lightning moving through air is one example.

Forces on Charged Bodies
This process of charging an object without
touching it is called charging by induction
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Forces on Charged Bodies

Charging a neutral body by touching it with a charged body
is called charging by conduction
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Forces on Charged Bodies

A single object can be charged by induction through
grounding , which is the process of connecting a
body to Earth to eliminate excess charge.
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Coulomb’s Law
CHARLES COULOMB (1785)

Coulomb’s Law
The unit of charge: the coulomb

The SI standard unit of charge is called  the
coulomb (C).
e One coulomb is the charge of 6.24 x 10
electrons or protons.
« A typical lightning bolt can carry 5 C to
25 C of charge.
« The magnitude of the charge of an
electron is called the elementary charge

18

Coulomb’s Law

The force between
charges depends

AP PHYSICS

April 25, 2019

Coulomb’s Law
The unit of charge: the coulomb
The SI standard unit of charge is called  the

coulomb (C). %

Coulomb’s Law
The unit of charge: the coulomb

The SI standard unit of charge is called  the
coulomb (C).
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One coulomb is the charge of 6.24 x 10
electrons or protons.

A typical lightning bolt can carry 5 C to
25 C of charge.

The magnitude of the charge of an
electron is called the elementary charge .
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Coulomb’s Law

Force depends on distance

Force depends on charge
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Coulomb’s Law

Force depends on distance
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Force depends on charge
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Coulomb’s Law || =k

The force between two charges is equal to Coulomb’s constant, times the
product of the two charges, divided by the square of the distance between them.

Coulomb’s law constant, k = M =9.0x10° N.m?/c?

Comparing Electrical and
Gravitational Forces

Compare and Contrast these two forces
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The force between two charges is equal to Coulomb’s constant, times the
product of the two charges, divided by the square of the distance between them.
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Coulomb’s Law || =«

The force between two charges is equal to Coulomb’s constant, times the
product of the two charges, divided by the square of the distance between them.

Coulomb’s law constant, k = 1/4z, = 9.0 x 10° N.m?/C?

The rule for determining the -9 @
direction of force is: like charges
repel; unlike charges attract. R
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Electrical Force Compared to
Gravitational Force
Differences

* Electrical forces can be
either attractive or repulsive

Similarities

* Both are inverse square
laws

* The mathematical form of * Gravitational forces are
both laws is the same always attractive
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UNIT 14: In-Class Problems

Coulomb’s Law in Two Dimensions Sphere A, with a charge of +6.0 uC, is located near
another charged sphere, B. Sphere B has a charge of -3.0 pC and is located 4.0 cm to the
right of A. What is the force of sphere B on sphere A?

UNIT 14: In-Class Problems

Coulomb’s Law in Two Dimensions Sphere A, with a charge of +6.0 uC, is located near
another charged sphere, B. Sphere B has a charge of -3.0 pC and is located 4.0 cm to the
right of A. What is the force of sphere B on sphere A?

A B
Known: Unknown: ._.
gy =+60uC r,g=40cm Foona="? Iy
gg = —3.0uC

Find the force of sphere B on sphere A.

N
FB onA K rABZ
_ 9 N2 2 (80X 1076 C)(3.0x 1076 C)
= (9.0X10° N-m%/C?%) G0X10-2 m)?
= 1.0x102N

UNIT 14: In-Class Problems

Coulomb’s Law in Two Dimensions Sphere A, with a charge of +6.0 uC, is located near
another charged sphere, B. Sphere B has a charge of -3.0 pC and is located 4.0 cm to the
right of A. What is the force of sphere B on sphere A?

. A third sphere, C, with a +1.5 uC charge, is added to the A B
configuration. If it is located 3.0 cm directly beneath A,
what is the new net force on sphere A? . .
C
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UNIT 14: In-Class Problems

1. Coulomb’s Law in Two Dimensions Sphere A, with a charge of +6.0 uC, is located near
another charged sphere, B. Sphere B has a charge of -3.0 pC and is located 4.0 cm to the
right of A. What is the force of sphere B on sphere A?
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UNIT 14: In-Class Problems

Coulomb’s Law in Two Dimensions Sphere A, with a charge of +6.0 pC, is located near
another charged sphere, B. Sphere B has a charge of -3.0 uC and is located 4.0 cm to the
right of A. What is the force of sphere B on sphere A?

2. A third sphere, C, with a +1.5 uC charge, is added to the A B
configuration. If it is located 3.0 cm directly beneath A,
what is the new net force on sphere A? . .

UNIT 14: In-Class Problems

Coulomb’s Law in Two Dimensions Sphere A, with a charge of +6.0 uC, is located near
another charged sphere, B. Sphere B has a charge of -3.0 pC and is located 4.0 cm to the
right of A. What is the force of sphere B on sphere A?

2. A third sphere, C, with a +1.5 pC charge, is added to the A B
configuration. If it is located 3.0 cm directly beneath A,
what is the new net force on sphere A? '
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UNIT 14: In-Class Problems

Coulomb’s Law in Two Dimensions Sphere A, with a charge of +6.0 uC, is located near
another charged sphere, B. Sphere B has a charge of -3.0 pC and is located 4.0 cm to the
right of A. What is the force of sphere B on sphere A?

2. A third sphere, C, with a +1.5 pC charge, is added to the A B
configuration. If it is located 3.0 cm directly beneath A,
what is the new net force on sphere A? Hl o,
Ax

_ 99
FCunA7K, 2

AC
_ 9\ 220 (6.0X1076 C)(15X1076 C) .
(©.0xX107 N'm?/C2) B R n =
=9.0x10' N C

UNIT 14: In-Class Problems

Coulomb’s Law in Two Dimensions Sphere A, with a charge of +6.0 pC, is located near
another charged sphere, B. Sphere B has a charge of -3.0 pC and is located 4.0 cm to the
right of A. What is the force of sphere B on sphere A? 90N

2. A third sphere, C, with a +1.5 uC charge, is added to the A B
configuration. If it is located 3.0 cm directly beneath A,
what is the new net force on sphere A? '

1.0x 10°N

F

da9c
CunA:K, 2

Al
_ 9 1.2/, (6.0X1076 C)(1.5X1078 C) ’
(0.0X10° Nm?/C?) 225 o e =
=9.0Xx10'N C

Application of Electrostatic Force

Insulator

Clean air
out

Dirt out

@ (b} «©

Figure 25.28 () Schematic diagram of an electrostatic precipitator. The high negative electric
potential maintained on the central coiled wire creates an electrical discharge in the vicinity of
the wire. Compare the air pollution when the electrostatic precipitator is (b} operating and

(c) wrned off,
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UNIT 14: In-Class Problems

Coulomb’s Law in Two Dimensions Sphere A, with a charge of +6.0 uC, is located near
another charged sphere, B. Sphere B has a charge of -3.0 pC and is located 4.0 cm to the
right of A. What is the force of sphere B on sphere A?

2. A third sphere, C, with a +1.5 pC charge, is added to the 90 N B
configuration. If it is located 3.0 cm directly beneath A,
what is the new net force on sphere A? '
1.0x 10°N
_ a0
FC onA K ,M;z
_ 9 .22y (60X1076 C)(15X1076 C) .
(9.0X10° N-m?/C )—(3.D><10‘Z my
= 9.0x10' N C

UNIT 14: In-Class Problems

Coulomb’s Law in Two Dimensions Sphere A, with a charge of +6.0 uC, is located near
another charged sphere, B. Sphere B has a charge of -3.0 uC and is located 4.0 cm to the

right of A. What is the force of sphere B on sphere A? 90 N
2. A third sphere, C, with a +1.5 uC charge, is added to the A B
configuration. If it is located 3.0 cm directly beneath A,
what is the new net force on sphere A? .
1.0x 10° N
_ 9%
FC onA K r.2

_ 9 N1 2/ (B.0X1076 C)(15X107° C) .
(©.0X10° N-m?/C) Bt

=9.0x10'N C
Foet= VFson a2 + Foona? tanezFﬂunA
= V(10102 N)? + (9.0X10" N)2 Faona
= 130N = 42°

Application of Electrostatic Forces

The paint is charged as it comes out of the nozzle.
The paint is attracted to the car.

The car must be earthed or connected to a positive
voltage.

Car positively charged

Paint gun
N

[

Negatively Negatively charged
charged nozzle palgﬁcles Xf painqt.
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Application of Electrostatic Forces

roblems

(2) Lens focuses image of original

.(1) Charging rod or roller

\ <
Charging rod (5) Heater rollers
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