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b. The figure shows an electrically charged spherical
soap bubble formed at the end of a small metal
tube. The gas is slowly expelled through a valve in
the tube and the charge is conducted to the earth
through a resistor. The valve is continuously
adjusted to keep the current through the resistor
to remain constant. At the same time the radius
of the soap bubble decreases at a constant rate.
At the beginning the radius of the soap bubble is
5 cm and the charge on it is 8.896 C.

12 1
o 8.85 10  Fm    , R = 1012 .

(i) How long it would take for the soap bubble to disapper without breaking suddenly?
(ii) What happens to the electric potential of the soap bubble as the charge discharge

through the resistor?
(iii) Find the current through the resistor.
(iv) What is the electric potential of the soap bubble before electric discharge begins?
(v) What is the electric field intensity at the surface of the soap bubble at the

beginning?
(vi) Practically, to discharge the bubble completely, if it would take less time than the

one calculated in section (b)(i), explain the reason for it.

08. a. Letters, numbers, images etc. printed by certain computer printers consist of a large
number of very small circular dots just touching one another. The number of such dots
printed per unit length is normally used to express the quality of the printeds.

A simplified diagram of a system, which
illustrates only the relevant parts of the in
delivering process of such a printer, is given in
figure (1). Use the dimensions shown in figure
(1) in answering the questions, whenever
necessary.

As shown in figure (1), the ink droplet gun sends a stream of neutral spherical ink drop-
lets towards the paper on which the printing is to be done, and the appropriate move-
ments of the system will give rise to printing. In order to print letters, numbers and
images on the paper, only some of these droplets must be allowed to hit the paper and
the rest of the droplets must be prevented from reaching the paper. This is done by
charging only those droplets, that must be prevented from hitting the paper, using an
electron gun and deflecting them into a gutter by means of an electric field produced
by a pair of parallel plates.
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a. (i) Assume that each spherical dropletemitted from the ink droplet gun has a diam-
eter D and each droplet produces a circular dot whose diameter is 25% larger than
D when it strikes the paper. Find the value D must have for the printer to be able to
print 200 dots per cm.

(ii) Ink droplet gun shoots droplets horizontally towards the paper with a velocity of
20 ms-1. Calculate the vertical displacement of a neutral droplet due to gravity when
it hits the paper which is placed vertically 4 mm away from the ink droplet gun.
Show that this deflection is much smaller than the diameter of a dot printed on the
paper.

b. Each droplet, which has to be deflected into the gutter is given a charge of -1.6 x 10-10 C
by allowing a very narrow beam of electrons from the electron gun to strike the drop-
lets. under suitable conditions. A potential difference of 50 V is applied between the
parallel plates.
(i) If the droplets move across the electron beam as shown in

figure (2), find the time required for a droplet to pass the
electron beam.

(ii) Assuming that all electrons, which strike the droplet are
uniformly distributed over the surface of the droplet,
calculate the electric current due to the emitted electrons
from the electron gun during the charging process.

c. (i) Find the electric field intensity between parallel plates.
(ii) What must be the direction of the electric field?

b.

The mass of a charged droplet is given as 4.0 x 10-11 kg. Find the angle () that the gutter
must make with the horizontal direction so that the charged droplets travel straight in
to the gutter as shown in figure (3). (Neglect the effect of gravity)


