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Chapter 30

Inductance and
Electromagnetic
Oscillations

Units of Chapter 30
* 30.1 Mutual Inductance: 1
» 30.2 Self-Inductance: 2, 3, & 4

« 30.3 Energy Stored in a Magnetic Field: 5, 6, &
7

*30.4 LR Circuit: 8,9, & 10

+ 30.5 LC Circuits and Electromagnetic
Oscillations: 11,12, & 13

» 30.6 LC Oscillations with Resistance (LRC
Circuit): 14 & 15

« Faraday’ s Law: Changing current in a
circuit will induce emf in that circuit as
well as others nearby

* Self-Inductance: Circuit induces emf in
itself

* Mutual Inductance: Circuit induces emf in
second circuit




30-1 Mutual Inductance

emf induced in circuit 2 by changing
currents in circuit 1, through mutual

inductance:

dl,
€= —M—
21 dt

* The mutual inductance M depends
only on the geometry of the two-circuit
system

* subscripts are omitted, as M,, = M,,
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Pre Inductance Review
Review the BIG 4 (Gauss?, Faraday, Amperes)
Determine B for a solenoid
Solve for the current in the solenoid
Determine the magnetic flux in the solenoid

Determine the self inductance

IH=1Wb/A=1T-m?’/A =1Q-s

28.5 Magnetic Field of a Solenoid and a
Toroid
Ampeére’ s law can be used to calculate the
magnetic field in situations with a high degree
of symmetry.

Current
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IMPORTANT NOTE: n is equal to the number
of loops per unit length (aka. Loop Density).
It is NOT the number of wires!
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30-1 Mutual Inductance

Units of inductance: Henry
IH=1Wb/A=1T-m* A =1Q-s
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30-2 Self-Inductance

emf induced through self-inductance:
_d%p _ _, dl
dt dt

<

1=

The inductance L is a proportionality
constant that depends on the geometry
of the circuit

Magnetic materials will change self-
inductance by changing magnetic flux
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Mutual Inductance vs. Self-Inductance
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30-3 Energy Stored in a Magnetic Field

» Work must be done to create
current through inductor

» This changes the energy stored in
the inductor

» Starting from zero current:

2

1
Uy = 5L




30-3 Energy Stored in a Magnetic Field

The energy in a solenoid depends on the
current, and therefore on the magnetic field
created by the current:

v = LB
L 2w
giving the energy density of the magnetic field:
1 B2
Ugp = -
B 2o
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Inductance Practice (Homework)
« Ex. 30-1 Solenoid and coil (§ 30-1)

« Ex. 30-2 Direction of emf in a solenoid
(§ 30-2)

« Ex. 30-3 Solenoid inductance (§ 30-2)
« Energy stored in a solenoid (§ 30-3)

- Energy density in a solenoid’ s magnetic field
(§ 30-3)

« Ex. 30-4 Coaxial cable Inductance (§ 30-2)

« Ex. 30-5 Energy stored in a coaxial cable
(§ 30-3)

30-4 LR Circuits
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When the switch closes, the inductor keeps
the current from attaining its maximum value
immediately. That is when the current is
changing most rapidly, and when the potential
drop across the conductor is at a maximum.




30-4 LR Circuits
Inductor causes smooth
i increase in current instead
of instantaneous current
change.
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Current as a function of time:
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30-5 Oscillations in LC Circuits and
Electromagnetic Oscillations

« Start with charged !

~—
capacitor

« It will discharge through
inductor, and then recharge__| ¢
in opposite sense c T

« If no resistance, will
continue indefinitely

30-5 Oscillations in LC Circuits and
Electromagnetic Oscillations

Charge on capacitor oscillates with frequency w:

1

Vic

Charge as a function of time:

Q = Qpcos(wt + )

w =

Here, Q, is the original charge and ¢ sets the
phase at t = 0.




30-6 LC Oscillations with Resistance (LRC
Circuits)
Q Damped (R > 0)
Q

Charge on capacitor
Q

~Qo
/ Time

Undamped (R = 0 Q)
Copyright © 2005 Pearson Prentice Hall, Inc.
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30-6 LC Oscillations with Resistance (LRC

Circuits)
’Q  ,d0  Q
Charge equation: L +R—+—==0
geed dr? d C
Solution: Q@ = Que “cos(w't + ¢)
h R
a=—
where 5L
2 1 R2 ! 2 2 2
- =— —a =w —a

and ©° =TT T I

30-6 LC Oscillations with Resistance (LRC
Circuits)
For a certain value of R, w’' = 0. This
is called critical damping.
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30-6 LC Oscillations with Resistance (LRC
Circuits)
* In a pure LC circuit, energy is transferred back
and forth between the capacitor’ s electric field
and the inductor’ s magnetic field.

* Including a resistor causes PR losses, which
show up as heat.
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Homework: Inductance Practice
« Ex. 30-1 Solenoid and coil (§ 30-1)

« Ex. 30-2 Direction of emf in a solenoid
(§ 30-2)

« Ex. 30-3 Solenoid inductance (§ 30-2)
« Energy stored in a solenoid (§ 30-3)

- Energy density in a solenoid’ s magnetic field
(§ 30-3)

« Ex. 30-4 Coaxial cable Inductance (§ 30-2)

« Ex. 30-5 Energy stored in a coaxial cable
(§ 30-3)

Homework: Derivations for Inductance
- LR Circuit (§ 30-4fcircuits
+ LC Circuit (§ 30-5)
+ LRC Circuit (§ 30-6)




Summary of Chapter 30
* Definition of inductance: $p = L/
*Induced emf: ¢ = 7& = = ﬂ
dt dt
*emfinducedina dI,
second loop: a1 = _ME
* Energy in an U, = luz
inductor: 2
. . 1 B
Energy density of a ug =~ —
magnetic field: 2 o
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Summary of Chapter 30, cont.

* LC circuit oscillations: « =

(-

* LRC circuit oscillations:
Q = Qpe “cos(w't + ¢)
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Important Derivatives:
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Modification of Kirchhoff' s loop rule:

In moving across an inductor of inductance L
along (or against) the presumed direction of
the current /, the potential change is AV =-L
dlldt (or +L dlldt, respectively). -el fin aside-
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