PSS 9.1: Tools of the Trade
Learning Goal: To practice Problem-Solving Strategy 9.1 for problems involving conservation of momentum.

An astronaut performs maintenance work outside her spaceship when the tether connecting her to the spaceship breaks. The astronaut finds herself at rest relative to the spaceship, at a distance 
 INCLUDEPICTURE "http://session.masteringphysics.com/latexgif/x/x_%2C7B%2C5Crm%2C201%2C7D.gif" \* MERGEFORMATINET 


from it. To get back to the ship, she decides to sacrifice her favorite wrench and hurls it directly away from the spaceship at a speed relative to the spaceship. What is the distance [image: image2.png]


between the spaceship and the wrench by the time the astronaut reaches the spaceship?

The mass of the astronaut is [image: image3.png]


; the mass of the wrench is [image: image4.png]


. 

MODEL:  Clearly define the system. 

· If possible, choose a system that is isolated ([image: image5.png]


) or within which the interactions are sufficiently short and intense that you can ignore external forces for the duration of the interaction (the impulse approximation). Momentum is conserved. 

· If it is not possible to choose an isolated system, try to divide the problem into parts such that momentum is conserved during one segment of the motion. Other segments of the motion can be analyzed using Newton's laws or, as you'll learn in Chapters 10 and 11, conservation of energy. 

VISUALIZE:  Draw a before-and-after pictorial representation. Define symbols that will be used in the problem, list known values, and identify what you are trying to find.

SOLVE:  The mathematical representation is based on the law of conservation of momentum: [image: image6.png]


. In component form, this is 

[image: image7.png]


,

[image: image8.png]



ASSESS:  Check if your result has the correct units, is reasonable, and answers the question.Model
We start by choosing the objects that would make up the system. In this case, it is possible to identify the system that is isolated. 

A. In addition to the astronaut, which of the following are components of the system that should be defined to solve the problem? 

A. the spaceship 

B. the wrench 

C. the earth 



Enter the letter(s) of the correct answer(s) in alphabetical order. Do not use commas. For example, if you think the system consists of all the objects listed, enter ABC. 
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B. [image: image9.png]Tz



Which of the following reasons best explains why the astronaut + wrench can be considered an isolated system? 

	[image: image10.wmf]The mass of the wrench is much smaller than that of the astronaut.
[image: image11.wmf]The force that the astronaut exerts on the wrench is very small.
[image: image12.wmf]The force that the astronaut exerts on the wrench is very large.
[image: image13.wmf]The force that the spaceship exerts on the wrench is very small.
[image: image14.wmf]The force that the spaceship exerts on the wrench is very large. 
	
	


Visualize
Now draw a before-and-after pictorial representation including all the elements listed in the problem-solving strategy. Be sure that your sketch is clear and includes all necessary symbols, both known and unknown. By the time the astronaut reaches the spaceship, the wrench will have covered a certain distance; on your pictorial representation, label this distance [image: image15.png]


. 

A. [image: image16.png]


After the wrench is thrown, the astronaut and the wrench move 

	[image: image17.wmf]in opposite directions.
[image: image18.wmf]in the same direction.
[image: image19.wmf]in perpendicular directions. 
	
	


B. [image: image20.png]Tz



Which statement about [image: image21.png]


, [image: image22.png]


, and [image: image23.png]


is correct? 

	[image: image24.wmf]

 INCLUDEPICTURE "http://session.masteringphysics.com/latexgif/x/x_1%2C2Bx_2%2C3D%2C5CDelta%2C20x.gif" \* MERGEFORMATINET [image: image25.png]




 HTMLCONTROL Forms.HTML:Option.1 [image: image26.wmf]

 INCLUDEPICTURE "http://session.masteringphysics.com/latexgif/x/x_2%2C2B%2C5CDelta%2C20x%2C3Dx_1.gif" \* MERGEFORMATINET [image: image27.png]




 HTMLCONTROL Forms.HTML:Option.1 [image: image28.wmf]
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Solve
Now use the information and the insights that you have accumulated to construct the necessary mathematical expressions and to derive the solution. 

A. [image: image30.png]


Find the final distance [image: image31.png]


between the spaceship and the wrench. 

Express the distance in terms of the given variables. You may or may not use all of them. 
	[image: image32.png]


=
	x_1*(1+m_a/m_w)


	
	


Assess
When you work on a problem on your own, without the computer-provided feedback, only you can assess whether your answer seems right. The following questions will help you practice the skills necessary for such an assessment. 

A. [image: image33.png]


Intuitively, which of the following statements are correct? 

A. For realistic values of the quantities involved, it is possible that [image: image34.png]


. 

B. If the astronaut threw a space pen instead of a wrench, the pen would travel further than the wrench would in the time it takes the astronaut to reach the ship. (Assume the space pen weighs less than the wrench). 

C. If the astronaut were more massive, the wrench would travel further in the time it takes the astronaut to reach the ship. 



Type the letters corresponding to the correct answers. Do not use commas. For instance, if you think that only expressions C and D have the units of distance, type CD. 
	BC



	
	
	


B. [image: image35.png]


Which of the following mathematical expressions have the units of distance, where [image: image36.png]


and [image: image37.png]


are distances? 

A. [image: image38.png]



B. [image: image39.png]



C. [image: image40.png]



D. [image: image41.png]



E. [image: image42.png]



F. [image: image43.png]





Type the letters corresponding to the correct answers. Do not use commas. For instance, if you think that only expressions C and D have the units of distance, type CD. 
	Answer not displayed
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