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Inductors

* Just like energy can be stored in an electric

field (ie, a capacitor) it can also be stored in a
magnetic field.

* Charge carriers lose energy when they
increase the magnetic field and they gain

energy from the magnetic field when it
decays.

* Faraday’s law of induction:
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Inductors

ponl
— Turns per unit length:n = N /¢
£ dt

Magnetic flux: ¢,,, = BA
Potential difference:

N%Adl
AV — _Ho

Consider a solenoid: B

In general,
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Initial condition: i(0) = 0



One Loop




One Loop

Homogeneous equation:
di N R 0
—_— — 1 =
dt L
Solution to the homogeneous equation:

l(t) = Ioe_(R/L)t
Particular solution:

, V
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Complete solution:

V
i(t) = Ije”(R/DE 4 -



One Loop

 Complete solution:

vV
i(t) = [je~R/DE 4 -

* |nitial condition:
V
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e Solution:

i(6) = 7 (1 — e~ @/)



Inductors in Circuits

* |nitially, an inductor acts like an open circuit
— No current is flowing through the inductor

— All the electrical potential energy is used up in
creating the magnetic field

e Ast — o0, an inductor acts like a wire

— No potential difference across the inductor
— The magnetic field is constant (d¢,,,/dt = 0)



RLC Circuits
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RLC Circuits

d’i Rdi i
dt2 ' Ldt LC
e letwi =1/LCandy = R/2L
d?i o di
atz " Ve
 Suppose i(t) is of the form i(t) = c e**
* Then a? + 2ya + wi =0

a=—yi\/yz—w§

+ wii =0




RLC Circuits

* If y > w, then the roots are real:
i(t) = Ae v+t + Be7 V-t

Vi=yir\/y2—w§

* If y < wy then the roots are complex:
i(t) = Ae Y sin wt + Be™ "t cos wt

w=\/w§—y2




RLC Circuits

e Suppose the roots are complex and we have a
solution that oscillates

e Attimet = 0, no current is flowing because of
the inductor.

— Therefore, B =0

* Original equation attime t = 0:

IV Ldi—O
dt

Lo =Aw D A=V/wl




RLC Circuits

i(t) = Le"’t sin wt
wL
* Example: L G
V=10V
R=100Q

L=5mH - ./l
C=005uF




Mutual Inductance
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Galvanometer

 The magnetic flux is generated by the current in Coil 1

* The changing magnetic flux induces a potential
difference across Coil 2

¢12 al;

M —
dt 12 dt
Likewise, a magnetic flux can be generated by current in
Coil 2 which induces a potential difference across Coil 1:
¢21 al,

M S
dt “Ldt

AV, = —N,

AV]_ — _Nl



Mutual Inductance

* The reciprocity theorem can be used to show
that

Mi; =My =M
 Mutual inductance can be expressed in terms
of self-inductance of each coil:

M — L]_LZ

* This assumes optimal coupling between the
two coils which is not always the case

M = k./L{L,



Mutual Inductance
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Coupled Inductors

inductance as we have been

* This represents an arbitrary mutual . .
discussing:

* When the secondary coil is

connected backwards we need to flip °
the sign of the induced potential:

* This just indicates that the flux is é
contained in a core material (like iron %

or ferrite): ||



A Circuit with Mutual Inductance

R, R,
_ M
V |+
T e Lq Ly iy(t)
V—i,R —L dhy Mdi2 =0
L dt
P Ldiz'Mdil—O
e A T



A Circuit with Mutual Inductance

e Assume solutions might be of the form:
i(t)=ITe %

(R1 —al,4 aM ) (il) _ (V)
aM R, —al,/ \i, 0
* First, solve the homogeneous equation:
(Rl —al, aM ) (il) _ (O)
aM R, —al,) \i, 0
a’*(L{L, — M?) — a(R{L, + R,L{) + R{R, =0

* When the coupling is perfect, M? = L{L, and
R1R

a —
Ri{L, + R,L4




A Circuit with Mutual Inductance

* Eigenvectors:
R1 — C(Ll aM A . 0
ot rysar,) ()=o)
_aly — Ry
- aM
* Add in the particular solution:

ll(t) — A e_at

vV
Ry

al; — R4
4 t — A( ) —at
(1) aM /)¢
* Initial condition:i;(0) =0=>A4 = -V /R,




A Circuit with Mutual Inductance

 The current in the first loop behaves as before:

i1(t)

* The currentin the second loop:

) = 1% (L1 — Rl/a>e—at

R, M
_V (Rila) V|l
R, \ MR, Rz |[L1

(Assuming perfect coupling)



A Circuit with Mutual Inductance

* Special case when R{ = R, and Ly = L>:

-t

 Recall that for an ideal solenoid,

N<4A
L:MO
4

L, N;

Jii M

(sometimes called the “turns ratio”)



Real Inductors

* |n the earlier example we used L = 5 mH
* What does a 5 mH inductor look like?
* Example: Bournes SDR0503-502JL

Product Dimensions
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BOURNS®

Electrical Specifications

Real Inductors

Features

m Available in E12 series

B Low profile of only 3.3 mm
m High inductance of 15 mH
m RoHS compliant*

Applications
m [nput/output of DC/DC converters
m Power supplies for:

- Portable communications equipment
- Camcorders
- LCDTVs

SDR0503 Series - SMD Power Inductors

General Specifications
TestVoltage ..o, 1V

Bourns Part No. inductance Ttz Q Fre-cl;z:tncy E‘I?: Elgf II'\;I-::: !l':?zi Heflow_SoIdering ... 230 °C, 50 seC. MaX.
o I ol - el il B RS N R
SDR0503-100ML| 10 + 20 10 252 300 | 013 | 1.300 | 1.600 Storage Temperatufe“_ -40 °C 1o +125 °C
SDR0503-120ML| 12 + 20 20 252 290 | 016 | 1.200 | 1.450 Resistance to Soldering Heat
SDR0503-150ML| 15 + 20 20 2.52 270 | 019 | 1050 | 1.260 | e, 260 °C for 5 sec.
SDR0503-180ML| 18 =20 | 20 2.52 240 | 021 | 0950 | 1.300 Moisture Sensitivity Level................... 1
SDR0503-220ML| 22 + 20 20 2.52 220 | 028 | 0.900 | 1.060 ESD Classification (HBM).................. N/A
SDR0503-270ML| 27 + 20 20 2.52 20.0 | 032 | 0.800 | 1.000
SDR0503-330KL| 33 +10 15 2.52 18.0 038 | 0.700 | 0.850 Materials
SDR0503-390KL| 39 +10 15 252 170 | 042 | 0650 | 0.800 oM e Ferrite DR
SDR0503-470KL| 47 +10 20 252 140 | 060 | 0.600 | 0.750 Wire ....ooveeee. ...Enameled copper
SDR0503-560KL| 56 +10 20 252 13.0 | 071 | 0500 | 0.700 Terminal ... Ag/Ni/Sn
SDR0503-680KL| 68 + 10 20 2.52 120 | 0.76 | 0.450 | 0.600 Rated Current...Ind. drop 10 % typ. at Isat
SDR0503-820KL| 82 +10 15 252 10.0 | 0.88 | 0420 | 0520 Temp. Rise......... 40°C max. at rated Irms
Packaging...................... 500 pcs. per reel
SDRO503-101KL| 100 =10 40 0.796 9.0 1.60 | 0.400 | 0.480
Tl e AU TP DO e T AL —_ T LI N S N n wr T LW TS LR W LN
SDR0503-502JL | 5000 + 5 40 0.252 1.0 60.00 0.039 0.050
Pl W o W Tl s e Ll W ) — a P T N - ) —w ol atlale el e lata




Real Inductors

* Real inductors dissipate energy in the core material.
— A “high-Q” inductor dissipates less energy than a “low-Q”
inductor
* Real inductors are made with a coil if wire that is usually
very thin and has its own resistance.
— RDC is the DC resistance of the inductor
— In this example it is 60 Q.
* If you put too much current through the inductor it will
dissipate too much heat and start to smoke...
— In this example the maximum current is 39 mA

* The core material will saturate with a maximum magnetic

field strength
— In this case the core saturates at 50 mA



Real Inductors

* A model for a real inductor can be constructed from ideal
circuit elements:




Real Inductors

Electrical Specifications (@25C):

Current | Inductance t1 Resistance
DC Amps Henries Ohms
225 0.005 0.06

Dimensions:

11 = Inductance tolerance -20%, + 50 %

lUnit: In inches

A

B

E

3.750

450

4187

3.730

3.50

Weight: 12.75 Ibs.




Real Inductors

This equipment might need to handle 500 kV and
thousands of amperes.



