CAPACITANCE 1

PROBLEMS FOR PRACTICE

1. Calculatetheradius of aspherical conductor of capacitance 1 farad. [9x 10°km]
2. Canameta sphereof radius1 cm hold acharge of 1C ? [No]
3. Calculatethe capacitance of aconducting sphere of radius 10 cm situated in air. How much charge

isrequiredtoraiseit to apotential of 1000V ? [11pF; 1.1x 1028C]

4. A capacitor consisting of two parallel plates 0.5 mm apart and each of effective area 500 cm? is
connected to a 100 V battery. Calculate (i) capacitance of the capacitor and (ii) charge on each
plate. [(i) 885 uF, (ii) 0.0885 uC]

5. Find the length of the paper used in aparallel plate capacitor of capacitance 2uF if the dielectric
constant of the paper is 2.5 and its width and thickness are 50 mm and 0.05 mm respectively.

[Hint. C = M. Hered =0.05mm. Now area, A =length x width]
6. Theplatesof aparallel plate capacitor are separated by adistance of 0.5 cm. What must bethe plate
areaif the capacitance of the capacitor isto be 2F? [1130 km?]

7. A parallel plate capacitor has circular plates of 8.2 cm radius and 1.3 mm separation. What isthe
capacitance of the capacitor. If ap.d. of 120V isapplied acrossthe plates, what charge will appear
on the plates? [140 pF; 17nC]

8. A paralel plate capacitor has plates 0.15 mm apart, aplate areaof 0.1m? and adielectric of relative
permittivity 3. If charge on capacitor platesis0.5 uC, find (i) electric flux density, (ii) p.d. between
plates, and (iii) electric field intensity. [(i) 0.5x 107> C/m? (ii) 28 V (iii) 186667 V/m]

9. Two capacitors of capacitance 2 uF and 4 U respectively are connected in series. A d.c. potential
difference of 900V isapplied to this series combination. Find p.d. across each capacitor.

[600V; 300V]
10. How can three capacitors of capacitance 3uF, 6F and 9uF respectively be connected to have a
capacitance of 11pF? [3uF and 6uF in serieswith QUF in parallel with both]
11. Three capacitors of 2uF, 3uF and 6uF respectively are connected in series across 500V d.c.
supply. Find charge and p.d. on each capacitor. [500 uC; 250V, 166.7V, 83.3V]
12. Calculate the capacitance between points Aand B in Fig. 5.23. [BuF]
13. Inthecircuit shownin Fig. 5.24, find the equivalent capacitance between points A and B. [4uF]
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14. Inthecircuit shown in Fig. 5.25, find the equivalent capacitance between points A and B.[ 5uF]
15. Inthecircuit shownin Fig. 5.26, find the equivalent capacitance between points A and B. [1uF]
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16. How will you combinefour capacitors, each of 1uF, to have anet capacitance of 0.75uF?
[Threein parallel and fourth in serieswith thisparallel combination]
17. A variableair capacitor has 11 movable plates and 12 stationary plates. The areaof each plateis
0.0015 m? and separation between opposite platesis 0.001m. Determinethe maximum capacitance
of thisvariable capacitor. [292 pF]
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CAPACITANCE

Calculate the number of sheetsof tin foil and micafor acapacitor of 0.33 pF capacitanceif area of
each sheet of tinfoil is82 cm?, the micasheetsare 0.2 mm thick and haverelative permittivity 5.
[183 sheetsof tin foil; 182 sheetsof mica]

A 600 pF capacitor is charged by a 200V supply. It is then disconnected from the supply and is
connected to another uncharged 600 pF capacitor. How much electrostatic energy islost in the
process?. [6x 1076 ]]

An uncharged capacitor is connected to a battery. Show that half the energy supplied by the
battery islost as heat while charging the capacitor.

Two capacitors are connected in parallel and the energy stored is 18J when a potential differ-
ence of 6000 V isapplied across the combination. When the same capacitors are connected in
series, the stored energy is4Jfor the same potential difference. What aretheindividual capaci-
2 1
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The capacitance of aparallel plate capacitor is 50 pF and the distance between the platesis
4mm. It ischarged to 200V and then the charging battery isremoved. Now adielectric slab
(K =4) of thickness 2mm is placed between the plates. Calculate (i) final charge on each
plate (ii) final potential difference between plates (iii) final energy in the capacitor.
[()108C (ii) 125V (iii)6.25%x 107 J]
An ebonite plate (K = 3), 6 mm thick isintroduced between the parallel plates of acapacitor of
platearea 2 x 102 m? and plate separation 0.01m. Find the capacitance. [29.5pF]

A parallel-plate capacitor having plate area 100 cm? and separation 1.0 mm holds a charge of
0.12 uC when connected to a120V battery. Find the diel ectric constant of the material filling
the gap. [11.3]

A dab of material of dielectric constant K has the same area as the plates of a parallel-plate
capacitor but has athickness 3d/4 where d isthe separation of the plates. How isthe capacitance
changed when the slab isinserted between the plates ? 4K

K+3 °

Two parallel-plate capacitors, each of capacitance 40 UF, are connected in series. The space
between the plates of the capacitorsisfilled with adielectric material of dielectric constant of
4. Find the equivalent capacitance of the system. [32 uF]

LONG/SHORT ANSWER QUESTIONS

Write a short note on conductors and insulators.

Discussthe behaviour of metallic conductorsin electric field.

What is a capacitor? How does a capacitor store charge?

Definethe Sl unit of capacitance.

Derive an expression for the capacitance of an isolated spherical conductor.
Derive an expression for the capacitance of a spherical capacitor.

What isaparallel plate capacitor? Derive an expression for its capacitance.
What do you mean by dielectric constant of a dielectric?

Three capacitors are connected in (i) series (i) parallel. Obtain an expression for their equivalent
capacitance.

Write ashort note on multiplate capacitor.
Derive an expression for the capacitance of acylindrical capacitor.

Show that energy stored by acapacitor is g2/2C where qisthefinal charge on the capacitor and C
isits capacitance.

What do you mean by energy density of electric field?

Two capacitors of capacitances C, and C, are charged to potentials V, and V, respectively.
The capacitors are joined through a conducting wire. What is the value of common potential ?

Write a short note on polar and non-polar dielectrics.
Discussthe behaviour of adielectricinauniform electric field.
What do you mean by dielectric strength of adielectric?



CAPACITANCE 3

18. Derivean expression for the capacitance of aparallel plate capacitor with conducting slab between
the plates; assuming that thickness of slab is less than the plate separation.

19. A parallel plate air capacitor has plate separation d. If adielectric slab of thicknesst (t < d) is
introduced between the plates, derive an expression for the capacitance of the resulting
capacitor.

20. Write ashort note on atmospheric electricity.

21. Givean account of thunderstorms and lightning.

22. Write a short note on the discharging effect of sharp points.

23. Write a short note on lightning conductor.

24. Describethe principle, construction and working of Van de Graaff generator.

VERY SHORT ANSWER QUESTIONS

Why isaninsulator called adielectric?

How will you provethat electric field inside acharged conductor iszero?
Show that farad is atoo large unit of capacitance.

Show that SI unit of &, is F/m.

Mention three advantages of dielectricsin capacitors.

Canyou apply any value of electric field to adielectric?

What do you mean by voltage rating of a capacitor?

Why are capacitors connected in series or parallel?
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What isthe need of a multiplate capacitor?
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Namethe practical exampleof acylindrical capacitor.
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. Show that electrostatic energy of acapacitor is stored inits electric field.
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. What istheimportance of energy density of electric field?
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How will you discharge a charged capacitor?
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What is the difference between polar and non-polar dielectrics?
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. Aparallel plateair capacitor hasacapacitance of 10 pF. If air isreplaced by mica(K = 6), what is
the capacitance of the capacitor?

16. What isthe dielectric constant of a metal?

17. What isthe importance of capacitance?

18. How does lightning conductor prevent the building from lightning?

19. Why does charge leak off rapidly from pointed ends of a charged conductor?
20. What isthe breakdown voltage of air?



