                                                      Capacitor
Capacitor is a passive electronic component that is used to store electrical charge for short time.
In capacitors, the energy is stored in the form of holding electrons(electric charges) in an electric field.
It is used in the process of storing short term electricity, filtering, rectifying circuits & compensation.
It consists of two (conductive) metal plates separated by insulating material known as dielectric.
The dielectric materials may be paper, glass, metal film, mica, air, vacuum etc.
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When voltage applied between the plates charge build up on each plate creating an electric field between them.
One of the metal plate accumulates positive charge +Q and another plate accumulates negative charge –Q this electric field stores energy in a capacitor.
When the power supply is connected to the capacitor, there is an increase in flow of electric charge called charging. When the power supply is removed from the capacitor, the capacitor starts discharging until the voltage reaches zero between the two plates of a capacitor.

Capacitance is the electrical property of a capacitor and is the measure of a capacitors ability to store an electric charge onto its two plates.
The unit of capacitance is Farad(F).
Capacitance is also defined as the ratio of amount of electric charge(Q) on either conductor to the potential difference(V) between the conductors(metal plates).
It is expressed as 
C=Q/V
C is the capacitance measured in Farad(F)
Q is the electric charge measured in coulomb(C)
V is the voltage across the plates measured in volt(V)

C = Q/V =1 coulomb/1 volt =6.24x1018 electrons/1 volt = 1 Farad
Coulomb is the unit of electric charge.
1 coulomb is equal to 6.24x1018 electrons.

The capacitor value is calculated by dividing the load amount by the voltage value.
C = Q/V =2 coulomb/1 volt =1.25x1019 electrons/1 volt = 2 Farad

Capacitors are widely used in electronic circuits for variety of purposes such as filtering, noise, ripple form, power supplies, smoothing voltage fluctuations and connecting signals between different stages of the circuit. They are also used in timing circuits, oscillators and many other applications in electronics.

Electrical symbol of different capacitors.
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Types of capacitors :-
1.Fixed or non-polarized capacitor
2.Polarized capacitor
3.Variable capacitor

1.Fixed or non-polarized capacitor
The non-polarized capacitor are those capacitors that does not have specific positive and negative polarities.
There are various types of non-polarized capacitors as follows:-
1.Ceramic capacitors
When the ceramic material is used as a dielectric medium in the capacitor, the capacitor is called as ceramic capacitor.
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Ceramic capacitors are widely used in electronic applications including decoupling, filtering and timing circuits.
Ceramic capacitor can be used in AC circuits as well as DC circuits.
It can operate at higher frequency and also have high capacity to volume ratio. It has excellent stability over an wide range of temperatures and relatively inexpensive.
2.Mica Capacitor
The capacitor which uses mica as dielectric material is known as mica capacitor.
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Mica is a natural mineral with excellent insulating properties and high dielectric strength making it an ideal material for high voltage and high frequency applications.
It has high stablility, accuracy and can operate over wide range of temperatures and frequencies.
They are commonly used in precision electronic circuits such as audio equipment,RF oscillator and filters.
3.Glass capacitor
Glass capacitor is constructed of a glass dielectric which is sandwich between two metal electrodes.
[image: Glass capacitor]
It has high stability and capable of storing charge for extended period of time .They are capable of operating at high temperature.
It is used in high frequency circuits such as RF circuits, microwave applications.
Disadvantage is high cost, physically larger in size.

Film capacitors
The Film Capacitors are those capacitors which have a film substance as a dielectric material.
Depending upon the type of film used they are of following types :-
1.Paper Capacitor
The dielectric medium used in paper capacitors is a waxed or oiled paper. The paper is sandwiched in between two thin tin foils sheets and these sheets are rolled into a cylindrical shape and encapsulated in a plastic enclosure.
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2. Metal Film Capacitor
In these capacitors, a paper coated with metallic film is used as a dielectric medium. The metal (aluminium) coated sheets are rolled in the form of cylinder and encapsulated in a plastic enclosure.
[image: Image result for metal film capacitor]

3. Polyester Film Capacitor
Polyester film capacitor is consists of thin film polyester that is coated with thin layer of metal on both sides serving as the capacitor electrodes. It has high stability, reliability and low cost.
They are available in a range of capacitance values from picofarads(pF) to microFarads(uF).
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4.Polycarbonate capacitor
Polycarbonate Capacitor is constructed of a thin film polycarbonate and thermoplastic as dielectric. It has high stability, reliability and accuracy. They are capable of storing charge for extended period of time. 
They can also operate at high temperature making them suitable for application  that require reliable performance under harsh condition. It is used in instrumentation, timing circuits and filter network. Disadvantage is high cost.
They are available in a range of capacitance values from picofarads(pF) to microFarads(uF).
[image: Image result for polycarbonate capacitor]

systems. They are also used for backup power sources for critical systems in case of power failure and interruptions.
Disadvantage is they have relatively low energy densities compared to batteries.

Polarized capacitor

Those capacitors which are having the specified positive and negative polarities are called as polarized capacitors.
They have anode(+) and cathode(-) metal plates.
These capacitors are preferred in DC circuits.
The positive lead must be connected to the positive pin of the DC source/battery and the negative lead is connected to the negative pin of the DC source/battery .
In case of reverse connection the capacitor may explode or damaged.
The capacitance value can range from uF to F values.
Types of polarized capacitor :-
1.Electrolytic capacitor 
Electrolytic capacitors are those capacitors in which electrolyte is used as a dielectric medium.
The oxide layer that acts as a dielectric material.The oxide layer is formed by the electrolytic process  which gives the capacitor its name.
It has larger capacitance and often used in applications where higher capacitances required such as power supply circuits.
The disadvantages is they have limited life span,larger size and relatively expensive compared to other capacitors.
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2.Tantalum capacitor
Tantalum capacitor is similar to electrolytic capacitor and that has a metal plate as one of its electrodes.The dielectric material is made up of tantalum pentoxide.
It has high capacitance to volume ratio,popular choice for applications where space is limited.Also higher stability over wide range of temperatures.They are used in power supply ,audio equipments and medical devices.
Disadvantage is sensitive to overvoltage and high cost.
[image: Tantalum Capacitor Model]

 
3.Super capacitor
It is electronic component capable of storing large amount of electrical charge in small physical size.
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Unlike other capacitors that use dielectric material to store charge. Super capacitors use electrostatic charge storage to achieve high capacitances.
 It has much higher energy density than traditional capacitors. It can store much more energy per unit volume.
It is used in high power, fast charge and discharge cycle such as hybrid – electric vehicle, renewable energy.

Others capacitors that may be polarized or non-polarized are as follows:-

Variable capacitor
The capacitance of such capacitors can be varied between the specified minimum to the specified maximum values by the user. 
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Capacitor color code
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Capacitors in series and parallel circuits
Capacitors in series circuit
When capacitors are connected in series, the total capacitance is less than any one of the series capacitor’s individual capacitances. If two or more capacitors are connected in series.
Thus, the total capacitance or equivalent capacitance is less than any one of the individual capacitor’s capacitances.
When capacitors are connected in parallel, the total capacitance is the sum of the individual capacitors’ capacitances. If two or more capacitors are connected in parallel, the overall effect is that of a single equivalent capacitor having the sum total of the plate areas of the individual capacitors.
Thus, the total capacitance is more than any one of the individual capacitors’ capacitances.
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