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11.6.4 Energy Stored in a Capacitor

Electric energy of a capacitor refers to the stored energy within a capacitor due to the
accumulation of electric charge on its plates when 1t 1s connected to a voltage source. This
energy 1s stored in the electric field between the capacitor's plates and can be released when the

capacitor 1s connected to a circuit. The energy stored in a capacitor 1s given by the formula:

1 1 1 O°
W=—QV=—CV2=—Q—
2 2 2 C

In this case, V = AV it refers to the potential difference (also known as voltage) between the

two plates of the capacitor.
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I1.6.5 Association of Capacitors

In practice, systems are found consisting of a set of capacitors connected 1n series or 1n parallel
which can be substituted by a single capacitor and vice versa. The objective of grouping
capacitors:

- To have a capacitor capable of withstanding high voltage differences.

- Or to have a capacitor with very large capacitance.

The characteristics of the equivalent capacitor can be determined as follows:
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a- Series Combination
Let's consider N capacitors connected in series with capacitances Ci, Ca,... Cn, respectively.
These can be replaced by an equivalent capacitor with capacitance Cgq. In series combination,

all capacitors carry the same charge Q.
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The potential difference (voltage) between A and B is given by: [Vag=Vi+ Vot Vi+ .. ... +VnN

All capacitors carry the same charge QQ, which results in:

Q =Q +Q +Q + . +Q— 2&2 (l +l +1 + . +l—)
Ceq Cl CZ C3 CN Ceq Cl CZ C3 CN
1 1 1 1 1

+—+—+ +
Cc., C, C, C, C,,

Then, the equivalent capacitance Ceq of a system composed of N capacitors in series, each

1 N1
with capacitance C;, 1s given by: C— ZC—
1=1

eq 1= i
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b- Parallel Combination

When capacitors are connected in parallel, the voltage across each of them is equal.

C1,Qn
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Ceq Vap = VapC + VG, + Vg G+ + VG = C =C +C,+C+ . + Cy

Then, the equivalent capacitance Ceq of a system composed of N capacitors in parallel, each

N
with capacitance Ci, is given by: C, = Z C,
i=1
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Example:

Consider the arrangement of capacitors in the diagram below.

Given that C; =6 uF, C,=3 uF, and C =2 uF.

C] lcz
| | |

1- Calculate the equivalent capacitor between E and F.

2- We apply a voltage between E and F of VEF = 1000 volts. Find the charge carried by the

equivalent capacitor, deduce the charge carried by capacitors C, Cy, and C,.
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Solution :

VVVVVV

Lo oo
C C, C,

C' inparallel withC =>C, =C+ C'=4uc

Ci 1n series with Ca:

2- Find the charge carried by the equivalent capacitor, deduce the charge carried by
capacitors C, Cy, and C;

= Q=CV,=2 107 ¢
v" Cj in series with Co= ( C' , C; and C; have same charge)

- Q,=Q,=Q'=C"V,=210"¢
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