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CHARGE AND VOLTAGE DISTRIBUTION ON EACH FACE OF PARALLEL PLATE CAPACITOR
In a parallel plate capacitor, the charge and voltage distribution on each face depend on the
capacitance of the capacitor, the applied voltage, and the geometry of the plates.
Here's a breakdown of the charge and voltage distribution on each face of a parallel plate capacitor:

Charge Distribution:

> When a voltage V is applied to the parallel plate capacitor, it causes charges to accumulate on the
surfaces of the plates.

> The charge on each plate is equal in magnitude but opposite in sign. The positive charge
accumulates on one plate, while an equal amount of negative charge accumulates on the other
plate.

> The charge distribution is uniform across each plate's surface, assuming the capacitor plates are

large enough and the electric field between them is uniform. This means that the charge density
(o) is constant across the surface of each plate.

Voltage Distribution:

> The voltage (V) across the parallel plate capacitor is the potential difference between the two
plates. It represents the energy required to move a unit charge from one plate to the other.

> The voltage across the capacitor is constant and uniform between the plates. This means that the
voltage is the same at every point on each plate's surface.

> The electric field (E) between the plates is directly proportional to the voltage and inversely

proportional to the distance between the plates. The electric field is uniform in magnitude and
direction between the plates.

Distribution on Each Face:

> On the positively charged plate (often denoted as Si), the charge density (o1) is positive,
representing the accumulation of positive charge.

> On the negatively charged plate (often denoted as S:z), the charge density (02) is negative,
representing the accumulation of negative charge.

> The voltage (V) between the plates is the same magnitude but opposite in sign on each face.
For example, if the voltage across the capacitor is V, then the voltage on S1 is +V and the voltage
on Szis —V.

> The electric field (E) between the plates is uniform and directed from the positively charged plate

(S1) to the negatively charged plate (Sz).

Combination of capacitor plates:
The combination of capacitor plates refers to various configurations and arrangements of

capacitor plates in electrical circuits. These configurations determine the capacitance and behavior
of the capacitor system.
There are several common combinations of capacitor plates, each with its unique characteristics:

Series Combination:

> In a series combination, capacitors are connected end-to-end in a single line, such that the
positive plate of one capacitor is connected to the negative plate of the next capacitor.
> The total capacitance (Cwtal) of capacitors in series is given by the reciprocal of the sum of the
reciprocals of individual capacitances: I R
Ctotal C1 Cz Cn
> The voltage across each capacitor in a series combination is the same, and the total voltage

across the combination is the sum of the individual capacitor voltages.
Parallel Combination:

> In a parallel combination, capacitors are connected across each other's terminals such that all the
positive terminals are connected together and all the negative terminals are connected together.
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The total capacitance (Crwotal) of capacitors in parallel is the sum of individual capacitances: Ciotal =
Ci1+C2+ ...+ Cn

The voltage across each capacitor in a parallel combination is the same, and the total voltage across
the combination is equal to the voltage applied to the combination.

Series-Parallel Combination:

>

>

A combination of capacitors may involve both series and parallel connections, resulting in a
complex network of capacitors.

By analyzing the series and parallel connections within the combination, the equivalent
capacitance and voltage distribution can be determined using the principles of series and parallel
combinations.

Other Configurations:

>

Ex.

Sol.

Ex.

Sol.

Capacitors may also be arranged in more complex configurations, such as delta or star
configurations, which involve combinations of series and parallel connections in a geometric
pattern.

These configurations may be encountered in specialized applications or in more intricate electrical
systems where specific capacitance and voltage requirements need to be met.

Find out equivalent capacitance between A and B. (take each plate Area = A and distance between
two conjugative plates is d)

e

Let numbers on the plates the charges will be as shown in the figure.

Vig = V3 = V3,
So all the capacitors are in parallel combination

Five similar condenser plates, each of area A, are placed at equal distance d apart and are
connected to a source of e.m.f. V as shown in the following diagram. The charge on the plates 1

and 4 will be-
€gA —2€pA €gAV —2€9AV —€gAV —3¢€pAV €9AV —4€gAV
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By equivalent circuit diagram Charge on first plate 12
Q=cCv
_ €AV
Q==
Charge on fourth plate Q =C(—VQ' = %ﬁv 34
As plate 4 is repeated twice, hence charge on 4 will be Q" = 2Q’
2€9AV GLRE
nm _ _ %€
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+

Hence the correct answer will be (B)
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The charge on a capacitor does not undergo instantaneous or sudden changes if there is resistance
in its path (series). When connecting an uncharged capacitor to a battery, its initial charge is zero,
resulting in an initial potential difference of zero across it. During this period, the capacitor can be
considered as a conducting wire.

R R
VWWW VWY
€ -[ =—C &=
Before connection Just after connection att=0
The current in the branch containing the capacitor will eventually reach zero in the steady state.
i=0
o b
€ _‘, =C £ =
0 0
Before connection After connection at t = «

Variable Dielectric

Constant If the dielectric constant is variable, then equivalent capacitance can be obtained by
selecting an element as per the given condition and then integrating

1. If different elements are in parallel, then C = | dC, where dC =capacitance of selected differential
element.

2. If different element is in series, then % = d(%) is solved to get equivalent capacitance C.

Switching Problems
Switching problems refer to issues or challenges encountered during the process of switching
electrical circuits or devices between different states or operating conditions. These problems
can arise in various types of electrical systems and can have significant implications for system
performance, reliability, and safety.
Here's an overview of common switching problems:

Contact Arcing:

> Contact arcing occurs when a switch or relay contacts separate, causing an arc to form between
them due to the residual energy stored in the circuit. This can lead to degradation of the contacts,
increased resistance, and potential damage to the switching device.

> Contact arcing can result in electrical noise, electromagnetic interference, and transient voltage
spikes, which can affect the performance of sensitive electronic equipment and circuits.

Switching Transients:

> Switching transients, also known as switching surges or voltage spikes, are temporary increases
in voltage or current that occur during the switching process. These transients can arise due to
factors such as inductance, capacitance, and parasitic elements in the circuit.

> Switching transients can cause insulation breakdown, component damage, and malfunctioning of

electronic devices. They can also interfere with the operation of nearby equipment and lead to
system instability.

Switching Speed and Delay:

>

Switching speed refers to the time taken for a switch or relay to change its state from open to closed
or vice versa. Excessive switching speed or delay can lead to operational inefficiencies, timing
errors, and decreased system responsiveness.
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> Delays in switching can be caused by factors such as mechanical inertia, electromagnetic forces,
and signal propagation delays. It is essential to minimize switching time to optimize system
performance and reliability.
Switching Noise and EMI:
> Switching operations can generate electrical noise and electromagnetic interference (EMI) due to
rapid changes in current or voltage. This noise and EMI can propagate through the circuit and affect
nearby electronic devices, communication systems, and sensitive equipment.
> Proper shielding, grounding, and filtering techniques are essential to mitigate switching noise and
EMI and ensure electromagnetic compatibility (EMC) in electrical systems.
Contact Bounce:
> Contact bounce, also known as switch bounce or chatter, is a rapid fluctuation in the electrical
contact between switch terminals during the switching process. This bouncing phenomenon can
result in multiple open and closed states of the switch contacts, leading to unreliable operation and
false triggering of circuits.
> Debouncing circuits or implementing software algorithms can help eliminate contact bounce and

ensure stable switching behavior in electronic systems.

Addressing switching problems requires careful design, selection, and implementation of
switching components, as well as appropriate circuit protection and mitigation measures. By
understanding and addressing these issues, engineers can ensure reliable and efficient operation
of electrical systems in various applications.
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