
Fall 2025

General Physics: Electromagnetism, Problem Set 2

Exercise 1 :

In the Bohr theory of the hydrogen atom, an electron moves in a circular orbit about a proton,
where the radius of the orbit is a0 = 5.29 × 10−11 m. The proton has charge e = 1.60 × 10−19 C
and the electron has charge −e and mass me = 9.11× 10−31 kg. ke = 9× 109Nm2C−2.

1. Find the magnitude of the electric force exerted on each particle.

2. If this force causes the centripetal acceleration of the electron, what is the speed of the
electron?

Exercise 2 :

Charges q1 and q2 are located on the x axis at distances a and b respectively from the ori-
gin, as shown in the next figure.

Figure 1: Positions of the charges q1 and q2 and of a field point P . The total electric field E at P
equals the vector sum E1 +E2, where E1 is the field due to the positive charge q1 and E2 is the
field due to the negative charge q2.

1. Find the components of the net electric field at the point P , which is at position (0, y).
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2. Evaluate the electric field at point P in the special case that |q1| = |q2| and a = b.

3. Still for the special case of problem 2., find the electric field due to the electric dipole when
point P is at distance y ≫ a from the origin.

Exercise 3 :

Two positive point charges are fixed on the x-axis:

Q1 = +Q at position x = −a, Q2 = +2Q at position x = +a.

The distance between them is therefore 2a. A third “probe” charge q3 of mass m is free to
move. We want to find the position where this probe charge can stay at rest, and then study what
happens if it is displaced slightly from this point.

1. Find the point x0 (with −a < x0 < a) along the x-axis where the total electric field due to
Q1 and Q2 is zero.

2. Suppose the probe charge is at equilibrium x0, and we displace it slightly along the x-axis to
a new position x = x0 + δx with |δx| ≪ a. Write the approximate expression for the electric
field near x0 and determine whether the resulting force on q3 tends to restore it back to x0

(stable equilibrium) or push it away (unstable equilibrium). Hint: Use a Taylor expansion
Ex(x0+δx) ≈ Ex(x0)+δx dEx

dx

∣∣∣
x0

. Since Ex(x0) = 0 (equilibrium position), only the derivative
matters.

3. Now place the probe at (x0, y) with a small displacement y perpendicular to the axis (|y| ≪ a).
Compute the y-component of the electric field due to both Q1 and Q2, and decide whether
the probe is stable or unstable in this direction. Hint: For a source charge Qi at xi, the
y component of the field is E

(i)
y = kQi

y(
(x0−xi)2+y2

)3/2 . For small y, use the approximation

(r2 + y2)3/2 ≈ |r|3.

4. Summarize your results. For which sign of q3 is the equilibrium stable along x? For which
sign is it stable along y?

Exercise 4 :

A proton of mass mp = 1.67 × 10−27 kg moves at 4.50 × 105 m/s in horizontal direction. It
enters a uniform vertical electric field with a magnitude of 9.60 × 103 N/C. Ignoring any gravita-
tional effects, find:

1. the time interval required for the proton to travel 5.00 cm horizontally,

2. its vertical displacement during the time interval in which it travels 5.00 cm horizontally,

3. the horizontal and vertical components of its velocity after it has traveled 5.00 cm horizontally.
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Exercise 5 :

A ring of radius a carries a uniformly distributed positive total charge Q.

1. Calculate the electric field due to the ring at a point P lying at a distance x from its center
along the central axis perpendicular to the plane of the ring (see next figure).

2. Suppose a negative charge is placed at the center of the ring and displaced slightly by a
distance x ≪ a along the axis. When the charge is released, what type of motion does it
exhibit?

Figure 2: Ring with uniform positive charge Q and field point P at a distance x on the central axis
of the ring. The infinitesimal electric field dE produced by an elementary charge dq on the ring in
the point P can be divided in a component along the central axis dEx and in a component lying on
the ring’s plane dE⊥. The total electric field in the point P is given by the sum of the infinitesimal
electric fields produced by all the elementary charges on the ring.

3


