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Table 23.1 Charge and Mass of the Electron, Proton, and Neutron
Particle	 Charge (C)	 Mass (kg)

Electron (e)	 21.602 176 5 3 10219	 9.109 4 3 10231

Proton (p)	 11.602 176 5 3 10219	 1.672 62 3 10227

Neutron (n)	 0	 1.674 93 3 10227

Example 23.1	     The Hydrogen Atom

The electron and proton of a hydrogen atom are separated (on the average) by a distance of approximately  
5.3 3 10211 m. Find the magnitudes of the electric force and the gravitational force between the two particles.

Conceptualize  ​Think about the two particles separated by the very small distance given in the problem statement. In 
Chapter 13, we mentioned that the gravitational force between an electron and a proton is very small compared to the 
electric force between them, so we expect this to be the case with the results of this example.

Categorize  ​The electric and gravitational forces will be evaluated from universal force laws, so we categorize this 
example as a substitution problem.

S o l u ti  o n

Use Coulomb’s law to find the magnitude of 
the electric force:

Fe 5 k e 
0 e 0 02e 0

r 2 5 18.988 3 109 N # m2/C2 2  11.60 3 10219 C 22

15.3 3 10211 m 22

5   8.2 3 1028 N

Use Newton’s law of universal gravitation  
and Table 23.1 (for the particle masses) to 
find the magnitude of the gravitational force:

Fg 5 G 
memp

r 2  

 5 16.674 3 10211 N # m2/kg2 2  19.11 3 10231 kg 2 11.67 3 10227 kg 2
15.3 3 10211 m 22

5   3.6 3 10247 N

The ratio Fe /Fg < 2 3 1039. Therefore, the gravitational force between charged atomic particles is negligible when com-
pared with the electric force. Notice the similar forms of Newton’s law of universal gravitation and Coulomb’s law of 
electric forces. Other than the magnitude of the forces between elementary particles, what is a fundamental difference 
between the two forces?

	 When dealing with Coulomb’s law, remember that force is a vector quantity and 
must be treated accordingly. Coulomb’s law expressed in vector form for the elec-
tric force exerted by a charge q1 on a second charge q2, written F

S

12, is

	 F
S
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r 2  r̂12 	 (23.6)

where  r̂12 is a unit vector directed from q1 toward q2 as shown in Figure 23.6a (page 
696). Because the electric force obeys Newton’s third law, the electric force exerted 
by q2 on q1 is equal in magnitude to the force exerted by q1 on q2 and in the opposite 
direction; that is, F

S

21 5 2 F
S

12.  Finally, Equation 23.6 shows that if q1 and q2 have the 

WW Vector form of Coulomb’s law

words, only a very small fraction of the total available charge is transferred between 
the rod and the rubbing material.
	 The charges and masses of the electron, proton, and neutron are given in Table 
23.1. Notice that the electron and proton are identical in the magnitude of their 
charge but vastly different in mass. On the other hand, the proton and neutron are 
similar in mass but vastly different in charge. Chapter 46 will help us understand 
these interesting properties.
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