
Chapter 26 Homework

Due: 8:00am on Monday, February 22, 2010

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

[Return to Standard Assignment View]

 

Charging a Conducting Rod

This problem explores the behavior of charge on conductors. We take as an example a long conducting rod suspended by insulating strings. Assume that the rod is initially electrically neutral. For convenience we

will refer to the left end of the rod as end A, and the right end of the rod as end B. In the answer options for this problem, "strongly attracted/repelled" means "attracted/repelled with a force of magnitude similar

to that which would exist between two charged balls.

Part A

A small metal ball is given a negative charge, then brought near (i.e., within about 1/10 the length of the rod) to end A of the rod . What happens to

end A of the rod when the ball approaches it closely this first time?

Hint A.1 The key property of conductors

Hint not displayed

Hint A.2 How much charge moves to end A?

Hint not displayed

ANSWER: It is strongly repelled.

It is strongly attracted.

It is weakly attracted.

It is weakly repelled.

It is neither attracted nor repelled.

Correct

This charge is said to be "induced" by the presence of the electric field of the charged ball: It is not transferred by the ball.

Now consider what happens when the small metal ball is repeatedly given a negative charge and then brought into contact with end A of the rod.

Part B

After a great many contacts with the charged ball, how is the charge on the rod arranged (when the charged ball is far away)?

ANSWER: There is positive charge on end B and negative charge on end A.

There is negative charge spread evenly on both ends.

There is negative charge on end A with end B remaining neutral.

There is positive charge on end A with end B remaining neutral.

Correct

Part C

How does end A of the rod react when the charged ball approaches it after a great many previous contacts with end A? Assume that the phrase "a great many" means that the total charge on the rod dominates any

charge movement induced by the near presence of the charged ball.

ANSWER: It is strongly repelled.

It is strongly attracted.

It is weakly attracted.

It is weakly repelled.

It is neither attracted nor repelled.

Correct

Part D

How does end B of the rod react when the charged ball approaches it after a great many previous contacts with end A?

Hint D.1 The rod is a conductor

Hint not displayed

ANSWER: It is strongly repelled.

It is strongly attracted.

It is weakly attracted.

It is weakly repelled.

It is neither attracted nor repelled.

Correct

 

Charging an Insulator
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This problem explores the behavior of charge on realistic (i.e. non-ideal) insulators. We take as an example a long insulating rod suspended by insulating wires. Assume that the rod is initially electrically neutral.

For convenience, we will refer to the left end of the rod as end A, and the right end of the rod as end B . In the answer options for this problem,

"weakly attracted/repelled" means "attracted/repelled with a force of magnitude similar to that which would exist between two balls, one of which is

charged, and the other acquires a small induced charge". An attractive/repulsive force greater than this should be classified as "strongly

attracted/repelled".

Part A

A small metal ball is given a negative charge, then brought near (i.e., within a few millimeters) to end A of the rod. What happens to end A of the rod when the ball approaches it closely this first time?

Hint A.1 What is an insulator?

Hint not displayed

Hint A.2 Charge at end A

Hint not displayed

Select the expected behavior.

ANSWER: strongly repelled

strongly attracted

weakly attracted

weakly repelled

neither attracted nor repelled

Correct

Currently, you can think of this in the following way: When the sphere is brought near the rod, a positive charge is induced at end A (and correspondingly, end B acquires a negative induced charge). This

means that some charge must have flowed from A to B. Since charge flow is inhibited in an insulator, the induced charges are typically small. Later you will learn how to model insulators more accurately

and formulate a slightly more accurate argument.

Now consider what happens when the small metal ball is repeatedly given a negative charge and then brought into contact with end A of the rod

Part B

After several contacts with the charged ball, how is the charge on the rod arranged?

Hint B.1 What is an insulator?

Hint not displayed

Select the best description.

ANSWER: positive charge on end B and negative charge on end A

negative charge spread evenly on both ends

negative charge on end A with end B remaining almost neutral

positive charge on end A with end B remaining almost neutral

none of the above

Correct

When the sphere is touched to end A, some of its negative charge will be deposited there. However, since charge cannot flow easily through an insulator, most of this charge will just sit at end A and will

not distribute itself over the rod, as it would if the rod was a conductor.

Part C

How does end A of the rod react when the ball approaches it after it has already made several contacts with the rod, such that a fairly large charge has been deposited at end A?

Select the expected behavior.

ANSWER: strongly repelled

strongly attracted

weakly attracted

weakly repelled

neither attracted nor repelled

Correct

More on insulators

You may have learnt that any material is made of atoms, which in turn consist of a nucleus and electrons. In the atoms of some materials, some of the electrons are "bound" to the nucleus very weakly, which

leaves them free to move around the volume of the material. Such electrons are called "free" electrons, and such materials are called conductors, because the charge (i.e. electrons) can move around easily.

In insulators, all the electrons in the atom are bound quite tightly to the nucleus, i.e. there are no free electrons available to move through the insulator.

 

Problem 26.3

A plastic rod that has been charged to 15  touches a metal sphere. Afterward, the rod's charge is 6.0 .

Part A

What kind of charged particle was transferred between the rod and the sphere, and in which direction? That is, did it move from the rod to the sphere or from the sphere to the rod?

ANSWER: electrons, from the rod to the sphere

electrons, from the sphere to the rod

protons, from the rod to the sphere

protons, from the sphere to the rod
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Correct

Part B

How many charged particles were transferred?

Express your answer using two significant figures.

ANSWER:
    = 5.6×10

10

Correct
 particles

 

Electric Force of Three Collinear Points Ranking Task

In the diagram below, there are three collinear point charges: , , and . The distance between  and  is the same as that between  and . You will be asked to rank the Coulomb force on  due to 

and .

Part A

Rank the six combinations of electric charges on the basis of the electric force acting on . Define forces pointing to the right as positive and forces pointing to the left as negative. Rank positive forces as larger

than negative forces.

Hint A.1 Definition of electric force

Hint not displayed

Hint A.2 Determine the net force for one combination of charges

Hint not displayed

Rank from largest to smallest, placing the largest on the left and the smallest on the right. To rank items as equivalent, overlap them.

ANSWER:  

View 

Correct

 

Problem 26.13

Two 2.0  masses are 1.3  apart (center to center) on a frictionless table. Each has 9.4  of charge.

Part A

What is the magnitude of the electric force on one of the masses?

Express your answer using two significant figures.

ANSWER:
   = 0.47

Correct
 

Part B

What is the initial acceleration of the mass if it is released and allowed to move?

Express your answer using two significant figures.

ANSWER:
   = 0.24

Correct
  

 

Problem 26.15

A small glass bead has been charged to 60.0 . A metal ball bearing 2.60  above the bead feels a 1.90×10−2  downward electric force.

Part A

What is the charge on the ball bearing?

ANSWER: -23.8

Correct
 nC

 

Forces in a Three-Charge System
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Coulomb's law for the magnitude of the force  between two particles with charges  and  separated by a distance  is

,

where .  is the permittivity of free space.

Consider two point charges located on the x axis: one charge,  = -11.5 , is located at  = -1.685 ; the second charge,  = 40.0 , is at the origin .

Part A

What is the net force exerted by these two charges on a third charge  = 47.0 placed between  and  at  = -1.120 ?

Your answer may be positive or negative, depending on the direction of the force.

Hint A.1 How to approach the problem

Hint not displayed

Hint A.2 Calculate the force on the third charge by the first charge

Hint not displayed

Hint A.3 Calculate the force on the third charge by the second charge

Hint not displayed

Hint A.4 What are the directions of the forces?

Hint not displayed

Hint A.5 Relating the net force and the forces between pairs of charges

Hint not displayed

Express your answer numerically in newtons to three significant figures.

ANSWER:
  Force on   = −2.87×10

−5

Correct
  

 

Problem 26.41

Part A

What is the magnitude of the force  on the 5.0  charge in the figure?

Express your answer using two significant figures.

ANSWER:
   = 2.0×10

−4

Correct
 

Part B

What is the direction of the force  on the 5.0  charge in the figure? Give your answer as an angle measured cw from the +x-axis.

Express your answer using two significant figures.

ANSWER:
   = 45

Correct
  cw from the +x-axis

 

Electric Field Conceptual Question

Part A

For the charge distribution provided, indicate the region (A to E) along the horizontal axis where a point exists at which the net electric field is zero.

Hint A.1 Zeros of the electric field

Hint not displayed
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If no such region exists on the horizontal axis choose the last option (nowhere).

ANSWER: A

B

C

D

E

nowhere

Correct

Part B

For the charge distribution provided, indicate the region (A to E) along the horizontal axis where a point exists at which the net electric field is zero.

Hint B.1 Zeros of the electric field

Hint not displayed

Hint B.2 Determine the regions where the electric fields could cancel

Hint not displayed

Hint B.3 Consider the magnitude of the electric field

Hint not displayed

If no such region exists on the horizontal axis choose the last option (nowhere).

ANSWER: A

B

C

D

E

nowhere

Correct

Part C

For the charge distribution provided, indicate the region (A to E) along the horizontal axis where a point exists at which the net electric field is zero.

Hint C.1 Zeros of the electric field

Hint not displayed

If no such region exists on the horizontal axis choose the last option (nowhere).

ANSWER: A

B

C

D

E

nowhere

Correct

Part D

For the charge distribution provided, indicate the region (A to E) along the horizontal axis where a point exists at which the net electric field is zero.
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Hint D.1 Zeros of the electric field

Hint not displayed

ANSWER: A

B

C

D

E

Nowhere along the finite x axis

Correct

 

Magnitude and Direction of Electric Fields

A small object A, electrically charged, creates an electric field. At a point P located 0.250  directly north of A, the field has a value of 40.0 directed to the south.

Part A

What is the charge of object A?

Hint A.1 How to approach the problem

Recall that the electric field at a point P due to a point charge is proportional to the magnitude of the charge and inversely proportional to the square of the distance of P from the charge. Furthermore, the

direction of the field is determined by the sign of the charge.

Hint A.2 Find an expression for the charge

Which of the following expressions gives the correct magnitude of charge  that produces an electric field of magnitude  at a distance  from the charge? In the following expressions  is a constant that has

units of .

Hint A.2.1 Magnitude of the electric field of a point charge

Hint not displayed

ANSWER:

Correct

Hint A.3 Find the sign of the charge

What is the sign of the charge that produces an electric field that points toward the charge?

ANSWER: positive

negative

Correct

Since the electric field produced by A at P points south toward A, the charge of A must be negative.

ANSWER:
1.11×10−9 

−1.11×10
−9

 

2.78×10
−10

 

−2.78×10−10 

5.75×1012 

−5.75×1012 

Correct

Part B

If a second object B with the same charge as A is placed at 0.250  south of A (so that objects A and B and point P follow a straight line), what is the magnitude of the total electric field produced by the two

objects at P?

Hint B.1 How to approach the problem

Since the electric field is a vector quantity, you need to apply the principle of superposition to find the total field at P. The principle of superposition in terms of electric fields says that the total electric field at

any point due to two or more charges is the vector sum of the fields that would be produced at that point by the individual charges.

Hint B.2 Find the vector sum of the electric fields

Which of the following diagrams, where  and  are the electric fields produced by A and B, respectively, correctly represents the situation described in this problem?
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ANSWER:

Correct

Now find the magnitude of the vector sum.

Hint B.3 Find the electric field produced by B at P

What is the magnitude of the electric field  produced by the second object B at point P?

Hint B.3.1 Magnitude of the electric field of a point charge

Given a point charge , the magnitude of the electric field  at a distance  from the charge is given by

,

where the constant of proportionality is  = 8.99×109 .

Hint B.3.2 Find the distance from P to the second object

How far ( ) is P from B? Recall that P is located 0.250  north of A and B is located 0.250  south of A.

Express your answer in meters.

ANSWER:
    = 0.500

Correct
  

Express your answer in newtons per coulomb.

ANSWER:
    = 10.0

Correct
  

ANSWER: 40.0 

50.0 

30.0 

10.0 

Correct

 

Problem 26.21

The electric field at a point in space is 500  900 .

Part A

What is the x-component of the electric force on a proton at this point?

Express your answer numerically, in newtons, to three significant figures.

ANSWER:
    = 8.00×10

−17

Correct
 N

Part B

What is the y-component of the electric force on a proton at this point?

Express your answer numerically, in newtons, to three significant figures.

ANSWER:
    = 1.44×10

−16

Correct
 N

Part C

What is the x-component of the electric force on an electron at this point?

Express your answer numerically, in newtons, to three significant figures.

ANSWER:
    = −8.00×10

−17

Correct
 N

Part D

What is the y-component of the electric force on a electron at this point?

Express your answer numerically, in newtons, to three significant figures.
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ANSWER:
    = −1.44×10

−16

Correct
 N

Part E

What is the magnitude of the proton's acceleration?

Express your answer numerically, in meters per second squared, to three significant figures.

ANSWER:
    = 9.86×10

10

Correct
  

Part F

What is the magnitude of the electron's acceleration?

Express your answer numerically, in meters per second squared, to three significant figures.

ANSWER:
    = 1.81×10

14

Correct
  

 

Problem 26.67

An electric field  causes the 5.0  point charge in the figure to hang at a 20  angle.

Part A

What is the charge on the ball?

Express your answer using two significant figures.

ANSWER:
    = 180

Correct
 

Score Summary:

Your score on this assignment is 106.3%.

You received 74.7 out of a possible total of 75 points, plus 5 points of extra credit.
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