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A Self-excited Magnetic Dynamo

2.1) L%HRi = & e, (i) (1.0 point)

2.2) If the length ¢ of solenoid is much greater than its diameter, then the magnetic flux density in

the inside mid-section of the solenoid is given by

B - ”07'\“ ................... (ii) (1.5 points)

brush

B is directed out of plane of paper
The electric field intensity (E) at distance r from the centre of the axle is
E=Bor

pointing towards the rim of the disc. The induced e.m.f. (£) between terminals P and Q is
given by
y,Niwa’

Bordr = %Bwaz o Nl (iii) (2.0 points)
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2.4) By combining the results in 2.1) and 2.3) we get
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LR - [—“ONa ‘”Ji
dt
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d. 1 goNa’w ). : :
— = +=|=——-R|i = +vi 0.5 point
dt L[ 20 ! (0.5 point)

i(t) = i(0)e" (iv) (1.0 point)
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2.5) In order that the current i(t) will grow, the value of » must be positive otherwise the current

will gradually decay.

2
M—R >0 (1.5 points)
20
oy = 2R V) (0.5 point)
HoNa
2.6)
Method 1
sliding contact
ior—> f/
l M
B is directed out of plane of paper
At the instant t the current is givenin 4) as i(t) = i(0)e".
The magnetic force 6 f on the current element ior is 6 f = Bior. (1.0 point)

The torque 67 = ro f = Birdor opposes the rotation of the disc.

The total torque 7 = j Birsr = %Bia2
=0
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%iz _ %P(O)euyt ..................... (vi) (1.0 point)
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In order to maintain the angular velocity of the disc at a steady value we must apply a turning
torque of equal magnitude and of opposite direction to that of (vi).

tw=i°R +%(magnetic energy in solenoid ) (1.0 point)
:i2R+Lﬂi
dt
ﬂoNaz i2 ,UoNaZ i2 w25 :
=002 = 2 " j2(0)e™ 1.0 point
EY TR (1.0 poing
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