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Chapter 3

• Outline
– The capacitor
– The inductor
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The Capacitor
Two conductors (a,b) separated by an insulator:

difference in potential = Vab
=> equal & opposite charge Q on conductors

Q = CVab

where C is the capacitance of the structure, 
positive (+) charge is on the conductor at higher potential. 
the net charge is zero.

(stored charge on each 
plate in terms of voltage)

Parallel-plate capacitor:
• area of the plates = A (m2)
• separation between plates = d (m)
• dielectric permittivity of insulator = ε
(F/m)

=> capacitance d
AC ε

= F(F)
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Capacitor

Symbol:

Units:  Farads (Coulombs/Volt)

Current-Voltage relationship:

or

+
vc
–

ic

dt
dvC

dt
dQi c

c ==

C C

(typical range of values: 1 pF to 1 µF; for “supercapa-
citors” up to a few F!)

+

Electrolytic (polarized)
capacitor

C

These have high capacitance and cannot
support voltage drops of the  wrong polarity

To write this it is important to have use a passive 
convention, otherwise you need a minus sign.

Note: vc must be a continuous function of time since the
charge stored on each plate cannot change suddenly
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Voltage in Terms of Current
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Uses:  Capacitors are used to store energy for camera flashbulbs,
in filters that separate various frequency signals, and
they appear as undesired “parasitic” elements in circuits where
they usually degrade circuit performance

At higher frequencies capacitors become increasingly like short circuits
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Stored Energy
CAPACITORS STORE ELECTRIC ENERGY

During charging, the average voltage across the capacitor 
was only half the final value of V for a linear capacitor.

Thus, the energy needed to
build up the charge  is .

2
2
1       

2
1 CVQV =

Example: A 1 pF capacitance charged to 5 Volts 
has  ½(5V)2 (1pF) = 12.5 pJ
(A 5F supercapacitor charged to 5
volts stores 63 J; if it discharged at a
constant rate in 1 ms energy is
discharged at a 63 kW rate!)
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A more rigorous derivation
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This derivation holds 
independent of the circuit!

+
vc
–
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Example: Current, Power & Energy for a Capacitor

dt
dvCi =

–
+

v(t)
i(t)

10 µF

t (µs)

v (V)

0 2 3 4 51

t (µs)0 2 3 4 51

1

i (A) vc and q must be continuous
functions of time; however,
ic can be discontinuous.

)0()(1)(
0

vdi
C

tv
t

+= ∫ ττ

Note: In “steady state”
(dc operation), time
derivatives are zero

C is an open circuit
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vip =

0

w (J)

2 3 4 51

–
+

v(t) 10 µF

i(t)

0 1

p (W)

t (µs)
2 3 4 5

t (µs)

2

0 2
1 Cvpdw

t

∫ == τ
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Capacitors in series and parallel
+   v1(t)  –

C2

+   v2(t)  –

+

v(t)=v1(t)+v2(t)

–

C1 i(t)i(t) Ceq

21

111
CCCeq

+=

Similarly, for capacitors in parallel, the capacitance adds.
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Inductor

Symbol:

Units:  Henrys (Volts • second / Ampere)

Current in terms of voltage:

Note: iL must be a continuous function of time
because magnetic flux cannot change suddenly

+
vL
–

iL

∫ +=

=
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)(1

0ττ

L

(typical range of values: µH to 10 H)

To write this it is important to use
the passive configuration.
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Stored Energy

Consider an inductor having an initial current i(t0) = i0

2
0

2

2
1
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1)(

)()(
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INDUCTORS STORE MAGNETIC ENERGY

At higher frequencies inductors behave increasingly like open circuits.
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Inductors in Series and Parallel

Common
Current

Common
Voltage
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Summary
Capacitor

v cannot change instantaneously
i can change instantaneously
Do not short-circuit a charged
capacitor (-> infinite current!)

n cap.’s in series:

n cap.’s in parallel:

In steady state (not time-varying), 
a capacitor behaves like an open 
circuit.

Inductor

i cannot change instantaneously
v can change instantaneously
Do not open-circuit an inductor with 
current (-> infinite voltage!)

n ind.’s in series:

n ind.’s in parallel:

In steady state, an inductor 
behaves like a short circuit.

∑

∑

=

=

=

=

n

i
ieq

n

i ieq

CC

CC

1

1

11

21;
2

dvi C w Cv
dt

= = 21;
2

div L w Li
dt

= =

∑

∑

=

=

=

=

n

i ieq

n

i
ieq

LL

LL

1

1

11


	EE40Lecture 10Venkat Anantharam
	Chapter 3
	The Capacitor
	Capacitor
	Voltage in Terms of Current
	Stored Energy
	A more rigorous derivation
	Example: Current, Power & Energy for a Capacitor
	
	Capacitors in series and parallel
	Inductor
	Stored Energy
	Inductors in Series and Parallel
	Summary


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


