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Problem 1: A spherical drop of water carrying a charge 30 pC has a potential of 500 V at its surface. 

a) (5) What is the radius of the drop?

b) (5) What is the intensity of the electric field near to the surface of this drop?

c) (5) If eight such drops of the same charge and radius combine to form a big single spherical drop. What is the potential at its surface?

d) (5) What is the intensity of the electric field near to the surface of the big drop?

Problem 2: A slab of copper of thickness b is inserted into a parallel plate capacitor with the plates of the area A, separated by the distance d (of air). The capacitor is charged but the power source is disconnected before the insertion of the slab..

a) (6) What is the ratio of the capacitance before to that after the slab is inserted?

b) (6) Find the ratio of the stored energy before to that after the slab is inserted?

c) (6) How much work is done on the slab (by an external agent) when the slab is inserted?

d) (2) Is the slab pulled in by the field or do we (as the external agent) have to push it in? 

Problem 3: At a certain time a charged particle with the mass of m = 20 ng (20 10-12 kg) was detected in a point a of a uniform electrostatic field. The potential in the point a is (a = 105 V and the speed of the particle is va = 105 m/s. Later the same particle was detected in a point b exactly 1 m to the right from the point a. The potential in the point b is (b = 8 104 V and the speed of the particle is vb = 8 104 m/s. The influence of gravitation can be neglected! 

a) (4) Describe in detail the electrostatic field.

b) (8) What is the work done by the electric field on the particle?

c) (8) What is the charge of the particle?

Problem 4: We have a circuit:

a) (2) What is the topology of the circuit?

b) (5) What is the current in the point A (A hint: take care of resistors R2 and R3 first!)

c) (5) Find the potential in the points A, B, C, D with respect to the potential in the point E.

d) (4) How the current in the point A changes, if we change the V1 from 24 V to 15 V?

e) (4) How this current changes, if we change V1 back to 24 V and increase V2 four times?

Problem 5: Multiple choice. Pick the single best answer to each conceptual question below. Please include a brief explanation for partial credit. Each answer is worth 4 pts.

1. An electric dipole in a uniform electrostatic field experiences

a) Only a net external force.

b) Only a torque.

c) Both a net external force and a torque.

d) Neither net external force nor a torque.

e) Answer depends on the strength of the field.

2. A spherical metal shell in equilibrium carries a uniform positive surface charge. The potential is the same over the surface of the shell. Which statement is correct?

a) The potential is the highest in the geometrical center of the shell.

b) The potential is the lowest in the geometrical center of the shell.

c) The potential at any point within the shell volume is the same as on the shell surface.

3. Compared with the applied electric field, the electric field within a linear dielectric is

a) Smaller.

b) Larger.

c) Depends on the dielectric.

d) The same.

4. Two identical capacitors are connected first in parallel and then in series. Which combination has the greatest capacitance?

a) The pair in parallel.

b) The pair in series.

c) The two combinations have the same capacitance.

5. Two identical resistors are connected first in parallel and then in series. Which combination has the greatest resistance?

a) The pair in parallel.

b) The pair in series.

c) The two combinations have the same resistance.

