Chapter 33
Physics 230
33.23. Visualize: Please refer to Figure P33.23. To calculate the flux we need to consider the orientation of the normal of the surface relative to the magnetic field direction. We will consider the flux through the surface in the two parts corresponding to the two different directions of the surface normals.

Solve: The flux is
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	33.33. Visualize: 
	[image: image2.png]Increasing field
strength






The bottom of the loop is on the x axis. The field is changing with time so the changing flux will produce an induced emf and corresponding induced current in the loop. The field strength varies in space as well as time. 

Solve: Let’s take the normal of the surface of the loop to be in the z direction so it is parallel to the magnetic field. The flux through the shaded strip is 
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To find the total flux we integrate over the area of the loop. We obtain
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To find the induced current we take the time derivative of the flux: 
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The induced current in the loop is a constant.

33.37. Model: Assume the field due to the solenoid is uniform inside and vanishes outside.

Visualize: The changing current in the solenoid produces a changing field and flux through the coil. This changing flux creates an induced emf in the coil.

Solve: The flux is only nonzero within the area of the solenoid, not the entire area of the coil. The flux is 
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and the induced current in the coil is
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Assess: The induced current oscillates because the current and field of the solenoid oscillate.

33.39. Model: Assume an ideal transformer.

Visualize: An ideal transformer changes the voltage, but not the power (energy conservation).

Solve: (a) The primary and secondary voltages are related by Equation 33.23. We have


[image: image9.wmf]21

2112

12

15,000

10012,500

120

NV

VVNN

NV

=Þ===

 turns

(b) The input power equals the output power and we recall that 
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Assess: These values seem reasonable, because houses have low voltage and high current while transmission lines have high voltage and low current. 

33.43. Model: Assume that the field is uniform in space over the loop.

	Visualize: 
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The moving slide wire in a magnetic field develops a motional emf and a corresponding current in the wire and the rails. The current through the resistor will cause energy dissipation and subsequent warming.

Solve: (a) The induced emf depends on the changing flux, not on where the resistance in the loop is located. We have

loop  vlB  (10 m/s)(0.20 m)(0.10 T)  0.20 V

The total resistance around the loop is due entirely to the carbon resistor, so the induced current is

I loop /R  (0.20 V)/(1.0 )  0.20 A

(b) To move with a constant velocity the acceleration must be zero, so the pulling force must balance the retarding magnetic force on the induced current in the slide wire. Thus,

Fpull  Fmag  IlB  (0.20 A)(0.20 m)(0.1 T)  4.0 10–3 N

(c) The current in the resistor will result in power being dissipated. The power is

P  I2R  (0.20 A)2 (1 )  0.040 W  0.040 J/s

During a 10 second period Q  0.40 J of energy is dissipated by the current, increasing the internal energy of the carbon resistor and raising its temperature. This is, effectively, a heat source. The heat is related to the temperature rise by Q  mc(T, where c is the specific heat of carbon. Thus,
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Assess: This is a significant change in the temperature of the resistor. 

33.57. Model: Assume the magnetic field is constant throughout the atmosphere.

Visualize: The energy density depends on the field strength in a particular region of space. The total energy is the energy density times the volume.

Solve: (a) The atmosphere is a spherical shell between the surface of the earth at Re and the top of the atmosphere at Reh where h is the thickness of the atmosphere. We have
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(b) The ratio is 
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Assess: Not enough to do much good. 
33.67. Model: Assume any resistance is negligible.

Visualize: The potential difference across the inductor and capacitor oscillate. 

Solve: (a) The current is 
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. Looking at Figure 33.45, we see that the capacitor is fully charged one-quarter cycle after the current is a maximum (or minimum), so the time needed is one quarter of a cycle. We have
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(b) The maximum inductor current and maximum capacitor charge are related by 
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. The potential across the capacitor is
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33.73. Model: Assume an ideal inductor and an ideal (resistanceless) battery.

Visualize: Please refer to figure P33.73. The current through the battery is the sum of the currents through the left and right branches of the circuit.

Solve: (a) Because the switch has been open a long time, no current is flowing the instant before the switch is closed. A basic property of an ideal inductor is that the current through it cannot change instantaneously. This is because the potential difference (VL  –L(dI/dt) would become infinite for an instantaneous change of current, and that is not physically possible. Because the current through the inductor was zero before the switch was closed, it must still be zero (or very close to it) immediately after the switch is closed. Conservation of current requires the current through the entire right branch to be the same as that through the inductor, so it is also zero immediately after the switch is closed. The only current is through the left 10  resistor, which sees the full battery potential of the battery. Thus Ibat  Ileft  (Vbat/R  (10 V)/(10 )  1.0 A.

(b) The current through the inductor increases as time passes. Once the current Iright reaches a steady value and is no longer changing, the potential difference across the inductor is (VL  –L(dI/dt)  0 V. An ideal inductor has no resistance, so the inductor simply acts like a wire and has no effect on the circuit. The circuit is that of two 10  resistors in parallel. The equivalent resistance is 5  and the battery current is Ibat  (10 V)/(5 )  2.0 A.
Physlet Problem 29.3 
a) To maintain flux out of screen, induced current will be counterclockwise.  Emf = Blv, where l = length of rod = 5 m, B = 2 T, and v = speed of rod = 8m/2.65s = 3.0 m/s.  So I induced = Blv/200 Ω = 2*5*3/200 = 0.15 A.
b) Force is necessary because a current moving in a magnetic field experiences a force.  The CCW current in the left side of the loop (moving downward on the screen) feels a force to the left – found by the RHR.  This stems from the circuit’s self-induction – it acts like a small current loop with inductance. So, the two forces acting on the loop are the external applied force to the right and the induced force to the left – of equal and opposite magnitude. (There are also two magnetic forces acting up and down, equally, on the top and bottom portions of the loop.)

c) F applied = IlB = 0.15A * 5 m * 2 T = 1.5 N
d) The loop will be begin to accelerate – because there will be no more magnetic force pulling back to the left.
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