


Chapter 34 Homework

Due: 8:00am on Wednesday, April 14, 2010

Note: To understand how points are awarded, read your instructor's Grading Policy.

[Return to Standard Assignment View]

 

Magnetic Light Switch Ranking Task

Six identical vertical metal bars start at the positions shown below and move at constant velocities through identical magnetic fields. The bars make electrical contact with and move along frictionless metal rods attached

to light bulbs.

Part A

At the instant shown, rank these six scenarios on the basis of the magnitude of the current in the light bulb.

Hint A.1 Faraday's law of induction

Hint not displayed

Hint A.2 Change in magnetic flux

Hint not displayed

Hint A.3 Change in area

Hint not displayed

Rank from largest to smallest. To rank items as equivalent, overlap them.

ANSWER:  

View 

Correct

 

Problem 34.2

A potential difference of 4.00×10−2  is developed across a 10-cm-long wire as it moves through a magnetic field at 5.0 m/s. The magnetic field is perpendicular to the axis of the wire.

Part A

What is the strength of the magnetic field?

ANSWER:
8.00×10

−2

Correct
 

Part B

What is the direction of the magnetic field?

ANSWER: Into the page

Out of the page

Correct

 

Problem 34.12

The loop in the figure is being pushed into the 0.20  magnetic field at 50 . The resistance of the loop is 0.10 .
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Part A

What is the magnitude of the current in the loop?

ANSWER: 5.00

Correct
 

Part B

What is the direction of the current in the loop?

ANSWER: clockwise

counterclockwise

Correct

 

Faraday's Law and Induced Emf

Learning Goal: To understand the terms in Faraday's law and to be able to identify the magnitude and direction of induced emf.

Faraday's law states that induced emf is directly proportional to the time rate of change of magnetic flux. Mathematically, it can be written as

,

where  is the emf induced in a closed loop, and

is the rate of change of the magnetic flux through a surface bounded by the loop. For uniform magnetic fields the magnetic flux is given by , where  is the angle between the magnetic field 

and the normal to the surface of area .

To find the direction of the induced emf, one can use Lenz's law:

The induced current's magnetic field opposes the change in the magnetic flux that induced the current.

For example, if the magnetic flux through a loop increases, the induced magnetic field is directed opposite to the "parent" magnetic field, thus countering the increase in flux. If the flux decreases, the induced current's

magnetic field has the same direction as the parent magnetic field, thus countering the decrease in flux.

Recall that to relate the direction of the electric current and its magnetic field, you can use the right-hand rule: When the fingers on your right hand are curled in the direction of the current in a loop, your thumb gives the

direction of the magnetic field generated by this current.

In this problem, we will consider a rectangular loop of wire with sides  and  placed in a region where a uniform magnetic field  exists (see the diagram). The resistance of the loop is .

Initially, the field is perpendicular to the plane of the loop and is directed out of the page. The loop can rotate about either the vertical or horizontal axis,

passing through the midpoints of the opposite sides, as shown.

Part A

Which of the following changes would induce an electromotive force (emf) in the loop? When you consider each option, assume that no other changes occur.

Check all that apply.

ANSWER: The magnitude of  increases.

The magnitude of  decreases.

The loop rotates about the vertical axis (vertical dotted line) shown in the diagram.

The loop rotates about the horizontal axis (horizontal dotted line) shown in the diagram.

The loop moves to the right while remaining in the plane of the page.

The loop moves toward you, out of the page, while remaining parallel to itself.

Correct

Part B

Find the flux  through the loop.

Express your answer in terms of , , and .

ANSWER:
    =

Correct

Part C
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If the magnetic field steadily decreases from  to zero during a time interval , what is the magnitude  of the induced emf?

Hint C.1 Find the change in magnetic flux

What is the total change in magnetic flux  during this time interval?

Express your answer in terms of , , and .

ANSWER:
    =

Correct

Express your answer in terms of , , , and .

ANSWER:

    =

Correct

Part D

If the magnetic field steadily decreases from  to zero during a time interval , what is the magnitude  of the induced current?

Express your answer in terms of , , , , and the resistance  of the wire.

ANSWER:

    =

Correct

Part E

If the magnetic field steadily decreases from  to zero during a time interval , what is the direction of the induced current?

ANSWER: clockwise

counterclockwise

Correct

The flux decreases, so the induced magnetic field must be in the same direction as the original (parent) magnetic field. Therefore, the induced magnetic field is out of the page. Using the right-hand rule, we deduce

that the direction of the current is counterclockwise.

Part F

Which of the following changes would result in a clockwise emf in the loop? When you consider each option, assume that no other changes occur.

Check all that apply.

ANSWER: The magnitude of  increases.

The magnitude of  decreases.

The loop rotates through 45 degrees about the vertical axis (vertical dotted line) shown in the diagram.

The loop rotates through 45 degrees about the horizontal axis (horizontal dotted line) shown in the diagram.

The loop moves to the right while remaining in the plane of the page.

The loop moves toward you, out of the page, while remaining parallel to itself.

Correct

Clockwise emf implies that the induced magnetic field is directed into the page. Therefore, the magnetic flux of the original field must be increasing. Only the first option corresponds to increasing flux.

 

Conceptual Induction

A loop of wire is initially held above a short solenoid. A constant counterclockwise (as viewed from above) current  passes through the turns of the solenoid.

The loop of wire is steadily lowered, eventually "encircling" the solenoid.

Throughout this problem, when you answer questions about the direction of current, assume that you are viewing the wire loop from above, looking

downward.

Part A

What is the direction of the induced current in the loop when the loop is above the solenoid, moving downward?

Hint A.1 Using Lenz's law

Hint not displayed

Hint A.2 Using Faraday's law

Hint not displayed
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ANSWER: clockwise

counterclockwise

no current

Correct

Part B

What is the direction of the induced current at the instant that the loop is at the midpoint of the solenoid and still moving downward?

Hint B.1 Applying Lenz's law

Hint not displayed

ANSWER: clockwise

counterclockwise

no current

Correct

Part C

What is the direction of the induced current when the loop is below the solenoid and moving downward?

ANSWER: clockwise

counterclockwise

no current

Correct

 

Problem 34.28

A 5.0-cm-diameter coil has 20 turns and a resistance of . A magnetic field perpendicular to the coil is , where  is in tesla and  is in seconds.

Part A

Draw a graph of  as a function of time from  to .

ANSWER:  

View 

Correct

Part B

Find an expression for the induced current  as a function of time.

Express your answer in terms of the variable .

ANSWER:
    =

Correct

  

Part C

Evaluate  at .

Express your answer using two significant figures.

ANSWER:
    = 9.6×10

−3

Correct
  

Part D

Evaluate  at .

Express your answer using two significant figures.

ANSWER:
    = 1.7×10

−2

Correct
  

 

Problem 34.66

One possible concern with MRI (magnetic resonance imaging) is turning the magnetic field on or off too quickly. Bodily fluids are conductors, and a changing magnetic field could cause electric currents to flow through

the patient. Suppose a typical patient has a maximum cross-section area of 6.4×10−2 .

Part A
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What is the smallest time interval in which a 5.6  magnetic field can be turned on or off if the induced emf around the patient's body must be kept to less than 0.12 ?

Express your answer using two significant figures.

ANSWER:
   = 3.0

Correct
 

 

Basic Properties of Inductors

Learning Goal: To understand the units of inductance, the potential energy stored in an inductor, and some of the consequences of having inductance in a circuit.

After batteries, resistors, and capacitors, the most common elements in circuits are inductors. Inductors usually look like tightly wound coils of fine wire. Unlike capacitors, which produce a physical break in the circuit

between the capacitor plates, the wire of an inductor provides an unbroken continuous path in which current can flow. When the current in a circuit is constant, an inductor acts essentially like a short circuit (i.e., a

zero-resistance path). In reality, there is always at least a small amount of resistance in the windings of an inductor, a fact that is usually neglected in introductory discussions.

Recall that current flowing through a wire generates a magnetic field in the vicinity of the wire. If the wire is coiled , such as in a solenoid or an inductor, the magnetic field is strongest within the coil parallel to its axis.

The magnetic field associated with current flowing through an inductor takes time to create, and time to eliminate when the current is turned off. When the current changes, an EMF is generated in the inductor, according

to Faraday's law, that opposes the change in current flow. Thus inductors provide electrical inertia to a circuit by reducing the rapidity of change in the current flow.

Inductance is usually denoted by  and is measured in SI units of henries (also written henrys, and abbreviated ), named after Joseph Henry, a contemporary of Michael Faraday. The EMF  produced in a coil with

inductance  is, according to Faraday's law, given by

.

Here  characterizes the rate at which the current  through the inductor is changing with time .

Part A

Based on the equation given in the introduction, what are the units of inductance  in terms of the units of , , and  (respectively volts , seconds , and amperes )?

ANSWER:

Correct

Part B

What EMF is produced if a waffle iron that draws 2.5 amperes and has an inductance of 560 millihenries is suddenly unplugged, so the current drops to essentially zero in 0.015 seconds?

Express your answer in volts to two significant figures.

ANSWER: 93

Correct
  

The elevated voltage does not last long, but it can sometimes be large enough to produce a potentially dangerous spark. Moral: Be very careful when opening switches carrying current, especially if they are part

of an inductive circuit!

Electrical potential energy  is stored within an inductor in the form of a magnetic field when current is flowing through the inductor. In terms of the current  and the inductance , the stored electrical potential

energy is given by

.

Part C

Which of the following changes would increase the potential energy stored in an inductor by a factor of 5?

Check all that apply.

ANSWER: increasing the inductance by a factor of 5; leaving the current unchanged

leaving the inductance unchanged; increasing the current by a factor of 5

leaving the inductance unchanged; increasing the current by a factor of 

reducing the inductance by a factor of 5; increasing the current by a factor of 5

increasing the inductance by a factor of 5; reducing the current by a factor of 5

Correct

As indicated by the equation in the introduction to this part, the current flowing through an inductor is related to the amount of electrical potential energy stored in the inductor. If the current is graphed as a function of

time, the slope of the curve indicates the rate at which potential energy in the inductor is increasing or decreasing. The rate at which energy changes over time is known as power.

Energy cannot be delivered to the inductor infinitely fast, nor can it be dissipated instantaneously in the form of heat or light by other circuit elements. Thus power can never be infinite. This implies that the curve of

current versus time must be continuous. A graph is discontinuous when it contains a point at which the current jumps from one value to another without taking on all the values in between. When this happens, the slope

of the curve at that location is infinite, which would imply infinite power in this case.

Part D
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Which of the graphs illustrate how the current through an inductor might possibly change over time?

Type the numbers corresponding to the right answers in alphabetical order. Do not use commas. For instance, if you think that only graphs C and D

are correct, type CD.

ANSWER: ABC

Correct

All real circuits, even those that do not specifically have inductors in them, have at least a small amount of inductance, just as real inductors have a small amount of resistance in their windings. Circuit analysis in

textbooks often assumes ideal batteries, resistors, capacitors, and inductors and hence neglects such subtle details of real circuits.

 

Energy Storage in an L-C Circuit

An L-C circuit has an inductance of 0.380  and a capacitance of 0.240 . During the current oscillations, the maximum current in the inductor is 1.30 .

Part A

What is the maximum energy  stored in the capacitor at any time during the current oscillations?

Hint A.1 Oscillation in an L-C circuit

This applet shows how the energy moves back and forth between the inductor and the capacitor once the switch is closed in an L-C circuit.

Hint A.2 Energy and phase in an L-C circuit

In this problem we are assuming an ideal case in which there is no voltage source and no resistance to dissipate the energy in the current. As a result, the total energy stored in the system, that is, in the capacitor and in

the inductor, is a constant over time. Thus when the energy stored in the inductor's magnetic field decreases, the energy in the electric field of the capacitor increases by the same amount.

Recall that when the current flowing through the inductor is at a maximum, the capacitor has zero charge on it, and thus there is no electric field. As a result, when the current flow is at a maximum, all of the energy of

the system is stored in the inductor. When there is no current flow, all of the energy of the system is stored in the electric field of the capacitor.

Here is a of the energy flow in an L-C circuit.

Hint A.3 Formulas for the energy in an inductor and a capacitor

The energy  stored in an inductor of inductance  with current  flowing is given by

.

The energy  stored in a capacitor of capacitance  with charge  on each plate is given by

.

Express your answer in joules.

ANSWER:
    = 0.321

Correct
  

This applet demonstrates how the energy of an L-C oscillator moves back and forth between the capacitor and inductor. This is analogous to the way in which the energy of a simple harmonic oscillator moves

back and forth between kinetic and potential energy. If you make the resistance nonzero, then some of the energy will be dissipated over time, similar to the case of a simple harmonic oscillator with friction or

drag forces.

Part B

How many times per second does the capacitor contain the amount of energy found in part A?

Hint B.1 Find the oscillation frequency

Find the oscillation frequency of this L-C circuit.

Hint B.1.1 Frequency in an L-C circuit

The angular frequency  in an L-C circuit with no resistance ( ) is given by

,

where  is the inductance and  is the capacitance of the circuit.

Hint B.1.2 The relation between frequency and angular frequency

The relation between the frequency  and angular frequency  is

.

Express your answer in hertz (cycles per second).

ANSWER:
    = 1.67×104

Correct
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Hint B.2 The relation between energy oscillations and current oscillations

The frequency of energy oscillations, in the capacitor or the inductor, in an L-C circuit is twice the frequency of current or charge oscillations, since the energy does not depend on the direction of the current flow.

Mathematically speaking, the electric or magnetic potential energy depends on the square of the current or charge, and so it does not depend on their sign. Note that the total energy of the system is conserved (it is

constant). You can view this behavior in this applet.

Express your answer in times per second.

ANSWER:
3.33×104

Correct
  

This applet allows you to see how the current, charge on the capacitor, and energy stored in each component evolve over time. You can make the resistance nonzero to see how these change in an R-L-C circuit.

 

A Radio Tuning Circuit

A radio can be tuned into a particular station frequency by adjusting the capacitance in an L-C circuit. Suppose that the minimum capacitance of a variable capacitor in a radio is 4.12 .

Part A

What is the inductance  of a coil connected to this capacitor if the oscillation frequency of the L-C circuit is 1.56 , corresponding to one end of the AM radio broadcast band, when the capacitor is set to its

minimum capacitance?

Hint A.1 Frequency of an L-C circuit

Hint not displayed

Hint A.2 Angular frequency and cycles per second

Hint not displayed

Express your answer in henrys to three significant figures.

ANSWER:
    = 2.53×10−3

Correct
  

Part B

The frequency at the other end of the broadcast band is 0.546 . What is the maximum capacitance  of the capacitor if the oscillation frequency is adjustable over the range of the broadcast band?

Hint B.1 Frequency of an L-C circuit

Hint not displayed

Hint B.2 Angular frequency and cycles per second

Hint not displayed

Express your answer in farads to three significant figures.

ANSWER:
    = 3.36×10−11

Correct
  

 

Problem 34.21

Part A

How much energy is stored in a 3.00-cm-diameter, 12.0-cm-long solenoid that has 180 turns of wire and carries a current of 0.800 ?

ANSWER:
7.67×10

−5

Correct
 J

 

A Parallel and Series LR Circuit Conceptual Question

In the circuit shown in the figure, the two resistors are identical and the inductor is ideal (i.e., it has no resistance).

Part A

Is the current through  greater than, less than, or equal to the current through  immediately after the switch is first closed?

Hint A.1 Ideal inductors in circuits

Hint not displayed

Hint A.2 Replacing the inductor with an "open"

Hint not displayed
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ANSWER: greater than

less than

equal to

cannot be determined

Correct

Part B

Is the current through  greater than, less than, or equal to the current through  a very long time after the switch is closed?

Hint B.1 Replacing the inductor with a "short"

Hint not displayed

ANSWER: greater than

less than

equal to

cannot be determined

Correct

Part C

Is the current through  greater than, less than, or equal to the current through  immediately after the switch is opened (after being closed for a very long time)?

Hint C.1 Current without a battery

Hint not displayed

Hint C.2 Inductor as a battery

Hint not displayed

ANSWER: greater than

less than

equal to

cannot be determined

Correct

 

Problem 34.26

Part A

At  , the current in the circuit in the figure is . At what time is the current ?

ANSWER:
6.93×10−5

Correct
 s

 

The R-L Circuit: Responding to Changes

Learning Goal: To understand the behavior of an inductor in a series R-L circuit.

In a circuit containing only resistors, the basic (though not necessarily explicit) assumption is that the current reaches its steady-state value instantly. This is not the case for a circuit containing inductors. Due to a

fundamental property of an inductor to mitigate any "externally imposed" change in current, the current in such a circuit changes gradually when a switch is closed or opened.

Consider a series circuit containing a resistor of resistance  and an inductor of inductance  connected to a source of emf  and negligible internal resistance. The wires (including the ones that make up the inductor)

are also assumed to have negligible resistance.

Let us start by analyzing the process that takes place after switch  is closed (switch  remains open). In our further analysis, lowercase letters will denote

the instantaneous values of various quantities, whereas capital letters will denote the maximum values of the respective quantities.

Note that at any time during the process, Kirchhoff's loop rule holds and is, indeed, helpful:

.
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Part A

Immediately after the switch is closed, what is the current in the circuit?

Hint A.1 How to approach the problem

Hint not displayed

ANSWER:

zero

Correct

Part B

Immediately after the switch is closed, what is the voltage across the resistor?

Hint B.1 Ohm's law

Hint not displayed

ANSWER:

zero

Correct

Part C

Immediately after the switch is closed, what is the voltage across the inductor?

Hint C.1 A formula for voltage across an inductor

Hint not displayed

ANSWER:

zero

Correct

Part D

Shortly after the switch is closed, what is the direction of the current in the circuit?

ANSWER: clockwise

counterclockwise

There is no current because the inductor does not allow the current to increase from its initial zero value.

Correct

Part E

Shortly after the switch is closed, what is the direction of the induced EMF in the inductor?

ANSWER: clockwise

counterclockwise

There is no induced EMF because the initial value of the current is zero.

Correct

The induced EMF does not oppose the current; it opposes the change in current. In this case, the current is directed counterclockwise and is increasing; in other words, the time derivative  of the

counterclockwise current is positive, which is why the induced EMF is directed clockwise.

Part F

Eventually, the process approaches a steady state. What is the current in the circuit in the steady state?

ANSWER:

Correct

Part G

What is the voltage  across the inductor in the steady state?
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Hint G.1 Induced EMF and current

Hint not displayed

ANSWER: zero

Correct

Part H

What is the voltage  across the resistor in the steady state?

ANSWER: zero

Correct

Part I

Now that we have a feel for the state of the circuit in its steady state, let us obtain the expression for the current in the circuit as a function of time. Note that we can use the loop rule (going around counterclockwise):

.

Note as well that  and . Using these equations, we can get, after some rearranging of the variables and making the subsitution ,

.

Integrating both sides of this equation yields

.

Use this last expression to obtain an expression for . Remember that  and that .

Express your answer in terms of , , and . You may or may not need all these variables. Use the notation exp(x) for .

ANSWER:

    =

Correct

Part J

Just as in the case of R-C circuits, the steady state here is never actually reached: The exponential functions approach their limits asymptotically as . However, it usually does not take very long for the value of

 to get very close to its presumed limiting value. The next several questions illustrate this point.

Note that the quantity  has dimensions of time and is called the time constant (you may recall similar terminology applied to R-C circuits). The time constant is often denoted by . Using , one can write the

expression

as

.

Find the ratio of the current  at time  to the maximum current .

Express your answer numerically, using three significant figures.

ANSWER:
    = 0.998

Correct

Part K

Find the time  it takes the current to reach 99.999% of its maximum value.

Express your answer numerically, in units of . Use three significant figures.

ANSWER:
    = 11.5

Correct
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Part L

Find the time  it takes the current to reach 99.999% of its maximum value. Assume that  ohms and  millihenrys.

Express your answer in seconds, using three significant figures.

ANSWER:
    = 5.76×10

−2

Correct
 seconds

It does not take long at all! However, the situation can be different if the inductance is large and the resistance is small. The next example illustrates this point.

Part M

Find the time  it takes the current to reach 99.999% of its maximum value. Assume that  ohms and  henrys.

Express your answer in seconds, using three significant figures.

ANSWER:
    = 5760

Correct
 seconds

This is more than an hour and a half! Nobody would wait that long. Let us see what change would occur in such a circuit over a shorter period of time.

Part N

What fraction of the maximum value will be reached by the current one minute after the switch is closed? Again, assume that  ohms and  henrys.

Use three significant figures in your answer.

ANSWER:
    = 0.113

Correct

This is only 11.3% of the maximum value of the current!

Now consider a different situation. After switch  has been closed for a long time, it is opened; simultaneously, switch  is closed, as shown in the figure. This effectively removes the battery from the circuit.

The questions below refer to the time immediately after switch  is opened and switch  is closed.

Part O

What is the direction of the current in the circuit?

ANSWER: clockwise

counterclockwise

The current is zero because there is no EMF in the circuit.

Correct

Part P

What is happening to the magnitude of the current?

ANSWER: The current is increasing.

The current is decreasing.

The current remains constant.

Correct

Part Q

What is the direction of the EMF in the inductor?

ANSWER: clockwise

counterclockwise

The EMF is zero because the current is zero.

The EMF is zero because the current is constant.

Correct

Part R

Which end of the inductor has higher voltage (i.e., to which end of the inductor should the positive terminal of a voltmeter be connected in order to yield a positive reading)?

Hint R.1 How to approach the problem
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Hint not displayed

ANSWER: left

right

The potentials of both ends are the same.

The answer depends on the magnitude of the time constant.

Correct

Part S

For this circuit, Kirchhoff's loop rule gives

.

Note that , since the current is decreasing. Use this equation to obtain an expression for .

Hint S.1 Initial and final conditions

Hint not displayed

Hint S.2 Let us cheat a bit

Hint not displayed

Express your answer in terms of , , and . Use exp(x) for .

ANSWER:

    =

Correct

Score Summary:

Your score on this assignment is 110.2%.

You received 89.25 out of a possible total of 90 points, plus 9.92 points of extra credit.
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