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6.1 Equilibrium

1. The vectors below show five forces that can be applied individually or in combinations to an object.
Which forces or combinations of forces will cause the object to be in equilibrium?
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2. The free-body diagrams show a force or forces acting on an object. Draw and label one more force
(one that is appropriate to the situation) that will cause the object to be in equilibrium.
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3. If you know all of the forces acting on a moving object, can you tell in which direction the object is
moving? If the answer is Yes, explain how. If the answer is No, give an example.

6-1



6-2 cHAPTER 6 - Dynamics I: Motion Along a Line

6.2 Using Newton’s Second Law

4. a. An elevator travels upward at a constant speed. The elevator hangs by a single cable. Friction and air
resistance are negligible. Is the tension in the cable greater than, less than, or equal to the weight of
the elevator? Explain. Your explanation should include both a free-body diagram and reference to
appropriate physical principles.
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b. The elevator travels downward and is slowing down. Is the tension in the cable greater than, less
than, or equal to the weight of the elevator? Explain.

Exercises 5—6: The figures show free-body diagrams for an object of mass m. Write the x- and y-components
of Newton’s second law. Write your equations in terms of the magnitudes of the forces F), F», ... and any
angles defined in the diagram. One equation is shown to illustrate the procedure.
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Exercises 7-9: Two or more forces, shown on a free-body diagram, are exerted on a 2 kg object. The

units of the grid are newtons. For each: .
* Draw a vector arrow on the grid, starting at the origin, to show the net force F,,,,.

¢ In the space to the right, determine the numerical values of the components a, and a,.
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Exercises 10—12: Three forces F,, F,, and F; cause a 1 kg object to accelerate with the acceleration given.
Two of the forces are shown on the free-body diagrams below, but the third is missing. For each, draw and
label on the grid the missing third force vector.
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13. Three arrows are shot horizontally. They have left the bow and are traveling parallel to the ground. Air
resistance is negligible. Rank in order, from largest to smallest, the magnitudes of the horizontal forces
F,, F», and F; acting on the arrows. Some may be equal. Give your answer in the formA>B =C > D.

1 2 3

£> P 10 mvs S— F= 9 /s S Y 9 mis

80¢g 80¢g 90g

Order:

Explanation:
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6.3 Mass, Weight, and Gravity

14. An astronaut takes his bathroom scales to the moon and then stands on them. Is the reading of the
scales his weight? Explain.

15. Suppose you attempt to pour out 100 g of salt, using a pan balance for measurement, while in an
elevator that is accelerating upward. Will the quantity of salt be too much, too little, or the correct
amount? Explain.

16. An astronaut orbiting the earth is handed two balls that are identical in outward appearance. However,
one is hollow while the other is filled with lead. How might the astronaut determine which is which?
Cutting them open is not allowed.
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17. The terms *vertical” and “horizontal” are frequently used in physics. Give operational definitions for
these two terms. An operational definition defines a term by how it is measured or determined. Your
definition should apply equally well in a laboratory or on a steep mountainside.

|
|

18. Suppose you stand on a spring scale in six identical elevators. Each elevator moves as shown below. Let
the reading of the scale in elevator n be S,.. Rank in order, from largest to smallest, the six scale readings S
to Sg. Some may be equal. Give your answer in the formA>B =C>D.

(%)

1 | 3 |

|
Up Speeding up Down | Slowing Down 1| Steady
at3mss | . | a2 m/s at 3 m/s | at2 m/s? at3mss | . ' { speed
4 1 5 | 6 |

Up | Speeding up Down | Speeding up Down ] Falling
aémss | . | at2 mss? at 3 m/s at 2 m/s? at3mss | | w98 mis?

Order:

Explanation:
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6.4 Friction

19. A block pushed along the floor with velocity v, slides a distance d after the pushing force is removed.

a. If the mass of the block is doubled but the initial velocity is not changed, what is the distance the
block slides before stopping? Explain.

b. If the initial velocity of the block is doubled to 2¥, but the mass is not changed, what is the distance
the block slides before stopping? Explain.

20. Suppose you press a book against the wall with your hand. The book is not moving.
a. Identify the forces on the book and draw a free-body diagram.

b. Now suppose you decrease your push, but not enough for the book to slip. What happens to each of
the following forces? Do they increase in magnitude, decrease, or not change?

F;wush
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6.5 Drag

21. Consider a box in the back of a pickup truck.
a. If the truck accelerates slowly, the box moves with the truck without slipping. What force or forces
act on the box to accelerate it? In what direction do those forces point?

b. Draw a free-body diagram of the box.

c. What happens to the box if the truck accelerates too rapidly? Explain why this happens, basing your
explanation on physical models and the principles described in this chapter.
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22. Three objects move through the air as shown. Rank in order, from largest to smallest, the three drag
forces D}, D, and D;. Some may be equal. Give your answer in the formA>B =C>D.

20cm

| Explanation:

23. Five balls move through the air as shown. All five have the same size and shape. Rank in order, from
largest to smallest, the magnitude of their accelerations a, to as. Some may be equal. Give your answer
inthe formA>B=C>D.

Just released Just released v, =-20m/s

v,=0 v,=0

50g 1008 100 ¢ .v =20 m/s
iv ==20m/s

Order:

Explanation:
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24. A 1 kg wood ball and a 10 kg lead ball have identical shapes and sizes. They are dropped
simultaneously from a tall tower.

a. To begin, assume that air resistance is negligible. As the balls fall, are the forces on them equal in
magnitude or different? If different, which has the larger force? Explain.

b. Are their accelerations equal or different? If different, which has the larger acceleration? Explain.

¢. Which ball hits the ground first? Or do they hit simultaneously? Explain.

d. If air resistance is present, each ball will experience the same drag force because both have the same
shape. Draw free-body diagrams for the two balls as they fall in the presence of air resistance. Make
sure that your vectors all have the correct relative lengths.

e. When air resistance is included, are the accelerations of the balls equal or different? If not, which
has the larger acceleration? Explain, using your free-body diagrams and Newton’s laws.

f. Which ball now hits the ground first? Or do they hit simultaneously? Explain.




