Chapter 2 Problems 
sec. 2‐4 Average Velocity and Average Speed 

2.1

During a hard sneeze, your eyes might shut for 0.50 s. If you are driving a car at 90 km/h during such a sneeze, how far does the car move during that time? 

2.2

Compute your average velocity in the following two cases: (a) You walk 73.2 m at a speed of 1.22 m/s and then run 73.2 m at a speed of 3.05 m/s along a straight track. (b) You walk for 1.00 min at a speed of 1.22 m/s and then run for 1.00 min at 3.05 m/s along a straight track. (c) Graph 
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versus for both cases and indicate how the average velocity is found on the graph. 

2.3

An automobile travels on a straight road for 40 km at 30 km/h. It then continues in the same direction for another 40 km at 60 km/h. (a) What is the average velocity of the car during the full 80 km trip? (Assume that it moves in the positive [image: image2.png]


direction.) (b) What is the average speed? (c) Graph [image: image3.png]


versus [image: image4.png]


and indicate how the average velocity is found on the graph. 

Worked Solution

· THINK 

This one‐dimensional kinematics problem consists of two parts, and we are asked to solve for the average velocity and average speed of the car. 

· EXPRESS 

Since the trip consists of two parts, let the displacements during first and second parts of the motion be [image: image5.png]ax



and [image: image6.png]Ax;



, and the corresponding time intervals be [image: image7.png]ag



and [image: image8.png]At



, respectively. Now, because the problem is one‐dimensional and both displacements are in the same direction, the total displacement is simply [image: image9.png]


, and the total time for the trip is [image: image10.png]At=A4+ AL



. Using the definition of average velocity given in Eq. 2.2, we have 

	[image: image11.png]Vag= DX = BX+AXy
9= AL T AL+ AL






To find the average speed, we note that during a time [image: image12.png]at



if the velocity remains a positive constant, then the speed is equal to the magnitude of velocity, and the distance is equal to the magnitude of displacement, with [image: image13.png]d=|Ax| =vat



. 

· ANALYZE 

a. During the first part of the motion, the displacement is [image: image14.png]A x;=40km



and the time taken is 

	[image: image15.png](40km)

%= (30km/h)

=133






b. Similarly, during the second part of the trip the displacement is [image: image16.png]A xz=40km



and the time interval is 

	[image: image17.png](40km)
= Gokm =0.67h






c. The total displacement is [image: image18.png]Ax=Ax+Ax;



, and the total time elapsed is
d. [image: image19.png]-00h

Au+ At



. Consequently, the average velocity is 

	[image: image20.png]- Ax _ (80km]
Vo= 5% = ‘Mh)' —40km/h






e. In this case, the average speed is the same as the magnitude of the average velocity: [image: image21.png]Savg=40km /h



. 

f. The graph of the entire trip, shown below, consists of two contiguous line segments, the first having a slope of 30 km/h and connecting the origin to [image: image22.png](Aty &x)=(1.33h,40km)




g. and the second having a slope of 60 km/h and connecting [image: image23.png](Aty Axy)to( At, A x)=(2.00h 80km)



. 

blockFixed [ @type=graphic ] 
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From the graphical point of view, the slope of the dashed line drawn from the origin to [image: image25.png](8t Ax)



represents the average velocity. 

· LEARN 

The average velocity is a vector quantity that depends only on the net displacement (also a vector) between the starting and ending points. 

2.4

A car travels up a hill at a constant speed of 40 km/h and returns down the hill at a constant speed of 60 km/h. Calculate the average speed for the round trip. 

2.5

The position of an object moving along an [image: image26.png]


axis is given by [image: image27.png]x=3t—-4t+0’



, where [image: image28.png]


is in meters and [image: image29.png]


in seconds. Find the position of the object at the following values of [image: image30.png]


: (a) 1 s, (b) 2 s, (c) 3 s, and (d) 4 s. (e) What is the object's displacement between [image: image31.png]


and [image: image32.png]


? (f) What is its average velocity for the time interval from [image: image33.png]


to [image: image34.png]


? (g) Graph [image: image35.png]


versus [image: image36.png]


for 0 ≤ [image: image37.png]


and indicate how the answer for (f) can be found on the graph. 

Worked Solution

· THINK 

In this one‐dimensional kinematics problem, we're given the position function [image: image38.png](1)



, and asked to calculate the position and velocity of the object at a later time. 

· EXPRESS 

The position function is given as [image: image39.png]x(t)=(3m/s)t = (4m /)’ + (1m / $°)¢’



. The position of the object at some instant [image: image40.png]


is simply given by [image: image41.png]X(to)



. For the time interval [image: image42.png]hstst



, the displacement is [image: image43.png]Ax = x(t;) = x(ty)



. Similarly, using Eq. 2.2, the average velocity for this time interval is 

	[image: image44.png]Ax

V=42 = 2 =x(0)

L=t







· ANALYZE 

a. Plugging in [image: image45.png]


into [image: image46.png](1)



yields 

	[image: image47.png]X(1s) = (3 /s)(1s) - (4m/s%)15)° + (1 /s’ 1s)’ = 0.






b. With [image: image48.png]


we get [image: image49.png]X(25) = (3m /s)(25) = (4m /5°)(25") +(1m / S’} 2s)’ = —2m



. 

c. With [image: image50.png]


we have [image: image51.png]X(35) = (3m /5)(35) = (4m /5°)(35") +(1m / ') 3s)’ = Om



. 

d. Similarly, plugging in [image: image52.png]


gives 

	[image: image53.png]X(4s)=(3m/s)(4s) - (4m/s’)|(4s)’ +(1m/s’|4s)’ = 12m






e. The position at [image: image54.png]


is [image: image55.png]


. Thus, the displacement between [image: image56.png]


and [image: image57.png]


is [image: image58.png](4s) - x(0) =12m -



. 

f. The position at [image: image59.png]


is subtracted from the position at [image: image60.png]


s to give the displacement: [image: image61.png](4s) — x(2s)




. Thus, the average velocity is 

	[image: image62.png]Vag="A% = lgs"' =7m/s






g. The position of the object for the interval [image: image63.png]


is plotted below. The straight line drawn from the point at [image: image64.png](t,x) =(2s —2m)to(4s,12m)



would represent the average velocity, answer for part (f). 
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· LEARN 

Our graphical representation illustrates once again that the average velocity for a time interval depends only on the net displacement between the starting and ending points. 

2.6

The 1992 world speed record for a bicycle (human‐powered vehicle) was set by Chris Huber. His time through the measured 200 m stretch was a sizzling 6.509 s, at which he commented, “Cogito ergo zoom!” (I think, therefore I go fast!). In 2001, Sam Whittingham beat Huber's record by 19.0 km/h. What was Whittingham's time through the 200 m? 

2.7

Two trains, each having a speed of 30 km/h, are headed at each other on the same straight track. A bird that can fly 60 km/h flies off the front of one train when they are 60 km apart and heads directly for the other train. On reaching the other train, the bird flies directly back to the first train, and so forth. (We have no idea why a bird would behave in this way.) What is the total distance the bird travels before the trains collide? 

2.8

Panic escape. Figure 2.21 shows a general situation in which a stream of people attempt to escape through an exit door that turns out to be locked. The people move toward the door at speed [image: image66.png]


, are each [image: image67.png]


in depth, and are separated by [image: image68.png]L75m



. The arrangement in Fig. 2.21 occurs at time [image: image69.png]


. (a) At what average rate does the layer of people at the door increase? (b) At what time does the layer's depth reach 5.0 m? (The answers reveal how quickly such a situation becomes dangerous.) 

$imageWidth=690; $aspectRatio=1; 
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Figure 2.21 Problem 2.8. 

2.9

In 1 km races, runner 1 on track 1 (with time 2 min, 27.95 s) appears to be faster than runner 2 on track 2 (2 min, 28.15 s). However, length [image: image71.png]


of track 2 might be slightly greater than length [image: image72.png]


of track 1. How large can [image: image73.png]


be for us still to conclude that runner 1 is faster? 

2.10

To set a speed record in a measured (straight‐line) distance [image: image74.png]


, a race car must be driven first in one direction (in time [image: image75.png]


) and then in the opposite direction (in time [image: image76.png]


). (a) To eliminate the effects of the wind and obtain the car's speed [image: image77.png]


in a windless situation, should we find the average of [image: image78.png]dity



and [image: image79.png]dit,



(method 1) or should we divide [image: image80.png]


by the average of [image: image81.png]


and [image: image82.png]


? (b) What is the fractional difference in the two methods when a steady wind blows along the car's route and the ratio of the wind speed [image: image83.png]


to the car's speed [image: image84.png]


is 0.0240? 

2.11

You are to drive to an interview in another town, at a distance of 300 km on an expressway. The interview is at 11:15 A.M. You plan to drive at 100 km/h, so you leave at 8:00 A.M. to allow some extra time. You drive at that speed for the first 100 km, but then construction work forces you to slow to 40 km/h for 40 km. What would be the least speed needed for the rest of the trip to arrive in time for the interview? 

2.12

Traffic shock wave. An abrupt slowdown in concentrated traffic can travel as a pulse, termed a shock wave, along the line of cars, either downstream (in the traffic direction) or upstream, or it can be stationary. Figure 2.22 shows a uniformly spaced line of cars moving at speed [image: image85.png]v=25.0m/s



toward a uniformly spaced line of slow cars moving at speed [image: image86.png]


. Assume that each faster car adds length [image: image87.png]12.0m



(car length plus buffer zone) to the line of slow cars when it joins the line, and assume it slows abruptly at the last instant. (a) For what separation distance [image: image88.png]


between the faster cars does the shock wave remain stationary? If the separation is twice that amount, what are the (b) speed and (c) direction (upstream or downstream) of the shock wave? 
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[image: image89.jpg]



Figure 2.22 Problem 2.12. 

2.13

You drive on Interstate 10 from San Antonio to Houston, half the time at 55 km/h and the other half at 90 km/h. On the way back you travel half the distance at 55 km/h and the other half at 90 km/h. What is your average speed (a) from San Antonio to Houston, (b) from Houston back to San Antonio, and (c) for the entire trip? (d) What is your average velocity for the entire trip? (e) Sketch [image: image90.png]


versus [image: image91.png]


for (a), assuming the motion is all in the positive [image: image92.png]


direction. Indicate how the average velocity can be found on the sketch. 

sec. 2‐5 Instantaneous Velocity and Speed 

2.14

An electron moving along the [image: image93.png]


axis has a position given by [image: image94.png]x=16te” m



, where [image: image95.png]


is in seconds. How far is the electron from the origin when it momentarily stops? 

2.15

(a) If a particle's position is given by [image: image96.png]x=4-12t+3



(where [image: image97.png]


is in seconds and [image: image98.png]


is in meters), what is its velocity at [image: image99.png]


? (b) Is it moving in the positive or negative direction of [image: image100.png]


just then? (c) What is its speed just then? (d) Is the speed increasing or decreasing just then? (Try answering the next two questions without further calculation.) (e) Is there ever an instant when the velocity is zero? If so, give the time [image: image101.png]


; if not, answer no. (f) Is there a time after [image: image102.png]


when the particle is moving in the negative direction of [image: image103.png]


? If so, give the time [image: image104.png]


; if not, answer no. 

2.16

The position function [image: image105.png](1)



of a particle moving along an [image: image106.png]


axis is [image: image107.png]x=4.0-6.0t’



, with [image: image108.png]


in meters and [image: image109.png]


in seconds. (a) At what time and (b) where does the particle (momentarily) stop? At what (c) negative time and (d) positive time does the particle pass through the origin? (e) Graph [image: image110.png]


versus [image: image111.png]


for the range −5 s to +5 s. (f) To shift the curve rightward on the graph, should we include the term [image: image112.png]+20t



or the term [image: image113.png]


in [image: image114.png](1)



? (g) Does that inclusion increase or decrease the value of [image: image115.png]


at which the particle momentarily stops? 

2.17

The position of a particle moving along the [image: image116.png]


axis is given in centimeters by [image: image117.png]x=9.75+1.50t’



, where [image: image118.png]


is in seconds. Calculate (a) the average velocity during the time interval [image: image119.png].00s




to [image: image120.png].00's




; (b) the instantaneous velocity at [image: image121.png].00s




; (c) the instantaneous velocity at [image: image122.png].00's




; (d) the instantaneous velocity at [image: image123.png].50s




; and (e) the instantaneous velocity when the particle is midway between its positions at [image: image124.png].00s




and [image: image125.png].00's




. (f) Graph [image: image126.png]


versus [image: image127.png]


and indicate your answers graphically. 

sec. 2‐6 Acceleration 

2.18

The position of a particle moving along an [image: image128.png]


axis is given by [image: image129.png]x=12t-2r



, where [image: image130.png]


is in meters and [image: image131.png]


is in seconds. Determine (a) the position, (b) the velocity, and (c) the acceleration of the particle at [image: image132.png]


. (d) What is the maximum positive coordinate reached by the particle and (e) at what time is it reached? (f) What is the maximum positive velocity reached by the particle and (g) at what time is it reached? (h) What is the acceleration of the particle at the instant the particle is not moving (other than at [image: image133.png]


)? (i) Determine the average velocity of the particle between [image: image134.png]


and [image: image135.png]


. 

2.19

At a certain time a particle had a speed of 18 m/s in the positive [image: image136.png]


direction, and 2.4 s later its speed was 30 m/s in the opposite direction. What is the average acceleration of the particle during this 2.4 s interval? 

Worked Solution

· THINK 

In this one‐dimensional kinematics problem, we're given the speed of a particle at two instants and asked to calculate its average acceleration. 

· EXPRESS 

We represent the initial direction of motion as the [image: image137.png]


direction. The average acceleration over a time interval [image: image138.png]hstst



is given by Eq. 2.7: 

	[image: image139.png]= Av _vit)—vity)
%= At L-t







· ANALYZE 

Let [image: image140.png]vi=+18m/s



at [image: image141.png]


and [image: image142.png]


at [image: image143.png]


. Using Eq. 2.7 we find 

	[image: image144.png]Vi —viy) _ (=30m/s) - (+1m/s) _

-t 2.45-0

-20m/s?







· LEARN 

The average acceleration has magnitude [image: image145.png]20m/s’



and is in the opposite direction to the particle's initial velocity. This makes sense because the velocity of the particle is decreasing over the time interval. With [image: image146.png]


, the velocity of the particle as a function of time can be written as [image: image147.png]v=vo+at=(18m/s)~(20m/s’)t



. 

2.20

(a) If the position of a particle is given by [image: image148.png]x=20t-5



, where [image: image149.png]


is in meters and [image: image150.png]


is in seconds, when, if ever, is the particle's velocity zero? (b) When is its acceleration [image: image151.png]


zero? (c) For what time range (positive or negative) is [image: image152.png]


negative? (d) Positive? (e) Graph [image: image153.png](1)



, [image: image154.png]vt



, and [image: image155.png]a(t)



. 

2.21

From [image: image156.png]


to [image: image157.png].00 min



, a man stands still, and from [image: image158.png].00 min



to [image: image159.png]


, he walks briskly in a straight line at a constant speed of 2.20 m/s. What are (a) his average velocity [image: image160.png]Vavg



and (b) his average acceleration [image: image161.png]davg



in the time interval 2.00 min to 8.00 min? What are (c) [image: image162.png]Vavg



and (d) [image: image163.png]davg



in the time interval 3.00 min to 9.00 min? (e) Sketch [image: image164.png]


versus [image: image165.png]


and [image: image166.png]


versus [image: image167.png]


, and indicate how the answers to (a) through (d) can be obtained from the graphs. 

2.22

The position of a particle moving along the [image: image168.png]


axis depends on the time according to the equation [image: image169.png]x=ct’~bt’



, where [image: image170.png]


is in meters and [image: image171.png]


in seconds. What are the units of (a) constant [image: image172.png]


and (b) constant [image: image173.png]


? Let their numerical values be 3.0 and 2.0, respectively. (c) At what time does the particle reach its maximum positive [image: image174.png]


position? From [image: image175.png]


to [image: image176.png]


, (d) what distance does the particle move and (e) what is its displacement? Find its velocity at times (f) 1.0 s, (g) 2.0 s, (h) 3.0 s, and (i) 4.0 s. Find its acceleration at times (j) 1.0 s, (k) 2.0 s, (l) 3.0 s, and (m) 4.0 s. 

sec. 2‐7 Constant Acceleration: A Special Case 

2.23

An electron with an initial velocity [image: image177.png].50x10°m/s




enters a region of length [image: image178.png]1.00cm



where it is electrically accelerated (Fig. 2.23). It emerges with [image: image179.png]v=5.70x10"m/s



. What is its acceleration, assumed constant? 

$imageWidth=690; $aspectRatio=1; 
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Figure 2.23 Problem 2.23. 

Worked Solution

· THINK 

The electron undergoes a constant acceleration. Given the final speed of the electron and the distance it has traveled, we can calculate its acceleration. 

· EXPRESS 

Since the problem involves constant acceleration, the motion of the electron can be readily analyzed using the equations given in Table 2.1: 

	[image: image181.png]



	(2.39)

	[image: image182.png]x=xp=vet + at




	(2.40)


	[image: image183.png]



	(2.41)


The acceleration can be found by solving Eq. LINK. 

· ANALYZE 

With [image: image184.png].50x10°m /s




, [image: image185.png]v=5.70x10°m/s



, [image: image186.png]


and [image: image187.png]


, we find the average acceleration to be 

	[image: image188.png]_ (5.7x10°m/s)’~ (1.5x10°m/s)’

5m /52
So010m =1.62x10"m/s%.







· LEARN 

It is always a good idea to apply other equations in Table 2.1 not used for solving the problem as a consistency check. For example, since we now know the value of the acceleration, using Eq. LINK, the time it takes for the electron to reach its final speed would be 

	[image: image189.png]v-vy

5.70x10°m/s-1.5x10°m/s _
1.62x10%m/s’

.426x10™%s







Substituting the value of [image: image190.png]


into Eq. LINK, the distance the electron travels is 

	[image: image191.png]X = Xo+vt+3ar=0+(L5x10°m/s)3.426 x 1075+ 3(1.62 x 10°m /'(3.426 x 10°7)°
0.01m







This is what was given in the problem statement. So we know the problem has been solved correctly. 

2.24

Catapulting mushrooms. Certain mushrooms launch their spores by a catapult mechanism. As water condenses from the air onto a spore that is attached to the mushroom, a drop grows on one side of the spore and a film grows on the other side. The spore is bent over by the drop's weight, but when the film reaches the drop, the drop's water suddenly spreads into the film and the spore springs upward so rapidly that it is slung off into the air. Typically, the spore reaches a speed of 1.6 m/s in a 5.0 [image: image192.png]


m launch; its speed is then reduced to zero in 1.0 mm by the air. Using that data and assuming constant accelerations, find the acceleration in terms of [image: image193.png]


during (a) the launch and (b) the speed reduction. 

2.25

An electric vehicle starts from rest and accelerates at a rate of 2.0 m/s2 in a straight line until it reaches a speed of 20 m/s. The vehicle then slows at a constant rate of 1.0 m/s2 until it stops. (a) How much time elapses from start to stop? (b) How far does the vehicle travel from start to stop? 

2.26

A muon (an elementary particle) enters a region with a speed of [image: image194.png]5.00x10°m/s



and then is slowed at the rate of [image: image195.png]1.25x10" m/s’



. (a) How far does the muon take to stop? (b) Graph [image: image196.png]


versus [image: image197.png]


and [image: image198.png]


versus [image: image199.png]


for the muon. 

2.27

An electron has a constant acceleration of [image: image200.png]+3.2m/¢



. At a certain instant its velocity is +9.6 m/s. What is its velocity (a) 2.5 s earlier and (b) 2.5 s later? 

2.28

On a dry road, a car with good tires may be able to brake with a constant deceleration of 4.92 m/s2. (a) How long does such a car, initially traveling at 24.6 m/s, take to stop? (b) How far does it travel in this time? (c) Graph [image: image201.png]


versus [image: image202.png]


and [image: image203.png]


versus [image: image204.png]


for the deceleration. 

2.29

A certain elevator cab has a total run of 190 m and a maximum speed of 305 m/min, and it accelerates from rest and then back to rest at 1.22 m/s2. (a) How far does the cab move while accelerating to full speed from rest? (b) How long does it take to make the nonstop 190 m run, starting and ending at rest? 

2.30

The brakes on your car can slow you at a rate of 5.2 m/s2. (a) If you are going 137 km/h and suddenly see a state trooper, what is the minimum time in which you can get your car under the 90 km/h speed limit? (The answer reveals the futility of braking to keep your high speed from being detected with a radar or laser gun.) (b) Graph [image: image205.png]


versus [image: image206.png]


and [image: image207.png]


versus [image: image208.png]


for such a slowing. 

2.31

Suppose a rocket ship in deep space moves with constant acceleration equal to 9.8 m/s2, which gives the illusion of normal gravity during the flight. (a) If it starts from rest, how long will it take to acquire a speed one‐tenth that of light, which travels at [image: image209.png]3.0x10%m/s



? (b) How far will it travel in so doing? 

Worked Solution

· THINK 

The rocket ship undergoes a constant acceleration from rest, and we want to know the time elapsed and the distance traveled when the rocket reaches a certain speed. 

· EXPRESS 

Since the problem involves constant acceleration, the motion of the rocket can be readily analyzed using the equations in Table 2.1: 

	[image: image210.png]



	(2.42)

	[image: image211.png]x=xp=vet + at




	(2.43)


	[image: image212.png]



	(2.44)


· ANALYZE 

a. Given [image: image213.png]a=9.8m/s’



, [image: image214.png]


and [image: image215.png]v=0.1c=3.0x10'm/s



, we solve [image: image216.png]


for the time: 

	[image: image217.png]_V-Vy_3.0x10'm/s-0

3 i =3.1x10%
.8m/s







b. which is about 1.2 months. So it takes 1.2 months for the rocket to reach a speed of [image: image218.png]


starting from rest with a constant acceleration of [image: image219.png]9.8m/s’



. 

c. To calculate the distance traveled during this time, we evaluate [image: image220.png]


with [image: image221.png]


and [image: image222.png]


. The result is 

	[image: image223.png].6x10"°m

x=3(9.8m/)3.1x 10%)" =






· LEARN 

In solving parts (a) and (b), we did not use Eq. (LINK): [image: image224.png]


This equation can be used to check our answers. The final velocity based on this equation is 

	[image: image225.png](Vi +2a(x = xo) ={/0+2(9.8m/5%)(4.6x 10"’m - 0) =3.0x10'm /s,







which is what was given in the problem statement. So we know the problems have been solved correctly. 

2.32

A world's land speed record was set by Colonel John P. Stapp when in March 1954 he rode a rocket‐propelled sled that moved along a track at 1020 km/h. He and the sled were brought to a stop in 1.4 s. (See Fig. 2.7.) In terms of [image: image226.png]


, what acceleration did he experience while stopping? 

2.33

A car traveling 56.0 km/h is 24.0 m from a barrier when the driver slams on the brakes. The car hits the barrier 2.00 s later. (a) What is the magnitude of the car's constant acceleration before impact? (b) How fast is the car traveling at impact? 

Worked Solution

· THINK 

The car undergoes a constant negative acceleration to avoid impacting a barrier. Given its initial speed, we want to know the distance it has traveled and the time elapsed prior to the impact. 

· EXPRESS 

Since the problem involves constant acceleration, the motion of the car can be readily analyzed using the equations in Table 2.1: 

	[image: image227.png]



	(2.45)

	[image: image228.png]x=xp=vet + at




	(2.46)


	[image: image229.png]



	(2.47)


We take [image: image230.png]


and [image: image231.png]Vo=56.0km/h=15.55m/s



to be the initial position and speed of the car. Solving Eq. LINK with [image: image232.png]00s



gives the acceleration [image: image233.png]


. Once [image: image234.png]


is known, the speed of the car upon impact can be found by using Eq. LINK. 

· ANALYZE 

a. Using Eq. LINK, we find the acceleration to be 

	[image: image235.png]Vo) _
2

2[(24.0m)—(15.55m/s)(2.00s)] _

(2.005)"

~3.56m/s’,






b. or [image: image236.png]|| =3.56m /s’



. The negative sign indicates that the acceleration is opposite to the direction of motion of the car; the car is slowing down. 

c. The speed of the car at the instant of impact is 

	[image: image237.png]v=vo+at=15.55m/s +(~3.56m/s%(2.005) =8.43m/s






d. which can also be converted to 30.3 km/h. 

· LEARN 

In solving parts (a) and (b), we did not use Eq. 1‐16. This equation can be used as a consistency check. The final velocity based on this equation is 

	[image: image238.png]| Vi +2a(x = xo) = (15.55m[5)*+2( ~3.56m 5°)(24m - 0) =8.43m s,







which is what was calculated in (b). This indicates that the problems have been solved correctly. 

2.34

In Fig. 2.24, a red car and a green car, identical except for the color, move toward each other in adjacent lanes and parallel to an [image: image239.png]


axis. At time [image: image240.png]


, the red car is at [image: image241.png]


and the green car is at [image: image242.png]20m




. If the red car has a constant velocity of 20 km/h, the cars pass each other at [image: image243.png]Xx=44.5m



, and if it has a constant velocity of 40 km/h, they pass each other at [image: image244.png]x=76.6m



. What are (a) the initial velocity and (b) the constant acceleration of the green car? 
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Figure 2.24 Problems 2.34 and 2.35. 

2.35

Figure 2.24 shows a red car and a green car that move toward each other. Figure 2.25 is a graph of their motion, showing the positions [image: image246.png]


and [image: image247.png]=35.0m




at time [image: image248.png]


. The green car has a constant speed of 20.0 m/s and the red car begins from rest. What is the acceleration magnitude of the red car? 
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Figure 2.25 Problem 2.35. 

2.36

A car moves along an [image: image250.png]


axis through a distance of 900 m, starting at rest (at [image: image251.png]


) and ending at rest (at [image: image252.png]x=900m



). Through the first [image: image253.png]


of that distance, its acceleration is +2.25 m/s2. Through the rest of that distance, its acceleration is −0.750 m/s2. What are (a) its travel time through the 900 m and (b) its maximum speed? (c) Graph position [image: image254.png]


, velocity [image: image255.png]


, and acceleration [image: image256.png]


versus time [image: image257.png]


for the trip. 

2.37

Figure 2.26 depicts the motion of a particle moving along an [image: image258.png]


axis with a constant acceleration. The figure's vertical scaling is set by [image: image259.png]


. What are the (a) magnitude and (b) direction of the particle's acceleration? 
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Figure 2.26 Problem 2.37. 

2.38

(a) If the maximum acceleration that is tolerable for passengers in a subway train is 1.34 m/s2 and subway stations are located 806 m apart, what is the maximum speed a subway train can attain between stations? (b) What is the travel time between stations? (c) If a subway train stops for 20 s at each station, what is the maximum average speed of the train, from one start‐up to the next? (d) Graph [image: image261.png]


, [image: image262.png]


, and [image: image263.png]


versus [image: image264.png]


for the interval from one start‐up to the next. 

2.39

Cars [image: image265.png]


and [image: image266.png]


move in the same direction in adjacent lanes. The position [image: image267.png]


of car [image: image268.png]


is given in Fig. 2.27, from time [image: image269.png]


to [image: image270.png]


. The figure's vertical scaling is set by [image: image271.png]


. At [image: image272.png]


, car [image: image273.png]


is at [image: image274.png]


, with a velocity of 12 m/s and a negative constant acceleration [image: image275.png]


. (a) What must [image: image276.png]


be such that the cars are (momentarily) side by side (momentarily at the same value of [image: image277.png]


) at [image: image278.png]


? (b) For that value of [image: image279.png]


, how many times are the cars side by side? (c) Sketch the position [image: image280.png]


of car [image: image281.png]


versus time [image: image282.png]


on Fig. 2.27. How many times will the cars be side by side if the magnitude of acceleration [image: image283.png]


is (d) more than and (e) less than the answer to part (a)? 
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Figure 2.27 Problem 2.39. 

2.40

You are driving toward a traffic signal when it turns yellow. Your speed is the legal speed limit of [image: image285.png]vo=55km/h



; your best deceleration rate has the magnitude [image: image286.png]a=5.18m/s’



. Your best reaction time to begin braking is [image: image287.png]


. To avoid having the front of your car enter the intersection after the light turns red, should you brake to a stop or continue to move at 55 km/h if the distance to the intersection and the duration of the yellow light are (a) 40 m and 2.8 s, and (b) 32 m and 1.8 s? Give an answer of brake, continue, either (if either strategy works), or neither (if neither strategy works and the yellow duration is inappropriate). 

2.41

As two trains move along a track, their conductors suddenly notice that they are headed toward each other. Figure 2.28 gives their velocities [image: image288.png]


as functions of time [image: image289.png]


as the conductors slow the trains. The figure's vertical scaling is set by [image: image290.png]


. The slowing processes begin when the trains are 200 m apart. What is their separation when both trains have stopped? 
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Figure 2.28 Problem 2.41. 

2.42

You are arguing over a cell phone while trailing an unmarked police car by 25 m; both your car and the police car are traveling at 110 km/h. Your argument diverts your attention from the police car for 2.0 s (long enough for you to look at the phone and yell, “I won't do that!”). At the beginning of that 2.0 s, the police officer begins braking suddenly at 5.0 m/s2. (a) What is the separation between the two cars when your attention finally returns? Suppose that you take another 0.40 s to realize your danger and begin braking. (b) If you too brake at 5.0 m/s2, what is your speed when you hit the police car? 

2.43

When a high‐speed passenger train traveling at 161 km/h rounds a bend, the engineer is shocked to see that a locomotive has improperly entered onto the track from a siding and is a distance [image: image292.png]D=676



ahead (Fig. 2.29). The locomotive is moving at 29.0 km/h. The engineer of the high‐speed train immediately applies the brakes. (a) What must be the magnitude of the resulting constant deceleration if a collision is to be just avoided? (b) Assume that the engineer is at [image: image293.png]


when, at [image: image294.png]


, he first spots the locomotive. Sketch [image: image295.png](1)



curves for the locomotive and high‐speed train for the cases in which a collision is just avoided and is not quite avoided. 
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Figure 2.29 Problem 2.43. 

sec. 2‐9 Free‐Fall Acceleration 

2.44

When startled, an armadillo will leap upward. Suppose it rises 0.544 m in the first 0.200 s. (a) What is its initial speed as it leaves the ground? (b) What is its speed at the height of 0.544 m? (c) How much higher does it go? 

2.45

(a) With what speed must a ball be thrown vertically from ground level to rise to a maximum height of 50 m? (b) How long will it be in the air? (c) Sketch graphs of [image: image297.png]


, [image: image298.png]


, and [image: image299.png]


versus [image: image300.png]


for the ball. On the first two graphs, indicate the time at which 50 m is reached. 

Worked Solution

· THINK 

As the ball travels vertically upward, its motion is under the influence of gravitational acceleration. The kinematics is one‐dimensional. 

· EXPRESS 

We neglect air resistance for the duration of the motion (between “launching” and “landing”), so [image: image301.png]9.8m/s’




(we take downward to be the [image: image302.png]


direction). We use the equations in Table 2.1 (with [image: image303.png]


replacing [image: image304.png]Ax



) because this is [image: image305.png]


motion: 

	[image: image306.png]v=Vvp—gt




	(2.48)

	[image: image307.png]—Yo=Vet— 3
Y =Yo=vet - 59t




	(2.49)


	[image: image308.png]V6= 29(y = ¥o)




	(2.50)


We set [image: image309.png]


. Upon reaching the maximum height [image: image310.png]


, the speed of the ball is momentarily zero ([image: image311.png]


). Therefore, we can relate its initial speed [image: image312.png]


to [image: image313.png]


via the equation [image: image314.png]


The time it takes for the ball to reach maximum height is given by [image: image315.png]v=vo-gt=0



, or [image: image316.png]


. Therefore, for the entire trip (from the time it leaves the ground until the time it returns to the ground), the total flight time is [image: image317.png]T=2=2,/9



. 

· ANALYZE 

a. At the highest point [image: image318.png]


and [image: image319.png]


With [image: image320.png]y =50m



, we find the initial speed of the ball to be 

	[image: image321.png]/2(9.8m/s°)(50m) =
vo=\2gy =|/2(9.8m/s’)(50m) =31.3m/s.






b. Using the result from (a) for [image: image322.png]


, the total flight time of the ball is 

	[image: image323.png]&g _ 2(31.3m/s)

T=
9 9.8m/s’

=6.39






c. The plots of [image: image324.png]


, [image: image325.png]


and [image: image326.png]


as a function of time are shown below. The acceleration graph is a horizontal line at [image: image327.png]~9.8m/s’



. At [image: image328.png].19s




, [image: image329.png]y =50m



. 

blockFixed [ @type=graphic ] 
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· LEARN 

In calculating the total flight time of the ball, we could have used Eq. LINK. At [image: image331.png]T>0




, the ball returns to its original position [image: image332.png]


. Therefore, 

	[image: image333.png]





2.46

Raindrops fall 1700 m from a cloud to the ground. (a) If they were not slowed by air resistance, how fast would the drops be moving when they struck the ground? (b) Would it be safe to walk outside during a rainstorm? 

2.47

At a construction site a pipe wrench struck the ground with a speed of 24 m/s. (a) From what height was it inadvertently dropped? (b) How long was it falling? (c) Sketch graphs of [image: image334.png]


, [image: image335.png]


, and [image: image336.png]


versus [image: image337.png]


for the wrench. 

Worked Solution

· THINK 

The wrench is in free fall with an acceleration [image: image338.png]


. 

· EXPRESS 

We neglect air resistance, which justifies setting [image: image339.png]


(taking down as the [image: image340.png]


direction) for the duration of the fall. This is constant acceleration motion, which justifies the use of Table 2.1 (with [image: image341.png]


replacing [image: image342.png]Ax



): 

	[image: image343.png]v=Vvp—gt




	(2.51)

	[image: image344.png]—Yo=Vet— 3
Y =Yo=vet - 59t




	(2.52)


	[image: image345.png]V6= 29(y = ¥o)




	(2.53)


Since the wrench had an initial speed [image: image346.png]


, knowing its speed of impact allows us to apply Eq. LINK to calculate the height from which it was dropped. 

· ANALYZE 

a. Using [image: image347.png]Vi +2aly



, we find the initial height to be 

	[image: image348.png]Ay=Yo-V:_0=(=24m/sf 5 4

2 2(-9.8m/s)






b. So that it fell through a height of 29.4 m.

c. Solving [image: image349.png]v=Vvp—gt



for time, we obtain a flight time of 

	[image: image350.png]Vo=V _0=(=24m/s) _; 45

9.8m/s?







d. SI units are used in the graphs, and the initial position is taken as the coordinate origin. The acceleration graph is a horizontal line at [image: image351.png]~9.8m/s’



. 

blockFixed [ @type=graphic ] 
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· LEARN 

As the wrench falls, with [image: image353.png]-g<0



, its speed increases but its velocity becomes more negative, as indicated by the second graph above. 

2.48

A hoodlum throws a stone vertically downward with an initial speed of 12.0 m/s from the roof of a building, 30.0 m above the ground. (a) How long does it take the stone to reach the ground? (b) What is the speed of the stone at impact? 

2.49

A hot‐air balloon is ascending at the rate of 12 m/s and is 80 m above the ground when a package is dropped over the side. (a) How long does the package take to reach the ground? (b) With what speed does it hit the ground? 

Worked Solution

· THINK 

In this problem a package is dropped from a hot‐air balloon which is ascending vertically upward. We analyze the motion of the package under the influence of gravity. 

· EXPRESS 

We neglect air resistance, which justifies setting [image: image354.png]9.8m/s’




(taking down as the [image: image355.png]


direction) for the duration of the motion. This allows us to use Table 2.1 (with [image: image356.png]


replacing [image: image357.png]Ax



): 

	[image: image358.png]v=Vvp—gt




	(2.54)

	[image: image359.png]—Yo=Vet— 3
Y =Yo=vet - 59t




	(2.55)


	[image: image360.png]V6= 29(y = ¥o)




	(2.56)


We place the coordinate origin on the ground and note that the initial velocity of the package is the same as the velocity of the balloon, [image: image361.png]


and that its initial coordinate is [image: image362.png]


. The time it takes for the package to hit the ground can be found by solving Eq. LINK with [image: image363.png]


. 

· ANALYZE 

a. We solve [image: image364.png]=Yo+vet —igt’



for time using the quadratic formula (choosing the positive root to yield a positive value for [image: image365.png]


): 

	[image: image366.png]Vo+ Vi + 20y _ 12m/s -+ 2m/s)’ +2[0. m/sziaﬂm)

9 9.8m/s’

=5.447s.







b. The speed of the package when it hits the ground can be calculated using Eq. LINK. The result is 

	[image: image367.png]v=vo—gt=12m/s—(9.8m/s’)(5.447s) = ~41.38m/s.






c. Its final speed is 41.38 m/s. 

· LEARN 

Our answers can be readily verified by using Eq. LINK which was not used in either (a) or (b). The equation leads to 

	[image: image368.png]V6 =29(y —yo) = =/ (12m/s)’ - 2(9.8m/s%)(0 - 80m) = ~41.38m/s






which agrees with that calculated in (b). 

2.50

At time [image: image369.png]


, apple 1 is dropped from a bridge onto a roadway beneath the bridge; somewhat later, apple 2 is thrown down from the same height. Figure 2.30 gives the vertical positions [image: image370.png]


of the apples versus [image: image371.png]


during the falling, until both apples have hit the roadway. The scaling is set by [image: image372.png]


. With approximately what speed is apple 2 thrown down? 
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Figure 2.30 Problem 2.50. 

2.51

As a runaway scientific balloon ascends at 19.6 m/s, one of its instrument packages breaks free of a harness and free‐falls. Figure 2.31 gives the vertical velocity of the package versus time, from before it breaks free to when it reaches the ground. (a) What maximum height above the break‐free point does it rise? (b) How high is the break‐free point above the ground? 
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Figure 2.31 Problem 2.51. 

2.52

A bolt is dropped from a bridge under construction, falling 90 m to the valley below the bridge. (a) In how much time does it pass through the last 20% of its fall? What is its speed (b) when it begins that last 20% of its fall and (c) when it reaches the valley beneath the bridge? 

2.53

A key falls from a bridge that is 45 m above the water. It falls directly into a model boat, moving with constant velocity, that is 12 m from the point of impact when the key is released. What is the speed of the boat? 

Worked Solution

· THINK 

This problem involves two objects: a key dropped from a bridge, and a boat moving at a constant speed. We look for conditions such that the key will fall into the boat. 

· EXPRESS 

The speed of the boat is constant, given by [image: image375.png]vp=d/t



, where [image: image376.png]


is the distance of the boat from the bridge when the key is dropped (12 m) and [image: image377.png]


is the time the key takes in falling. 

To calculate [image: image378.png]


, we take the time to be zero at the instant the key is dropped, we compute the time [image: image379.png]


when [image: image380.png]


using [image: image381.png]Y = Vo + Vot = 1gt°



, with [image: image382.png]


. Once [image: image383.png]


is known, the speed of the boat can be readily calculated. 

· ANALYZE 

Since the initial velocity of the key is zero, the coordinate of the key is given by [image: image384.png]


Thus, the time it takes for the key to drop into the boat is 

	[image: image385.png][ 245m) _3 o3,

Lesm/s







Therefore, the speed of the boat is [image: image386.png]=155 =4.0m/s





· LEARN 

From the general expression [image: image387.png]


, we see that [image: image388.png]vo~1/\yo



. This agrees with our intuition that the lower the height from which the key is dropped, the greater the speed of the boat in order to catch it. 

2.54

A stone is dropped into a river from a bridge 43.9 m above the water. Another stone is thrown vertically down 1.00 s after the first is dropped. The stones strike the water at the same time. (a) What is the initial speed of the second stone? (b) Plot velocity versus time on a graph for each stone, taking zero time as the instant the first stone is released. 

2.55

A ball of moist clay falls 15.0 m to the ground. It is in contact with the ground for 20.0 ms before stopping. (a) What is the magnitude of the average acceleration of the ball during the time it is in contact with the ground? (Treat the ball as a particle.) (b) Is the average acceleration up or down? 

Worked Solution

· THINK 

The free‐falling moist‐clay ball strikes the ground with a non‐zero speed, and it undergoes deceleration before coming to rest. 

· EXPRESS 

During contact with the ground its average acceleration is given by [image: image389.png]v




, where [image: image390.png]Aav



is the change in its velocity during contact with the ground and [image: image391.png]At=20.0x107s



is the duration of contact. Thus, we must first find the velocity of the ball just before it hits the ground [image: image392.png]


. 

· ANALYZE 

a. Now, to find the velocity just before contact, we take [image: image393.png]


to be when it is dropped. Using Eq. LINK with [image: image394.png]


, we obtain 

	[image: image395.png]vi—2a(v—v-) = —1/0—2(9.8m/s)(0-15m)
|V =29(y = yo) = =1 0-2(9.8m/s)(0~15m) = ~17.15m/s






b. where the negative sign is chosen since the ball is traveling downward at the moment of contact. Consequently, the average acceleration during contact with the ground is 

	[image: image396.png]= 4Av _0-(=17.Im/s) _ 2
= 81 = 50 05 100 = 857/






c. The fact that the result is positive indicates that this acceleration vector points upward.

· LEARN 

Since [image: image397.png]at



is very small, it is not surprising to have a very large acceleration to stop the motion of the ball. In later chapters, we shall see that the acceleration is directly related to the magnitude and direction of the force exerted by the ground on the ball during the course of collision. 

2.56

Figure 2.32 shows the speed [image: image398.png]


versus height [image: image399.png]


of a ball tossed directly upward, along a [image: image400.png]


axis. Distance [image: image401.png]


is 0.40 m. The speed at height [image: image402.png]


is [image: image403.png]


. The speed at height [image: image404.png]


is [image: image405.png]3V



. What is speed [image: image406.png]


? 
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Figure 2.32 Problem 2.56. 

2.57

To test the quality of a tennis ball, you drop it onto the floor from a height of 4.00 m. It rebounds to a height of 2.00 m. If the ball is in contact with the floor for 12.0 ms, (a) what is the magnitude of its average acceleration during that contact and (b) is the average acceleration up or down? 

2.58

An object falls a distance [image: image408.png]


from rest. If it travels 0.50h in the last 1.00 s, find (a) the time and (b) the height of its fall. (c) Explain the physically unacceptable solution of the quadratic equation in [image: image409.png]


that you obtain. 

2.59

Water drips from the nozzle of a shower onto the floor 200 cm below. The drops fall at regular (equal) intervals of time, the first drop striking the floor at the instant the fourth drop begins to fall. When the first drop strikes the floor, how far below the nozzle are the (a) second and (b) third drops? 

2.60

A rock is thrown vertically upward from ground level at time [image: image410.png]


. At [image: image411.png]


it passes the top of a tall tower, and 1.0 s later it reaches its maximum height. What is the height of the tower? 

2.61

A steel ball is dropped from a building's roof and passes a window, taking 0.125 s to fall from the top to the bottom of the window, a distance of 1.20 m. It then falls to a sidewalk and bounces back past the window, moving from bottom to top in 0.125 s. Assume that the upward flight is an exact reverse of the fall. The time the ball spends below the bottom of the window is 2.00 s. How tall is the building? 

2.62

A basketball player grabbing a rebound jumps 76.0 cm vertically. How much total time (ascent and descent) does the player spend (a) in the top 15.0 cm of this jump and (b) in the bottom 15.0 cm? Do your results explain why such players seem to hang in the air at the top of a jump? 

2.63

A drowsy cat spots a flowerpot that sails first up and then down past an open window. The pot is in view for a total of 0.50 s, and the top‐to‐bottom height of the window is 2.00 m. How high above the window top does the flowerpot go? 

2.64

A ball is shot vertically upward from the surface of another planet. A plot of [image: image412.png]


versus [image: image413.png]


for the ball is shown in Fig. 2.33, where [image: image414.png]


is the height of the ball above its starting point and [image: image415.png]


at the instant the ball is shot. The figure's vertical scaling is set by [image: image416.png]ys=30.0m



. What are the magnitudes of (a) the free‐fall acceleration on the planet and (b) the initial velocity of the ball? 
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Figure 2.33 Problem 2.64. 

sec. 2‐10 Graphical Integration in Motion Analysis 

2.65

Figure 2.13a gives the acceleration of a volunteer's head and torso during a rear‐end collision. At maximum head acceleration, what is the speed of (a) the head and (b) the torso? 

2.66

In a forward punch in karate, the fist begins at rest at the waist and is brought rapidly forward until the arm is fully extended. The speed [image: image418.png]vt



of the fist is given in Fig. 2.34 for someone skilled in karate. The vertical scaling is set by [image: image419.png]


. How far has the fist moved at (a) time [image: image420.png]50ms




and (b) when the speed of the fist is maximum? 
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Figure 2.34 Problem 2.66. 

2.67

When a soccer ball is kicked toward a player and the player deflects the ball by “heading” it, the acceleration of the head during the collision can be significant. Figure 2.35 gives the measured acceleration [image: image422.png]a(t)



) of a soccer player's head for a bare head and a helmeted head, starting from rest. The scaling on the vertical axis is set by [image: image423.png]a,=200m/s’



. At time [image: image424.png]7.0ms




, what is the difference in the speed acquired by the bare head and the speed acquired by the helmeted head? 
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Figure 2.35 Problem 2.67. 

2.68

A salamander of the genus Hydromantes captures prey by launching its tongue as a projectile: The skeletal part of the tongue is shot forward, unfolding the rest of the tongue, until the outer portion lands on the prey, sticking to it. Figure 2.36 shows the acceleration magnitude [image: image426.png]


versus time [image: image427.png]


for the acceleration phase of the launch in a typical situation. The indicated accelerations are [image: image428.png]3,=400m/s’



and [image: image429.png]4,=100 m/s’



. What is the outward speed of the tongue at the end of the acceleration phase? 
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Figure 2.36 Problem 2.68. 

2.69

How far does the runner whose velocity–time graph is shown in Fig. 2.37 travel in 16 s? The figure's vertical scaling is set by [image: image431.png]


. 
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Figure 2.37 Problem 2.69. 

2.70

Two particles move along an [image: image433.png]


axis. The position of particle 1 is given by [image: image434.png]X =6.00t°+3.00t +2.00



(in meters and seconds); the acceleration of particle 2 is given by [image: image435.png]—8.00t




(in meters per second squared and seconds) and, at [image: image436.png]


, its velocity is 20 m/s. When the velocities of the particles match, what is their velocity? 

2.8 Additional Problems 

2.71

In an arcade video game, a spot is programmed to move across the screen according to [image: image437.png]x=9.00t-0.750¢’



, where [image: image438.png]


is distance in centimeters measured from the left edge of the screen and [image: image439.png]


is time in seconds. When the spot reaches a screen edge, at either [image: image440.png]


or [image: image441.png]x=15.0cm



, [image: image442.png]


is reset to 0 and the spot starts moving again according to [image: image443.png](1)



. (a) At what time after starting is the spot instantaneously at rest? (b) At what value of [image: image444.png]


does this occur? (c) What is the spot's acceleration (including sign) when this occurs? (d) Is it moving right or left just prior to coming to rest? (e) Just after? (f) At what time [image: image445.png]t>0



does it first reach an edge of the screen? 

2.72

A rock is shot vertically upward from the edge of the top of a tall building. The rock reaches its maximum height above the top of the building 1.60 s after being shot. Then, after barely missing the edge of the building as it falls downward, the rock strikes the ground 6.00 s after it is launched. In SI units: (a) with what upward velocity is the rock shot, (b) what maximum height above the top of the building is reached by the rock, and (c) how tall is the building? 

2.73

At the instant the traffic light turns green, an automobile starts with a constant acceleration [image: image446.png]


of 2.2 m/s2. At the same instant a truck, traveling with a constant speed of 9.5 m/s, overtakes and passes the automobile. (a) How far beyond the traffic signal will the automobile overtake the truck? (b) How fast will the automobile be traveling at that instant? 

2.74

A pilot flies horizontally at 1300 km/h, at height [image: image447.png]


above initially level ground. However, at time [image: image448.png]


, the pilot begins to fly over ground sloping upward at angle [image: image449.png]


(Fig. 2.38). If the pilot does not change the airplane's heading, at what time [image: image450.png]


does the plane strike the ground? 
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Figure 2.38 Problem 2.74. 

2.75

To stop a car, first you require a certain reaction time to begin braking; then the car slows at a constant rate. Suppose that the total distance moved by your car during these two phases is 56.7 m when its initial speed is 80.5 km/h, and 24.4 m when its initial speed is 48.3 km/h. What are (a) your reaction time and (b) the magnitude of the acceleration? 

2.76

Figure 2.39 shows part of a street where traffic flow is to be controlled to allow a platoon of cars to move smoothly along the street. Suppose that the platoon leaders have just reached intersection 2, where the green appeared when they were distance [image: image452.png]


from the intersection. They continue to travel at a certain speed [image: image453.png]


(the speed limit) to reach intersection 3, where the green appears when they are distance [image: image454.png]


from it. The intersections are separated by distances [image: image455.png]


and [image: image456.png]


. (a) What should be the time delay of the onset of green at intersection 3 relative to that at intersection 2 to keep the platoon moving smoothly? 
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Figure 2.39 Problem 2.76. 

Suppose, instead, that the platoon had been stopped by a red light at intersection 1. When the green comes on there, the leaders require a certain time [image: image458.png]t



to respond to the change and an additional time to accelerate at some rate [image: image459.png]


to the cruising speed [image: image460.png]


. (b) If the green at intersection 2 is to appear when the leaders are distance [image: image461.png]


from that intersection, how long after the light at intersection 1 turns green should the light at intersection 2 turn green? 

2.77

A hot rod can accelerate from 0 to 60 km/h in 5.4 s. (a) What is its average acceleration, in m/s2, during this time? (b) How far will it travel during the 5.4 s, assuming its acceleration is constant? (c) From rest, how much time would it require to go a distance of 0.25 km if its acceleration could be maintained at the value in (a)? 

Worked Solution

· THINK 

The speed of the rod changes due to a nonzero acceleration.

· EXPRESS 

Since the problem involves constant acceleration, the motion of the rod can be readily analyzed using the equations given in Table 2.1. We take [image: image462.png]


to be in the direction of motion, so 

	[image: image463.png]1000m/km) _ 16 7m/s
v=(60km/h)( Se00L/in)= +16.7m






and [image: image464.png]a>0



. The location where the rod starts from rest [image: image465.png](vo=0)



is taken to be [image: image466.png]


. 

· ANALYZE 

a. Using Eq. 2.7, we find the average acceleration to be 

	[image: image467.png]_Av_v-vy_16.7m/s-0 _ 2
WoT AL tt, T Sds-0 - >0%M/S






b. Assuming constant acceleration [image: image468.png]a=,,4=3.09m /¢’



, the total distance traveled during the 5.4‐s time interval is 

	[image: image469.png]X=Xo Vol + 3at’ =040+ 3(3.09m/5°)(5.45)" = 45m






c. Using Eq. LINK, the time required to travel a distance of [image: image470.png]x=250m



is: 

	[image: image471.png]x=

1
2

art = 1= &=

2(250m)
| 3.1m/s

=12.73s






· LEARN 

The displacement of the rod as a function of time can be written as [image: image472.png]x(t) = 3(3.09m/s%)¢?



. Note that we could have chosen Eq. 2.17 to solve for (b): 

	[image: image473.png]x=3(Vo + V)t =3(16.7m/s)5.45) =45m.






2.78

A red train traveling at 72 km/h and a green train traveling at 144 km/h are headed toward each other along a straight, level track. When they are 950 m apart, each engineer sees the other's train and applies the brakes. The brakes slow each train at the rate of [image: image474.png]Lom/s



. Is there a collision? If so, answer yes and give the speed of the red train and the speed of the green train at impact, respectively. If not, answer no and give the separation between the trains when they stop. 

2.79

At time [image: image475.png]


, a rock climber accidentally allows a piton to fall freely from a high point on the rock wall to the valley below him. Then, after a short delay, his climbing partner, who is 10 m higher on the wall, throws a piton downward. The positions [image: image476.png]


of the pitons versus [image: image477.png]


during the falling are given in Fig. 2.40. With what speed is the second piton thrown? 
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Figure 2.40 Problem 2.79. 

2.80

A train started from rest and moved with constant acceleration. At one time it was traveling 30 m/s, and 160 m farther on it was traveling 50 m/s. Calculate (a) the acceleration, (b) the time required to travel the 160 m mentioned, (c) the time required to attain the speed of 30 m/s, and (d) the distance moved from rest to the time the train had a speed of 30 m/s. (e) Graph [image: image479.png]


versus [image: image480.png]


and [image: image481.png]


versus [image: image482.png]


for the train, from rest. 

2.81

A particle's acceleration along an [image: image483.png]


axis is [image: image484.png]


, with [image: image485.png]


in seconds and [image: image486.png]


in meters per second squared. At [image: image487.png]


, its velocity is +17 m/s. What is its velocity at [image: image488.png]


? 

Worked Solution

· THINK 

The particle undergoes a non‐constant acceleration along the [image: image489.png]


axis. An integration is required to calculate velocity. 

· EXPRESS 

With a non‐constant acceleration [image: image490.png]


, the velocity of the particle at time [image: image491.png]


is given by Eq. 2.22: [image: image492.png]Vi=vo +/ “alt)dt
8



, where [image: image493.png]


is the velocity at time [image: image494.png]


. In our situation, we have [image: image495.png]


. In addition, we also know that [image: image496.png]


at [image: image497.png]to=2.0s



. 

· ANALYZE 

Integrating (from [image: image498.png]


to variable [image: image499.png]


) the acceleration to get the velocity and using the values given in the problem, leads to 

	[image: image500.png]—vo+ adr:v.,+/ (5.00de =vo + 3(5.0)( &
o o

17+ }(5.0(#-2) =a7ms.






· LEARN 

The velocity of the particle as a function of [image: image501.png]


is 

	[image: image502.png]VD =Vo+ 5(5.00°~ 1) =17+ 3(5.0)(t7~4) =7 +2.%°






in SI units (m/s). Since the acceleration is linear in [image: image503.png]


, we expect the velocity to be quadratic in [image: image504.png]


, and the displacement to be cubic in [image: image505.png]


. 

2.82

Figure 2.41 gives the acceleration [image: image506.png]


versus time [image: image507.png]


for a particle moving along an [image: image508.png]


axis. The a‐axis scale is set by [image: image509.png]a,=12.0m/s



. At [image: image510.png]=2.0s




, the particle's velocity is 7.0 m/s. What is its velocity at t = 6.0 s? 
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Figure 2.41 Problem 2.82. 

2.83

Figure 2.42 shows a simple device for measuring your reaction time. It consists of a cardboard strip marked with a scale and two large dots. A friend holds the strip vertically, with thumb and forefinger at the dot on the right in Fig. 2.42. You then position your thumb and forefinger at the other dot (on the left in Fig. 2.42), being careful not to touch the strip. Your friend releases the strip, and you try to pinch it as soon as possible after you see it begin to fall. The mark at the place where you pinch the strip gives your reaction time. (a) How far from the lower dot should you place the 50.0 ms mark? How much higher should you place the marks for (b) 100, (c) 150, (d) 200, and (e) 250 ms? (For example, should the 100 ms marker be 2 times as far from the dot as the 50 ms marker? If so, give an answer of 2 times. Can you find any pattern in the answers?) 
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Figure 2.42 Problem 2.83. 

2.84

A rocket‐driven sled running on a straight, level track is used to investigate the effects of large accelerations on humans. One such sled can attain a speed of 1600 km/h in 1.8 s, starting from rest. Find (a) the acceleration (assumed constant) in terms of [image: image513.png]


and (b) the distance traveled. 

2.85

A mining cart is pulled up a hill at 20 km/h and then pulled back down the hill at 35 km/h through its original level. (The time required for the cart's reversal at the top of its climb is negligible.) What is the average speed of the cart for its round trip, from its original level back to its original level? 

2.86

A motorcyclist who is moving along an [image: image514.png]


axis directed toward the east has an acceleration given by [image: image515.png]a=(6.1-1.2t)ym/s’



for [image: image516.png]0=<t=<6.0s



. At [image: image517.png]


, the velocity and position of the cyclist are 2.7 m/s and 7.3 m. (a) What is the maximum speed achieved by the cyclist? (b) What total distance does the cyclist travel between [image: image518.png]


and 6.0 s? 

2.87

When the legal speed limit for the New York Thruway was increased from 55 mi/h to 65 mi/h, how much time was saved by a motorist who drove the 700 km between the Buffalo entrance and the New York City exit at the legal speed limit? 

Worked Solution

· THINK 

In this problem we're given two different speeds, and asked to find the difference in their travel times.

· EXPRESS 

The time is takes to travel a distance [image: image519.png]


with a speed [image: image520.png]


is [image: image521.png]ti=d/v,



. Similarly, with a speed [image: image522.png]


the time would be [image: image523.png]tp=d/v;



. The two speeds in this problem are 

	[image: image524.png]=55mi/h= 1609m/mi _
vi=55mi/h=(55mi/h) e A =24.58m 5

v2=65mi/h= (65mi/ ) 1505/ mi

29.05m/s






· ANALYZE 

With [image: image525.png]d=700km=7.0x10’m



, the time difference between the two is 

	[image: image526.png]At=t - ,=

(v, = vn)=7.0x20°m(

):43535=73mm
v

1 1
24.58m/s ~ 29.05m/s






· LEARN 

The travel time was reduced from 7.9 h to 6.9 h. Driving at higher speed (within the legal limit) reduces travel time.

2.88

A car moving with constant acceleration covered the distance between two points 60.0 m apart in 6.00 s. Its speed as it passed the second point was 15.0 m/s. (a) What was the speed at the first point? (b) What was the magnitude of the acceleration? (c) At what prior distance from the first point was the car at rest? (d) Graph [image: image527.png]


versus [image: image528.png]


and [image: image529.png]


versus [image: image530.png]


for the car, from rest ([image: image531.png]


). 

2.89

A certain juggler usually tosses balls vertically to a height [image: image532.png]


. To what height must they be tossed if they are to spend twice as much time in the air? 

Worked Solution

· THINK 

In this problem we explore the connection between the maximum height an object reaches under the influence of gravity and the total amount of time it stays in air. 

· EXPRESS 

Neglecting air resistance and setting [image: image533.png]9.8m/s’




(taking down as the [image: image534.png]


direction) for the duration of the motion, we analyze the motion of the ball using Table 2.1 (with [image: image535.png]


replacing [image: image536.png]Ax



). We set [image: image537.png]


. Upon reaching the maximum height [image: image538.png]


, the speed of the ball is momentarily zero [image: image539.png](v=0)



. Therefore, we can relate its initial speed [image: image540.png]


to [image: image541.png]


via the equation 

	[image: image542.png]0=v?=vj -2gH = vo=y/20H.






The time it takes for the ball to reach maximum height is given by [image: image543.png]v=vo-gt=0



, or [image: image544.png]



· ANALYZE 

If we want the ball to spend twice as much time in air as before, i.e., [image: image545.png]


, then the new maximum height [image: image546.png]


it must reach is such that [image: image547.png]


. Solving for [image: image548.png]


we obtain 

	[image: image549.png]





· LEARN 

Since [image: image550.png]


, doubling [image: image551.png]


means that [image: image552.png]


must increase fourfold. Note also that for [image: image553.png]


, the initial speed must be twice the original speed: [image: image554.png]


. 

2.90

A particle starts from the origin at [image: image555.png]


and moves along the positive [image: image556.png]


axis. A graph of the velocity of the particle as a function of the time is shown in Fig. 2.43; the v‐axis scale is set by [image: image557.png]


. (a) What is the coordinate of the particle at [image: image558.png]


? (b) What is the velocity of the particle at [image: image559.png]


? (c) What is the acceleration of the particle at [image: image560.png]


? (d) What is the average velocity of the particle between [image: image561.png]


and [image: image562.png]


? (e) What is the average acceleration of the particle between [image: image563.png]


and [image: image564.png]


? 
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Figure 2.43 Problem 2.90. 

2.91

A rock is dropped from a 100‐m‐high cliff. How long does it take to fall (a) the first 50 m and (b) the second 50 m?

2.92

Two subway stops are separated by 1100 m. If a subway train accelerates at +1.2 m/s2 from rest through the first half of the distance and decelerates at −1.2 m/s2 through the second half, what are (a) its travel time and (b) its maximum speed? (c) Graph [image: image566.png]


, [image: image567.png]


, and [image: image568.png]


versus [image: image569.png]


for the trip. 

2.93

A stone is thrown vertically upward. On its way up it passes point [image: image570.png]


with speed [image: image571.png]


, and point [image: image572.png]


, 3.00 m higher than [image: image573.png]


, with speed [image: image574.png]


. Calculate (a) the speed [image: image575.png]


and (b) the maximum height reached by the stone above point [image: image576.png]


. 

2.94

A rock is dropped (from rest) from the top of a 60‐m‐tall building. How far above the ground is the rock 1.2 s before it reaches the ground? 

2.95

An iceboat has a constant velocity toward the east when a sudden gust of wind causes the iceboat to have a constant acceleration toward the east for a period of 3.0 s. A plot of [image: image577.png]


versus [image: image578.png]


is shown in Fig. 2.44, where [image: image579.png]


is taken to be the instant the wind starts to blow and the positive [image: image580.png]


axis is toward the east. (a) What is the acceleration of the iceboat during the 3.0 s interval? (b) What is the velocity of the iceboat at the end of the 3.0 s interval? (c) If the acceleration remains constant for an additional 3.0 s, how far does the iceboat travel during this second 3.0 s interval? 
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Figure 2.44 Problem 2.95. 

Worked Solution

· THINK 

This problem involves analyzing a plot describing the position of an iceboat as function of time. The boat has a nonzero acceleration due to the wind. 

· EXPRESS 

Since we are told that the acceleration of the boat is constant, the equations of Table 2.1 can be applied. However, the challenge here is that [image: image582.png]


, [image: image583.png]


, and [image: image584.png]


are not explicitly given. Our strategy to deduce these values is to apply the kinematic equation [image: image585.png]


to a variety of points on the graph and solve for the unknowns from the simultaneous equations. 

· ANALYZE 

a. From the graph, we pick two points on the curve: [image: image586.png](t,x)=(2.05,16m)



and (3.0 s, 27 m). The corresponding simultaneous equations are 

	[image: image587.png]16m-0

27m-0

Vo(2.05) + 3(2.05)’

vo(3.05) + 3(3.05






b. Solving the equations lead to the values [image: image588.png]


and [image: image589.png]a=2.0m/s’



. 

c. From Table 2.1, 

	[image: image590.png]X=Xg =Vt = 3at’= 27m~0=(3.05) - 3(2.0m/s’)3.05)’






d. which leads to [image: image591.png]v=12m/s



. 

e. Assuming the wind continues during [image: image592.png]


, we apply [image: image593.png]X = Xo= Vot + at’



to this interval (where [image: image594.png]


from part (b)) to obtain 

	[image: image595.png]8 = (12.0m/5)(3.05) + 3(2.0m/5%)(3.05)" = 45m.






· LEARN 

By using the results obtained in (a), the position and velocity of the iceboat as a function of time can be written as 

	[image: image596.png]X(1) = (6.0m/s)t+ 5(2.0m/s )t ’andv(t) = (6.0m/s) + (2.0m/’







One can readily verify that the same answers are obtained for (b) and (c) using the above expressions for [image: image597.png](1)



and [image: image598.png]vt



. 

2.96

A lead ball is dropped in a lake from a diving board 5.20 m above the water. It hits the water with a certain velocity and then sinks to the bottom with this same constant velocity. It reaches the bottom 4.80 s after it is dropped. (a) How deep is the lake? What are the (b) magnitude and (c) direction (up or down) of the average velocity of the ball for the entire fall? Suppose that all the water is drained from the lake. The ball is now thrown from the diving board so that it again reaches the bottom in 4.80 s. What are the (d) magnitude and (e) direction of the initial velocity of the ball? 

2.97

The single cable supporting an unoccupied construction elevator breaks when the elevator is at rest at the top of a 120‐m‐high building. (a) With what speed does the elevator strike the ground? (b) How long is it falling? (c) What is its speed when it passes the halfway point on the way down? (d) How long has it been falling when it passes the halfway point? 

2.98

Two diamonds begin a free fall from rest from the same height, 1.0 s apart. How long after the first diamond begins to fall will the two diamonds be 10 m apart? 

2.99

A ball is thrown vertically downward from the top of a 36.6‐m‐tall building. The ball passes the top of a window that is 12.2 m above the ground 2.00 s after being thrown. What is the speed of the ball as it passes the top of the window? 

2.100

A parachutist bails out and freely falls 50 m. Then the parachute opens, and thereafter she decelerates at 2.0 m/s2. She reaches the ground with a speed of 3.0 m/s. (a) How long is the parachutist in the air? (b) At what height does the fall begin? 

2.101

A ball is thrown down vertically with an initial speed of [image: image599.png]


from a height of [image: image600.png]


. (a) What is its speed just before it strikes the ground? (b) How long does the ball take to reach the ground? What would be the answers to (c) part a and (d) part b if the ball were thrown upward from the same height and with the same initial speed? Before solving any equations, decide whether the answers to (c) and (d) should be greater than, less than, or the same as in (a) and (b). 

2.102

The sport with the fastest moving ball is jai alai, where measured speeds have reached 303 km/h. If a professional jai alai player faces a ball at that speed and involuntarily blinks, he blacks out the scene for 100 ms. How far does the ball move during the blackout? 

