ECE 329 University of Illinois at Urbana-Champaign

Lecture 17

1 Example of rotating loop

B=12T £ / A conducting loop of a radius r = 0.1 m (see figure in the
Y margin) is being rotated about the x axis with frequency of
f = w/2m = 60 Hz in a region with a DC magnetic field of
B = 10Z T. Determine the induced current in the loop if the
/"‘\7< loop resistance is 12 (2.
// *  a)Find magnetic flux ¥ = [, B-dS
74\*(’ b)Calculate EMF € = — L;—il
c)Current | = E

2 Example of motional EMF

A conducting bar of resistance R; = 1 (2 ohms is

_ c 1 7=3Em/s moved in the x-direction with a velocity v =
HD 3X m/s on a pair of perfect conducting (R = 0)
________ R2® 2§®®€®®® stationary rails 2 m apart terminated with a load
i 1 =19 ", resistance R, atx = 0, all constituting a
I OO 6 2 g
e et . rectangular contour C to be taken

counterclockwise. A constant magnetic field of
B = 19T is linked through contour C.

a) Find magnetic flux ¥ = f S B-dS , from that, calculate EMF € = — i—i’

b) EMEF can also be written as € = ¢, (E+7xB)-dl

¢) vand B are given, find E relationship

d) If R, is known, calculate E
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3 Example of infinite solenoid

B-:B An infinite solenoid producing a constant — % =8V,

passes through a small loop consisting of a 1 2
resistor on the right and a 3 (2 resistor on the left,

7 e = / connected in series — see margin plot. What is the
. b < smE=SS N, Ccurrent Ic through this resistor loop, and what voltages
S (e NEHER —  would be measured (by a voltmeter) across the
/ ; / individual resistors?

€
b) Current ] = "
c) Voltmeter measurement across points A and B,isit 6 V or =2 V?

- Depends on the voltmeter connection

4 Inductance
4.1 Self inductance L

[ - —Lg ° Ilfwe have a linear flux-current relation ¥ = LI, then constant
. dt L = —is the self-inductance of path C, an elementary inductor.
YN I
+ Vi) = Ld—j - e EMF ofinductor L is € = —L%, which is the voltage rise across
dt the inductor in the direction of current I

4.2 Mutual inductance M

e If we have an external loop with current I,, whose magnetic field lines are piecing
through the original loop, then flux ¥ = LI + M1,

e Differencing flux with time, we get Z—i’ =1 % +M % =€
e Or, the differential equation can be written as L % +RlI=—-M % 2 L 3
o Ifthere’s no external source, right hand side equals zero. o
LZ+RI=0
o Ifself inductance L is small, we get Rl = — % = €, same

as last lecture
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4.3 Multi-loop inductance

EMF € measured around n-loops is

-——Length, £ —»‘

Cross-sectional area, A

( }/ 8_<d'I’_dlp_Ld1
- dt)_ a T tar

Core material

ST, . . ny
Number of ums. N Apd the inductance is L = v

Note: lowercase n is number of loops.

5 Example of infinite solenoid

N>

B Consider a long solenoid with length [, cross-sectional area A, and a

B =
1 density of N loops per unit length.

The magnetic flux density in the interior of the solenoid is

B =u,IN2

The magnetic flux is ¥ = | B-dS = u,INA

Note: Uppercase N is number density (number of loops per unit length

Son = NI

B = pu,IN The inductance of the solenoid is

L increases quadratically with number density N or number of loops n
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