Millikan
These problems all concern Millikan’s experiment to find the charge on an electron.

Where needed take the strength of the Earth’s gravitational field (g) = 9.8 Nkg-1 and the charge on one electron (e) = 1.6x10-19 C

1. Draw a diagram to show the two forces acting on a negatively charged oil drop that is held at rest between two parallel horizontal plates. Label the polarity of the two plates in your diagram.

2. If the charged drop mentioned in question 1 acquires an additional negative charge describe the resulting motion of the drop.

3. If two oil drops of equal mass and charge initially at rest between two parallel horizontal charged plates coalesced (joined together) would the resulting drop rise, fall or remain at rest. Justify your answer.

4. Draw a diagram to show the forces acting on a charged oil drop that is falling between two parallel horizontal plates. Label the polarity of the two plates in your diagram.

5. Calculate the charge (q) on the oil drops in the following versions of Millikan's experiment. In parts (a), (b) ands (c) the drops are at rest:

(a) droplet mass 20 mg, potential difference between the plates 300 V and plate separation 2.5 mm

(b) droplet mass 0.4 mg, potential difference between the plates 1500 V and plate separation 3.2 mm

(c) droplet mass 69.8x10-4 mg, potential difference between the plates and 800 V plate separation 1.4 mm

(d) calculate the acceleration of the drop in (a) if the droplet acquires an additional charge q equal to that in (a)

(e) calculate the acceleration of the drop in (b) if the p.d is increased to 4500 V

(f) calculate the acceleration  of the drop in (c) if it acquires an additional 1000 electron


6. A charged oil drop of mass 2.0x10-15 kg is held at rest between two horizontal metal plates supported parallel to each other in air. The plates are 5.0 mm apart and the top plate is at a potential of +200 V relative to the lower plate. Calculate the magnitude of the charge on the drop and state the sign of the charge on the drop.

7. A charged drop of oil is found to fall between two horizontal parallel plates with a velocity of 0.04 mms-1 when no voltage is applied to the plates. The same drop can be held stationary between the plates when a voltage of 25 V is applied between them. 

If the drop has a diameter of 1 mm and the plates are 10 mm apart, calculate

(a) the charge on the drop, and

(b) the new velocity of the drop when a potential difference of 50 V is applied between the plates, the top plate being positive.

Density of air = 1.2 kgm-3
Density of oil = 920 kgm-3 
Viscosity of air = 1.8x10-5 Pas

8. An electron is at rest between two parallel vertical plates. If a high potential is now placed between the plates, the left plate being positive, describe the subsequent motion of the electron. Your answer should include a mention of any changes in position, velocity, force and acceleration. (The field between the plates may be considered to be uniform and the effects of gravity may be ignored.)

How will your answer differ if the field is not uniform, but increasing towards the left?

