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Example 3:

The Faraday disk generator consists of a circular metal disk rotating with a constant angular
velocity w in a uniform and constant magnetic flux density B = a. B, that is parallel to the
axis of rotation. Brush contacts are provided at the axis and on the rim of the disk. Determine

the open-circuit voltage of the generator if the radius of the disk is b.
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Faraday disk generator

Solution I
P = / B-ds (1)
S
ﬁ = éz BO (2)
ds = a,rdodr 3)
B - ds = Byddrdr (1)

Aﬂ 6= d¢

@:/Sﬁ-ds*:/ob/om Bodor dr (5)
QZS:BO/OWtdd)/Obrdr (6)
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Solution I

dl = dr = a, dr

ﬁ'xﬁ-dF:Bowrdr

4 0 1 0
Voz/ BowrdT:ng/ rdr = w By [—7’2]
3 b 2

1
Vo = =" Byw
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Example 4:
An h by w rectangular conducting loop is situated in a changing magnetic field B = a, B sinwt.
The normal of the loop initially makes an angle oy with a,. Find the induced emf in the loop

a) when the loop is at rest, b) when the loop rotates with an angular velocity w about the axis.
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b) View from +x direction
a)
dd
v=_ % 19
I (19)
P = / B-ds (20)
s

B = a, By sinwt (21)
ds=a,ds =a,drdz (22)
a,-a, = cosq (23)
B - ds = By cosapsinwt dz dz (24)
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w/2 h/2
b = / By cosap sinwtdzx dz (25)
—w/2 J—h/2
w/2 h/2
® = By cos ag sinwt / dzr dz (26)
—w/2J —h/2
w/2 h/2
drdz=wh=>5 (area of the loop) (27)
—w/2J —h/2
® = By S cos g sinwt (28)
do
V= = —w By S cos g cos wt (29)
If the circuit is completed through an external load, V' will produce a current that will oppose
the change in &.
b)
dd
V=——F 30
p (30)
P = / B - ds (31)
S
B = a, By sinwt (32)
ds =a,ds =a,dxdz (33)
a,, rotates with angular velocity w, so the angle between a,, and a, changes with time.
a =g+ wt (34)
a, -a, = cosa = cos(ag + wt) (35)
& = B S cos(ap + wt) sinwt (36)
dd d
== —-By S 7 [cos(ap + wt) sin wi] (37)
7 [cos(ap + wt) sinwt] = —w sin(ay + wt) sinwt + w cos(ay + wt) coswt (38)
V = —By S |—w sin(ap + wt) sinwt + w cos(ag + wt) cos wt] (39)
V = —w By S'[cos(ap + wt) coswt — sin(ag + wt) sin wt] (40)
cos(x 4+ y) = cosx cosy — sinx siny (41)
V = —w By S cos[(a + wt) + wt] (42)
V =—wBy S cos(ag + 2wt) = —w By S cos(2wt + o) (43)
V = —wBy S cos(2wt + ayp) (44)
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