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Table 3.1: Properties of electrons, protons, and neutrons

Particle Charge [C] [e] Mass [kg]

electron (e−) −1.60×10−19 −1 9.11×10−31

proton (p+) +1.60×10−19 +1 1.67×10−27

neutron (n0) 0 0 1.67×10−27

Electrons are far lighter than protons, and are
more easily accelerated by forces. In addition, they
occupy the outer regions of atoms, and are more
easily gained or lost. Objects that become charged
to so by gaining or losing electrons, not protons.
Table 3.1 gives some properties of protons, electrons,
and neutrons.

Charge can be transferred from one material to
another. Many chemical reactions are, in essence,
charge transfer from one species to another (see

page 72 for some examples). Rubbing two materials together facilitates this process by increasing the area
of contact between the materials – e.g., rubbing a balloon on your hair. Since it is a gain or loss of electrons
that give a net charge, this means that when objects become charged, negative charge is transferred

from one object to another.

Units of charge:

The SI unit of charge is the Coulomb, [C]. One unit of charge is e=1.6× 10−19 [C]

Charge is never created or destroyed, only transferred from one object to another. Objects become

charged by gaining or losing electrons, transferring them to other objects. Charge is also quantized,
meaning it only comes in multiples of the fundamental unit of charge e.

Electrons are transferred, protons stay put!

1. electrons are light, and on the “outside” of the atom.
2. they are more easily moved by electric forces
3. they are more easily removed and transferred to other atoms/objects

An object can have a charge of ±e,±2e,±3e, etc, but not +0.27e or −0.71e.i Electrons have a negative
charge of one unit (−e), and protons have a positive charge of one unit (+e). The SI unit of charge is the
coulomb [C], and e has the value 1.6× 10−19 C. Since e is so tiny when measured in Coulombs, and since
it is the basic fundamental unit of charge, we will sometimes simply measure a small amount of charge in
“e’s” – how many individual unit charges are present.

Summarizing the properties of charge:

1. Charge is quantized in units of |e| = 1.6× 10−19 C
2. Electrons carry one unit of negative charge, −e

3. Protons carry one unit positive charge, +e

4. Objects become charged be gaining or losing electrons, not protons
5. Electric charge is always conserved

3.2 Insulators and Conductors

How do materials respond to becoming charged, and how do we charge up a material in the first place? What
do we mean by “becoming charged” anyway? This will be more clear shortly, but for now, we will presume

iQuarks are an exception we will cover at the end of the semester.
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“Little pieces of tissue paper (or light grains of sawdust) are 
attracted by a glass rod rubbed with a silk handkerchief (or by a 
piece of sealing wax or a rubber comb rubbed with flannel).”

- from a random 1902 science book
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3.11 Problems 77

18. Three charges are arranged in an equi-

lateral triangle, as shown at left. All three

charges have the same magnitude of charge,

|q1| = |q2| = |q3| =10
−9

C (note that q2 is neg-

ative though). What is the force on q2, mag-

nitude and direction?

� 9.0 nN, up (90
◦
);

� 16 nN, down (-90
◦
);

� 18 nN, down and left (225
◦
);

� 8.0 nN, up and right (-45
◦
)

q1 q3
1.0 m

q2

+ +

-

3.11 Problems

1. Two charges of +10
−6

C are separated by 1m along the

vertical axis. What is the net horizontal force on a charge of

−2×10
−6

C placed one meter to the right of the lower charge?

+10-6 C

+10-6 C

1m

1m

-2x10-6 C

2. Three point charges lie along the x axis, as

shown at left. A positive charge q1 =15 µC is

at x=2m, and a positive charge of q2 =6 µC

is at the origin. Where must a negative charge

q3 be placed on the x-axis between the two
positive charges such that the resulting elec-

tric force on it is zero?

q1

q2 q1

2.0 m

x

r23

q3

2.0 m - r23

+ +-
E23 E13

3. Why must hospital personnel wear special conducting shoes while working around oxygen in an

operating room? What might happen if they wore shoes with rubber soles?

4. Two solid spheres, both of radius R, carry identical total charges, Q. One sphere is a good conductor

while the other is an insulator. If the charge on the insulating sphere is uniformly distributed throughout

its interior volume, how do the electric fields outside these two spheres compare? Are the fields identical

inside the two spheres?

5. Two charges of 15 µC and 10 µC, respectively, lie along the x axis 1.0m apart. Where can a third

negative charge be placed on the x axis such that the resulting electric force on it is zero?

6. Two point charges q and −q are situated along the x axis a distance 2a apart as shown below. Show

that the electric field at a distant point along |x|>a along the x axis is Ex =4keqa/x3
.
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74 3.10 Quick Questions

6. A circular ring of charge of radius b has a total charge of q uniformly distributed around it. The
magnitude of the electric field at the center of the ring is:

� 0

� keq/b2

� keq
2/b2

� keq
2/b

� none of these.

7. Two isolated identical conducting spheres have a charge of q and−3q, respectively. They are connected
by a conducting wire, and after equilibrium is reached, the wire is removed (such that both spheres are
again isolated). What is the charge on each sphere?

� q, −3q

� −q, −q

� 0, −2q

� 2q, −2q

8. A single point charge +q is placed exactly at the center of a hollow conducting sphere of radius R.
Before placing the point charge, the conducting sphere had zero net charge. What is the magnitude of
the electric field outside the conducting sphere at a distance r from the center of the conducting sphere?
I.e., the electric field for r>R.

� |�E|=− keq
r2

� |�E|= keq
(R+r)2

� |�E|= keq
R2

� |�E|= keq
r2

(a) (b)

(c) (d)

9. Which set of electric field lines could rep-
resent the electric field near two charges of the
same sign, but different magnitudes?

� a

� b

� c

� d
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10. Referring again to the figure above, which set of electric field lines could represent the electric field
near two charges of opposite sign and different magnitudes?

� a

� b

� c

� d

11. A “free” electron and a “free” proton are placed in an identical electric field. Which of the following
statements are true? Check all that apply.

� Each particle is acted on by the same electric force and has the same acceleration.

� The electric force on the proton is greater in magnitude than the force on the electron, but in the opposite

direction.

� The electric force on the proton is equal in magnitude to the force on the electron, but in the opposite

direction.

� The magnitude of the acceleration of the electron is greater than that of the proton.

� Both particles have the same acceleration.

12. A point charge q is located at the center of a (non-conducting) spherical shell of radius a that has
a charge −q uniformly distributed on its surface. What is the electric field for all points outside the
spherical shell?

� none of these

� E =0

� E =q/4πr2

� E =kq/r2

� E =kq2/r2

13. What is the electric field inside the same shell a distance r <a from the center (i.e., a point inside
the spherical shell)?

� E =kq/r2

� E =kq2/r2

� none of these

� E =0

� E =q/4πr2
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