
Prof. Anchordoqui

Problems set # 1 Physics 169 February 4, 2015

1. (i) Compare the electric force holding the electron in orbit (r = 0.53 ⇥ 10�10 m) around

the proton nucleus of the hydrogen atom, with the gravitational force between the same electron

and proton. What is the ratio of these two forces. (ii) Would life be di↵erent if the electron were

positively charged and the proton were negatively charged? Does the choice of signs have any

bearing on physical and chemical interactions? Explain.

Solution (i) Take the ratio of the electric force divided by the gravitational force, that is
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' 2.3 ⇥ 1039. The electric

force is about 2.3 ⇥ 1039 times stronger than the gravitational force for the given scenario. (ii) No.

Life would be no di↵erent if electrons were positively charged and protons were negatively charged.

Opposite charges would still attract, and like charges would still repel. The designation of charges

as positive and negative is merely a definition.

2. The nucleus of 8Be, which consists of 4 protons and 4 neutrons, is very unstable and sponta-

neously breaks into two alpha particles (helium nuclei, each consisting of 2 protons and 2 neutrons).

(i) What is the force between the two alpha particles when they are 5.00 ⇥ 10�15 m apart, and (ii)

what will be the magnitude of the acceleration of the alpha particles due to this force? Note that

the mass of an alpha particle is 4.0026 u.

Solution (i) Since the charges have opposite signs, the force is repulsive. The magnitude of

the force is given by Coulombs law, F = 1
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(ii) The mass of an alpha particle is m = 4.0026 u, where u = 1.66 ⇥ 10�27 kg is the uni-

fied mass unit. Applying Newton’s 2nd law, the acceleration of either alpha particle is then

a = F

m

= 36.8 N
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�27
kg

= 5.54 ⇥ 1027 m/s2. Of course from Newton’s 3rd law, both al-

pha particles experience the same force, and hence undergo the same acceleration.

3. Suppose that 1.00 g of hydrogen is separated into electrons and protons. Suppose also that

the protons are placed at Earths North Pole and the electrons are placed at the South Pole. What

is the resulting compressional force on Earth?

Solution 1.00 g of hydrogen contains Avogadro’s number of atoms, each containing one pro-

ton and one electron. Thus, each charge has magnitude |q| = N

A

e . The distance separat-

ing these charges is r = 2R� , where R� is the Earths radius. Thus applying Coulombs law,

F = 1
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4. Three charge particles are placed at the corners of an equilateral triangle of side 0.500 m.

The charges are +7.00 µC, +2.00 µC, and �4.00 µC. Calculate the magnitude and direction of

the net force on the 7.00 µC charge.
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