Course Updates

Reminders:

1) Assignment #10 > due next Wednesday
2)Midterm #2 take-home Friday

3)Quiz # 5 next week

4)Inductance, Inductors, RLC



Mutual Inductance

If we have a constant current i, in coil 1,
a constant magnetic field is created and
this produces a constant magnetic flux in
coil 2. Since the dg, Is constant, there NO
Induced current in coil 2.

If current i, Is time varying, then the ®g,

flux Is varying and this induces an emf ¢,
In coil 2, the emf is

ddgs
dt

&9 =—N2

Coil 1
N] turns } Coil 2
} N, turns
‘{17‘
E (I)BZ

We introduce a ratio, called mutual inductance, of flux in coil 2

divided by the current in coil 1.

No®go
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Mutual Inductance

mutual inductance, M,y = szDBZ , can now be used in Faraday’s egn

I1
M21 11 =Ny @p
dll d(DBZ dll
M =N =—&9; &y =—Mo1—
21 . dt 2 dt 2 2 21 dt

We can also the varying current I, which creates a changing flux ®g;,
In coil 1 and induces an emf ¢;. This Is given by a similar eqn.

di,
g =—M
12 . dt

It can be shown (we do not prove here) that, M, =M, =M

The units of mutual inductance is T - m?/A = Weber/A = Henry

(after the Joseph Henry)



Mutual Inductance

The induced emf, di,

has the following features;

* The induced emf opposes the magnetic flux change

* The induced emf increases if the currents changes very fast

» The induced emf depends on M, which depends only the geometry
of the two coils and not the current.

* For a few simple cases, we can calculate M, but usually it is just
measured.



Problem 30.1

Two coils have mutual inductance of 3.25x10~* H. The current

In the first coll increases at a uniform rate of 830 A/s .

A) What is the magnitude of induced emf in the 2" coil? Is it
constant?

B) suppose that the current is instead in the 2" coil, what is the
magnitude of the induced emf in the 15t coil?

di,

dt

=—(3.25x10™*H )(8305) =-0.27V
S

&, =—M



Tesla Coil Example

Cross-sectional area A

Black coil: Ny turns
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Induced emf in coill from coil2 is

The

dt
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Applications of Mutual Inductance

iron

. ==
» Transformers (still to come) N, Adl JEA
Vo=—2V, O b
N1 Fa | b W

o Airport Metal Detectors rimany) (stoncry




Applications of Mutual Inductance

e Pacemakers

— Alternating current
B
@B




Applications of Mutual Inductance
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Upon leaving the hospital with his new
pacemaker, Herman realizes that
batteries are NOT included.



Nicolai Tesla (1856-1943)

Born in Croatia, graduated from University of
Prague. Arrived in New York with 4cents and went
to work for Edison. Tesla invented polyphase
alternating-current system, induction motor,
alternating-current power transmission, Tesla

coll transformer, wireless communication, radio,
and fluorescent lights. He set up a Tesla coil in

_Colorado Sprin_gs In 1899,_ below
& IS a photo of this lab. He lighted
== |lamps 40Km away. He also claimed
== to receive messages from another
> planet!! In honor of his contributions
migdy t0 electromagnetic phenomena, the
il Magnetic field intensity was named

In units of “Tesla”




Self Inductance

We previously considered induction between 2 coils. Now we consider
the situation where a single isolated coil induces emf on itself. This is
Called "back emf” and if the current changes, there is a self induced emf
that opposes the change in current. We form the same ratio, now called
Self-Inductance, L,

| —

and we have the back emf,




Behavior of isolated coil in circuits

a a

il/ & "f\L L

b b
di
Vp = iR Coilwith '@~ “a
a) constant current i has NO
Voltage drop
b) di/dt>0, potential decreases
from ato b, V=Ldi/dt
c) di/dt<O, potential increases
from ato b, V=-L|di/dt|

Resistor with current |
has potential drop, V=IR
fromatob

Remember, emf in coil opposes current change.



Self inductance of long solenoid

e Long Solenoid: l
N r, /
N
r<<l= B = yol—l

N turns

A:ﬂr2:>¢:BA=yOITI—I7zr2

N
(DB :lLlOI—Iﬂ'rz

Inductance of solenoid can then be calculated as:

4 )
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Two simple pieces of wire A and B are shaped

Into almost complete loops. The loose ends of

each loop are connected to identical batteries. A s
Assume the loops have the same total

resistance, and that they do not interfere with

each other.

a) A
b) B
C) same




Two simple pieces of wire A and B are shaped

Into almost complete loops. The loose ends of

each loop are connected to identical batteries. A s
Assume the loops have the same total

resistance, and that they do not interfere with

each other.

m B = 1,/(2R)

Y B A=rnR? @BEI|§Od§
C) same R



Two simple pieces of wire A and B are shaped

Into almost complete loops. The loose ends of

each loop are connected to identical batteries. A
Assume the loops have the same total
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Two simple pieces of wire A and B are shaped

Into almost complete loops. The loose ends of

each loop are connected to identical batteries. A
Assume the loops have the same total

resistance, and that they do not interfere with

each other.
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Question 2

e Consider the two inductors shown: @ %

N turns 2N turns




Question 2
e Consider the two inductors shown: @

Nturns 2N turns
L,

2l, 2N

L,~L, L,=L, L,>L,

* To dctzrming the sﬂfzinductance L, we need to determine the flux @&,
which passes through the cceils when a current | flows: L=N@, /I

 To calculate the flux, we first need 1o caiculate the magnetic field B
prod@o by hégurrent B = py(N/I




Question 2

* To calculate L, we need to calculate the
l 21
flux.
B,=B,

Nturns 2N turns

L,=2L,

Inductors in series add (like resistors): [ L. =L +L, ]

add like resistors in parallel: *

And inductors in parallel 1 1 1
Le L L




Self Inductance of toroidal solenoid

The magnetic field in a toroid was

NI
g=+0"
2nr
and the net mag.flux is
NI
dp =BA="0" A
27
Hence the self inductance is,

- 2
N
L NPg _ NN\ N7z
| | 2721 27
Example 30.3 N=200, A=5cm2, r=0.1m

| _200%47 10"
27(0.1)

5x1074 = 40 1H



For next time

 Midterm 2 — take home for problems didn’t get on
exam [to get Scaled grade]

 Homework #10 assigned [due next Wednesday]

e QuIiz next week




