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2.1.
Identify:   
[image: image1.wmf]av-
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Set Up:   We know the average velocity is 6.25 m/s.
Execute:   
[image: image2.wmf]av-
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Evaluate:   In round numbers, 6 m/s ( 4 s = 24 m ≈ 25 m, so the answer is reasonable.

2.2.
Identify:   
[image: image3.wmf]av-
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Set Up:   
[image: image4.wmf]6
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 At the release point, 
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Execute:   (a) 
[image: image6.wmf]6
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(b) For the round trip, 
[image: image7.wmf]21
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 and 
[image: image8.wmf]0.
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 The average velocity is zero.

Evaluate:   The average velocity for the trip from the nest to the release point is positive.


2.3.
Identify:   Target variable is the time 
[image: image9.wmf]t

D

 it takes to make the trip in heavy traffic. Use Eq. (2.2) that relates the average velocity to the displacement and average time.

Set Up:   
[image: image10.wmf]av-
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 so 
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x

xvt

D=D

 and 
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Execute:   Use the information given for normal driving conditions to calculate the distance between the two cities:


[image: image13.wmf]av-
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Now use 
[image: image14.wmf]av-
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 for heavy traffic to calculate 
[image: image15.wmf];
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 is the same as before:
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 and 30 min.

The trip takes an additional 1 hour and 10 minutes.

Evaluate:   The time is inversely proportional to the average speed, so the time in traffic is 
[image: image18.wmf](105/70)(140 min)210 min

=.



2.4.
Identify:   The average velocity is 
[image: image19.wmf]av-
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 Use the average speed for each segment to find the time traveled in that segment. The average speed is the distance traveled by the time.

Set Up:   The post is 80 m west of the pillar. The total distance traveled is 
[image: image20.wmf]200 m280 m480 m.

+=


Execute:   (a) The eastward run takes time 
[image: image21.wmf]200 m
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 and the westward run takes 
[image: image22.wmf]280 m
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 The average speed for the entire trip is 
[image: image23.wmf]480 m
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(b) 
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 The average velocity is directed westward.

Evaluate:   The displacement is much less than the distance traveled and the magnitude of the average velocity is much less than the average speed. The average speed for the entire trip has a value that lies between the average speed for the two segments.


2.5.
Identify:   Given two displacements, we want the average velocity and the average speed.
Set Up:   The average velocity is 
[image: image25.wmf]av-
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 and the average speed is just the total distance walked divided by the total time to walk this distance.
Execute:   (a) Let +x be east. 
[image: image26.wmf]600 m400 m200 m
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 and 
[image: image27.wmf]280 s360 s640 s.
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 So 
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(b) 
[image: image29.wmf]600 m400 m
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Evaluate:   The average speed is much greater than the average velocity because the total distance walked is much greater than the magnitude of the displacement vector.

2.6.
Identify:   The average velocity is 
[image: image30.wmf]av-

.

x

x

v

t

D

=

D

 Use 
[image: image31.wmf]()

xt

 to find x for each t.

Set Up:   
[image: image32.wmf](0)0,
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Execute:   (a) 
[image: image35.wmf]av-
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(b) 
[image: image36.wmf]av-
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(c) 
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Evaluate:   The average velocity depends on the time interval being considered.


2.7.
(a) Identify:   Calculate the average velocity using Eq. (2.2).

Set Up:   
[image: image38.wmf]av-

x

x

v

t

D

=

D

 so use 
[image: image39.wmf]()
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 to find the displacement 
[image: image40.wmf]x

D

 for this time interval.

Execute:   
[image: image41.wmf]0:
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Then 
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(b) Identify:   Use Eq. (2.3) to calculate 
[image: image46.wmf]()
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 and evaluate this expression at each specified t.

Set Up:   
[image: image47.wmf]2
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Execute:   (i) 
[image: image48.wmf]0:
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(ii) 
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(iii) 
[image: image52.wmf]100 s:
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(c) Identify:   Find the value of t when 
[image: image54.wmf]()
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 from part (b) is zero.

Set Up:   
[image: image55.wmf]2
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 next when 
[image: image59.wmf]2

230

btct

-=


Execute:   
[image: image60.wmf]23
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 so 
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Evaluate:   
[image: image62.wmf]()
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 for this motion says the car starts from rest, speeds up, and then slows down again.


2.8.
Identify:   We know the position x(t) of the bird as a function of time and want to find its instantaneous velocity at a particular time.
Set Up:   The instantaneous velocity is 
[image: image63.wmf]()
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Execute:   
[image: image65.wmf]32
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 Evaluating this at 
[image: image66.wmf]80 s
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 gives 
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Evaluate:   The acceleration is not constant in this case.

2.9.
Identify:   The average velocity is given by 
[image: image68.wmf]av-
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 We can find the displacement 
[image: image69.wmf]t
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 for each constant velocity time interval. The average speed is the distance traveled divided by the time.

Set Up:   For 
[image: image70.wmf]0
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 to 
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 For 
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 to 
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 In part (b), 
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 for 
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 to 
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 When the velocity is constant, 
[image: image79.wmf].
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Execute:   (a) For 
[image: image80.wmf]0
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 to 
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 For the first 3.0 s, 
[image: image86.wmf]40 m30 m70 m.
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 The distance traveled is also 7.0 m. The average velocity is 
[image: image87.wmf]av-
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 The average speed is also 2.33 m/s.

(b) For 
[image: image88.wmf]20 s
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to 3.0 s, 
[image: image89.wmf](30 m/s)(10 s)30 m.
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[image: image90.wmf]40 m(30 m)10 m.
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 The dog runs 4.0 m in the +x-direction and then 3.0 m in the 
(x-direction, so the distance traveled is still 7.0 m. 
[image: image91.wmf]av-
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 The average speed is 
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Evaluate:   When the motion is always in the same direction, the displacement and the distance traveled are equal and the average velocity has the same magnitude as the average speed. When the motion changes direction during the time interval, those quantities are different.


2.10.
Identify and Set Up:   The instantaneous velocity is the slope of the tangent to the x versus t graph.

Execute:   (a) The velocity is zero where the graph is horizontal; point IV.

(b) The velocity is constant and positive where the graph is a straight line with positive slope; point I.

(c) The velocity is constant and negative where the graph is a straight line with negative slope; point V.

(d) The slope is positive and increasing at point II.

(e) The slope is positive and decreasing at point III.

Evaluate:   The sign of the velocity indicates its direction.


2.11.
Identify:   Find the instantaneous velocity of a car using a graph of its position as a function of time.
Set Up:   The instantaneous velocity at any point is the slope of the x versus t graph at that point. Estimate the slope from the graph.
Execute:   A: 
[image: image93.wmf]67 m/s;
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 B: 
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 C: 
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F: 
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 G: 
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Evaluate:   The sign of 
[image: image100.wmf]x
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 shows the direction the car is moving. 
[image: image101.wmf]x
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 is constant when x versus t is a straight line.

2.12.
Identify:   
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[image: image103.wmf]()
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 is the slope of the 
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versus t graph.

Set Up:   
[image: image105.wmf]60 km/h167 m/s
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Execute:   (a) (i) 
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(iii) 
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(b) At 
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Evaluate:   When 
[image: image118.wmf]av-
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 and 
[image: image119.wmf]x
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 have the same sign the speed is increasing. When they have opposite sign the speed is decreasing.


2.13.
Identify:   The average acceleration for a time interval 
[image: image120.wmf]t
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 is given by 
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Set Up:   Assume the car is moving in the 
[image: image122.wmf]x
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 direction. 
[image: image123.wmf]1 mi/h0447 m/s,
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Execute:   (a) The graph of 
[image: image127.wmf]x

v

versus t is sketched in Figure 2.13. The graph is not a straight line, so the acceleration is not constant.

(b) (i) 
[image: image128.wmf]2
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 (ii) 
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(iii) 
[image: image130.wmf]2
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 The slope of the graph of 
[image: image131.wmf]x

v

versus t decreases as t increases. This is consistent with an average acceleration that decreases in magnitude during each successive time interval.

Evaluate:   The average acceleration depends on the chosen time interval. For the interval between 0 and 53 s, 
[image: image132.wmf]2
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	Figure 2.13



2.14.
Identify:   We know the velocity v(t) of the car as a function of time and want to find its acceleration at the instant that its velocity is 16.0 m/s.
Set Up:   
[image: image134.wmf]32
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Evaluate:   The acceleration of this car is not constant.

2.15.
Identify and Set Up:   Use 
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Execute:   
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(a) At 
[image: image145.wmf]0,
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(b) Set 
[image: image149.wmf]0
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 and solve for t: 
[image: image150.wmf]160 s
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(c) Set 
[image: image151.wmf]500 cm
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 and solve for t. This gives 
[image: image152.wmf]0
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 The turtle returns to the starting point after 32.0 s.

(d) The turtle is 10.0 cm from starting point when 
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At 
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At 
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Set 
[image: image163.wmf]400 cm
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 and solve for t: 
[image: image164.wmf]364 s
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 (other root to the quadratic equation is negative and hence nonphysical).

At 
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(e) The graphs are sketched in Figure 2.15.
	[image: image167.jpg]>-<<





	Figure 2.15


Evaluate:   The acceleration is constant and negative. 
[image: image168.wmf]x

v

 is linear in time. It is initially positive, decreases to zero, and then becomes negative with increasing magnitude. The turtle initially moves farther away from the origin but then stops and moves in the 
[image: image169.wmf]-direction
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2.16.
Identify:   Use Eq. (2.4), with 
[image: image170.wmf]10 s
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 in all cases.

Set Up:   
[image: image171.wmf]x

v

is negative if the motion is to the left.

Execute:   (a) 
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(b)
[image: image173.wmf]2
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(c) 
[image: image174.wmf]2
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Evaluate:   In all cases, the negative acceleration indicates an acceleration to the left.


2.17.
Identify:   The average acceleration is 
[image: image175.wmf]av-
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[image: image176.wmf]()
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 to find 
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 at each t. The instantaneous acceleration is 
[image: image178.wmf].
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Set Up:   
[image: image179.wmf](0)300 m/s
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[image: image180.wmf](500 s)550 m/s.

x

v

.=.


Execute:   (a) 
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(b) 
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 At 
[image: image183.wmf]0,

t

=

 
[image: image184.wmf]0.
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(c) Graphs of 
[image: image187.wmf]()

x
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 and 
[image: image188.wmf]()
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 are given in Figure 2.17.
Evaluate:   
[image: image189.wmf]()
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at

 is the slope of 
[image: image190.wmf]()
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 and increases as t increases. The average acceleration for 
[image: image191.wmf]0
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 to 
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 equals the instantaneous acceleration at the midpoint of the time interval, 
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 is a linear function of t.
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	Figure 2.17



2.18.
Identify:   
[image: image196.wmf]()
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Set Up:   
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Execute:   (a) 
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(b) The graphs are given in Figure 2.18.
Evaluate:   For the entire time interval from 
[image: image211.wmf]0
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 to 
[image: image212.wmf]200 s,
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 the velocity 
[image: image213.wmf]x
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 is positive and x increases. While 
[image: image214.wmf]x
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 is also positive the speed increases and while 
[image: image215.wmf]x
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 is negative the speed decreases.
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	Figure 2.18



2.19.
Identify:   Use the constant acceleration equations to find 
[image: image217.wmf]0
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 and 
[image: image218.wmf]x
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(a) Set Up:   The situation is sketched in Figure 2.19.
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	Figure 2.19
	
	


Execute:   Use 
[image: image224.wmf]0
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(b) Use 
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Evaluate:   The average velocity is 
[image: image228.wmf](700 m)/(700s)100 m/s
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 The final velocity is larger than this, so the antelope must be speeding up during the time interval; 
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2.20.
Identify:   In (a) find the time to reach the speed of sound with an acceleration of 5g, and in (b) find his speed at the end of 5.0 s if he has an acceleration of 5g.
Set Up:   Let 
[image: image231.wmf]x

+

 be in his direction of motion and assume constant acceleration of 5g so the standard kinematics equations apply so 
[image: image232.wmf]0
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 (b) 
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Execute:   (a) 
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 Yes, the time required is larger than 5.0 s.
(b) 
[image: image239.wmf]2
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Evaluate:   In 5 s he can only reach about 2/3 the speed of sound without blacking out.

2.21.
Identify:   For constant acceleration, Eqs. (2.8), (2.12), (2.13) and (2.14) apply.

Set Up:   Assume the ball starts from rest and moves in the 
[image: image240.wmf]-direction
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Execute:   (a) 
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(b) 
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Evaluate:   We could also use 
[image: image248.wmf]0
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 to find 
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 which agrees with our previous result. The acceleration of the ball is very large.


2.22.
Identify:   For constant acceleration, Eqs. (2.8), (2.12), (2.13) and (2.14) apply.

Set Up:   Assume the ball moves in the 
[image: image250.wmf] direction
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Execute:   (a) 
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(b) 
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Evaluate:   We could also use 
[image: image257.wmf]2
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 which agrees with our previous result. The acceleration of the ball is very large.


2.23.
Identify:   Assume that the acceleration is constant and apply the constant acceleration kinematic equations. Set 
[image: image260.wmf]||
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 equal to its maximum allowed value.

Set Up:   Let 
[image: image261.wmf]x
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 be the direction of the initial velocity of the car. 
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Execute:   
[image: image264.wmf]0
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Evaluate:   The car frame stops over a shorter distance and has a larger magnitude of acceleration. Part of your 1.70 m stopping distance is the stopping distance of the car and part is how far you move relative to the car while stopping.


2.24.
Identify:   In (a) we want the time to reach Mach 4 with an acceleration of 4g, and in (b) we want to know how far he can travel if he maintains this acceleration during this time.
Set Up:   Let 
[image: image268.wmf]x

+

 be the direction the jet travels and take 
[image: image269.wmf]0
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 With constant acceleration, the equations 
[image: image270.wmf]0

xxx

vvat

=+

 and 
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Execute:   (a) Solving 
[image: image275.wmf]0
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 for t gives 
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(b) 
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Evaluate:   The answer in (a) is about ½ min, so if he wanted to reach Mach 4 any sooner than that, he would be in danger of blacking out.

2.25.
Identify:   If a person comes to a stop in 36 ms while slowing down with an acceleration of 60g, how far does he travel during this time?
Set Up:   Let 
[image: image278.wmf]x

+

 be the direction the person travels. 
[image: image279.wmf]0
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 The equations 
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 both apply since the acceleration is constant.
Execute:   Solving 
[image: image284.wmf]0
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 for v0x gives 
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Evaluate:   Notice that we were not given the initial speed, but we could find it: 
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2.26.
Identify:   In (a) the hip pad must reduce the person’s speed from 2.0 m/s to 1.3 m/s over a distance of 2.0 cm, and we want the acceleration over this distance, assuming constant acceleration. In (b) we want to find out how the acceleration in (a) lasts.
Set Up:   Let 
[image: image289.wmf]y
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 be downward. 
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 apply for constant acceleration.
Execute:   (a) Solving 
[image: image295.wmf]22
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(b) 
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Evaluate:   The acceleration is very large, but it only lasts for 12 ms so it produces a small velocity change.

2.27.
Identify:   We know the initial and final velocities of the object, and the distance over which the velocity change occurs. From this we want to find the magnitude and duration of the acceleration of the object.
Set Up:   The constant-acceleration kinematics formulas apply. 
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Execute:   (a) 
[image: image303.wmf]22

00

2()

xxx

vvaxx

=+-

gives 
[image: image304.wmf]2232

625

0

0

(5.010m/s)

3.110m/s3.210.

2()2(4.0 m)

xx

x

vv

ag

xx

-´

===´=´

-


(b) 
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Evaluate:   (c) The calculated a is less than 450,000 g so the acceleration required doesn’t rule out this hypothesis.

2.28.
Identify:   Apply constant acceleration equations to the motion of the car.

Set Up:   Let 
[image: image307.wmf]x
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 be the direction the car is moving.

Execute:   (a) From Eq. (2.13), with 
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(b) Using Eq. (2.14), 
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(c) 
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Evaluate:   The average velocity of the car is half the constant speed of the traffic, so the traffic travels twice as far.


2.29.
Identify:   The average acceleration is 
[image: image312.wmf]av-

.

x

x

v

a

t

D

=

D

 For constant acceleration, Eqs. (2.8), (2.12), (2.13) and (2.14) apply.

Set Up:   Assume the shuttle travels in the +x direction. 
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Execute:   (a) (i) 
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(b) (i) 
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Evaluate:   When the acceleration is constant the instantaneous acceleration throughout the time interval equals the average acceleration for that time interval. We could have calculated the distance in part (a) as 
[image: image326.wmf]222
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 which agrees with our previous calculation.


2.30.
Identify:   The acceleration 
[image: image327.wmf]x
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 is the slope of the graph of 
[image: image328.wmf]x
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 versus t.

Set Up:   The signs of 
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 and of 
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 indicate their directions.

Execute:   (a) Reading from the graph, at 
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equal to 
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(c) Since the acceleration is constant, 
[image: image338.wmf]2

1

00

2

.

xx

xxvtat

-=+

 For 
[image: image339.wmf]0

t

=

 to 4.5 s, 
[image: image340.wmf]22

1

0

2

(80 cm/s)(45 s)(13 cm/s)(45 s)228 cm.

xx

-=..+-..=.

 For 
[image: image341.wmf]0

t

=

 to 7.5 s, 
[image: image342.wmf]22

1

0

2

(80 cm/s)(75 s)(13 cm/s)(75 s)234 cm

xx

-=..+-..=.


(d) The graphs of 
[image: image343.wmf]x
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and x versus t are given in Figure 2.30.
Evaluate:   In part (c) we could have instead used 
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2.31.
(a) Identify and Set Up:   The acceleration 
[image: image346.wmf]x
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 at time t is the slope of the tangent to the 
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 versus t curve at time t.

Execute:   At 
[image: image348.wmf]3 s,

t

=

 the 
[image: image349.wmf]x

v

 versus t curve is a horizontal straight line, with zero slope. Thus 
[image: image350.wmf]0

x

a

=.


At 
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Evaluate:   
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(b) Identify:   Calculate the displacement during the specified time interval.

Set Up:   We can use the constant acceleration equations only for time intervals during which the acceleration is constant. If necessary, break the motion up into constant acceleration segments and apply the constant acceleration equations for each segment. For the time interval 
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Execute:   During the first 5 seconds the acceleration is constant, so the constant acceleration kinematic formulas can be used.
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 this is the distance the officer travels in the first 5 seconds.

During the interval 
[image: image380.wmf]5 s
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 to 9 s the acceleration is again constant. The constant acceleration formulas can be applied to this 4-second interval. It is convenient to restart our clock so the interval starts at time 
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At 
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 the officer is at 
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 so she has traveled 230 m in the first 9 seconds.

During the interval 
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Thus 
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At 
[image: image409.wmf]13 s
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 the officer is at 
[image: image410.wmf]320 m,
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 so she has traveled 320 m in the first 13 seconds.

Evaluate:   The velocity 
[image: image411.wmf]x
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 is always positive so the displacement is always positive and displacement and distance traveled are the same. The average velocity for time interval 
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 These results are consistent with Figure 2.37 in the textbook.

2.32.
Identify:   
[image: image420.wmf]()

x

vt

 is the slope of the x versus t graph. Car B moves with constant speed and zero acceleration. Car A moves with positive acceleration; assume the acceleration is constant.

Set Up:   For car B, 
[image: image421.wmf]x
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 is positive and 
[image: image422.wmf]0.
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 For car A, 
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 is positive and 
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 increases with t.

Execute:   (a) The motion diagrams for the cars are given in Figure 2.32a.

(b) The two cars have the same position at times when their x-t graphs cross. The figure in the problem shows this occurs at approximately 
[image: image425.wmf]1 s
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 and 
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(c) The graphs of 
[image: image427.wmf]x
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 versus t for each car are sketched in Figure 2.32b.

(d) The cars have the same velocity when their x-t graphs have the same slope. This occurs at approximately 
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(e) Car A passes car B when 
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 moves above 
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 in the x-t graph. This happens at 
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(f) Car B passes car A when 
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 moves above 
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 in the x-t graph. This happens at 
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Evaluate:   When 
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 the graph of 
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 versus t is a horizontal line. When 
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 is positive, the graph of 
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 versus t is a straight line with positive slope.
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	Figure 2.32a-b



2.33.
Identify:   For constant acceleration, Eqs. (2.8), (2.12), (2.13) and (2.14) apply.

Set Up:   Take 
[image: image441.wmf]y
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 to be downward, so the motion is in the 
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 direction. 
[image: image443.wmf]19,300 km/h5361 m/s,

=

 
[image: image444.wmf]1600 km/h4444 m/s,

=.

 and 
[image: image445.wmf]321 km/h892 m/s.

=.



 EMBED Equation.DSMT4  [image: image446.wmf]40 min240 s.

.=


Execute:   (a) Stage A: 
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Stage B: 
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Stage C: 
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 In each case the negative sign means that the acceleration is upward.

(b) Stage A: 
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Stage B: 
[image: image463.wmf]0
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Stage C: The problem states that 
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The total distance traveled during all three stages is 
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Evaluate:   The upward acceleration produced by friction in stage A is calculated to be greater than the upward acceleration due to the parachute in stage B. The effects of air resistance increase with increasing speed and in reality the acceleration was probably not constant during stages A and B.


2.34.
Identify:   Apply the constant acceleration equations to the motion of each vehicle. The truck passes the car when they are at the same x at the same 
[image: image466.wmf]0.
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Set Up:   The truck has 
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 The car has 
[image: image468.wmf]0

0.

x

v

=

 Let 
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 be in the direction of motion of the vehicles. Both vehicles start at 
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Execute:   (a) 
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 At this t, 
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 The car and truck have each traveled 250 m.

(b) At 
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 the car has 
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(c) 
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 The x-t graph of the motion for each vehicle is sketched in Figure 2.34a.

(d) 
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[image: image488.wmf]-
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 graph for each vehicle is sketched in Figure 2.34b.

Evaluate:   When the car overtakes the truck its speed is twice that of the truck.
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	Figure 2.34a-b



2.35.
Identify:   Apply the constant acceleration equations to the motion of the flea. After the flea leaves the ground, 
[image: image491.wmf],
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 downward. Take the origin at the ground and the positive direction to be upward.

(a) Set Up:   At the maximum height 
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Execute:   
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(b) Set Up:   When the flea has returned to the ground 
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Execute:   With 
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Evaluate:   We can use 
[image: image507.wmf]0
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2.36.
Identify:   The rock has a constant downward acceleration of 9.80 m/s2. We know its initial velocity and position and its final position.
Set Up:   We can use the kinematics formulas for constant acceleration.
Execute:   (a) 
[image: image510.wmf]0
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 The kinematics formulas give 
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 so the speed is 30.2 m/s.
(b) 
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Evaluate:   The vertical velocity in part (a) is negative because the rock is moving downward, but the speed is always positive. The 4.92 s is the total time in the air.

2.37.
Identify:   The pin has a constant downward acceleration of 9.80 m/s2 and returns to its initial position.
Set Up:   We can use the kinematics formulas for constant acceleration.
Execute:   The kinematics formulas give 
[image: image516.wmf]2
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Evaluate:   It takes the pin half this time to reach its highest point and the remainder of the time to return.

2.38.
Identify:   The putty has a constant downward acceleration of 9.80 m/s2. We know the initial velocity of the putty and the distance it travels.
Set Up:   We can use the kinematics formulas for constant acceleration.
Execute:   (a) v0y = 9.50 m/s and y – y0 = 3.60 m, which gives 
[image: image519.wmf]222
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(b) 
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Evaluate:   The putty is stopped by the ceiling, not by gravity.

2.39.
Identify:   A ball on Mars that is hit directly upward returns to the same level in 8.5 s with a constant downward acceleration of 0.379g. How high did it go and how fast was it initially traveling upward?
Set Up:   Take 
[image: image521.wmf]y
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 upward. 
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Execute:   Consider the motion from the maximum height back to the initial level. For this motion 
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 The ball went 33.5 m above its original position.
(b) Consider the motion from just after it was hit to the maximum height. For this motion 
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(c) The graphs are sketched in Figure 2.39.
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	Figure 2.39


Evaluate:   The answers can be checked several ways. For example, 
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 which agrees with the height calculated in (a).

2.40.
Identify:   Apply constant acceleration equations to the motion of the lander.

Set Up:   Let 
[image: image539.wmf]y
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 be positive. Since the lander is in free-fall, 
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Execute:   
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Evaluate:   The same descent on earth would result in a final speed of 9.9 m/s, since the acceleration due to gravity on earth is much larger than on the moon.


2.41.
Identify:   Apply constant acceleration equations to the motion of the meterstick. The time the meterstick falls is your reaction time.

Set Up:   Let 
[image: image546.wmf]y
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 be downward. The meter stick has 
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 Let d be the distance the meterstick falls.

Execute:   (a) 
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Evaluate:   The reaction time is proportional to the square of the distance the stick falls.


2.42.
Identify:   Apply constant acceleration equations to the vertical motion of the brick.

Set Up:   Let 
[image: image553.wmf]y
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 be downward. 
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Execute:   (a) 
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The building is 30.6 m tall.

(b) 
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(c) The graphs of 
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Evaluate:   We could use either 
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to check our results.
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	Figure 2.42



2.43.
Identify:   When the only force is gravity the acceleration is 
[image: image564.wmf]2
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 downward. There are two intervals of constant acceleration and the constant acceleration equations apply during each of these intervals.

Set Up:   Let 
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 be upward. Let 
[image: image566.wmf]0

y

=

 at the launch pad. The final velocity for the first phase of the motion is the initial velocity for the free-fall phase.

Execute:   (a) Find the velocity when the engines cut off. 
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Now consider the motion from engine cut-off to maximum height: 
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(b) Consider the motion from engine failure until just before the rocket strikes the ground: 
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(c) Find the time from blast-off until engine failure: 
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 The rocket strikes the launch pad 
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 after blast-off. The acceleration 
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 applies during each constant acceleration segment, so the graph of 
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Evaluate:   In part (b) we could have found the time from 
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	Figure 2.43



2.44.
Identify:   Apply constant acceleration equations to the vertical motion of the sandbag.

Set Up:   Take 
[image: image611.wmf]y
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 upward. 
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 The sandbag is 40.9 m above the ground. 
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 The maximum height is 41.3 m above the ground.

(e) The graphs of 
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Evaluate:   The sandbag initially travels upward with decreasing velocity and then moves downward with increasing speed.
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2.45.
Identify:   Use the constant acceleration equations to calculate 
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(d) Set Up:   Calculate the acceleration, assuming it is constant:
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If the acceleration while the sled is stopping is constant then the magnitude of the acceleration is only 20.6g. But if the acceleration is not constant it is certainly possible that at some point the instantaneous acceleration could be as large as 40g.

Evaluate:   It is reasonable that for this motion the acceleration is much larger than g.


2.46.
Identify:   Since air resistance is ignored, the egg is in free-fall and has a constant downward acceleration of magnitude 
[image: image658.wmf]2
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 Apply the constant acceleration equations to the motion of the egg.
Set Up:   Take 
[image: image659.wmf]y

+

 to be upward. At the maximum height, 
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Execute:   (a) 
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(b) 
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(c) At the maximum height 
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(d) The acceleration is constant and equal to 
[image: image672.wmf]2
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 downward, at all points in the motion, including at the maximum height.
(e) The graphs are sketched in Figure 2.46.
Evaluate:   The time for the egg to reach its maximum height is 
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 The egg has returned to the level of the cornice after 3.78 s and after 5.00 s it has traveled downward from the cornice for 1.22 s.
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	Figure 2.46



2.47.
Identify:   We can avoid solving for the common height by considering the relation between height, time of fall and acceleration due to gravity and setting up a ratio involving time of fall and acceleration due to gravity.

Set Up:   Let 
[image: image675.wmf]En
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 be the acceleration due to gravity on Enceladus and let g be this quantity on earth. Let h be the common height from which the object is dropped. Let 
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Evaluate:   The acceleration due to gravity is inversely proportional to the square of the time of fall.

2.48.
Identify:   Since air resistance is ignored, the boulder is in free-fall and has a constant downward acceleration of magnitude 
[image: image684.wmf]2
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 Apply the constant acceleration equations to the motion of the boulder.
Set Up:   Take 
[image: image685.wmf]y
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 to be upward.
Execute:   (a) 
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(b) 
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(c) 
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[image: image699.wmf]0,

y

v

=


[image: image700.wmf]0

400 m/s,

y

v

=+.



 EMBED Equation.DSMT4  [image: image701.wmf]2

980 m/s.

y

a

=-.



 EMBED Equation.DSMT4  [image: image702.wmf]0

yyy

vvat

=+

 gives 
[image: image703.wmf]0

2

0400 m/s

408 s.

980 m/s

yy

y

vv

t

a

-

-.

===.

-.


(e) The acceleration is 
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 downward, at all points in the motion.

(f) The graphs are sketched in Figure 2.48.

Evaluate:   
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 at the maximum height. The time to reach the maximum height is half the total time in the air, so the answer in part (d) is half the answer in part (c). Also note that 
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 The boulder is going upward until it reaches its maximum height and after the maximum height it is traveling downward.
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2.49.
Identify:   Two stones are thrown up with different speeds. (a) Knowing how soon the faster one returns to the ground, how long it will take the slow one to return? (b) Knowing how high the slower stone went, how high did the faster stone go?
Set Up:   Use subscripts f and s to refer to the faster and slower stones, respectively. Take 
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 to be upward and 
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(b) Since 
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Evaluate:   The faster stone reaches a greater height so it travels a greater distance than the slower stone and takes more time to return to the ground.

2.50.
Identify:   We start with the more general formulas and use them to derive the formulas for constant acceleration.
Set Up:   The general formulas are 
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Execute:   For constant acceleration, these formulas give 
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Evaluate:   The general formulas give the expected results for constant acceleration.

2.51.
Identify:   The acceleration is not constant, but we know how it varies with time. We can use the definitions of instantaneous velocity and position to find the rocket’s position and speed.
Set Up:   The basic definitions of velocity and position are 
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Execute:   (a) 
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Evaluate:   The time in part (b) is less than 10.0 s, so the given formulas are valid.

2.52.
Identify:   The acceleration is not constant so the constant acceleration equations cannot be used. Instead, use Eqs. (2.17) and (2.18). Use the values of 
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 The graphs are sketched in Figure 2.52.
Evaluate:   We can verify that 
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	Figure 2.52
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2.53.
(a) Identify:   Integrate 
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At rest at 
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At the origin at 
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Evaluate:   We can check our results by using them to verify that 
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(b) Identify and Set Up:   At time t, when 
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v

 is still increasing. For later times 
[image: image790.wmf]x

a

 is negative and 
[image: image791.wmf]x

v

 is decreasing.)

Execute:   
[image: image792.wmf]0

x

x

dv

a

dt
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 so 
[image: image793.wmf]2
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One root is 
[image: image794.wmf]0,

t

=

 but at this time 
[image: image795.wmf]0

x
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=

 and not a maximum.

The other root is 
[image: image796.wmf]3
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At this time 
[image: image797.wmf]3243
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x

vtt
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 gives 
[image: image798.wmf]3243
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Evaluate:   For 
[image: image799.wmf]125 s,

t
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 EMBED Equation.DSMT4  [image: image800.wmf]0

x

a

>

 and 
[image: image801.wmf]x
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 is increasing. For 
[image: image802.wmf]125 s,
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>.
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 and 
[image: image804.wmf]x
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 is decreasing.


2.54.
Identify:   
[image: image805.wmf]()

at

 is the slope of the v versus t graph and the distance traveled is the area under the v versus t graph.

Set Up:   The v versus t graph can be approximated by the graph sketched in Figure 2.54.
Execute:   (a) 
[image: image806.wmf]Slope0 for 13 ms.

at

==³.


(b) 
[image: image807.wmf]maxTriangleRectangle
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(c) 
[image: image808.wmf]slope
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 of v-t graph. 
[image: image809.wmf]52
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[image: image810.wmf](15ms)0 because the slope is zero
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(d) 
[image: image811.wmf]area
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=

 under v-t graph. 
[image: image812.wmf]3
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[image: image813.wmf]2
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[image: image814.wmf]TriangleRectangle
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Evaluate:   The acceleration is constant until 
[image: image815.wmf]13 ms,

t

=.

 and then it is zero. 
[image: image816.wmf]2

980 cm/s.

g

=

 The acceleration during the first 1.3 ms is much larger than this and gravity can be neglected for the portion of the jump that we are considering.
	[image: image817.jpg]2.5ms

1.3 ms

0





	Figure 2.54



2.55.
Identify:   The sprinter’s acceleration is constant for the first 2.0 s but zero after that, so it is not constant over the entire race. We need to break up the race into segments.
Set Up:   When the acceleration is constant, the formula 
[image: image818.wmf]0

0

2

xx

vv

xxt

+

æö

-=

ç÷

èø

 applies. The average velocity is 
[image: image819.wmf]av-
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Execute:   (a) 
[image: image820.wmf]0
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(b) (i) 40.0 m at 10.0 m/s so time at constant speed is 4.0 s. The total time is 6.0 s, so 
[image: image821.wmf]av-
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(ii) He runs 90.0 m at 10.0 m/s so the time at constant speed is 9.0 s. The total time is 11.0 s, so 
[image: image822.wmf]av-
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909 m/s.

110 s

x

v

==.

.


(iii) He runs 190 m at 10.0 m/s so time at constant speed is 19.0 s.  His total time is 21.0 s, so 
[image: image823.wmf]av-
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952 m/s.

210 s

x

v

==.
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Evaluate:   His average velocity keeps increasing because he is running more and more of the race at his top speed.

2.56.
Identify:   The average speed is the total distance traveled divided by the total time. The elapsed time is the distance traveled divided by the average speed.

Set Up:   The total distance traveled is 20 mi. With an average speed of 8 mi/h for 10 mi, the time for that first 10 miles is 
[image: image824.wmf]10 mi

125 h.

8 mi/h

=.


Execute:   (a) An average speed of 4 mi/h for 20 mi gives a total time of 
[image: image825.wmf]20 mi

50 h.

4 mi/h

=.

 The second 10 mi must be covered in 
[image: image826.wmf]50 h125 h375 h.

.-.=.

 This corresponds to an average speed of 
[image: image827.wmf]10 mi

27 mi/h.

375 h

=.

.


(b) An average speed of 12 mi/h for 20 mi gives a total time of 
[image: image828.wmf]20 mi

167 h.

12 mi/h

=.

 The second 10 mi must be covered in 
[image: image829.wmf]167 h125 h042 h.

.-.=.

 This corresponds to an average speed of 
[image: image830.wmf]10 mi

24 mi/h.

042 h

=

.


(c) An average speed of 16 mi/h for 20 mi gives a total time of 
[image: image831.wmf]20 mi

125 h.

16 mi/h

=.

 But 1.25 h was already spent during the first 10 miles and the second 10 miles would have to be covered in zero time. This is not possible and an average speed of 16 mi/h for the 20-mile ride is not possible.

Evaluate:   The average speed for the total trip is not the average of the average speeds for each 10-mile segment. The rider spends a different amount of time traveling at each of the two average speeds.


2.57.
Identify:   
[image: image832.wmf]()
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dx

vt
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 and 
[image: image833.wmf].

x
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Set Up:   
[image: image834.wmf]1

(),

nn
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 for 
[image: image835.wmf]1.
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Execute:   (a) 
[image: image836.wmf]322
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x
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 The graphs are sketched in Figure 2.57.
(b) The particle is instantaneously at rest when 
[image: image838.wmf]()0.
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vt

=



 EMBED Equation.DSMT4  [image: image839.wmf]0

0

x

v

=

 and the quadratic formula gives 
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 and 
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 These results agree with the 
[image: image843.wmf]-

x
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 graphs in part (a).

(c) For 
[image: image844.wmf]0627 s,
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 For 
[image: image846.wmf]159 s,
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 At 
[image: image848.wmf]0627 s
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 the slope of the 
[image: image849.wmf]-
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 graph is negative and at 
[image: image850.wmf]159 s

t
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 it is positive, so the same answer is deduced from the 
[image: image851.wmf]()

x

vt

 graph as from the expression for 
[image: image852.wmf]().
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(d) 
[image: image853.wmf]()

x
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 is instantaneously not changing when 
[image: image854.wmf]0.

x
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 This occurs at 
[image: image855.wmf]2
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(e) When the particle is at its greatest distance from the origin, 
[image: image856.wmf]0

x

v

=

 and 
[image: image857.wmf]0

x
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 (so the particle is starting to move back toward the origin). This is the case for 
[image: image858.wmf]0627 s,

t

=.

 which agrees with the x-t graph in part (a). At 
[image: image859.wmf]0627 s,
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=.



 EMBED Equation.DSMT4  [image: image860.wmf]245 m.
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(f) The particle’s speed is changing at its greatest rate when 
[image: image861.wmf]x

a

has its maximum magnitude. The 
[image: image862.wmf]-

x

at

 graph in part (a) shows this occurs at 
[image: image863.wmf]0

t

=

 and at 
[image: image864.wmf]200 s.

t
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 Since 
[image: image865.wmf]x

v

 is always positive in this time interval, the particle is speeding up at its greatest rate when 
[image: image866.wmf]x

a

 is positive, and this is for 
[image: image867.wmf]200 s.

t

=.


The particle is slowing down at its greatest rate when 
[image: image868.wmf]x

a

 is negative and this is for 
[image: image869.wmf]0.

t

=


Evaluate:   Since 
[image: image870.wmf]()

x

at

 is linear in t, 
[image: image871.wmf]()

x

vt

 is a parabola and is symmetric around the point where 
[image: image872.wmf]|()|

x

vt

 has its minimum value (
[image: image873.wmf]111 s

t

=.

). For this reason, the answer to part (d) is midway between the two times in part (c).
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	Figure 2.57



2.58.
Identify:   We know the vertical position of the lander as a function of time and want to use this to find its velocity initially and just before it hits the lunar surface.
Set Up:   By definition, 
[image: image875.wmf](),

y

dy

vt

dt

=

 so we can find vy as a function of time and then evaluate it for the desired cases.
Execute:   (a) 
[image: image876.wmf]()2.
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 At 
[image: image877.wmf]0,

t
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 The initial velocity is 60.0 m/s downward.
(b) 
[image: image879.wmf]()0

yt

=

 says 
[image: image880.wmf]2
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 The quadratic formula says 
[image: image881.wmf]2857 s 738 s.
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=.±.

 It reaches the surface at

[image: image882.wmf]2119 s.
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=.

 At this time, 
[image: image883.wmf]2

600 m/s2(105 m/s)(2119 s)155 m/s.

y

v

=-.+..=-.


Evaluate:   The given formula for y(t) is of the form y = y0 + v0yt + 
[image: image884.wmf]1

2

 at2. For part (a), v0y = (c = (60m/s.

2.59.
Identify:   In time 
[image: image885.wmf]S

t

 the S-waves travel a distance 
[image: image886.wmf]SS

dvt
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 and in time 
[image: image887.wmf]P
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 the P-waves travel a distance 
[image: image888.wmf]PP
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Set Up:   
[image: image889.wmf]SP
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Execute:   
[image: image890.wmf]SP
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Evaluate:   The times of travel for each wave are 
[image: image891.wmf]S
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 and 
[image: image892.wmf]P
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2.60.
Identify:   The average velocity is 
[image: image893.wmf]av-
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x

x
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 The average speed is the distance traveled divided by the elapsed time.

Set Up:   Let 
[image: image894.wmf]x

+

 be in the direction of the first leg of the race. For the round trip, 
[image: image895.wmf]0

x

D=

 and the total distance traveled is 50.0 m. For each leg of the race both the magnitude of the displacement and the distance traveled are 25.0 m.

Execute:   (a) 
[image: image896.wmf]av-
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 This is the same as the average speed for this leg of the race.
(b) 
[image: image897.wmf]av-
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 This is the same as the average speed for this leg of the race.

(c) 
[image: image898.wmf]0

x

D=

 so 
[image: image899.wmf]av-
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=


(d) The average speed is 
[image: image900.wmf]500 m
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.


Evaluate:   Note that the average speed for the round trip is not equal to the arithmetic average of the average speeds for each leg.


2.61.
Identify:   The average velocity is 
[image: image901.wmf]av-
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Set Up:   Let 
[image: image902.wmf]x

+

 be upward.
Execute:   (a) 
[image: image903.wmf]av-
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(b) 
[image: image904.wmf]av-
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Evaluate:   For the first 1.15 s of the flight, 
[image: image905.wmf]av-
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1.15 s
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 When the velocity isn’t constant the average velocity depends on the time interval chosen. In this motion the velocity is increasing.

2.62.
(a) Identify and Set Up:   The change in speed is the area under the 
[image: image906.wmf]x

a

 versus t curve between vertical lines at 
[image: image907.wmf]2.5 s
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 and 
[image: image908.wmf]7.5 s.

t

=


Execute:   This area is 
[image: image909.wmf]22

1
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This acceleration is positive so the change in velocity is positive.
(b) Slope of 
[image: image910.wmf]x

v

 versus t is positive and increasing with t. The graph is sketched in Figure 2.62.

	[image: image911.jpg]




	Figure 2.62


Evaluate:   The calculation in part (a) is equivalent to 
[image: image912.wmf]av-
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 Since 
[image: image913.wmf]x
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 is linear in t, 
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 Thus 
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[image: image916.wmf]2.5 s

t

=

 to 
[image: image917.wmf]7.5 s.
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2.63.
Identify:   Use information about displacement and time to calculate average speed and average velocity. Take the origin to be at Seward and the positive direction to be west.

(a) Set Up:   
[image: image918.wmf]distance traveled

average speed

time

=


Execute:   The distance traveled (different from the net displacement 
[image: image919.wmf]0
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xx
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 is 
[image: image920.wmf]76 km34 km110 km

+=.


Find the total elapsed time by using 
[image: image921.wmf]0
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 to find t for each leg of the journey.

Seward to Auora: 
[image: image922.wmf]0
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Auora to York: 
[image: image923.wmf]0
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Total 
[image: image924.wmf]08636 h04722 h1336 h
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Then 
[image: image925.wmf]110 km
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(b) Set Up:   
[image: image926.wmf]av-
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 where 
[image: image927.wmf]x

D

 is the displacement, not the total distance traveled.

For the whole trip he ends up 
[image: image928.wmf]76 km34 km42 km
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 west of his starting point. 
[image: image929.wmf]av-
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Evaluate:   The motion is not uniformly in the same direction so the displacement is less than the distance traveled and the magnitude of the average velocity is less than the average speed.


2.64.
Identify:   Use constant acceleration equations to find 
[image: image930.wmf]0

xx

-

 for each segment of the motion.
Set Up:   Let 
[image: image931.wmf]x

+

 be the direction the train is traveling.
Execute:   
[image: image932.wmf]0
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 to 14.0 s: 
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At 
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 the speed is 
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[image: image936.wmf]0

x

a

=

 and 
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For the interval during which the train is slowing down, 
[image: image938.wmf]0
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The total distance traveled is 
[image: image943.wmf]157 m1568 m72 m1800 m.
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Evaluate:   The acceleration is not constant for the entire motion but it does consist of constant acceleration segments and we can use constant acceleration equations for each segment.

2.65.
(a) Identify:   Calculate the average acceleration using 
[image: image944.wmf]0
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 Use the information about the time and total distance to find his maximum speed.

Set Up:   
[image: image945.wmf]0
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 since the runner starts from rest.


[image: image946.wmf]40 s,
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 but we need to calculate 
[image: image947.wmf],

x

v

 the speed of the runner at the end of the acceleration period.

Execute:   For the last 
[image: image948.wmf]91 s40 s51 s
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 the acceleration is zero and the runner travels a distance of 
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[image: image950.wmf]2

1

00

2

).

xx

xxvtat

-=+


During the acceleration phase of 4.0 s, where the velocity goes from 0 to 
[image: image951.wmf],
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 the runner travels a distance


[image: image952.wmf]0

2

(40 s)(20 s)

22

xxx

x

vvv

dtv

+

æö

==.=.

ç÷

èø


The total distance traveled is 100 m, so 
[image: image953.wmf]12
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 This gives 
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Now we can calculate 
[image: image956.wmf]av-
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(b) For this time interval the velocity is constant, so 
[image: image958.wmf]av-
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Evaluate:   Now that we have 
[image: image959.wmf]x

v

 we can calculate 
[image: image960.wmf]1
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[image: image961.wmf]2
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[image: image962.wmf]12
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 which checks.

(c) Identify and Set Up:   
[image: image963.wmf]0
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 where now the time interval is the full 9.1 s of the race.

We have calculated the final speed to be 
[image: image964.wmf]1408 m/s,
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Evaluate:   The acceleration is zero for the last 5.1 s, so it makes sense for the answer in part (c) to be less than half the answer in part (a).

(d) The runner spends different times moving with the average accelerations of parts (a) and (b).


2.66.
Identify:   Apply the constant acceleration equations to the motion of the sled. The average velocity for a time interval 
[image: image966.wmf]t
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Set Up:   Let 
[image: image968.wmf]x

+

 be parallel to the incline and directed down the incline. The problem doesn’t state how much time it takes the sled to go from the top to 14.4 m from the top.

Execute:   (a) 14.4 m to 25.6 m: 
[image: image969.wmf]av-
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 25.6 to 40.0 m: 
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 40.0 m to 57.6 m: 
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(b) For each segment we know 
[image: image972.wmf]0

xx
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 and t but we don’t know 
[image: image973.wmf]0

x

v

 or 
[image: image974.wmf].

x

v

 Let 
[image: image975.wmf]1

144 m

x
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 and 
[image: image976.wmf]2

256 m.

x
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 For this interval 
[image: image977.wmf]1221
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[image: image978.wmf]21
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 Solving for 
[image: image979.wmf]2
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gives 
[image: image980.wmf]21
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 Let 
[image: image981.wmf]2
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 and 
[image: image982.wmf]3
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 For this second interval, 
[image: image983.wmf]2332
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[image: image984.wmf]32
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 Solving for 
[image: image985.wmf]2
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gives 
[image: image986.wmf]32
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 Setting these two expressions for 
[image: image987.wmf]2

v

equal to each other and solving for a gives 
[image: image988.wmf]2
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Note that this expression for a says 
[image: image989.wmf]av-23av-12

,

vv
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 where 
[image: image990.wmf]av-12

v

 and 
[image: image991.wmf]av-23

v

 are the average speeds for successive 2.00 s intervals.

(c) For the motion from 
[image: image992.wmf]144 m
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 to 
[image: image993.wmf]256 m,

x
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 EMBED Equation.DSMT4  [image: image994.wmf]0
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 EMBED Equation.DSMT4  [image: image995.wmf]2
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[image: image996.wmf]200 s.
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[image: image998.wmf]2
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(d) For the motion from 
[image: image999.wmf]0

x

=

 to 
[image: image1000.wmf]144 m,

x

=.



 EMBED Equation.DSMT4  [image: image1001.wmf]0
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 EMBED Equation.DSMT4  [image: image1002.wmf]0
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[image: image1003.wmf]48 m/s.
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[image: image1005.wmf]0
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(e) For this 1.00 s time interval, 
[image: image1006.wmf]100 s,

t
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 EMBED Equation.DSMT4  [image: image1007.wmf]0
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 EMBED Equation.DSMT4  [image: image1008.wmf]2
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[image: image1009.wmf]222
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Evaluate:   With 
[image: image1010.wmf]0

x

=

 at the top of the hill, 
[image: image1011.wmf]222

1

0

2

()(040 m/s).

xx

xtvtatt

=+=.

 We can verify that 
[image: image1012.wmf]60 s

t
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 gives 
[image: image1013.wmf]144 m,
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 EMBED Equation.DSMT4  [image: image1014.wmf]80 s
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 gives 25.6 m, 
[image: image1015.wmf]100 s

t
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 gives 40.0 m, and 
[image: image1016.wmf]120 s

t
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 gives 57.6 m.


2.67.
Identify:   When the graph of 
[image: image1017.wmf]x

v

 versus t is a straight line the acceleration is constant, so this motion consists of two constant acceleration segments and the constant acceleration equations can be used for each segment. Since 
[image: image1018.wmf]x

v

 is always positive the motion is always in the 
[image: image1019.wmf]x

+

 direction and the total distance moved equals the magnitude of the displacement. The acceleration 
[image: image1020.wmf]x

a

 is the slope of the 
[image: image1021.wmf]x

v

 versus t graph.

Set Up:   For the 
[image: image1022.wmf]0

t

=

 to 
[image: image1023.wmf]100 s

t
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 segment, 
[image: image1024.wmf]0
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[image: image1025.wmf]120 m/s.
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 For the 
[image: image1026.wmf]100 s
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 to 
[image: image1027.wmf]120 s
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 segment, 
[image: image1028.wmf]0
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[image: image1029.wmf]0.
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Execute:   (a) For 
[image: image1030.wmf]0
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 to 
[image: image1031.wmf]100 s,

t
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For 
[image: image1033.wmf]100 s
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 to 
[image: image1034.wmf]120 s,
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 EMBED Equation.DSMT4  [image: image1035.wmf]0
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 The total distance traveled is 92.0 m.
(b) 
[image: image1036.wmf]0
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(c) For 
[image: image1037.wmf]0
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 to 10.0 s, 
[image: image1038.wmf]2
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 For 
[image: image1039.wmf]100 s
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 to 12.0 s, 
[image: image1040.wmf]2
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 The graph of 
[image: image1041.wmf]x

a

versus t is given in Figure 2.67.
Evaluate:   When 
[image: image1042.wmf]x

v

 and 
[image: image1043.wmf]x

a

 are both positive, the speed increases. When 
[image: image1044.wmf]x

v

 is positive and 
[image: image1045.wmf]x

a

 is negative, the speed decreases.
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	Figure 2.67



2.68.
Identify:   When the graph of 
[image: image1047.wmf]x

v

 versus t is a straight line the acceleration is constant, so this motion consists of two constant acceleration segments and the constant acceleration equations can be used for each segment. For 
[image: image1048.wmf]0

t
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 to 5.0 s, 
[image: image1049.wmf]x

v

 is positive and the ball moves in the 
[image: image1050.wmf]x
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 direction. For 
[image: image1051.wmf]50 s
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 to 20.0 s, 
[image: image1052.wmf]x

v

 is negative and the ball moves in the (x direction. The acceleration 
[image: image1053.wmf]x
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 is the slope of the 
[image: image1054.wmf]x

v

 versus
t graph.

Set Up:   For the 
[image: image1055.wmf]0

t
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 to 
[image: image1056.wmf]50 s

t

=.

 segment, 
[image: image1057.wmf]0

0

x

v

=

 and 
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 For the 
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Execute:   (a) For 
[image: image1063.wmf]0
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 to 5.0 s, 
[image: image1064.wmf]0
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 The ball travels a distance of 75.0 m. For 
[image: image1065.wmf]50 s
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to 20.0 s, 
[image: image1066.wmf]0
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 The total distance traveled is 
[image: image1067.wmf]750 m1500 m2250 m.
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(b) The total displacement is 
[image: image1068.wmf]0
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xx
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 The ball ends up 75.0 m in the negative x-direction from where it started.

(c) For 
[image: image1069.wmf]0
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 to 5.0 s, 
[image: image1070.wmf]2

300 m/s0

600 m/s.

50 s

x

a

.-

==.

.

 For 
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 to 20.0 s, 
[image: image1072.wmf]2
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 The graph of 
[image: image1073.wmf]x

a

versus t is given in Figure 2.68.
(d) The ball is in contact with the floor for a small but nonzero period of time and the direction of the velocity doesn’t change instantaneously. So, no, the actual graph of 
[image: image1074.wmf]()

x

vt

 is not really vertical at 5.00 s.

Evaluate:   For 
[image: image1075.wmf]0

t

=

 to 5.0 s, both 
[image: image1076.wmf]x

v

 and 
[image: image1077.wmf]x

a

 are positive and the speed increases. For 
[image: image1078.wmf]50 s
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 to 
20.0 s, 
[image: image1079.wmf]x

v

is negative and 
[image: image1080.wmf]x

a

is positive and the speed decreases. Since the direction of motion is not the same throughout, the displacement is not equal to the distance traveled.
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	Figure 2.68



2.69.
Identify and Set Up:   Apply constant acceleration equations.

Find the velocity at the start of the second 5.0 s; this is the velocity at the end of the first 5.0 s. Then find 
[image: image1082.wmf]0

xx
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 for the first 5.0 s.

Execute:   For the first 5.0 s of the motion, 
[image: image1083.wmf]0
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This is the initial speed for the second 5.0 s of the motion. For the second 5.0 s:


[image: image1087.wmf]0

(50 s),

xx

va

=.
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[image: image1092.wmf]2
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Use this 
[image: image1093.wmf]x

a

 and consider the first 5.0 s of the motion:


[image: image1094.wmf]222
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Evaluate:   The ball is speeding up so it travels farther in the second 5.0 s interval than in the first. In fact, 
[image: image1095.wmf]0

xx
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 is proportional to 
[image: image1096.wmf]2

t

 since it starts from rest. If it goes 50.0 m in 5.0 s, in twice the time (10.0 s) it should go four times as far. In 10.0 s we calculated it went 
[image: image1097.wmf]50 m150 m200 m,

+=

which is four times 50 m.

2.70.
Identify:   Apply 
[image: image1098.wmf]2
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 to the motion of each train. A collision means the front of the passenger train is at the same location as the caboose of the freight train at some common time.

Set Up:   Let P be the passenger train and F be the freight train. For the front of the passenger train 
[image: image1099.wmf]0
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x
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 and for the caboose of the freight train 
[image: image1100.wmf]0

200 m.

x

=

 For the freight train 
[image: image1101.wmf]F
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v
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 and 
[image: image1102.wmf]F

0.

a
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 For the passenger train 
[image: image1103.wmf]P
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v
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 and 
[image: image1104.wmf]2
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Execute:   (a) 
[image: image1105.wmf]2
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 for each object gives 
[image: image1106.wmf]2
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[image: image1107.wmf]FF
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 Setting 
[image: image1108.wmf]PF
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[image: image1109.wmf]2
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[image: image1110.wmf]22
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 The quadratic formula gives 
[image: image1111.wmf](
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 The collision occurs at 
[image: image1112.wmf]100 s 775 s225 s.
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 The equations that specify a collision have a physical solution (real, positive t), so a collision does occur.

(b) 
[image: image1113.wmf]22
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 The passenger train moves 537 m before the collision. The freight train moves 
[image: image1114.wmf](150 m/s)(225 s)337 m.

..=


(c) The graphs of 
[image: image1115.wmf]F

x

and 
[image: image1116.wmf]P

x

versus t are sketched in Figure 2.70.
Evaluate:   The second root for the equation for t, 
[image: image1117.wmf]1775 s

t

=.

is the time the trains would meet again if they were on parallel tracks and continued their motion after the first meeting.
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	Figure 2.70



2.71.
Identify:   Apply constant acceleration equations to the motion of the two objects, you and the cockroach. You catch up with the roach when both objects are at the same place at the same time. Let T be the time when you catch up with the cockroach.

Set Up:   Take 
[image: image1119.wmf]0

x

=

 to be at the 
[image: image1120.wmf]0

t
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 location of the roach and positive x to be in the direction of motion of the two objects.

roach:
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you:
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Apply 
[image: image1131.wmf]2
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 to both objects:

Execute:   roach: 
[image: image1132.wmf]120 m(150 m/s),
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 so 
[image: image1133.wmf]0800 s
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[image: image1134.wmf]2
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Evaluate:   Your final velocity is 
[image: image1138.wmf]0
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[image: image1139.wmf]0
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 which checks. You have to accelerate to a speed greater than that of the roach so you will travel the extra 0.90 m you are initially behind.


2.72.
Identify:   The insect has constant speed 15 m/s during the time it takes the cars to come together.

Set Up:   Each car has moved 100 m when they hit.

Execute:   The time until the cars hit is 
[image: image1140.wmf]100 m

10 s.
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 During this time the grasshopper travels a distance of 
[image: image1141.wmf](15 m/s)(10 s)150 m.
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Evaluate:   The grasshopper ends up 100 m from where it started, so the magnitude of his final displacement is 100 m. This is less than the total distance he travels since he spends part of the time moving in the opposite direction.


2.73.
Identify:   Apply constant acceleration equations to each object.

Take the origin of coordinates to be at the initial position of the truck, as shown in Figure 2.73a.
Let d be the distance that the auto initially is behind the truck, so 
[image: image1142.wmf]0
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 and 
[image: image1143.wmf]0

(truck)0
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 Let 
T be the time it takes the auto to catch the truck. Thus at time T the truck has undergone a displacement 
[image: image1144.wmf]0
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xx
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 so is at 
[image: image1145.wmf]0
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 The auto has caught the truck so at time T is also at 
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	Figure 2.73a


(a) Set Up:   Use the motion of the truck to calculate T:


[image: image1148.wmf]0
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 EMBED Equation.DSMT4  [image: image1149.wmf]0
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Since 
[image: image1153.wmf]0
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Execute:   
[image: image1155.wmf]2
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(b) Set Up:   Use the motion of the auto to calculate d:


[image: image1156.wmf]0
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Execute:   
[image: image1161.wmf]22
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(c) auto: 
[image: image1163.wmf]2
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truck: 
[image: image1164.wmf]2
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(d) The graph is sketched in Figure 2.73b.
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	Figure 2.73b


Evaluate:   In part (c) we found that the auto was traveling faster than the truck when they came abreast. The graph in part (d) agrees with this: at the intersection of the two curves the slope of the x-t curve for the auto is greater than that of the truck. The auto must have an average velocity greater than that of the truck since it must travel farther in the same time interval.


2.74.
Identify:   Apply the constant acceleration equations to the motion of each car. The collision occurs when the cars are at the same place at the same time.

Set Up:   Let 
[image: image1166.wmf]x
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 be to the right. Let 
[image: image1167.wmf]0
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 at the initial location of car 1, so 
[image: image1168.wmf]01
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[image: image1169.wmf]02
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 The cars collide when 
[image: image1170.wmf]12
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Execute:   (a) 
[image: image1175.wmf]2
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 The quadratic formula gives 
[image: image1181.wmf](
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 Only the positive root is physical, so 
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(b) 
[image: image1183.wmf]2
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(c) The x-t and 
[image: image1184.wmf]-
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graphs for the two cars are sketched in Figure 2.74.
Evaluate:   In the limit that 
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	Figure 2.74



2.75.
Identify:   The average speed is the distance traveled divided by the time. The average velocity is 
[image: image1191.wmf]av-
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Set Up:   The distance the ball travels is half the circumference of a circle of diameter 50.0 cm so is 
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 equals the diameter of the bowl.

Execute:   (a) The average speed is 
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(b) The average velocity is 
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Evaluate:   The average speed is greater than the magnitude of the average velocity, since the distance traveled is greater than the magnitude of the displacement.


2.76.
Identify:   The acceleration is not constant so the constant acceleration equations cannot be used. Instead, use 
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[image: image1199.wmf]1
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Execute:   (a) 
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(b) The maximum positive x is when 
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Evaluate:   After 
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 the object starts to move in the 
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2.77.
Identify:   Apply constant acceleration equations to each vehicle.

Set Up:   (a) It is very convenient to work in coordinates attached to the truck.

Note that these coordinates move at constant velocity relative to the earth. In these coordinates the truck is at rest, and the initial velocity of the car is 
[image: image1219.wmf]0
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 Also, the car’s acceleration in these coordinates is the same as in coordinates fixed to the earth.

Execute:   First, let’s calculate how far the car must travel relative to the truck: The situation is sketched in Figure 2.77.
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	Figure 2.77


The car goes from 
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Calculate the time it takes the car to travel this distance:
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It takes the car 15.9 s to pass the truck.

(b) Need how far the car travels relative to the earth, so go now to coordinates fixed to the earth. In these coordinates 
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(c) In coordinates fixed to the earth:
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Evaluate:   In 15.86 s the truck travels 
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 farther than the truck, which checks with part (a). In coordinates attached to the truck, for the car 
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2.78.
Identify:   Use a velocity-time graph to find the acceleration of a stone. Then use that information to find how long it takes the stone to fall through a known distance and how fast you would have to throw it upward to reach a given height and the time to reach that height.
Set Up:   Take 
[image: image1243.wmf]y
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 to be downward. The acceleration is the slope of the 
[image: image1244.wmf]y
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 versus t graph.
Execute:   (a) Since 
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(b) 
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(c) At the maximum height, 
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Evaluate:   The acceleration is 
[image: image1263.wmf]2
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 downward, throughout the motion. The velocity initially is upward, decreases to zero because of the downward acceleration and then is downward and increasing in magnitude because of the downward acceleration.

2.79.
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(a) Identify and Set Up:   Integrage 
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Execute:   
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At 
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(b) With 
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Evaluate:   
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when the acceleration is positive, the object slows down and then starts to move in the 
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2.80.
Identify:   Find the distance the professor walks during the time t it takes the egg to fall to the height of his head.

Set Up:   Let 
[image: image1290.wmf]y
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 be downward. The egg has 
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 At the height of the professor’s head, the egg has 
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 The professor walks a distance 
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 Release the egg when your professor is 3.60 m from the point directly below you.

Evaluate:   Just before the egg lands its speed is 
[image: image1297.wmf]2
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 It is traveling much faster than the professor.


2.81.
Identify:   Use the constant acceleration equations to establish a relationship between maximum height and acceleration due to gravity and between time in the air and acceleration due to gravity.

Set Up:   Let 
[image: image1298.wmf]y
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 be upward. At the maximum height, 
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Execute:   (a) 
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(b) 
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Evaluate:   On Mars, where the acceleration due to gravity is smaller, the rocks reach a greater height and are in the air for a longer time.


2.82.
Identify:   Calculate the time it takes her to run to the table and return. This is the time in the air for the thrown ball. The thrown ball is in free-fall after it is thrown. Assume air resistance can be neglected.

Set Up:   For the thrown ball, let 
[image: image1310.wmf]y
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 be upward. 
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Execute:   (a) It takes her 
[image: image1313.wmf]550 m

220 s

250 m/s

.

=.

.

 to reach the table and an equal time to return. For the ball, 
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(b) Find 
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Evaluate:   It takes the ball the same amount of time to reach its maximum height as to return from its maximum height, so when she is at the table the ball is at its maximum height. Note that this large maximum height requires that the act either be done outdoors, or in a building with a very high ceiling.


2.83.
(a) Identify:   Use constant acceleration equations, with 
[image: image1322.wmf],

y

ag

=

 downward, to calculate the speed of the diver when she reaches the water.

Set Up:   Take the origin of coordinates to be at the platform, and take the 
[image: image1323.wmf]-direction
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 to be downward.
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Execute:   
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We know that 
[image: image1330.wmf]y
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 is positive because the diver is traveling downward when she reaches the water.

The announcer has exaggerated the speed of the diver.

Evaluate:   We could also use 
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 The diver gains 9.80 m/s of speed each second, so has 
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 when she reaches the water, which checks.
(b) Identify:   Calculate the initial upward velocity needed to give the diver a speed of 25.0 m/s when she reaches the water. Use the same coordinates as in part (a).
Set Up:   
[image: image1334.wmf]0
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Execute:   
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Evaluate:   One way to decide if this speed is reasonable is to calculate the maximum height above the platform it would produce:
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This is not physically attainable; a vertical leap of 10.6 m upward is not possible.


2.84.
Identify:   The flowerpot is in free-fall. Apply the constant acceleration equations. Use the motion past the window to find the speed of the flowerpot as it reaches the top of the window. Then consider the motion from the windowsill to the top of the window.

Set Up:   Let 
[image: image1347.wmf]y
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 be downward. Throughout the motion 
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Execute:   Motion past the window: 
[image: image1349.wmf]0

190 m,

yy

-=.



 EMBED Equation.DSMT4  [image: image1350.wmf]0420 s,

t

=.



 EMBED Equation.DSMT4  [image: image1351.wmf]2

980 m/s.

y

a

=+.



 EMBED Equation.DSMT4  [image: image1352.wmf]2

1

00

2

yy

yyvtat

-=+

 gives 
[image: image1353.wmf]2

0

11

0

22

190 m

(980 m/s)(0420 s)2466 m/s.

0420 s

yy

yy

vat

t

-.

=-=-..=.

.

 This is the velocity of the flowerpot when it is at the top of the window.

Motion from the windowsill to the top of the window: 
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 The top of the window is 0.310 m below the windowsill.

Evaluate:   It takes the flowerpot 
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 to fall from the sill to the top of the window. Our result says that from the windowsill the pot falls 
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2.85.
(a) Identify:   Consider the motion from when he applies the acceleration to when the shot leaves 
his hand.
Set Up:   Take positive y to be upward. 
[image: image1363.wmf]0

0,

y

v

=


[image: image1364.wmf]?,

y

v

=



 EMBED Equation.DSMT4  [image: image1365.wmf]2

350 m/s,

y

a

=.



 EMBED Equation.DSMT4  [image: image1366.wmf]0

0640 m,

yy

-=.

 
[image: image1367.wmf]22

00

2()

yyy

vvayy

=+-


Execute:   
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(b) Identify:   Consider the motion of the shot from the point where he releases it to its maximum height, where 
[image: image1369.wmf]0.
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Set Up:   
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(c) Identify:   Consider the motion of the shot from the point where he releases it to when it returns to the height of his head. Take 
[image: image1379.wmf]0
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 at the ground.
Set Up:   
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Execute:   
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 with t in seconds. Use the quadratic formula to solve for t: 
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Evaluate:   Calculate the time to the maximum height: 
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 It also takes 0.68 s to return to 2.2 m above the ground, for a total time of 1.36 s. His head is a little lower than 2.20 m, so it is reasonable for the shot to reach the level of his head a little later than 1.36 s after being thrown; the answer of 1.42 s in part (c) makes sense.

2.86.
Identify:   The motion of the rocket can be broken into 3 stages, each of which has constant acceleration, so in each stage we can use the standard kinematics formulas for constant acceleration. But the acceleration is not the same throughout all 3 stages.
Set Up:   The formulas 
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Execute:   (a) Let +y be upward. At 
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 During the next 10.0 s the rocket travels upward an additional distance 
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 The height above the launch pad when the second stage quits therefore is 
[image: image1401.wmf]1094 m1100 m2194 m.
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For the free-fall motion after the second stage quits: 
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The maximum height above the launch pad that the rocket reaches is 
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(b) 
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 From the quadratic formula the positive root is
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(c) 
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 The rocket’s speed will be 246 m/s just before it hits the ground.
Evaluate:   We cannot solve this problem in a single step because the acceleration, while constant in each stage, is not constant over the entire motion. The standard kinematics equations apply to each stage but not to the motion as a whole.

2.87.
Identify and Set Up:   Let 
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 be upward. Each ball moves with constant acceleration 
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 In parts (c) and (d) require that the two balls be at the same height at the same time.

Execute:   (a) At ceiling, 
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 Solve for 
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(b) 
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(c) Let the first ball travel downward a distance d in time t. It starts from its maximum height, so 
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The second ball has 
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 In time t it must travel upward 
[image: image1422.wmf]30 m

d

.-

 to be at the same place as the first ball.
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We have two equations in two unknowns, d and t. Solving gives 
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(d) 
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Evaluate:   In 0.59 s the first ball falls 
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 so is at the same height as the second ball.


2.88.
Identify:   The teacher is in free-fall and falls with constant acceleration 
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 downward. The sound from her shout travels at constant speed. The sound travels from the top of the cliff, reflects from the ground and then travels upward to her present location. If the height of the cliff is h and she falls a distance y in 3.0 s, the sound must travel a distance 
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Set Up:   Let 
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 be downward, so for the teacher 
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Execute:   (a) For the teacher, 
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 which rounds to 530 m.

(b) 
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Evaluate:   She is in the air for 
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 and strikes the ground at high speed.


2.89.
Identify:   The helicopter has two segments of motion with constant acceleration: upward acceleration for 10.0 s and then free-fall until it returns to the ground. Powers has three segments of motion with constant acceleration: upward acceleration for 10.0 s, free-fall for 7.0 s and then downward acceleration of 
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Set Up:   Let 
[image: image1442.wmf]y
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 be upward. Let 
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 at the ground.

Execute:   (a) When the engine shuts off both objects have upward velocity  
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For the helicopter, 
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 which rounds to 380 m.
(b) The time for the helicopter to crash from the height of 250 m where the engines shut off can be found using 
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The quadratic formula gives 
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 Only the positive solution is physical, so 
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 Powers therefore has free-fall for 7.0 s and then downward acceleration of 
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 After 7.0 s of free-fall he is at 
[image: image1462.wmf]222

11

00

22

250 m(500 m/s)(70 s)(980 m/s)(70 s)360 m

yy

yyvtat

-=+=+..+-..=

 and has velocity 
[image: image1463.wmf]2

0

500 m/s(980 m/s)(70 s)186 m/s.

xxx

vvat

=+=.+-..=-.

 After the next 6.9 s he is at 
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 Powers is 184 m above the ground when the helicopter crashes.

Evaluate:   When Powers steps out of the helicopter he retains the initial velocity he had in the helicopter but his acceleration changes abruptly from 
[image: image1465.wmf]2
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 downward. Without the jet pack he would have crashed into the ground at the same time as the helicopter. The jet pack slows his descent so he is above the ground when the helicopter crashes.


2.90.
Identify:   Apply constant acceleration equations to the motion of the rock. Sound travels at constant speed.

Set Up:   Let 
[image: image1467.wmf]fall
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 be the time for the rock to fall to the ground and let 
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 be the time it takes the sound to travel from the impact point back to you. 
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 Both the rock and sound travel a distance d that is equal to the height of the cliff. Take 
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 downward for the motion of the rock. The rock has 
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Execute:   (a) For the rock, 
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For the sound, 
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(b) You would have calculated 
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 You would have overestimated the height of the cliff. It actually takes the rock less time than 10.0 s to fall to the ground.

Evaluate:   Once we know d we can calculate that 
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 The time for the sound of impact to travel back to you is 12% of the total time and cannot be neglected. The rock has speed 86 m/s just before it strikes the ground.


2.91.
(a) Identify:   Let 
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 be upward. The can has constant acceleration 
[image: image1484.wmf]y

ag

=-.

 The initial upward velocity of the can equals the upward velocity of the scaffolding; first find this speed.

Set Up:   
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Execute:   
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Use this 
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(b) Identify:   Find the maximum height of the can, above the point where it falls from the scaffolding:

Set Up:   
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Execute:   
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The can will pass the location of the other painter. Yes, he gets a chance.

Evaluate:   Relative to the ground the can is initially traveling upward, so it moves upward before stopping momentarily and starting to fall back down.


2.92.
Identify:   Both objects are in free-fall. Apply the constant acceleration equations to the motion of each person.

Set Up:   Let 
[image: image1501.wmf]y
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 be downward, so 
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for each object.

Execute:   (a) Find the time it takes the student to reach the ground: 
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 Superman must reach the ground in 
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 Superman must have initial speed 
[image: image1514.wmf]0
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(b) The graphs of y-t for Superman and for the student are sketched in Figure 2.92.
(c) The minimum height of the building is the height for which the student reaches the ground in 5.00 s, before Superman jumps. 
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 The skyscraper must be 
at least 122 m high.

Evaluate:   
[image: image1516.wmf]165 m/s369 mi/h,
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 so only Superman could jump downward with this initial speed.
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	Figure 2.92



2.93.
Identify:   Apply constant acceleration equations to the motion of the rocket and to the motion of the canister after it is released. Find the time it takes the canister to reach the ground after it is released and find the height of the rocket after this time has elapsed. The canister travels up to its maximum height and then returns to the ground.

Set Up:   Let 
[image: image1518.wmf]y
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 be upward. At the instant that the canister is released, it has the same velocity as the rocket. After it is released, the canister has 
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 At its maximum height the canister has 
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Execute:   (a) Find the speed of the rocket when the canister is released: 
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For the motion of the canister after it is released, 
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 The quadratic formula gives 
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 as the positive solution. Then for the motion of the rocket during this 12.0 s, 
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(b) Find the maximum height of the canister above its release point: 
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 After its release the canister travels upward 79.2 m to its maximum height and then back down 
[image: image1538.wmf]792 m235 m
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to the ground. The total distance it travels is 393 m.

Evaluate:   The speed of the rocket at the instant that the canister returns to the launch pad is 
[image: image1539.wmf]2

0

394 m/s(330 m/s)(120 s)790 m/s.

yyy

vvat

=+=.+..=.

 We can calculate its height at this instant by 
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 which agrees with our previous calculation.


2.94.
Identify:   Both objects are in free-fall and move with constant acceleration 
[image: image1544.wmf]2
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 downward. The two balls collide when they are at the same height at the same time.

Set Up:   Let 
[image: image1545.wmf]y
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 be upward, so 
[image: image1546.wmf]2
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 for each ball. Let 
[image: image1547.wmf]0
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 at the ground. Let ball A be the one thrown straight up and ball B be the one dropped from rest at height H. 
[image: image1548.wmf]0
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Execute:   (a) 
[image: image1550.wmf]2
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 applied to each ball gives 
[image: image1551.wmf]2
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[image: image1553.wmf]AB
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(b) For ball A at its highest point, 
[image: image1556.wmf]0
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 and 
[image: image1557.wmf]0
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 gives 
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 Setting this equal to the time in part (a) gives 
[image: image1559.wmf]0
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 and 
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Evaluate:   In part (a), using 
[image: image1561.wmf]0
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 in the expressions for 
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 and 
[image: image1563.wmf]B
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H must be less than 
[image: image1565.wmf]2
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 in order for the balls to collide before ball A returns to the ground. This is because it takes ball A time 
[image: image1566.wmf]0
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 to return to the ground and ball B falls a distance 
[image: image1567.wmf]2
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 during this time. When 
[image: image1568.wmf]2
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 the two balls collide just as ball A reaches the ground and for H greater than this ball A reaches the ground before they collide.


2.95.
Identify and Set Up:   Use 
[image: image1569.wmf]/
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 and 
[image: image1570.wmf]/
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 to calculate 
[image: image1571.wmf]()
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 and 
[image: image1572.wmf]()
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 for each car. Use these equations to answer the questions about the motion.

Execute:   
[image: image1573.wmf]2
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(a) Identify and Set Up:   The car that initially moves ahead is the one that has the larger 
[image: image1579.wmf]0
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Execute:   At 
[image: image1580.wmf]0,

t
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 EMBED Equation.DSMT4  [image: image1581.wmf]Ax
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 and 
[image: image1582.wmf]0

Bx

v

=.

 So initially car A moves ahead.

(b) Identify and Set Up:   Cars at the same point implies 
[image: image1583.wmf]AB
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[image: image1584.wmf]223
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Execute:   One solution is 
[image: image1585.wmf]0,
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 which says that they start from the same point. To find the other solutions, divide by t: 
[image: image1586.wmf]2
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So 
[image: image1589.wmf]AB
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 for 
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 and 
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Evaluate:   Car A has constant, positive 
[image: image1593.wmf]x

a
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 Its 
[image: image1594.wmf]x
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 is positive and increasing. Car B has 
[image: image1595.wmf]0
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 and 
[image: image1596.wmf]x
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 that is initially positive but then becomes negative. Car B initially moves in the
[image: image1597.wmf]-direction
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but then slows down and finally reverses direction. At 
[image: image1598.wmf]227 s
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 car B has overtaken car A and then passes it. At 
[image: image1599.wmf]573 s,
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 car B is moving in the 
[image: image1600.wmf]-direction
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 as it passes car A again.

(c) Identify:   The distance from A to B is 
[image: image1601.wmf]BA

xx

-.

 The rate of change of this distance is 
[image: image1602.wmf]()
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 If this distance is not changing, 
[image: image1603.wmf]()
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 But this says 
[image: image1604.wmf]0
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 (The distance between A and B is neither decreasing nor increasing at the instant when they have the same velocity.)

Set Up:   
[image: image1605.wmf]AxBx
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 requires 
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Execute:   
[image: image1607.wmf]2
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 so 
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Evaluate:   At 
[image: image1613.wmf]100 s,

t

=.



 EMBED Equation.DSMT4  [image: image1614.wmf]500 m/s
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 Now car B is slowing down while A continues to speed up, so their velocities aren’t ever equal again.

(d) Identify and Set Up:   
[image: image1617.wmf]AxBx
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 requires 
[image: image1618.wmf]226
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Execute:   
[image: image1619.wmf]22
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Evaluate:   At 
[image: image1620.wmf]0,

t
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 is decreasing while 
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 is constant. They are equal at 
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 but for all times after that 
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2.96.
Identify:   Apply 
[image: image1626.wmf]2
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 to the motion from the maximum height, where 
[image: image1627.wmf]0
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 The time spent above 
[image: image1628.wmf]max
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 on the way down equals the time spent above 
[image: image1629.wmf]max
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 on the way up.

Set Up:   Let 
[image: image1630.wmf]y
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 be downward. 
[image: image1631.wmf].
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 EMBED Equation.DSMT4  [image: image1632.wmf]0max

/2

yyy

-=

 when he is a distance 
[image: image1633.wmf]max
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 above the floor.

Execute:   The time from the maximum height to 
[image: image1634.wmf]max
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above the floor is given by 
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 The time from the maximum height to the floor is given by 
[image: image1636.wmf]2
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 and the time from a height of 
[image: image1637.wmf]max
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Evaluate:   The person spends over twice as long above 
[image: image1640.wmf]max

/2
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 as below 
[image: image1641.wmf]max

/2.
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 His average speed is less above 
[image: image1642.wmf]max
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 than it is when he is below this height.


2.97.
Identify:   Apply constant acceleration equations to the motion of the two objects, the student and the bus.

Set Up:   For convenience, let the student’s (constant) speed be 
[image: image1643.wmf]0

v

 and the bus’s initial position be 
[image: image1644.wmf]0

x

.

 Note that these quantities are for separate objects, the student and the bus. The initial position of the student is taken to be zero, and the initial velocity of the bus is taken to be zero. The positions of the student 
[image: image1645.wmf]1

x

 and the bus 
[image: image1646.wmf]2
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 as functions of time are then 
[image: image1647.wmf]10
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[image: image1648.wmf]2
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Execute:   (a) Setting 
[image: image1649.wmf]12
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and solving for the times t gives 
[image: image1650.wmf](
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The student will be likely to hop on the bus the first time she passes it (see part (d) for a discussion of the later time). During this time, the student has run a distance 
[image: image1652.wmf]0
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(b) The speed of the bus is 
[image: image1653.wmf]2
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(c) The results can be verified by noting that the x lines for the student and the bus intersect at two points, as shown in Figure 2.97a.

(d) At the later time, the student has passed the bus, maintaining her constant speed, but the accelerating bus then catches up to her. At this later time the bus’s velocity is 
[image: image1654.wmf]2
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(e) No; 
[image: image1655.wmf]2
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 and the roots of the quadratic are imaginary. When the student runs at 
[image: image1656.wmf]35m/s,

. 

 
Figure 2.97b shows that the two lines do not intersect:

(f) For the student to catch the bus, 
[image: image1657.wmf]2

00

2

vax

>.

 And so the minimum speed is 
[image: image1658.wmf]2
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 She would be running for a time 
[image: image1659.wmf]2
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 and covers a distance 
[image: image1660.wmf](3688m/s)(217 s)800 m
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However, when the student runs at 
[image: image1661.wmf]3688m/s,

. 

 the lines intersect at one point, at 
[image: image1662.wmf]80 m,

x

=

 as shown in Figure 2.97c.

Evaluate:   The graph in part (c) shows that the student is traveling faster than the bus the first time they meet but at the second time they meet the bus is traveling faster.
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	Figure 2.97



2.98.
Identify:   Apply constant acceleration equations to the motion of the boulder.

Set Up:   Let 
[image: image1665.wmf]y

+

 be downward, so 
[image: image1666.wmf].
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Execute:   (a) Let the height be h and denote the 1.30-s interval as 
[image: image1667.wmf];
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 the simultaneous equations 
[image: image1668.wmf]22
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 can be solved for t. Eliminating h and taking the square root, 
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 and substitution into 
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(b) The above method assumed that 
[image: image1673.wmf]0
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 when the square root was taken. The negative root (with 
[image: image1674.wmf]0)

t

D=

 gives an answer of 2.51 m, clearly not a “cliff.” This would correspond to an object that was initially near the bottom of this “cliff ” being thrown upward and taking 1.30 s to rise to the top and fall to the bottom. Although physically possible, the conditions of the problem preclude this answer.

Evaluate:   For the first two-thirds of the distance, 
[image: image1675.wmf]0
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 Then for the last third of the distance, 
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 as required.


2.99.
Identify:   Apply constant acceleration equations to both objects.

Set Up:   Let 
[image: image1685.wmf]y

+

 be upward, so each ball has 
[image: image1686.wmf].
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 For the purpose of doing all four parts with the least repetition of algebra, quantities will be denoted symbolically. That is, let 
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 In this case, 
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Execute:   (a) Setting 
[image: image1690.wmf]12
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 expanding the binomial 
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Substitution of this into the expression for 
[image: image1694.wmf]1

y

 and setting 
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 and solving for h as a function of 
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 yields, after some algebra, 
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 Using the given value 
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This has two solutions, one of which is unphysical (the first ball is still going up when the second is released; see part (c)). The physical solution involves taking the negative square root before solving for 
[image: image1700.wmf]0

,

v

 and yields 
[image: image1701.wmf]82m/s

. .

 The graph of y versus t for each ball is given in Figure 2.99.
(b) The above expression gives for (i), 0.411 m and for (ii) 1.15 km.

(c) As 
[image: image1702.wmf]0

v

 approaches 
[image: image1703.wmf]98m/s,
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 the height h becomes infinite, corresponding to a relative velocity at the time the second ball is thrown that approaches zero. If 
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 the first ball can never catch the second ball.

(d) As 
[image: image1705.wmf]0

v

 approaches 4.9 m/s, the height approaches zero. This corresponds to the first ball being closer and closer (on its way down) to the top of the roof when the second ball is released. If 
[image: image1706.wmf]0
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 the first ball will already have passed the roof on the way down before the second ball is released, and the second ball can never catch up.

Evaluate:   Note that the values of 
[image: image1707.wmf]0
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in parts (a) and (b) are all greater than 
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	Figure 2.99
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