Capacitance, Capacitors and Circuits.
Start with a review

The capacitance C Is defined as
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To calculate the capacitance, one starts by
Introduce Q to the object, and use the Laws
we have so far to calculate for the V.



Example:
Capacitance of a Cylindrical Capacitor

Step 1: introduce Q to the rod (radius a)
and —Q to the shell (inner radius b):

Step 2: Use Gauss’s Law to calculate the
electric field between the rod and the
shell to be (see the example in Gauss’s Law chapter):
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Step 3. Calculate for v:
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Step 4: Capacitanceils C° — = 0
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More on the review

Capacitance of a parallel plate capacitor C = eog‘

2
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The electric energy stored in a capacitor U = (ZQ_C = EC(DV)Z

A question: why C here is not a function of V while Ug is?

The dielectrics in a capacitor: C=4k>C .,.um



Circuit and Its Symbols

A circuit diagram is a
simplified representation of
an actual circuit

Circuit symbols are used to
represent the various
elements

Lines are used to represent
wires with zero resistance

The battery’s positive
terminal is indicated by the
longer line. The potential
difference V is measured
over the battery from + to -.




Capacitors in Parallel, charging up

Connection in parallel: head to hl
head and tail to tail. As oppose to
connection in series: head - talil

(of No.1) to head — tail (of No. 2).

When capacitors are first ho
connected in the circuit, electrons

are transferred from the left plates
through the battery to the right

plate, leaving the left plate

positively charged and the right

plate negatively charged

This process takes place
iIndependently on C, and C.,.
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Capacitors in Parallel, equal potential
difference (true for anything connected In

parallel)

The flow of charges ceases when the voltage across
the capacitors equals that of the battery

The potential difference across the capacitors is the

Same

And each is equal to the voltage of the battery

DV, =DV,=DV -
DV is the battery terminal

voltage

The capacitors reach their tnaximum charge when

the flow of charge ceases

The total charge Is equal to
on the capacitors

the sum of the charges

Qtotal = Ql t QZ A

The two conditions we use to
derive the formula for capacitors
connected in parallel.



Capacitors in Parallel: the equivalent

capacitor C,,

The capacitors can be replaced
with one capacitor with a
capacitance of C,

The equivalent capacitor must
have exactly the same external
effect on the circuit as the
original capacitors

To derive the formula:
From
LV =LV, =LV,, Q=Q,+Q,

And from: cC©° Q
LV

One has:
C o Q :Q1+Q2:Q1 +Q2 —
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Capacitors in Parallel, the formula
and discussion

One can expand the formula into:

C,,=C,+C, +C, +...

When more than two are connected in parallel.

The equivalent capacitance of a parallel

combination of capacitors is greater than any of the
Individual capacitors

Essentially, the areas are combined



Capacitors connected In
Series, charging up action

Connection in series: head - tail (of
No.1) to head — tail (of No. 2).

When a battery is connected to the

circuit, electrons are transferred hil 1  h2 2
from the left plate of C, to the right

plate of C, through the battery

As this negative charge
accumulates on the right plate of C,,
an equivalent amount of negative
charge is removed from the left
plate of C,, leaving it with an excess
positive charge

All of the right plates gain charges
of —Q and all the left plates have
charges of +Q




The equivalent capacitor
Ceq fOr capacitors in
series

The conditions we use:
LV =LV, +LV,, Q=Q, =Q,

And from: cCo° Q

LV
One has:
CEQOQ,or ! :EV
DV Ceq Q
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Capacitors in Series, formula
and discussion

The equivalent capacitance of more than two
In series:

1 1 1 1
=+ + 4+
C.. C, C, C,

eq

The equivalent capacitance of a series
combination is always less than any
iIndividual capacitor in the combination



Equivalent Capacitance, Example

The 1.0-nt and 3.0-nf capacitors are in parallel as are the 6.0-
nF and 2.0-nf capacitors

These parallel combinations are in series with the capacitors
next to them

The series combinations are in parallel and the final equivalent
capacitance can be found



