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Circuits and Circuit Elements

*Electric circuits are the basis for the vast
majority of the devices used in society.

*Circuit elements can be connected with wires
to form electric circuits.

*Capacitors are one circuit element.
— Others will be introduced in other chapters

Introduction




Capacitors

*Capacitors are devices that store electric
charge.

*Examples of where capacitors are used include:
— radio receivers
— filters in power supplies

— to eliminate sparking in automobile ignition
systems

— energy-storing devices in electronic flashes

Introduction




26.1 Definition of Capacitance

*The capacitance, G, of a capacitor is defined as the ratio of the
magnitude of the charge on either conductor to the potential
difference between the conductors.  ~ _ Q

AV

*The Sl unit of capacitance is the farad (F)= 1 coulomb per volt =1 ¢/v.

*The farad is a large unit, typically you will see microfarads (mF)
and picofarads (pF).

*Capacitance will always be a positive quantity

*The capacitance of a given capacitor is constant.

*The capacitance is a measure of the capacitor’s ability to store
charge .

— The capacitance of a capacitor is the amount of charge the
capacitor can store per unit of potential difference.




Makeup of a Capacitor

*A capacitor consists of two conductors. | when the capacitor is charged, the

conductors carry charges of equal

— These conductors are called sl adl opposie ol
plates. |

— When the conductor is charged,
the plates carry charges of equal
magnitude and opposite
directions.

*A potential difference exists between
the plates due to the charge.

capacitance:
To store charge & To store energy
To control variation time scales in a circuit




The Capacitor

Capacitors are one of the fundamental passive components.

In its most basic form, it is composed of two plates separated by a
dielectric.

The ability to store charge is the definition of capacitance.

Dielectric




The Capacitor

Dielectnc

«— Pates
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A capacitor with stored charge can act as a temporary battery.




Parallel Plate Capacitor

When the capacitor is connected

QEaCh plate iS con nected to a to the terminals of a battery,

electrons transfer between the

te rm i n a | Of th e batte ry' plates and the wires so that the

plates become charged.

— The battery is a source
of potential difference. e

*If the capacitor is initially
uncharged, the battery
establishes an electric field
in the connecting wires.




Parallel Plate Capacitor, cont

*This field applies a force on electrons in the wire just outside of
the plates.

*The force causes the electrons to move onto the negative plate.
*This continues until equilibrium is achieved.

— The plate, the wire and the terminal are all at the same
potential.

*At this point, there is no field present in the wire and the
movement of the electrons ceases.
*The plate is now negatively charged.

*A similar process occurs at the other plate, electrons moving
away from the plate and leaving it positively charged.

*In its final configuration, the potential difference across the
capacitor plates is the same as that between the terminals of the
battery.




26.2 Calculating Capacitance

Capacitance — Isolated Sphere

*Assume a spherical charged conductor with radius a.

*The sphere will have the same capacitance as it would
if there were a conducting sphere of infinite radius,
concentric with the original sphere.

*The field lines that leave the surface of a positively
charged isolated conductor must end somewhere; the
walls of the room in which the conductor is housed can
serve effectively as our sphere of infinite radius.




26.2 Calculating Capacitance

Capacitance — Isolated Sphere

 To find the capacitance of the conductor, we first

rewrite the capacitance as: i

1 —alb
*Now letting b—><o, and substituting R for a,

C — 47]'8']

C = 4dmegR (1solated sphere).

*Or Assume V=0 f%r the(ignfinitely large shell

AV kQla Kk,
*Note, this is independent of the charge on the sphere
and its potential.

=4rmre a




Parallel Plates- Capacitors

*The charge density on the plates is o= Q/A.

— A is the area of each plate, the area of each plate is
equal

— Qs the charge on each plate, equal with opposite signs

*The electric field is uniform between the plates and zero
elsewhere.

*The capacitance is proportional to the area of its plates and
inversely proportional to the distance between the plates.

O Q d Wire Plate a, area A
gy  EA EoA / /
e
Potential d
Q Q Q g A difference = V, -
C — — — — _ O Wire Plate b, area A

AV Ed Qd/gA d
The capacitance is only dependent upon the geometry of the capacitor




Parallel Plates- Capacitors

+ d
V = J Eds = EJ ds = Ed.
- 0

goA

C =
d

(parallel-plate capacitor).

g, = 8.85 X 10712 C?N -m?>.




Parallel Plates- Capacitors
1 farad Capacitor

Examplel:

C Zgodé

_Cd_(LOF JL0x1073m)
&  8.85x107F/m

—1.1x10%m?

A

This corresponds to a square of about 10km on a side!




famplé

Find the capacitance of a 4.0 cm diameter sensor immersed
In oil if the plates are separated by 0.25 mm.




Example, Charging the Plates
In a Parallel-Plate Capacitor:

In Fig. 25-7a, switch S is closed to connect the uncharged ca-
pacitor of capacitance C = 0.25 uF to the battery of potential
difference V = 12 V. The lower capacitor plate has thickness
L = 0.50 cm and face area A = 2.0 X 10~*m? and it consists
of copper, in which the density of conduction electronsis n =
8.49 X 10?8 electrons/m®. From what depth d within the plate
(Fig. 25-7b) must electrons move to the plate face as the ca-
pacitor becomes charged?

KEY IDEA

The charge collected on the plate is related to the capaci-
tance and the potential difference across the capacitor by
Eq.25-1(q = CV).

Calculations: Because the lower plate i1s connected to the

negative terminal of the battery, conduction electrons move
up to the face of the plate. From Eq. 25-1, the total charge

R T—
L]

T

(a) (&)
Fig. 25-7 (a) A battery and capacitor circuit. (b) The
lower capacitor plate.

magnitude that collects there is
q=CV=(025x10"°F)(12V)
=3.0Xx107°C.

Dividing this result by e gives us the number N of conduc-
tion electrons that come up to the face:

g 30x10°6C

e 1.602 X 1071 C
= 1.873 X 10" electrons.

These electrons come from a volume that is the product of the
face area A and the depth d we seek. Thus, from the density of
conduction electrons (number per volume), we can write

N
n=——
Ad
or
= N 1.873 X 108 electrons

An (2.0 X 10~*m?) (8.49 x 10*electrons/m’)

=1.1X10"2m= 1.1 pm. (Answer)

In common speech, we would say that the battery charges
the capacitor by supplying the charged particles. But what
the battery really does is set up an electric field in the wires
and plate such that electrons very close to the plate face
move up to the negative face.




The Cylindrical Capacitor

‘AV= -2k AIn (b/3)

A=Q/¢

*The capacitance is

Q 14
C=——
AV 2k,In(b/a)




Calculating the Capacitance,
A Cylindrical Capacitor :

As a Gaussian surface, we choose a cylinder of length L
and radius 7, closed by end caps and placed as is shown. It
Is coaxial with the cylinders and encloses the central
cylinder and thus also the charge g on that cylinder.

ﬁaf:i

€on q
™ EA=E(2nrl) =—
€0
q
E=—1
= 27]'8{;LF
B - o q a Jdr B q i)
[ > V—J_Eds— el J{ " Dmel m(‘a..
} L
C = 2?8{}—f (cylindrical capacitor).
In(b/a)

Gaussian
surface

Figure 26.4 (Example 26.1) (a) A cylindrical capacitor consists
of a solid cylindrical conductor of radius @ and length £ sor-
rounded by a coaxial cylindrical shell of radius & (b) End view.
The electric field lines are radial. The dashed line represents the
end of a cylindrical gaussian surface of radius rand length £




The Spherical Capacitor

*The potential
difference will be

wokg[E-2)

a

*The capacitance will
be

C_ Q _ ab
AV k,(b-a)




Calculating the Capacitance,
A Spherical Capacitor:

jQE. ir =3
<))
EA = E(4mr?) = =
€0
o q
‘ E B 4’?5(} .I"2 .

V:J_E(“: q Jﬂdf _q (L_L): g b —a
_ darey Jp r° dre, \ a b, dwe,  ab

ab
— C = 4’m€:{]£— (spherical capacitor).
) — d




26.3 Combinations of Capacitors

Circuit Symbols Capacitor

| |
symbol | |

*A circuit diagram is a
simplified representation of an

actual circuit. Battery s

Circuit symbols are used to symbol ;__

represent the various

elements.

Lines are used to represent Switch —o/o—

wires. witc Open
symbol =

*The battery’s positive o—0
terminal is indicated by the Closed
longer line.




Series or Parallel Capacitors

Sometimes in order to obtain needed -
values of capacitance, capacitors are
combined in either

es &
Series | I}_

or

Parallel “=—— ©3




Parallel Combination

*When capacitors are first 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.

*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
— AV, =AV,=AV
* AVis the battery terminal voltage

*The capacitors reach their maximum charge when the flow
of charge ceases.

*The total charge is equal to the sum of the charges on the
capacitors.

— Q=0+ @,

A pictorial
representation of two
capacitors connected in
parallel to a battery

Gy




Parallel Combination

*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.

A circuit diagram
showing the two
capacitors connected
in parallel to a battery

A circuit diagram
showing the equivalent
capacitance of the
capacitors in parallel




Parallel Combination

(= G+ G+C
*The equivalent capacitance of a parallel

combination of capacitors is greater than any of
the individual capacitors.

— Essentially, the areas are combined




Capacitors in Series

*When a battery is connected to
the circuit, electrons are
transferred from the left plate of
C, to the right plate of G, 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 G, 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.

A pictorial
representation of two
capacitors connected in
series to a battery




capacitors in Parallel:

q, = GV,

U

(f = (4 + (> + {4~ = ((_1 + CE + C}]if.

, 4

g, = GV, and g5 = GV.

(n capacitors n parallel).

/ Terminal

J_ T3] +q9 +q) '
B V [v lv v
.[ -islcs -2l —ac

(a¢) “~Terminal

Parallel capacitors and
their equivalent have
the same V (“par-V").

- ‘ 4
T| T
(b) o !

(a) Three capacitors connected
in parallel to battery B. The battery main-
tains potential difference V across its termi-
nals and thus across each capacitor. (b) The

equivalent capacitor, with capacitance C,
replaces the parallel combination.




Capacitors in Series, cont.

*An equivalent

A cir?uit diagram A cir?uit diagran.l
capacitor can be found  oeeeomeced | apscitnceotme

in series to a battery capacitors in series
that performs the

. C Cy
same function as the I I I
series combination. R T AT
*The charges are all HF la
AV AV

the same.
Q,=Q,=Q




Capacitors in Series, final

*The potential differences add up to the battery
voltage.

AV, ,=AV, + AV, + ...
*The equivalent capacitance is

*The equivalent capacitance of a series
combination is always less than any individual
capacitor in the combination.




capacitors in Series.

1
VeV +V+ V= (—+ L 1)
T RTRTI e T G

q l
R 1/Cy + /G + 1C

B
C ‘“(

(71 capacltors In Series).

~Terminal

BeE V W P

~Terminal

Series capacitors and
(a)

their equivalent have

J_ the same q (“seri-q").

+l]

BV
T o

(b)

(a) Three capacitors con-
nected in series to battery B. The battery
maintains potential difference V between
the top and bottom plates of the series
combination. (b) The equivalent capacitor,
with capacitance C,q. replaces the series
combination.




Example, Capacitors in Parallel and in Series:

(a) Find the equivalent capacitance for the combination of
capacitances shown in Fig. 25-10a, across which potential

difference Vis applied. Assume

C, =120 uF, C, =530 uF,

We first reduce the
circuit to a single
capacitor.

and ;=450 uF

The equivalent of
parallel capacitors
is larger.

L

Cp =C; + Cy = 12.0 uF + 5.30 uF = 17.3 uF.

L1
= Cins Cip G
0280 uF
" 173uF | 450uF OB
1 )
123 = (280 pF -1 = 3.57 uF. (Answer)

The equivalent of
series capacitors

Is smaller.
! Ciog =
3.57 uF

(¢)

Next, we work
backwards to the
desired capacitor.

T
\

125V
Cig3 = Vigs =
3.57 uF | 1251\
l':-I
(d)




Example, Capacitors in Parallel and in Series:

(b) The potentlal difference apphed to the input terminals

Wi |!! 7100 IS V= 12.9 V. Witat 15 tic Ll'ldl'!_‘t‘ ol Uy

We first reduce the
circuit to a single

capacitor.
A
12.0 uF 30 uF
!
15
Cs =
4.50 ;zFl

(a)

Series capacitors and
their equivalent have
the same q (“seri-q").

o

712 =
44.6 uC

125V

Next, we work

backwards to the
desired capacitor.
(—

125V
Clqg = 1' €
357uF | 1

(d)

Applying g=CV

G123 = CisV = 357 pF)(125V

= 44.6 uC.

yields the charge. A4 A
qu _ d12 _ 44(),[1,(1 — 9758V
27 °C, 113 uF
4?}1(%3;;_(3 @
125V =Vp =238V,
Cigg = | Vigs =
357 uF| 125V @
T

Applying V= q/C yields
the potential difference.

q12 =
44.6 uC

Parallel capacitors and
their equivalent have
the same V (“par-V").

C, = V| = Co = Vo =
120 uF | 258V 5.30 uF| 258V
- 93 =

125V 446 uC
Cy = /3 =
) 450 uF 1992V

(h)

C,V, = (12.0 pF)(2.58 V)
31.0 uC.

Applying g=CV
yields the charge.
f1 = 92 =
31.0 uC 13.7 uC
Ci==1Vi= GCo=—1Vy=
12.0 uF12.58V 5.30 uF| 258V
93 =
125V 446 uC
Cy ==V, =
¥ 450 pF 992V




Equivalent Capacitance,

o_T_

////— \
7
/ - Y
I ' ’ KT
I_\ il
N ol -~
R
-~ T_—
y 76.0 \\ \\ b
/
! _'_l \
\ I
\ ) /
/ 8 0 ,’

*The 1.0-uF and 3.0-uF capacitors are in parallel as
are the 6.0-uF and 2.0-uF 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.




Example 1

_ | |
C c = “ | | o
1 2

Where do we start?

Recognize that C, and C, are parallel with each other and combine these to
get Cp,

This C,,is then in series with with C;

The resultant capacitance is then given by

11, 1 o CyCi+Cy)
C C3 C1‘|'C2 C1+C2+C3




Example 2

Three configurations are constructed using identical capacitors |

| L. |

C | ¢ c
| | C |
Configuration A _ _ |
Configuration B Configuration C

Which of these configurations has the lowest overall capacitance?

2) Confiauration aThe net capacitance for Ais just C
‘ b) Configuration B \m B,thecaps 1 1 1 2 - C
t areinseries ~ ~— AT A~~~ %net =5
C) configuration Cnet c'c ¢ >

and the
resultant is
given by
In C, the caps are in parallel and
the resultantis givenby  C,g =C+C =2C




Example 3

A circuit consists of three unequal capacitors C;, C,, and C; which are
connected to a battery of emf £. The capacitors obtain charges Q; @,, @, and

have voltages across their plates V;, V,, and V;. C,,is the equivalent
capacitance of the circuit.

Check all of the following that apply: Eg Cs

V=V, o) b) Iozz 0; ‘ a) 0= 0,
11 Cop> c,l e) VJ‘< v, EI: v,




Example 4

What is the equivalent capacitance, 0 | I
Ceq» Of the combination shown? |C‘
Ceq c o
C‘f
(@) Cq=(3/2)C (b) Coq=(2/3)C (€) Cq=3C
|C| —1 S 1
1 1 C C 3




prample

If a 0.001 uF capacitor is connected
In series with an 800 pF capacitor,
the total capacitance iIs

444 pF




Frample

When capacitors are connected in parallel, the total
capacitance is the sum of the individual capacitors.
The general equation for capacitors in parallel is

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

If a 0.001 uF capacitor is
connected in parallel with
an 800 pF capacitor, the
total capacitance is

1800 pF




26.4 Energy Stored in a Charged
Capacitor

*Consider the circuit to be a system.

*Before the switch is closed, the
energy is stored as chemical energy
in the battery.

*When the switch is closed, the
energy is transformed from chemical
potential energy to electric potential
energy.

*The electric potential energy is
related to the separation of the
positive and negative charges on the
plates.

*A capacitor can be described as a
device that stores energy as well as
charge.

Energy in a Capacitor — Overview

Electrons move
from the plate
to the wire,
leaving the
plate positively
charged.

Flectric
field in
wire

A

Separation
of charges
represents
potential
energy.
Electrons move
& from the wire to
the plate.

Electric field
between plates

Electric
r field in

wire

V)

Chemical potential
energy in the
battery is reduced.




Energy Stored in a Capacitor

The work required to move charge

*Assume the capacitor is being dg through the potential

difference AV across the capacitor

Charged and, at some pOIntl plates is given approximately by
has a Charge gon it. the area of the shaded rectangle.
*The work needed to transfer a AV

charge from one plate to the

other is

dwW = AVdqg = %dq

*The work required is the area
of the tan rectangle.

*The total work required is

_ g, Q@
W= =50




Energy, cont

*The work done in charging the capacitor
appears as electric potential energy U

2
_Q U= _Q EC 2

Where Uis the stored potential energy

*This applies to a capacitor of any geometry.

*The energy stored increases as the charge
increases and as the potential difference
Increases.

*In practice, there is a maximum voltage before
discharge occurs between the plates.

_QV




Energy Density

*The energy can be
considered to be stored
in the electric field .

*For a parallel-plate
capacitor, the energy
can be expressed in
terms of the field as U=
% (£,Ad) £

*|t can also be
expressed in terms of
the energy density
(energy per unit
volume)

us="% &,F.

SoA
but C = —




Electric Field Energy Density

The potential energy that is stored in the capacitor can be thought of as
being stored in the electric field that is in the region between the two plates
of the capacitor

The quantity that is of interest is in fact the energy density

lev?

Energy Density = u = 2
gy ty e

where A and d are the area of the capacitor plates and their separation,
respectively




Electric Field Energy Density

Using C = &0 é and \VV = Ed we then have

1 2
U=—¢&n E
5 &0

Even though we used the relationship for a parallel capacitor, this result holds
for afll capacitors regardless of configuration

This represents the enerqy density of the electric field in general




Example,
Potential Energy and Energy Density of an Electric Field:

An isolated conducting sphere whose radius R is 6.85 cm
has a charge ¢ = 1.25 nC,

(a) How much potential energy is stored in the electric field
of this charged conductor?

KEY IDEAS

(1) An 1solated sphere has capacitance given by Eq. 25-18
(C = 4meyR). (2) The energy U stored in a capacitor depends
on the capacitor’s charge g and capacitance C according to
Eq.25-21 (U = ¢*120).

Calculation: Substituting C = 477¢,R into Eq. 25-21 gives us

& 2

¢ _ q
2C  SmsR

- (125 X 107 C)?
~ (87)(8.85 X 1072 F/m)(0.0685 m)
— 1.03 X 1077 = 103 nJ.

U:

(Answer)

(b) What is the energy density at the surface of the sphere?

KEY IDEA

The density u of the energy stored in an electric field depends
on the magnitude E of the field, according to Eq. 25-25
(u = %soEz).

Calculations: Here we must first find £ at the surface of
the sphere, as given by Eq. 23-15:
I q
E= —
47]'80 .R2

The energy density is then

q2

327 R
(125 X 1079 C)?2
(3272)(8.85 X 10712 CYN-m?)(0.0685 m)*
= 2.54 X 1075 J/m? = 25.4 pJ/m?.

_1 2
u=3gE° =

(Answer)




Example

Suppose the capacitor shown here is charged to Q and then the battery is disconnected

Now suppose you pull the plates further apart so that the final separation is a@;

Which of the quantities Q, C, V, U, £ change?

Charge on the capacitor does not change

Capacitance Decreases
A
Voltage Increases A . %

Potential Energy Increases d

m < < O 0

Electric Field does not change

How do these quantities change?

d
Answers| 1 =C V, = diy, U, _4y
d; d d




Example

Suppose the battery (V) is kept attached to the capacitor
Again pull the plates apart from d'to @]

Now which quantities, if any, change? /A /

Q: Charge Decreases %4 + + + +
| — d
: Capacitance Decreases — /e amma

Voltage on capacitor does not change

Potential Energy Decreases

m c < O

Electric Field Decreases

How much do these quantities change?

. d d d d
Answers: [lede ] [Clzdlc] [Ulzdlu ] [ElzdlE ]




Some Uses of Capacitors

*Defibrillators

— When cardiac fibrillation occurs, the heart
produces a rapid, irregular pattern of beats

— A fast discharge of electrical energy through the
heart can return the organ to its normal beat
pattern.

*In general, capacitors act as energy reservoirs
that can be slowly charged and then discharged
quickly to provide large amounts of energy in a
short pulse.




26.5 Capacitors with Dielectrics

*A dielectric is a nonconducting material that, when placed
between the plates of a capacitor, increases the capacitance.

— Dielectrics include rubber, glass, and waxed paper
*With a dielectric, the capacitance becomes C =KC_

— The capacitance increases by the factor K when the
dielectric completely fills the region between the plates.

— K is the dielectric constant of the material.

If the capacitor remains connected to a battery, the voltage
across the capacitor necessarily remains the same.

*If the capacitor is disconnected from the battery, the capacitor
is an isolated system and the charge remains the same.




Dielectrics, cont

*For a parallel-plate capacitor, C= Kk (§,A) / d

*In theory, d could be made very small to create
a very large capacitance.

*In practice, there is a limit to d.

— dis limited by the electric discharge that could
occur though the dielectric medium separating
the plates.

*For a given d, the maximum voltage that can be
applied to a capacitor without causing a
discharge depends on the dielectric strength of
the material.




Dielectrics

*Dielectrics provide the following advantages:
— Increase in capacitance
— Increase the maximum operating voltage

— Possible mechanical support between the plates

* This allows the plates to be close together without
touching.

* This decreases dand increases C.




What Happens When You Insert a Dielectric?

With battery attached, l/=const, so With battery disconnected, g=const, so
more charge flows to the capacitor voltage (for given q) drops.
+ +]+ + q=CV - + +|+ + V:ﬂ
3 c
e “Tg e
VOLTS

v
|
[
|
|

q =
+44d444 - | P V’:i
K — - kC [0
VOLTS

V=a constant

qg=a constant




What Does the Dielectric Do?

A dielectric material is made of molecules.

Polar dielectrics already have a dipole moment (like the
water molecule). Ey=0

Non-polar dielectrics are not naturally polar, but actually (@)
stretch in an electric field, to become polar.

The molecules of the dielectric align with the applied
electric field in a manner to oppose the electric field.

+H+

This reduces the electric field, so that the net electric field
is less than it was for a given charge on the plates.

This lowers the potential (case b of the previous slide).

If the plates are attached to a battery (case a of the
previous slide), more charge has to flow onto the plates.

++ 4+ttt
v
L




K_C
_Co
q q
C:—:—
"7V, Eyd
q q
C:—:—
74 d
From 2 and 3
cC V E
LN _Bo_p
Co V E

From Gauss law

£ Y
o—g0

o

E =—

g

From 5 and 6

£

K =—

€o




Dielectrics

Most capacitors have a nonconducting material between their plates

This nonconducting material, a dfelectric, accomplishes three things

1) Solves mechanical problem of keeping the plates separated
2) Increases the maximum potential difference allowed between the
plates

3) Increases the capacitance of a given capacitor over what it would be
without the dielectric




Dielectrics

Suppose we have a capacitor of value C, that is charged to a potential
difference of V, and then removed from the charging source

We would then find that it has a charge of Q — COVO C

We now insert the dielectric material into the capacitor K o C
0

We find that the potential difference decreases by a factor K
Va ED &
v = Yo V E &
K q
Or equivalently the capacitance has /ncreased by a factor of K C= 7 K
C — K CO

This constant K'is known as the dielectric constant and is dependent
upon the material used and is a number greater than 1




Example

Two identical parallel plate capacitors are given the same charge Q, after which they
are disconnected from the battery. After C,has been charged and disconnected it is

filled with a dielectric. I

Compare the voltages of the two capacitors.

‘ a>|/1>v2 b) V; = o)V, <V,

We have that Q, = Q, and that C, = KC,

We also have that C = Q/V or V=Q/C

Then V, = & and V, = Q, — Q — 1 V,

C, C, KC, K




Some Dielectric Constants and Dielectric
Strengths

WIS Approximate Dielectric Constants and Dielectric Strengths
of Various Materials at Room Temperature

Material Dielectric Constant Kk Dielectric Strength® (10° V/m)
Air (dry) 1.000 59 3
Bakelite 45 24
Fused quartz 3.78 8
Mylar 3.2 7
Neoprene rubber 6.7 12
Nylon 3.4 14
Paper 3.7 16
Paraffin-impregnated paper 3.9 11
Polystyrene 2.56 24
Polyvinyl chloride 3.4 40
Porcelain 6 12
Pyrex glass 5.6 14
Silicone oil 2.5 15
Strontium titanate 233 8
Teflon 2.1 60
Vacuum 1.000 00 —
Water 80 —

*The dielectric strength equals the maximum electric field that can exist in a dielectric without electrical breakdown.
These values depend strongly on the presence of impurities and flaws in the materials.




Types of Capacitors — Tubular

*Metallic foil may be
interlaced with thin
sheets of paraffin-
impregnated paper or
Mylar.

*The layers are rolled
into a cylinder to form
a small package for the
capacitor.

A tubular capacitor
whose plates are
separated by paper
and then rolled into
a cylinder

Paper

-

Metal foil




Types of Capacitors — QOil Filled

Common for high-
voltage capacitors

A number of
interwoven metallic
plates are immersed in
silicon oil.

A high-voltage
capacitor consisting
of many parallel
plates separated by
insulating oil

Plates




Types of Capacitors — Electrolytic

*Used to store large amounts of An electrolytic
charge at relatively low voltages capacitor

*The electrolyte is a solution that
conducts electricity by virtue of
motion of ions contained in the
solution.

*When a voltage is applied between

the foil and the electrolyte, a thin L

Case
Electrolyte l

layer of metal oxide is formed on the S Contacts
foil.
*This layer serves as a dielectric. Metallic foil + oxide layer

eLarge values of capacitance can be
obtained because the dielectric layer
is very thin and the plate separation is
very small.




Types of Capacitors — Variable

*Variable capacitors consist
of two interwoven sets of
metallic plates.

*One plate is fixed and the
other is movable.

eContain air as the
dielectric

*These capacitors generally = When one set of metal plates is

rotated so as to lie between a fixed
vary between 10 and 500 set of plates, the capacitance of the
P F. device changes.

*Used in radio tuning
circuits
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Problems ...............
Serway Book



1. The capacitance of a capacitor will be larger if
a. the spacing between the plates is increased
b. air replaces oil as the dielectric
c. the area of the plates Is increased
d. all of the above
2. The major advantage of a mica capacitor over other types is
a. they have the largest available capacitances
b. their voltage rating is very high
c. they are polarized

d. all of the above




I 3. Electrolytic capacitors are useful in applications where
a. a precise value of capacitance is required

b. low leakage current is required

c. large capacitance Is required

d. all of the above

4. 1f a 0.015 uF capacitor is in series with a 6800 pF capacitor, the total capacitance is

a. 1568 pF
b. 4678 pF
c. 6815 pF
d. 0.022 uF




5. Two capacitors that are initially uncharged are connected in series with a dc
source. Compared to the larger capacitor, the smaller capacitor will have

a. the same charge
b. more charge
c. less voltage
d. the same voltage

6. When a capacitor is connected through a resistor to a dc voltage source, the
charge on the capacitor will reach 50% of its final charge in

a. less than one time constant
b. exactly one time constant
C. greater than one time constant

d. answer depends on the amount of voltage




7. When a capacitor is connected through a series resistor and switch to a dc
voltage source, the voltage across the resistor after the switch is closed has the
shape of

a. a straight line
b. a rising exponential
c. a falling exponential
d. none of the above
8. The capacitive reactance of a 100 uF capacitor to 60 Hz is
a. 6.14 kQ
b. 265 Q
c.37.7Q
d. 26.5Q




9. If an sine wave from a function generator is applied to a capacitor, the
current will

a. lag voltage by 90°
b. lag voltage by 45°
c. be in phase with the voltage
d. none of the above
10. A switched capacitor emulates a
a. smaller capacitor
b. larger capacitor
c. battery

d. resistor




Answers:
l.c 6. a
2. b 7.cC
3.¢c 8.d
4. b 9.d

5. a 10.d




Summary 4aedall

The proportionality constant C /s called the capacitarnce of the capacitor. Its
value depends only on the geometry of the plates and not on their charge or
potential difference.

The Sl unit is called the farad (F): 1 farad (1 F)=1 coulomb per volt =1 C/V.
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Summary 4wadall

Capacitors are often combined in series and the question then becomes
what is the equivalent capacitance?

Charge Conservation

This then means: If upper plate of C; gets a charge of +Q, Then the lower plate of
C, gets a charge of -Q

If there are more than two capacitors in series, the resultant capacitance is given
by
1 Z 1

€q

If there are more than two capacitors in parall, the resultant capacitance is given by

Ceq =2_Ci
I




Thank You




1)

1%,

v,y

~ oy
="\

L/ T s

‘Qu-Saif Qaid

RS

PHY Sl -

78




