
Chapter 6 Homework

Due: 9:00am on Monday, September 28, 2009

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

[Return to Standard Assignment View]

 

A Gymnast on a Rope

A gymnast of mass 50.0  hangs from a vertical rope attached to the ceiling. You can ignore the weight of the rope and assume that the rope does not stretch.

Part A

Calculate the tension  in the rope if the gymnast hangs motionless on the rope.

Hint A.1 A body in static equilibrium

Hint not displayed

Hint A.2 Find what forces act on the gymnast

Hint not displayed

Express your answer in newtons.

ANSWER:
    = 491

Correct
  

Part B

Calculate the tension  in the rope if the gymnast climbs the rope at a constant rate.

Hint B.1 A body in dynamic equilibrium

Hint not displayed

Express your answer in newtons.

ANSWER:
    = 491

Correct
  

Does it surprise you that the answers to Parts A and B are the same? In both cases, the gymnast is not accelerating. Therefore, the net force acting on the gymnast is zero. Since the only two forces acting on the

gymnast are tension and weight, the tension in the rope in each case is equal in magnitude (and opposite in direction) to the gymnast's weight.

Part C

Calculate the tension  in the rope if the gymnast climbs up the rope with an upward acceleration of magnitude 1.30 .

Hint C.1 Newton's 2nd law of motion

Hint not displayed

Hint C.2 Find an expression for the net external force

Hint not displayed

Hint C.3 Find the sign of the acceleration

Hint not displayed

Express your answer in newtons.

ANSWER:
    = 556

Correct
  

Part D

Calculate the tension  in the rope if the gymnast slides down the rope with a downward acceleration of magnitude 1.30 .

Hint D.1 Newton's 2nd law of motion

Hint not displayed

Hint D.2 Find an expression for the net external force

Hint not displayed

Hint D.3 Find the sign of the acceleration

Hint not displayed

Express your answer in newtons.

ANSWER:
    = 426

Correct
  

In this problem, the directions of velocity and acceleration happened to be the same. If they are different, it is the direction of the acceleration, not the direction of velocity, that determines the magnitudes of the

forces. Newton's 2nd law has nothing to do with the object's velocity.

 

Conceptual Question 6.16

A hand presses down on the book in the figure.
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Part A

Is the normal force of the table on the book larger than, smaller than, or equal to ?

ANSWER: Smaller than 

Larger than 

Equal to 

Correct

 

Motion of a Block with Three Forces

The diagram below shows a block of mass  on a frictionless horizontal surface, as seen from above. Three forces of magnitudes , , and  are applied to the block,

initially at rest on the surface, at angles shown on the diagram. In this problem, you will determine the resultant (total) force vector from the combination of

the three individual force vectors. All angles should be measured counterclockwise from the positive x axis (i.e., all angles are positive).

Part A

Calculate the magnitude of the total resultant force  acting on the mass.

Hint A.1 Definition of resultant force

Hint not displayed

Hint A.2 How to find the resultant

Hint not displayed

Hint A.3 Find the components of 

Hint not displayed

Hint A.4 Find the components of 

Hint not displayed

Hint A.5 Find the components of 

Hint not displayed

Hint A.6 Magnitude of 

Hint not displayed

Express the magnitude of the resultant force in newtons to to two decimal places..

ANSWER:
    = 1.83

Correct
  

Part B

What angle does  make with the positive x axis?

Hint B.1 Find the angle symbolically

Hint not displayed

Express your answer in degrees to two significant figures.

ANSWER: -73

Correct
 degrees

Part C

What is the magnitude of the mass's acceleration vector, ?

Hint C.1 Newton's 2nd law
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Hint not displayed

Express your answer to two significant figures.

ANSWER:
    = 0.92

Correct
  

Part D

What is the direction of ? In other words, what angle does this vector make with respect to the positive x axis?

Hint D.1 Relation between the direction of  and 

Hint not displayed

Express your answer in degrees to two significant figures.

ANSWER: -73

Correct
 degrees

Part E

How far (in meters) will the mass move in 5.0 s?

Hint E.1 Displacement with constant acceleration

Hint not displayed

Express the distance  in meters to two significant figures.

ANSWER:
    = 11

Correct
  

Part F

What is the magnitude of the velocity vector of the block at ?

Hint F.1 Velocity with constant acceleration

Remember, we have constant acceleration, and because the object starts from rest, the velocity vector will be parallel to the acceleration vector. Therefore, .

Express your answer in meters per second to two significant figures.

ANSWER:
    = 4.5

Correct
  

Part G

In what direction is the mass moving at time ? That is, what angle does the velocity vector make with respect to the positive x axis?

Hint G.1 Relationship between the direction of  and 

Hint not displayed

Express your answer in degrees to two significant figures.

ANSWER: -73

Correct
 degrees

 

Pushing a Chair along the Floor

A chair of weight 115  lies atop a horizontal floor; the floor is not frictionless. You push on the chair with a force of  = 35.0  directed at an angle of 34.0  below the horizontal and the chair slides along the floor.

Part A

Using Newton's laws, calculate , the magnitude of the normal force that the floor exerts on the chair.

Hint A.1 How to approach the problem

Hint not displayed

Hint A.2 Choosing the correct free-body diagram

Hint not displayed

Hint A.3 Find the vertical net force

Hint not displayed

Hint A.4 Find the vertical component of the force that you exert on the chair

Hint not displayed

Express your answer in newtons.

ANSWER:
    = 135

Correct
  

 

Problem 6.20

A  truck is parked on a  slope.
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Part A

How big is the friction force on the truck?

ANSWER:
1.01×10

4

Correct
 N

 

Problem 6.21

A 1500  car skids to a halt on a wet road where  = 0.45.

Part A

How fast was the car traveling if it leaves 62- -long skid marks?

Express your answer using two significant figures.

ANSWER:
    = 23

Correct
  

 

Suspending a Speaker

A loudspeaker of mass 24.0  is suspended a distance of  = 1.00  below the ceiling by two cables that make equal angles with the ceiling. Each cable has a length of  = 3.10 .

Part A

What is the tension  in each of the cables?

Hint A.1 How to approach the problem

Hint not displayed

Hint A.2 Identify the forces

Besides the forces of tension, what forces act on the loudspeaker?

ANSWER: weight only

the normal force only

weight and the normal force

Correct

Hint A.3 Find the net vertical force

What is , the sum of the vertical components of the tensions in the two cables? Recall that the sum of all forces acting in the vertical direction must equal zero, or else the speaker would accelerate up or

down.

Use 9.80  for the magnitude of the acceleration due to gravity.

ANSWER:
    = 235

Correct
  

Hint A.4 Determine 

You know that the vertical component of the tension in one of the cables is equal to , where  is the angle that the cable makes with the ceiling, as shown in the figure. What is ?

Hint A.4.1 Using the property of the right triangle

Recall that you are given the length of the cable (indicated by  in the figure) and the distance from the ceiling at which the speaker is suspended (indicated by  in the figure). Also, note that in a right triangle one

leg is equal to the sine of the opposite angle times the hypotenuse.

Express your answer numerically.

ANSWER:
    = 0.323

Correct

Use 9.80  for the magnitude of the acceleration due to gravity.

ANSWER:
    = 365

Correct
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Problem 6.53

What is the terminal speed for an 85.0  skier going down a 39.0  snow-covered slope on wooden skis = 0.060?

Part A

Assume that the skier is 1.80  tall and 0.500  wide.

ANSWER: 46.4

Correct
  

 

Applying Newton's 2nd Law

Learning Goal: To learn a systematic approach to solving Newton's 2nd law problems using a simple example.

Once you have decided to solve a problem using Newton's 2nd law, there are steps that will lead you to a solution. One such prescription is the following:

Visualize the problem and identify special cases.

Isolate each body and draw the forces acting on it.

Choose a coordinate system for each body.

Apply Newton's 2nd law to each body.

Write equations for the constraints and other given information.

Solve the resulting equations symbolically.

Check that your answer has the correct dimensions and satisfies special cases.

If numbers are given in the problem, plug them in and check that the answer makes sense.

Think about generalizations or simplfications of the problem.

As an example, we will apply this procedure to find the acceleration of a block of mass  that is pulled up a frictionless plane inclined at angle  with respect to the horizontal by a perfect string that passes over a

perfect pulley to a block of mass  that is hanging vertically.

Visualize the problem and identify special cases

First examine the problem by drawing a picture and visualizing the motion. Apply Newton's 2nd law, , to each body in your mind. Don't worry about which quantities are given. Think about the forces on

each body: How are these consistent with the direction of the acceleration for that body? Can you think of any special cases that you can solve quickly now and use to test your understanding later?

One special case in this problem is if , in which case block 1 would simply fall freely under the acceleration of gravity: .

Part A

Consider another special case in which the inclined plane is vertical ( ). In this case, for what value of  would the acceleration of the two blocks be equal to zero?

Express your answer in terms of some or all of the variables  and .

ANSWER:

    =

Correct

Isolate each body and draw the forces acting on it

A force diagram should include only real forces that act on the body and satisfy Newton's 3rd law. One way to check if the forces are real is to detrmine whether they are part of a Newton's 3rd law pair, that is,

whether they result from a physical interaction that also causes an opposite force on some other body, which may not be part of the problem. Do not decompose the forces into components, and do not include resultant

forces that are combinations of other real forces like centripetal force or fictitious forces like the "centrifugal" force.

Assign each force a symbol, but don't start to solve the problem at this point.

Part B

Which of the four drawings is a correct force diagram for this problem?

ANSWER: a

b

MasteringPhysics: Assignment Print View http://session.masteringphysics.com/myct/assignmentPrint?assignmentID=...

5 of 7 10/2/2009 1:13 PM



c

d

Correct

Choose a coordinate system for each body

Newton's 2nd law, , is a vector equation. To add or subtract vectors it is often easiest to decompose each vector into components. Whereas a particular set of vector components is only valid in a

particular coordinate system, the vector equality holds in any coordinate system, giving you freedom to pick a coordinate system that most simplifies the equations that result from the component equations.

It's generally best to pick a coordinate system with as many unknowns as possible along the coordinate axes. Vectors that lie along the axes appear in only one of the equations for each component, rather than in two

equations with trigonometric prefactors. Note that it is sometimes advantageous to use different coordinate systems for each body in the problem.

In this problem, you should use Cartesian coordinates and your axes should be stationary with respect to the inclined plane.

Part C

Given the criteria just described, what orientation of the coordinate axes would be best to use in this problem?

In the answer options, "tilted" means with the x axis oriented parallel to the plane (i.e., at angle  to the horizontal), and "level" means with the x axis horizontal.

ANSWER: tilted for both block 1 and block 2

tilted for block 1 and level for block 2

level for block 1 and tilted for block 2

level for both block 1 and block 2

Correct

Apply Newton's 2nd law to each body

Part D

What is , the sum of the x components of the forces acting on block 2? Take forces acting up the incline to be positive.

Hint D.1 Decompose the force of gravity on block 2

In this problem, the hardest force vector to express in terms of its coordinates is the force of gravity on block 2. The magnitude of the weight is . Find the force of gravity in terms of its components, using a tilted

coordinate system whose x axis is parallel to and pointing up the inclined plane.

Express the force of gravity on block 2, , in terms of some or all of the variables , , and . Express your answer as a vector in terms of the unit vectors  and .

ANSWER:
    =

Answer Requested

Express your answer in terms of some or all of the variables tension , , the magnitude of the acceleration of gravity , and .

ANSWER:
    =

Correct

Part E

Now determine , the sum of the y components of the forces acting on block 1. Take forces acting upward as positive.

Express your answer in terms of some or all of the variables , , and .

ANSWER:
    =

Correct

Part F

Write equations for the constraints and other given information

In this problem, the fact that the length of the string does not change imposes a constraint on relative accelerations of the two blocks. Find a relationship between the x component of the acceleration of block 2, , and

the acceleration of block 1. Pay careful attention to signs.

Hint F.1 Visualize the motion

If block 2 has an acceleration  up the incline, must the acceleration of block 1 be upward or downward to keep the string taut?

Express  in terms of  and/or , the components of the acceleration vector of block 1.

ANSWER:
    =

Correct

Part G

Solve and check

In the previous parts, you obtained the following equations using Newton's 2nd law and the constraint on the motion of the two blocks:
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and

Solve these equations to find .

Before you enter your answer, make sure it satisfies the special cases you already identified:

 if  and

 if  and .

Also make sure that your answer has dimensions of acceleration.

Hint G.1 How to solve the equations

Substitute for  from equation (1) into equation (2) and then use  from equation (3) in the new equation (2). This will yield a linear equation in  that is easy to solve.

Express  in terms of some or all of the variables , , , and .

ANSWER:

    =

Correct

Can you see how a simple generalization of the problem could be solved with a little extra work or how you could solve a nontrivial problem that is a subset of this one?

For example, imagine that there is friction in this problem between the plane and block 2. This would lead to an additional force on block 2: , where the normal force  is given by .

This additional force would lead to a new term in the expression for the acceleration of block 1:

.

Now, by choosing whether or not , you have a result that can be applied whether the plane is frictionless or not!

Score Summary:

Your score on this assignment is 106.7%.

You received 66 out of a possible total of 70 points, plus 8.68 points of extra credit.

MasteringPhysics: Assignment Print View http://session.masteringphysics.com/myct/assignmentPrint?assignmentID=...

7 of 7 10/2/2009 1:13 PM


