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Electric Fields Homework Sheet

Q1. (a) The figure below shows a negatively charged sphere close to a positively
charged metal plate.

sphere

plate

On the above figure draw a minimum of five field lines to show the electric
field pattern between the plate and the sphere. [2]
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At ok x Ep = Ep

(b) The figure below shows two positively charged particles A and B.

At point X, the magnitude of the resultant electric field strength due to particles A

4- ckavgeand 'Szée”"grmw becausC (+< Fut—\-l«e ey oo 0
(i) State, with a_reason, which_of the fwo gfjléticles has the largest charge. [3]
2 - Hee elewrce Field 5 Cla Povdt X

(ii) On the figure above sketch the graph of the variation of the resultant
electric field, E, with distance, d, from particle A. [4]

Q2. (a) Electric fields are caused by
(i) point charges
(i) two parallel plates with a potential difference across them.

Describe the difference between the electric field caused by a point charge and
the electric field between two parallel plates. Your answer should include a
diagram of each type of field and make reference to the electric field strength in
both cases. [5]

(b) (i) The figure below shows two small spheres A and B separated by a distance
of 20cm. Both spheres have the same charge of +5.0 x 10’ C.



Q2. (a) Electric fields are caused by
(i) point charges
(ii) two parallel plates with a potential difference across thgr_n.

Describe the difference between the electric field caused by a point charge and
the electric field between two parallel plates. Your answer should include a
diagram of each type of field and make reference to the electric field strength in
both cases. [5]

(b) (i) The figure below shows two small spheres A and B separated by a distance
of 20cm. Both spheres have the same charge of +5.0 x 107 C.
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(b) (i) The figure below shows two small spheres A and B separated by a distance
of 20cm. Both spheres have the same charge of +5.0 x 107 C.

I~ 20 cm il
6:2m

Determine the size of the electrostatic force.acting on the spheres and draw
an arrow on the figure to indicate the direction of the force on sphere A. [3]

F = axio' K E5xe* — o056 M
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(ii) The spheres in part (b)(i) are now attached to non-conducting threads and
suspended from a point P as is shown in the figure below.

F=o0.05¢ N
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20 cm i A <s n@g

The spheres hang in Both spheres have the same charge of

+5.0 x 107 C and the' mass of each sphere is 3.0g.
m— ey

By considering the forces acting on the spheres, calculate the tepgjon in the

thread and the angle 6. [5]
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Q3. Three charges are arranged as shown in the figure below. ol

+30C @ E- _
(R ~1?
25110°)
(a) Draw three arrows at P to represent the electric fields due to each of the three 7/’- (g s
charges. [2]

S |
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(b) Calculate the electric field strength at P due to the -24.0 uC charge. [3] g q ,( /o

(c) Calculate the total (resultant) electric field strength at P due to all three
charges. [5]

(d) Show that the total electric potential at P, due to all three charges, is zero. [3]
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Q4. The figure below shows an experiment where negatively charged oil drops fall
between two metal plates.

negatively charged 3 wm o
oil drop o S
___'“‘—_.__\___ [¢]
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metal plates

The distance between the two metal plates i is d d. When the switch S is closed a
potential difference, V, is applied to across the plates and causes an electric field to
be set up between the plates.

(a) The figure below shows a simplified diagram of the two plates with an oil drop

falling between them. On the figure, draw lines to show the electric field
between the plates. [2]

(a) The figure below shows a simplified diagram of the two plates with an oil drop
falling between them. On the figure, draw lines to show the electric field
between the plates. [2]
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(b) The value of the potential difference, V, is increased slowly. When V reaches a F
particular value the negatively charged oil drop stops falling and remains
stationary between the plates. Explain why this happens. [2] ?
(c) The oil drop has mass, m, and charge Q. It stops falling when V = 5500 V.
The distance, d.between the two metal plates is 3.5 cm. Show that the =2m -9
magnitude of £ for this oil drop is abouC kg™ [3]
m
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Q5. A small sphere has a charge of +2.82 x 10¢C
(a) How many electrons have been removed from the sphere? [2]

(b) (i) A small identical sphere also has a charge of +2.82 x 10-°C. It is brought
from a distant point to a distance 1.5m from the first sphere. Determine the

work requirec@n do this. @ [2]

+2.82 x 10°¢C +2.82 x 10°6C
([ —— @
€2 E
«— >
1.5m

(i) Determine the magnitude of the electric field strength at the point x that is
0.8m from the left-hand side sphere and state the direction of the field. [4]

C= /'&V/O—‘?C
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(c) A negatively charged oil drop is held stationary between two horizontal plates. F =
The potential difference between the plates is 2.0kV. The figure below shows
the forces acting on the charged oil drop.

A 2.0kV

Electrical force
1.2cm

0.0V

The oil drop has a mass of 2.8 x 10-'*kg and the distance between the plates is

1.2cm.
(i) Show that the size of the charge on the oil drop is about 1.6 x 107'8C.  [3]

(i) Calculate the number of electrons causing the charge on the oil drop. [1]
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Q6. (a) State Coulomb’s law. [2]
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(b) The picture below shows two ions, A and B, with opposite charges and a
proton. The charge on ion A is -3.2 x 10-'°C while the charge on ion B is
3.2x10'°C. The proton is at a distance of 5.0 x 10”'°m from both ions and at
an angle of 45° to the line joining the centres of ions A and B.

g

(i) Show that the force, F, acting on the proton fromion Bis 1.8 x 10° N.  [2]

proton

(i) Calculate the size of the resultant force experienced by the proton. [3]
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(iii) On the picture below draw an arrow to show the direction of the
resultant force acting on the proton.
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Q7. A student studying electric field places two parallel plates, A and B, a distance
4.50mm apart and connects them to a high voltage supply as is shown in the picture
below. There is a vacuum between the plates.

2500V

4 50 mm

(&) On the picture above sketch the electric field lines between the two plates
clearly showing the direction of the field. [2]

(b) Electrons are accelerated from plate B to plate A.
(i) Calculate the force on an electron. [3]
i

(i) Calculate the gain in kinw(—,\tic energy of an electron as it travels

fromBtoA. Ak = = Fd - -16. [2]
= 3.28210 X WSKIO =4 x(0 "

(iii) Find the time it takes for an electron to travel from B to A. Assume the

electron starts from rest at plate B. [3]

(c) The separation between the plates is now doubled but the potential difference
is unchanged. The student states that the gain in kinetic energy of an electron
that starts at rest and travels from B_to A will be unchanged. Show that the
student is correct. [3]
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