18.

(a)

(b)

The rotational frequency (in revolutions per second) is identical to the time-dependent voltage
frequency (in cycles per second, or Hertz). This conclusion should not be considered obvious, and
the calculation shown in part (b) should serve to reinforce it.

First, we define angle relative to the plane of Fig. 31-41, such that the semicircular wire is in the
6 = 0 position and a quarter of a period (of revolution) later it will be in the § = 7/2 position
(where its midpoint will reach a distance of a above the plane of the figure). At the moment it is
in the § = 7/2 position, the area enclosed by the “circuit” will appear to us (as we look down at
the figure) to that of a simple rectangle (call this area Ay which is the area it will again appear to
enclose when the wire is in the § = 37/2 position). Since the area of the semicircle is 7a?/2 then
the area (as it appears to us) enclosed by the circuit, as a function of our angle 0, is

2
A:AO—I—%COSQ

where (since 0 is increasing at a steady rate) the angle depends linearly on time, which we can write
either as 0 = wt or § = 2w ft if we take t = 0 to be a moment when the arc is in the § = 0 position.
Since B is uniform (in space) and constant (in time), Faraday’s law leads to

7Ta2
ddp dA d (AO + T3 cos 9) ma? dcos(2m ft)
dt dt dt 2 dt

which yields €& = Br2a?f sin(2n ft). This (due to the sinusoidal dependence) reinforces the conclu-
sion in part (a) and also (due to the factors in front of the sine) provides the voltage amplitude:
Emax = Bm2ad?f.



	Main Menu
	Chapter 1 Measurement
	Chapter 2 Motion Along a Straight Line
	Chapter 3 Vectors
	Chapter 4 Motion in Two and Three Dimensions
	Chapter 5 Force and Motion I
	Chapter 6 Force and Motion II
	Chapter 7 Kinetic Energy and Work
	Chapter 8 Potential Energy and Conservation of Energy
	Chapter 9 Systems of Particles
	Chapter 10 Collisions
	Chapter 11 Rotation
	Chapter 12 Rolling, Torque, and Angular Momentum
	Chapter 13 Equilibrium and Elasticity
	Chapter 14 Gravitation
	Chapter 15 Fluids
	Chapter 16 Oscillations
	Chapter 17 Waves—I
	Chapter 18 Waves—II
	Chapter 19 Temperature, Heat, and the First Law of Thermodynamics
	Chapter 20 The Kinetic Theory of Gases
	Chapter 21 Entropy and the Second Law of Thermodynamics
	Chapter 22 Electric Charge
	Chapter 23 Electric Fields
	Chapter 24 Gauss’ Law
	Chapter 25 Electric Potential
	Chapter 26 Capacitance
	Chapter 27 Current and Resistance
	Chapter 28 Circuits
	Chapter 29 Magnetic Fields
	Chapter 30 Magnetic Fields Due to Currents
	Chapter 31 Induction and Inductance
	31.1 - 31.10
	31.1
	31.2
	31.3
	31.4
	31.5
	31.6
	31.7
	31.8
	31.9
	31.10

	31.11 - 31.20
	31.11
	31.12
	31.13
	31.14
	31.15
	31.16
	31.17
	31.18
	31.19
	31.20

	31.21 - 31.30
	31.21
	31.22
	31.23
	31.24
	31.25
	31.26
	31.27
	31.28
	31.29
	31.30

	31.31 - 31.40
	31.31
	31.32
	31.33
	31.34
	31.35
	31.36
	31.37
	31.38
	31.39
	31.40

	31.41 - 31.50
	31.41
	31.42
	31.43
	31.44
	31.45
	31.46
	31.47
	31.48
	31.49
	31.50

	31.51 - 31.60
	31.51
	31.52
	31.53
	31.54
	31.55
	31.56
	31.57
	31.58
	31.59
	31.60

	31.61 - 31.70
	31.61
	31.62
	31.63
	31.64
	31.65
	31.66
	31.67
	31.68
	31.69
	31.70

	31.71 - 31.80
	31.71
	31.72
	31.73
	31.74
	31.75
	31.76
	31.77
	31.78
	31.79
	31.80

	31.81 - 31.90
	31.81
	31.82
	31.83
	31.84
	31.85
	31.86
	31.87
	31.88
	31.89
	31.90

	31.91 - 31.100
	31.91
	31.92
	31.93
	31.94
	31.95
	31.96
	31.97
	31.98
	31.99
	31.100

	31.101 - 31.108
	31.101
	31.102
	31.103
	31.104
	31.105
	31.106
	31.107
	31.108


	Chapter 32 Magnetism of Matter: Maxwell’s Equation
	Chapter 33 Electromagnetic Oscillations and Alternating Current
	Chapter 34 Electromagnetic Waves
	Chapter 35 Images
	Chapter 36 Interference
	Chapter 37 Diffraction
	Chapter 38 Special Theory of Relativity
	Chapter 39 Photons and Matter Waves
	Chapter 40 More About Matter Waves
	Chapter 41 All About Atoms
	Chapter 42 Conduction of Electricity in Solids
	Chapter 43 Nuclear Physics
	Chapter 44 Energy from the Nucleus
	Chapter 45 Quarks, Leptons, and the Big Bang

