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|_ecture (5)

Capacitors and inductors in DC circuits
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A passive element (&l yaisll) js an electrical component that does not
generate power, but instead dissipates, stores, and/or releases it. Passive
elements include resistances, capacitors, and coils (also called inductors).
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A capacitor (<&4l) is a passive
electrical component that stores
electrical charge and has the
property of capacitance Azl sall,
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An inductor (<)) is a passive
electrical component formed by a coil
of wire and which exhibits the
property of inductance 4.l
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(a) Uncharged
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Charging a Capacitor
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(c) Fully charged.
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During charging
| decreases
Vc increases
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A capacitor blocks DC
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Discharging a Capacitor — <iiSall ddadi () o i
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(a) Retans charge (b) Discharging (arrows (¢) Uncharged
indicate electron flow)

During discharging
| decreases
Vc decreases



Series Capacitors (J!sill Ao cliicall Jua ¢
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(a) Charging current is same for each capacitor, I = Q7.
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(b) All capacitors store same amount of charge and
V= 0/
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Determine the total capacitance between points A and B in Figure

o C, €
\
o—tlf= +lf= lf-

I\ I\ |\
| l 10 uF 4.7 uF 8.2 uF
Cr = = = 2.30 uF
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Parallel Capacitors y— ] I , 1
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What is the total capacitance in Figure? What is the voltage across each
capacitor?

Vs

CT = Cl + C2 = 330 pF + 220 pF = 55() pF i & C.

=T 330pF ~T 220pF

i
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Determine Ct in Figure . g

= =001 4uF =T 001 4F =T=0.01 4F =001 uF =T~ 0.01 uF =T~ 001 uF

. . 1 . .

Cr = nC = (6)(0.01 uF) = 0.06 uF

£
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The Basic Inductor (or coil) S calall

An inductor is a passive electrical component formed by a coil of wire and exhibits the
property of inductance. .4 =2 xS )8 )5 e die ouwhline Jlae dga 4 Al gh 2 S calall ) alas
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Determine the induced voltage across a 1 henry (1 H) inductor when the current is
changing at a rate of 2 A/s.

di . '
Vind = Il —|=(1H)QRA/l) =2V

Winding Resistance
When a coil is made of a certain material, for example, insulated copper wire, that
wire has a certain resistance per unit of length. When many turns of wire are used

to construct a coil, the total resistance may be significant. This inherent resistance
is called the dc resistance or the winding resistance (Rw)
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(a) The wire has resistance distributed (b) Equivalent circuit

along its length, 12



Series Inductance (s o clilal) Jua g

Le=Li+La+la+ o+l oL —

Determine the total inductance for each of the series connections in Figure

O—W—W—W’UW—@ Sl 1 L Rl T Al 11 Dl 11

1 H 21 15 H SH 5 mH 2mH  10mH 1000 ¢H
(a) (b)

Ly=1H+2H+ 1L5H + 5H = 9.5H Ly=3mH + 2mH + [0mH + [ mH = [§mH
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Parallel Inductance
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RC Circuit  iiSag 4aglia cpe 4dgSa il ga -1
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The RC Time Constant () <l

The RC time constant is a fixed time interval that equals the product
of the resistance and the capacitance in a series RC circuit.

r = RC
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(a) Charging curve with percentages of the final voltage
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A series RC circuit has a resistance of 1.0 M{) and a capacitance of 4.7 uF. What is
the time constant?

T=RC = (1.0 X 10°Q)4.7 X 10°°F) = 4.7s

A series RC circuit has a 270 k£ resistor and a 3300 pF capacitor. What is the time
constant?

22



Capacitor Applications
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Capacitor Lab: Basics

https://phet.colorado.edu/en/simulation/capacitor-lab-basics

Capacitor Lab

https://phet.colorado.edu/en/simulation/capacitor-lab

Circuit Construction Kit: DC

https://phet.colorado.edu/en/simulation/circuit-construction-kit-dc

Circuit Construction Kit: DC - Virtual Lab

https://phet.colorado.edu/en/simulation/circuit-construction-kit-dc-virtual-lab

Circuit Construction Kit (AC+DC)

https://phet.colorado.edu/en/simulation/legacy/circuit-construction-kit-ac

Circuit Construction Kit (AC+DC), Virtual Lab

https://phet.colorado.edu/en/simulation/legacy/circuit-construction-kit-ac-virtual-lab
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