Self-inductance

*\When the switch is closed, the current does not immediately reach its max
value

*As the current increases, the magnetic flux through the loop due to this
current also increases. The magnetic flux is proportional to | and the
proportionality constant is called self-inductance

¢ = LI

when | is changing, the magnetic flux varies due to the current changes,
so an emf is induced in the circuit opposite to the
emf of the battery

d/
£ =—L——
dt
The Sl unit of inductance is the henry (H)

H=1"'8
A




Self-inductance of a solenoid

For a long tightly wound solenoid with n = N/ £

® = NunlA=un’IAl = LI

L=un°Al

A coil or solenoid has a large self-inductance and is called an
inductor. The potential difference across an inductor is

AV=€—II’=—Lﬂ—II’
dt

IO —

For an ideal inductor (r=0)

av =14
dt
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Mutual Inductance

magnetic flux through the area enclosed by a circuit varies with
time because of time-varying currents in nearby circuits

The current in coil 1 with N4 turns sets up a magnetic field some
of which pass through coil 2

Coil 2 has N> turns

M12 = mutual inductance of coil 2 with respect to coil 1

M., = Nz;bu
1
If 11 varies with time £,=—N, A0y _ -M,, di
Similarly for |2 dt dt
dl
81:_M21d—t2 Mi2 =M1 =M




Example: 2 concentric solenoids

+

®» |nside the inner solenoid B, = uyn,,
= Qutside B1 =0, hence

= the flux of B1 through the outer
solenoid area is

®,, =N,B, (E’iz) = Au()nan(ﬂ’?iz)Ile =M, =D,/ = Monlnz(mﬁlz)g

= The flux of B2 through the inner solenoid is:

D, = Nle(”’iz) = //‘on1n2(m”12)12€ =M, ,=D,/I,=M,,
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Energy in a magnetic field

Wy XK
e—L % RI + k .
4 —_ L
d / © \ -
Je=I*R+LI=— mamm

Ie =rate ot energy supplied by the battery

I’R = rate at which energy dissipated by R
aJ /7 dl = rate at which energy is stored in the inductor

ot ot

If 1
U=fLIdI=—LI]% 1 5 2 .
0 2 . _ 2
In a solenoid U= Epon AE(M] 2—H.9A€
U B?

g = This applies to any region in which a
Al 2u, magnetic field exists (not just the
solenoid) 57




RL circuits

The inductor 1n the circuit opposes changes in the current |

E—IR—LE£=0
dt
- . B di
At t=0 (switch open) I=0 and e=L—

At t=o0 dI/dt =0 and I=¢/R

r=£(1-e ")

R

t= L / R time constant = time required for
| to reach 63.2% of its max value

I1=0

Wy
R
N +
i) | LE
dl e | E
= = — —
dt),., L O/g
S
I
E/R [F——————————~
£
0.632 RIE—— T=L/R
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i RL circuit

= |f the battery is excluded the current cannot go
iInstantaneously to zero since there is L

I
—Lﬂ = RI
dt 10 |

At t=0 I=Io
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