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CHAPTER 2: Describing Motion: Kinematics in One Dimension

Responses to Questions

1.

A car speedometer measures only speed. It does not give any information about the direction of
motion, and so does not measure velocity.

If the velocity of an object is constant, the speed must also be constant. (A constant velocity means
that the speed and direction are both constant.) If the speed of an object is constant, the velocity
CAN vary. For example, a car traveling around a curve at constant speed has a varying velocity,
since the direction of the velocity vector is changing.

If the velocity of an object is constant, the speed and the direction of travel must also be constant. If
that is the case, then the average velocity is the same as the instantaneous velocity, because nothing
about its velocity is changing. The ratio of displacement to elapsed time will not be changing, no
matter the actual displacement or time interval used for the measurement.

There is no general relationship between the magnitude of speed and the magnitude of acceleration.
For example, one object may have a large but constant speed. The acceleration of that object is then
0. Another object may have a small speed but be gaining speed, and therefore have a positive
acceleration. So in this case the object with the greater speed has the lesser acceleration.

Or consider two objects that are dropped from rest at different times. If we ignore air resistance,
then the object dropped first will always have a greater speed than the object dropped second, but
both will have the same acceleration of 9.80 m/s”.

The accelerations of the motorcycle and the bicycle are the same, assuming that both objects travel
in a straight line. Acceleration is the change in velocity divided by the change in time. The
magnitude of the change in velocity in each case is the same, 10 km/h, so over the same time interval
the accelerations will be equal.

Yes, for example, a car that is traveling northward and slowing down has a northward velocity and a
southward acceleration.

The velocity of an object can be negative when its acceleration is positive. If we define the positive
direction to be to the right, then an object traveling to the left that is slowing down will have a
negative velocity with a positive acceleration.

The velocity of an object can also be positive when its acceleration is negative. If again we define
the positive direction to be to the right, then an object traveling to the right that is slowing down will
have a positive velocity and a negative acceleration.

If north is defined as the positive direction, then an object traveling to the south and increasing in
speed has both a negative velocity and a negative acceleration. Or, if “up” is defined as the positive
direction, then an object falling due to gravity has both a negative velocity and a negative
acceleration (if air resistance is ignored).

If the two cars emerge side by side, then the one moving faster is passing the other one. Thus car A
is passing car B. With the acceleration data given for the problem, the ensuing motion would be that
car A would pull away from car B for a time, but eventually car B would catch up to and pass car A.

© 2020 Pearson Education, Inc., Hoboken, NJ. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

18

TBEXAM COM - THE WORLD S LARGEST TEST BANK AND SOLUTI ONS DATABASE W TH UNBEATABLE RATES



https://tbexam.com
https://tbexam.com
https://testbanks.ac/product/9780134296074-SOLUTIONS-5/

COM

TBEXAM.

ICLI CK HERE TO ACOEBRXAMEANOMPLETE Sol uti ongd

Chapter 2 Describing Motion: Kinematics in One Dimension

10.

11.

12.

13.

14.

15.

16.

17.

Yes. Remember that acceleration is a change in velocity per unit time, or a rate of change in
velocity. So, velocity can be increasing while the rate of increase goes down. For example, suppose a
car is traveling at 40 km/h and one second later is going 50 km/h. One second after that, the car’s
speed is 55 km/h. The car’s speed was increasing the entire time, but its acceleration in the second
time interval was lower than in the first time interval. Thus its acceleration was decreasing even as
the speed was increasing.

Another example would be an object falling WITH air resistance, but with a speed less than its
terminal velocity. Let the downward direction be positive. As the object falls, it gains speed, and
the air resistance increases. As the air resistance increases, the acceleration of the falling object
decreases, and so it gains speed less quickly the longer it falls.

If there were no air resistance, the ball’s only acceleration during flight would be the acceleration
due to gravity, so the ball would land in the catcher’s mitt with the same speed it had when it left the
bat, 120 km/h. Since the acceleration is the same through the entire flight, the time for the ball’s
speed to change from 120 km/h to 0 on the way up is the same as the time for its speed to change
from 0 to 120 km/h on the way down. In both cases the ball has the same magnitude of
displacement.

(a) If air resistance is negligible, the acceleration of a freely falling object stays the same as the
object falls. The object’s speed increases, but since it increases at a constant rate, the
acceleration is constant.

(b) In the presence of air resistance, the acceleration decreases. Air resistance increases as the
speed increases. If the object falls far enough, the acceleration will become zero and the
velocity will become constant. That velocity is often called the terminal velocity.

Average speed is the displacement divided by the time. Since the distances from A to B and from B
to C are equal, you spend more time traveling at 70 km/h than at 90 km/h, so your average speed
should be less than 80 km/h. If the distance from A to B (or B to C) is x km, then the total distance
traveled is 2x. The total time required to travel this distance is x/70 h plus x/90 h. Then

__d__2x _200(70)
t  x/70+x/90  90+70

=78.75km/h = 79 km/h.

Yes. Consider an object thrown straight up in the air. It has a nonzero acceleration due to gravity
for its entire flight (neglecting air resistance). However, at the highest point it momentarily has a
zero velocity. A car, at the moment it starts moving from rest, has zero velocity and nonzero
acceleration.

Yes. Any time the velocity is constant, the acceleration is zero. For example, a car traveling at a
constant 90 km/h in a straight line has nonzero velocity and zero acceleration.

A rock falling from a cliff has a constant acceleration if air resistance is neglected. An elevator
moving from the second floor to the fifth floor making stops along the way does NOT have a
constant acceleration. Its acceleration will change in magnitude and direction as the elevator starts
and stops. The dish resting on a table has a constant (zero) acceleration.

The two conditions are that the motion needs to be near the surface of the Earth, and that there is no
air resistance. An example where the second condition is not even a reasonable approximation is
that of parachuting. The air resistance caused by the parachute results in the acceleration not being

constant, and having values much different than 9.8 m/ s”.
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18.

19.

The slope of the position versus time curve is the velocity. The object starts at the origin with a
constant velocity (and therefore zero acceleration), which it maintains for about 20 s. For the next
10 s, the positive curvature of the graph indicates the object has a positive acceleration; its speed is
increasing. From 30 s to 45 s, the graph has a negative curvature; the object uniformly slows to a
stop, changes direction, and then moves backwards with increasing speed. During this time interval
its acceleration is negative, since the object is slowing down while traveling in the positive direction
and then speeding up while traveling in the negative direction. For the final 5 s shown, the object
continues moving in the negative direction but slows down, which gives it a positive acceleration.
During the 50 s shown, the object travels from the origin to a point 20 m away, and then back 10 m
to end up 10 m from the starting position.

Initially, the object begins with a speed of 14 m/s, moving in the positive direction with a constant
acceleration, until #=45 s, when it has a velocity of about 37 m/s in the positive direction. The
acceleration then decreases, reaching an instantaneous acceleration of 0 at = 50 s, when the object
has its maximum speed of about 38 m/s. The object then begins to slow down, but continues to
move in the positive direction. The object stops moving at # = 90 s and stays at rest until =108 s.
Then the object begins to move in the positive direction again, at first with a larger acceleration, and
then a lesser acceleration. At the end of the recorded motion, the object is still moving to the right
and gaining speed.

Responses to MisConceptual Questions

L.

(d) 1Itis a common misconception that a positive acceleration always increases the speed, as in (b)
and (c¢). However, when the velocity and acceleration are in opposite directions the speed will
decrease.

(d) Since the velocity and acceleration are in opposite directions, the object will slow to a stop.
However, since the acceleration remains constant, the object will only momentarily stop before
moving toward the left.

(¢) Since the distances are the same, a common error is to assume that the average speed will be
halfway between the two speeds, or 40 km/h. However, it takes the car longer to travel the
4 km at 30 km/h than to travel the other 4 km at 50 km/h. Since more time is spent at 30 km/h
the average speed will be closer to 30 km/h than to 50 km/h.

(d) From Eq. 2-12(c), for an object with constant acceleration starting from rest, the final speed is
givenby v =+2ad . Thusif a, =4a,, then v, =2v,.

(a) A common misconception is that the acceleration of an object in free-fall depends upon the
motion of the object. If there is no air resistance, the accelerations is the same throughout the
flight, even at the top. If the acceleration were 0 at the top, the object would not move since it
also has a velocity of 0 at the top. The velocity is constantly changing throughout the flight.

(¢) A common misconception is that the acceleration of an object in free-fall depends upon the
motion of the object. If there is no air resistance, the accelerations for the two balls are the
same magnitude and direction throughout both of their flights.

(a) Since the distance between the rocks increases with time, a common misconception is that the
velocities are increasing at different rates. However, both rocks fall under the influence of
gravity, so their velocities increase at the same rate.
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Chapter 2 Describing Motion: Kinematics in One Dimension

8. (e) Both objects experience the same acceleration, so the rock that is dropped first always has a
higher speed than the second rock. Since the first rock is always moving faster, it is always
getting farther away from the second rock.

9. (b,¢) Each of the given equations are based on Eq. 2—12(a—d). Answer (@) has the acceleration
replaced properly with —g, but the initial velocity is downward and as such should be negative.
Answer (d) is incorrect because the initial velocity has been inserted for the average velocity.
Answers (b) and (c) have the correct signs for each variable and the known values are inserted

properly.

10. (a) Increasing speed means that the slope must be getting steeper over time. In graphs (b) and (e)
the slope remains constant, so these are cars moving at constant speed. In graph (¢), as time
increases x decreases. However the rate at which it decreases is also decreasing. This is a car
slowing down. In graph (d) the car is moving away from the origin, but again it is slowing
down. The only graph in which the slope is increasing with time is graph (a).

11. (c,e) The two lines have different slopes at point 4, so they don’t have the same instantaneous
velocity or speed. The object represented by the dashed line has traveled more distance, since it
has traveled “forward and back” to get to the point represented by A. But they are both at the
same position after the same amount of time, and so they have the same average velocity.

Solutions to Problems

1. The distance of travel (displacement) can be found by rearranging Eq. 2-2 for the average velocity.
Also note that the units of the velocity and the time are not the same, so the speed units will be
converted.

V=Ax/At — Ax=DAt =(85km/h)(361h

j(z.OS) =0.0472km ~

00s

2. The average speed is given by Eq. 2—1, using d to represent distance traveled.
U =d/At=235km/2.85h =(82.5km/h

3. The average velocity is given by Eq. 2-2.
Ax 85cm-52cm 33cm

—= = =0.61
At 34s—(-2.0s) S4s em/s

[The average speed cannot be calculated] To calculate the average speed, we would need to know the
actual distance traveled, and it is not given. We only have the displacement.

6:

4. (a) The speed of sound is intimated in the problem as 1 mile per 5 seconds. The speed is calculated
as follows.

dist Imi |( 1610
speed = 1s. iy ( m) =322m/s ~ [300m/s
time 5s 1 mi

(b) The speed of 322 m/ s would imply the sound traveling a distance of 966 meters (which is

approximately 1 km) in 3 seconds. So the rule could be approximated as .
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5. The time for the first part of the trip is calculated from the initial speed and the first distance, using d
to represent distance.

d
U= AL =—="—"""-2211h

At, v, 95km/h
The time for the second part of the trip is now calculated.

At, = At At, =45h-2211h=2.289h

The distance for the second part of the trip is calculated from the average speed for that part of the
trip and the time for that part of the trip.

. =i—>d =v,At, =(65km/h)(2.289h ) =148.8 km = 150 km
2 At 2 2 2
2

(a) The total distance is then d_ =d, +d, =210km +148.8km = 358.8 km = [360 km|.

(b) The average speed is NOT the average of the two speeds, and so is NOT 85 km/h. Use the
definition of average speed, Eq. 2—1.
d

v 358.8km
S =79.73km/h ~ |80 km/h
e /

total

d, _ 210km

1

2 total

=
Note that the result has 2 significant figures, and so could be expressed as 8.0x10' km/h.

6. The distance traveled is 38m+1(38m)=57m, and the displacement is 38m—+(38m)=19m. The
total time is 7.4 s+ 1.8 s=9.2s.

distance 57m
(a) Average speed = = =16.2m/s
time elapsed 9.2s -

) ispl 1
(b) Average velocity = Vyg = displacement — 9m _

2.1m/s

time elapsed 925

7. The distance traveled is 3200 m (8 laps x 400 m/ lap). That distance probably has either 3 or 4

significant figures, since the track distance is probably known to at least the nearest meter for
competition purposes. The displacement is 0 because the ending point is the same as the starting
point.

=13.68m/s

d 3200 1 mi
(a) Average speed = — = m ( mmj
At 145min\ 60 s

(b) Average velocity = v = Ax/ At =
8. The average speed is the distance divided by the time.

d [1x10°k 1 1d
) b ( z j( j:1.141x105km/hz 1x10° km/h
‘ tyr - N\ 36525d )\ 241

9. Both objects will have the same time of travel. If the truck travels a distance Ax then the

truck 2

distance the car travels will be Ax_ = Ax,, +310m. Use Eq. 2-2 for average speed, v = Ax/A¢,

solve for time, and equate the two times.
Ax Ax Ax

At — truck __ car truck

_ Ax,, +310m
v, D) 75 km/h 95 km/h

truck car

truck
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75km/h
Solving for Ax,,, gives Ax, , =(310m) ( /h) =1163m.
(95km/h —75km/h)
Ax 1163 60 mi
The time of travel is Az = —=& = = 2 | =0.9304 min = 55.825 ~ [565|
V... \75000m/h 1h
Ax 1163m+310 60 mi
Also note that At = —= = = = 22 1= 0.9303min = 56s.
V. 95000 m/h 1h
ALTERNATE SOLUTION:

The speed of the car relative to the truck is 95 km/ h-75 km/ h =20 km/ h. In the reference frame of
the truck, the car must travel 310 m to catch it.

Afe 0.31 km(3600 s):%S
20km/h 1h

10. The distance traveled is 560 km (280 km outgoing, 280 km return). The displacement (Ax) is0
because the ending point is the same as the starting point.

(a) To find the average speed, we need the distance traveled (560 km) and the total time

: : . Ax Ax, 280k
elapsed. During the outgoing portion, v, = —- and so Af, = —+= kil 2.947h.
At v,  95km/h
. L Ax, 280k
During the return portion, v, = —=, and so At, = —*= L7 5.091h. Thus the
At, v, 55km/h

total time, including lunch, is A7, = At +Af , +At, =2.947h+1h+5.091h =9.038h.

_ Ax 560 km

v=—ol o =61.96km/h ~|62km/h

At 9.038h

total
(b) To find the average velocity, use the displacement and the elapsed time. The displacement
is 0 since the person returns to their starting point.

V=Ax/At=0

11. Since the locomotives have the same speed, they each travel half the distance, 4.75 km. Find the

time of travel from the average speed.
_ Ax Ax  4.75km

V=" >N =—"=—"—"7—

At v 155km/h

60 min

=0.03065h( )=1.839min ~|1.8min

12. (a) The area between the concentric circles is equal to the length times the width of the spiral path.
7R — 7R} =wl —
(R -R?) 7| (0.058m) ~(0.025m)’ |

0= - — =5.378x10"m ~|5400 m
w 1.6x10°m

Is )( 1mi
() 5.378x10'm| —— || —== | = 74.69 min = |75 min
1.2m 60s

© 2020 Pearson Education, Inc., Hoboken, NJ. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

23

TBEXAM COM - THE WORLD S LARGEST TEST BANK AND SOLUTI ONS DATABASE W TH UNBEATABLE RATES



https://tbexam.com
https://tbexam.com
https://testbanks.ac/product/9780134296074-SOLUTIONS-5/

COM

TBEXAM.

ICLI CK HERE TO ACOEBRXAMEANOMPLETE Sol uti ongd

Physics for Scientists & Engineers with Modern Physics, 5" Edition Instructor Solutions Manual

13. (a) 40

0.0 0.5 L0 13 20 23 3.0
t(s)

(b) The average velocity is the displacement divided by the elapsed time.
%(3.0)=x(0.0) [27+10(3.0)-2(3.0)" |m—(27m)

D= = =|-8.0m/s
3.0s—-0.0s 3.0s
(¢) The instantaneous velocity is given by the derivative of the position function.
d. 5
v="=(10-67)m/s  10-6=0 — tz\/:s= 1.3s
dt 3
This can be seen from the graph as the “highest” point on the graph.
o _ d d
14. The average speed for each segment of the trip is given by v = A_ , S0 At = — for each segment.
t v
d, 1900k
For the first segment, Af, =— = T 5.639h.
v, 720km/h
d 2700 km

. S 2 727N
7, 990 km/h

Thus the total time is At = At, + At, =2.639h +2.727h =5.366h = |5.4h|.

The average speed of the plane for the entire trip is

d 1900km + 2700 km
v =—"= =857.2km/h = [860km/h|.
YR /

tot

For the second segment, Az, =

Note that Eq. 2—12d does NOT apply in this situation. The numeric average of the two speeds is
855 km/h.

15. In order for the two ships to meet “in the middle,” they must both have the same average velocity
(ignoring their different directions). We can find the time for each segment of the trip using

d d
v = A—, so At = — for each segment. Both ships travel 600 km + 800 km + 600 km = 2000 km.
t v

(st shi d d, d,  600km 800km  600km
First ship: At=—1+-—2+—2=

= + + =
v, v, ©», 20km/h 40km/h 20km/h

1 2

2 k
i:MZ 25km/h
At 80h

Second ship: v
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16. Slightly different answers may be obtained since the data comes from reading the graph.
(a) The instantaneous velocity is given by the slope of the tangent line to the curve. At ¢t =10.0s,

3m-0
the slope is approximately v(10) * ——— =(0.3m/s|.
P bp y v(10) 10.0s-0
(b) At t=30.0s, the slope of the tangent line to the curve, and thus the instantaneous velocity, is
20m-8m
355s-25s

l.2m/s.

approximately v (3 0) r

(c) The average velocity is given by v = x(S.O)—x(O) = 1.om =0 = .

5.0s-0s 5.0s
L _ x(30.0)-x(25.0) 16m-9m
Th locit by v = = =|1.4m/s|.
(d) ¢ average velocity 1s given by v 30.05—25.0% 508
x(50.0)-x(40.0) 10m-19.5m _

(e) The average velocity is given by v =

-0.95 rn/s.

50.0s-40.0s 10.0s

17. Slightly different answers may be obtained since the data comes from reading the graph.
(a) The indication of a constant velocity on a position-time graph is a constant slope, which occurs

from |t=OS to t~18s|.

(b) The greatest velocity will occur when the slope is the highest positive value, which occurs at
t=27s]|

(¢) The indication of a 0 velocity on a position-time graph is a slope of 0, which occurs at
t =~ 38s]|.

() |The object moves in both directions|. When the slope is positive, from t=0s to ¢ =38 s,

the object is moving in the positive direction. When the slope is negative, from 7 = 38 s to
t =50 s, the object is moving in the negative direction.

18. The v vs. t graph is found by taking the slope of the x vs. ¢ graph.
Both graphs are shown here.

0 10 20 30 40 50
t(s) -15 1

19. The average speed of sound is given by v = Ax/ At, and so the time for the sound to travel from

sound

. Ax 16.5 )
the end of the lane back to the bowleris Az = = m_ 4.85x107s. Thus the time for
‘ v, 340m/s
the ball to travel from the bowler to the end of the lane is given by Az, | = Ar  — At =
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2.755s—-4.85x107s=2.7015s. And so the speed of the ball is as follows.

Ax  16.5m
v =—= =6.1077m/s ~|6.11m/s
AL 2.7015s /

ball

20. For the car to pass the train, the car must travel the length of the train AND the distance the train
travels. The distance the car travels can thus be written as either d_, =v_ ¢ =(95km/h)¢ or

d, =1

C

+v,,,t=1.50km+ (75 km/ h) t. To solve for the time, equate these two expressions for

train

the distance the car travels.

(95km/h) =1.50km + (75km/h)t — 1= ;05& = 0‘075}1(60;;1111] =

km/h
Note that this is the same as calculating from the reference frame of the train, in which the car is
moving at 20 km/h and must travel the length of the train.

The distance the car travels during this time is d = (95 km/h) (0.075 h) =7.125km = .

If the train is traveling in the opposite direction from the car, then the car must travel the length of
the train MINUS the distance the train travels. Thus the distance the car travels can be written as

either d ,, =(95km/h)¢ or d_, =1.50km —(75km/h)¢. To solve for the time, equate these two

expressions for the distance the car travels.
(95km/h)¢=1.50km - (75km/h)t —

3600s

'y

1.50km
t=———=8.824x10"h
170 km/h

The distance the car travels during this time is d = (95 km/h) (8.824 x107 h) = .

J=3l.8sz 32s

. . . Av  9.00 —-0.00
21. (a) The average acceleration of the sprinter is a = A_v = m/l S48 m/s =(6.08 m/ s*|.
t 4088

(b) We change the units for the acceleration.

2
c_z=(6.08m/sz)( Lm ](360%} =[7.88x10" km/n’

1000 m 1h

22. The initial velocity is v, =15 km/ h, the final velocity is v = 65 km/ h, and the displacement is

x—x, =4.0 km = 4000 m. Find the average acceleration from Eq. 2-12c.
v’ =v, +2a(x-x,) —>

. [(65km/h) —(15km/h)’ | (m/sjz

B D 3.6km/h
S 2(x-x,) 2(4000 m)

2
v =0

a ={3.9x107 m/s’

23. The initial velocity of the car is the average velocity of the car before it accelerates.

Ax 120
2 24mfs=v,
At 5.0s

The final velocity is v = 0, and the time to stop is 3.7 s. Use Eq. 2—12a to find the acceleration.

6:
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v-v, 0-24m/s

t 3.7s

v=v,+at - a= = —6.486m/s’

1
Thus the magnitude of the acceleration is |6.5 m/s2 , or (6.486 m/sz) —g2 =[0.66 g’s|.
9.80m/s

24, We assume that the speedometer can read to the nearest km/h, and so the value of 120 km/h
has three significant digits. The time can be found from the average acceleration, @ = Av/At.

(SSkm/ ) ﬂ
Av  120km/h —65km/h 3.6km/h
At=—= P = 3 =8.488s =~ |8.5s
a 1.8m/s 1.8m/s

25. (a) The average velocity is the displacement divided by the elapsed time.
Ax  385m-25m
At 20.0s-3.00s
Av 45.0m/s—11.0m/s B

(b)) a=— 2.00m/s’
At 20.0s—-3.00s /

26. The acceleration is the second derivative of the position function.

d d’ d
x=48+73" — vz_x=4_g+14,6t > a= fz_vz
dt ar  dt

14.6m/s”

27. (a) Since the units of 4 times the units of # must equal meters, the units of 4 must be .

Since the units of B times the units of > must equal meters, the units of B must be

2
/5’|

(b) The acceleration is the second derivative of the position function.

d. d’ d
x=At+Bt’ — v=—x=A+2Bt —> a= f=—?j:
dt dr’ dt

(©) v=4+2Bt > v(5)=|(4+12B)m/s| a=|2Bm/s’

2B m/s2

(d) The velocity is the derivative of the position function.

x=At+Bt® — v:ﬂ:

dt

© 2020 Pearson Education, Inc., Hoboken, NJ. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

27

TBEXAM COM - THE WORLD S LARGEST TEST BANK AND SOLUTI ONS DATABASE W TH UNBEATABLE RATES



https://tbexam.com
https://tbexam.com
https://testbanks.ac/product/9780134296074-SOLUTIONS-5/

COM

TBEXAM.

ICLI CK HERE TO ACOEBRXAMEANOMPLETE Sol uti ongd

Physics for Scientists & Engineers with Modern Physics, 5" Edition Instructor Solutions Manual

Table of Calculations
28. To estimate the velocity, find the average velocity over 1S xm) 1) oS 1) ams)

each time interval, and assume that the car had that velocity [0 000 000 000 0065 352
at the midpoint of the time interval. To estimate the
acceleration, find the average acceleration over each time
interval, and assume that the car had that acceleration at the
midpoint of the time interval. A sample of each calculation | 075 106 0625 240 075 448
is shown.

025 0.11 0.125 0.44 025 3.84

0.50  0.46 0.375 1.40 0.50  4.00

1.00 194 0.875 3.52 1.06 491

From 2.00 s to 2.50 s, for average velocity: 50 agr 125 s3e 150 500

2.50s8+2.00s
fig = f =2.25s 200 8.55 175 786 200 524
Ar 1379 m-855m 524m 2.50 13.79 225 1048 250 532
=—= = =10.48m/s
& At 250s—2.00s 0.50 s 3.00 2036 275 13.14 300 552
) 3.50 2831 325 15.90 350 5.56
From 2.25 s to 2.75 s, for average acceleration:
2955+2.75s 400 37.65 375 18.68 400 552
wg=—————=2.50s
2 4.50 4837 425 2144 450  4.84
_Av _13.14 m/s—10.48m/s _ 2,66 m/s 500 6030 475 2386 500 412
A 2775s-2.125s 0.50's 550 73.26 525 2592 550 3.76
2
=5.32 rn/s 600 87.16 575 27.80

30 6
25 / S - \
20 4 // —
- @
@»15 7 £3
E E
= N
=10 - 2
54 1
0 T T T 0
0 1 2 3 4 5 6 0 1 2 3 4 5 6
t(s) t(s)

29. We call the location where the cars are initially next to each other x, = 0. The position of the first
car can be written as x = x, + Ut + %at2 =25.0¢ —%(Z.O)tz. The position of the second car can be

written as x = x, + Ut + 3 at’ = %(2.0) t*. We equate the two position equations and solve for the

time.
25.0t-1(2.0)¢* =4(2.0) — 25.06=2.0" > t=0o0r12.5s

The value of 0 is the time when the cars were initially next to each other, so the “next” time they are

next to each otheris t =12.5s ~|13s]|.
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30. Slightly different answers may be obtained since the data comes from reading the graph.
(a) The greatest velocity is found at the highest point on the graph, which is at .
(b) The indication of a constant velocity on a velocity—time graph is a slope of 0, which occurs
from [£=90s to ¢~108 s].
(c¢) The indication of a constant acceleration on a velocity—time graph is a constant slope, which

occurs from |t =0s to t=42 s|, again from |t ~65s to t=83 s|, and again from

lt=90s to 1 ~108s|.
(d) The magnitude of the acceleration is greatest when the magnitude of the slope is greatest, which

occurs from |t ~65s to t ~83 s|.

31. Slightly different answers may be obtained since the data comes from reading the graph. We assume
that the short, nearly horizontal portions of the graph are the times that shifting is occurring, and

[13>P2]

those times are not counted as being “in” a certain gear.

Av, 24 -14
a) The average acceleration in 2™ gear is given by @, = —= = m/s m/s =12.5m/s’|.
2
At, 8s—4s
Av, 44 -37
b) The average acceleration in 4" gear is given by @, = —=+ = m/s m/s =10.6m/s’|.
4
At 27s—-16s

4

32. (a) The train’s constant speed is v_. =5.0m/s, and the location of the empty box car as a

=0t =(5.0m/s)t. The fugitive has v, = 0m/s and

train train

function of time is given by x

a=14 rn/ s* until his final speed is 6.0 m/ s. (The elapsed time during the acceleration is

R 6.0m/s
acc a 1.4 m/ s’
to run. The first possibility to consider is, “Can the fugitive catch the empty box car before he

reaches his maximum speed?” During the fugitive’s acceleration, his location as a function of
2

=X, + Ut +Lat’ =O+0+§(1.4m/s2)t :

t =4.286s. Let the origin be the location of the fugitive when he starts

time is given by Eq. 2-12b, x For him to catch

fugitive

the train, we must have x

train 7" fugitive

=x - (5.0m/s)t=1(1.4m/s’ )tz. The solutions of this

are t =0s, 7.1s. Thus the fugitive cannot catch the car during his 4.286 s of acceleration.

Now the equation of motion of the fugitive changes. After the 4.286 s of acceleration, he runs
with a constant speed of 6.0 m/ s. Thus his location is now given (for times ¢ > 4.2865s ) by the
following.

Xome =+ (1.4m/57)(4.2865) +(6.0m/s) (¢ —4.2865) = (6.0m/s) ¢ —12.86m
So now, for the fugitive to catch the train, we again set the locations equal.

Yo = Yo = (5:0m/s)1=(6.0m/s)r-12.86m — t=12.86sz

(b) The distance traveled to reach the box car is given by the following.
X (£ =12.865) = (6.0m/s) (12.865) —12.86 m =

33. The acceleration can be found from Eq. 2—12c.
v’ -] 3 0—(26m/s)2 B

0

2(x-x,)  2(88m)

-3.8 m/s2

v’ =v§+2a(x—x0) - a=
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34. The acceleration can be found from Eq. 2—12a.
v-v, 0-28m/s
t 6.3s

~44m/s*

vV=0v,+at > a=

v-v, 22m/s—13m/s

t 6.5s
The distance of travel can be found from Eqs. 2—8 and 2-9.
Y+ Af = 13rn/s+22rn/s

2
It can also be found from Eq. 2—12b.

x—x, =t ++ar* =(13m/s)(6.55) +4(1.38m/s*)(6.55) =113.7m ~110m
It can also be found from Eq. 2—12c.

=1.38m/s’ ~|1.4m/s’|.

35. By definition, the acceleration is a =

X—Xx, = VAt

(6.5s)=114m~|110m

v -, (22m/s)" —(13m/s)’
2a 2(1.38m/s*)

There are slight differences in the answers because of rounding the acceleration.

=114 Im~110m

v =0, +2a(x—x0) - X-X, =

36. The sprinter starts from rest. The average acceleration is found from Eq. 2—12c.
*_p? (11.5m/s) -0
v =0} +2a(x-x,) - a=——"0 _(15m)s) =3.674m/s’ ~[3.67m/s’
2(x-x,)  2(18.0m)
Her elapsed time is found by solving Eq. 2—12a for time.

v—v, 11.5m/s-0
v=v,+at —> t= L= =3.13s
’ 3.674m/s’

a

37. The words “slowing down uniformly” imply that the car has a constant acceleration. The distance of
travel is found from combining Egs. 2—8 and 2-9.

y—x, = v, +vt=(28.0m/;+0m/sj(8'60 sec):

2

38. The final velocity of the truck is zero. The initial velocity is found from Eq. 2—12¢ with v = 0 and
solving for v,. Note that the acceleration is negative.

v =0 +2a(x-x,) - =0’ ~2a(x-x,)=0-2(-6.00m/s*)(45m) = [23m/s]

39. For the baseball, v, =0, x—x, =3.5 m, and the final speed of the baseball (during the throwing

motion ) is v =43 m/ s. The acceleration is found from Eq. 2—12c.

2 2 2_
v2=v§+2a(x—x0) > a= v ~Y :(43m/s) 0
2(x-x,)  2(3.5m)

=264m/s’ ~|260m/s’
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40.

41.

42.

The final velocity of the driver is zero. The acceleration is found from Eq. 2-12¢ with v =0 and

solving for a.
2
1 lh
 0-|(95km/n)[ 1200m
v, lkm 3600s 3

_ v’ - _ 2
S 2(x-x,) 2(0.80 m) 4352m/s
2
Converting to “g’s”: | | %

(a) The final velocity of the car is 0. The distance is found from Eq. 2—12c¢ with an acceleration of
a=-0.50m/s’ and an initial velocity of 85km/h.

2
1000 1h
0| (85km/h)| ——
v’ -0, 1km )\ 3600s

= - =557m ~ 560
T T, 2(-0.50m/s’) " ik

(b) The time to stop is found from Eq. 2—12a.

om0 s |

a - (—0.50 m/sz)
(c) Take x,=x(¢#=0)=0m. UseEq.2-12b, with a =—-0.50 m/s2 and an initial velocity

of 85km/h. The first second is from ¢ =0s, to-#= s, and the fifth second is from ¢ =45 to
t=35s.

(000 & 5() =085k 51722 (15) 4 (-050m/s ) 15) =2336m -
+(1)-x(0) = [3m]

x(4)=o+(8skm/h)[ﬁ
() =0 (/)| L2 54) 4 (-030m/) 55) <111 81
x(5)-x(4)=111.81m-90.44m = 21.37m = [21m|

The origin is the location of the car at the beginning of the reaction time. The initial speed of the car

t= =4722s=|47s

j(4s)+5(—0.50m/s2)(4s)2 =90.44m

is (95km/h) 1000 m Lh =26.39m/s. The location where the brakes are applied is
lkm 3600s

found from the equation for motion at constant velocity.
x, =Vt, =(26.39m/s)(0.40s) =10.56 m
This is now the starting location for the application of the brakes. In each case, the final speed is 0.
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43.

44.

45.

(a) Solve Eq. 2—12c for the final location.
v’ = vj +2a(x—xo) -

2 2 _ 2
V% osems (26.39m/s)
2a 2(-2.5m/s?)

(b) Solve Eq. 2—12c for the final location with the second acceleration.
v -0 0-(26.39m/s)”

© —10.56 =74
2a mr 2(-5.5m/s?) -

+ =149.84m = (150 m

X=X

Q

0

+

X=X

0

Calculate the distance that the car travels during the reaction time and the deceleration.
Ax, =v,At =(18.0m/s)(0.380s) = 6.84m

v’ —v; 0-(18.0m/s)’

0
2 2(-3.65m/s’)
Ax=6.84m+44.4m=51.22m (only 3 significant ﬁgures)

Since she is only 24.0 m from the intersection, she will NOT be able to stop in time. She will be|
27.2 m past the intersection.|

v =0 +2aAx, — Ax, = =44.38m

Ax —
The average velocity is defined by Eq. 2-2, v = —= X% . Compare this expression to

At
Eq.2-12d, v = %(v + v, ) A relation for the velocity is found by integrating the expression for the

acceleration, since the acceleration is the derivative of the velocity. Assume the velocity is v, at
time ¢ = 0.
d?) v t
a=A+Bt=— — dv=(4+Bt)dt — Idv:j(A+Bt)dt — V=0, +At+1Bt’
dt . Y
Find an expression for the position by integrating the velocity, assuming that x = x, at time ¢ = 0.
L2 dx ! o2
vy, A iBT = dx=(v, + At ++Br)dt —
t

X t
[de=[(v,+4r+LB)dt — x-x =vg+Ld’ +LB0

Xy 0

xX—X
Compare T" to L(v+v,).

_ x-x, Of+LiA+1BF
V= t=0 2 ¢ =, +1At+1Bs
t t
2
v, +v, + At + 3 Bt )
L(v+v,)= =, +1 At +1 Bt

2

They are different, so [0 #1(v+v,)|.

Use the information for the first 180 m to find the acceleration, and the information for the full
motion to find the final velocity. For the first segment, the train has v, =0 rn/ s, v, =18 m/ s, and a

displacement of x, —x, =180 m. Find the acceleration from Eq. 2—12c.
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> (18m/s)’ -0

v =0, +2a(x,—x,) — a= %~ % =( /) =0.90m/s’
2(x,-x,)  2(180m)

Find the speed of the train after it has traveled the total distance (total displacement of

x, —x, =180m+85m = 265m ) using Eq. 2-12c.

v =0 +2a(x,-x,) > v, =0} +2a(x, ~x,) =,/2(0.90m/s*)(265m) =[22m/s

46. Calculate the acceleration from the velocity—time data using Eq. 2—12a, and then use Eq. 2—12b to
calculate the displacement at ¢ = 2.0s and ¢ = 6.0s. The initial velocity is v, = 85 m/s.

v—v, 162m/s—85m/s
a = =
t 10.0s

x(7.08)=x(2.08) =| (x, +v,(7.05)+1a(7.05)" )= (x, +,(2.05) +£a(2.05)) |
=0,(7.0s-2.0 s)+§a[(7.0s)2 -(2.0 s)zJ =(85m/s)(5.0 s)+§(7.7 m/s2 )(45 s2)

= 598.25m ~

47. During the final part of the race, the runner must have a displacement of 1200 m in a time of 180 s
(3.0 min). Assume that the starting speed for the final part is the same as the average speed thus far.

g _8800m g /s =,
At (27x60)s

The runner will accomplish this by accelerating from speed v, to speed v for #seconds, covering a

_ 2 _ 1 2
—7.7m/s X=X, +Vt+5at” —

distance d,, and then running at a constant speed of v for (180 —t) seconds, covering a distance d,.
We have these relationships from Eq. 2—12a and Eq. 2—12b.
v =0, +at d =vt+Lat’ d,=v(180—¢)=(v, +at)(180—1¢)
1200 m=d, +d, = vt ++at’ +(v, +at)(180—t) — 1200 m =180v, +180at —+at® —
1200 m = (180s)(5.432m/s) +(1805)(0.20m/s* )t - £(0.20m/s’ )" —

36+ \/362 —4(0.10)(222.24)
2(0.10)

Since we must have ¢ <180 s, the solution is .

48. For the runners to cross the finish line side-by-side means they must both reach the finish line in the
same amount of time from their current positions. Take Mary’s current location as the origin. Use
Eq. 2-12b.

0.10¢> =361 +22224=0 — t=

=353.7s, 6.28s

For Sally:  22=5.0+5.0t+1(-0.40)" — ' -25t+85=0 —

25i1/252 —4(85
t= ( )=4.059s, 20.94s

2
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49.

50.

The first time is the time she first crosses the finish line, and so it is the time to be used for the
problem. Now find Mary’s acceleration so that she crosses the finish line in that same amount of
time.

22—-4¢  22-4(4.059
For Mary: 2=0+4t+Lat’ — a= = ( ): O.70m/s2
’ i 1(4.059)°
2 2 .

Define the origin to be the location where the speeder passes the police car. Start a timer at the
instant that the speeder passes the police car, and find another time that both cars have the same
displacement from the origin.

For the speeder, traveling with a constant speed, the displacement is given by the following.
1m/s
Ax,=vt=(135km/h)| ———— |(#)=(37.5¢) m
R B OREY

For the police car, the displacement is given by two components. The first part is the distance
traveled at the initially constant speed during the 1 second of reaction time.

Ax, =wv, (1.00s)=(95 km/h)(3 Im/s

6km/h

The second part of the police car’s displacement is that which occurs during the accelerated motion,

j(l.OOs) =26.39m

which lasts for (t - 1.00) s. So this second part of the police car displacement, using Eq. 2—12b, is
given as follows. Note that this part of the displacement is NOT VALID for # < 1.00 s.
A%, =0, (1-1.00)+La, (r-1.00)" =[ (26.39m/s)(r=1.00)++(2.60m/s" ) (r~1.00)" |m
So the total police car displacement is:
Ax, = Ax,, +Ax,, =(26.39+26.39(£=1.00) +130(r~1.00)" ) m
Now set the two displacements equal, and solve for the time.
26.39+26.39(¢-1.00)+1.30(¢ ~1.00)" =37.5¢ — £ —10.55+1.00=0

10.55+4/(10.55)" — 4.00 ,
. 9.57x10s,
The first answer from the quadratic formula is a “fake” answer, because the equation for the police
car’s displacement while accelerating, which was used to find that solution, was not valid for times
t<1.00s. Thus we may ignore that answer. The answer of 10.5 s is the time for the police car to
overtake the speeder.

t

As a check on the answer, the speeder travels Ax_ = (37.5m/s)(10.5 s) = 394 m, and the police car
travels Ax = [26.39 - 26.39(9.5)+1.30(9.5)2}m =394m.

Define the origin to be the location where the speeder passes the police car. Start a timer at the
instant that the speeder passes the police car. Both cars have the same displacement 8.00 s after the
initial passing by the speeder. But the police car only is accelerating for 7.00 s.

For the speeder, traveling with a constant speed, the displacement is given by Ax, = vt = (8.00vs )m.
For the police car, the displacement is given by two components. The first part is the distance
traveled at the initially constant speed during the 1.00 s of reaction time.

Ax,, = v, (1.00s)=(95 km/h)(ﬁj(l.%s) =26.39m
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51.

52.

53.

The second part of the police car displacement is that during the accelerated motion, which lasts for
7.00 s. So this second part of the police car displacement, using Eq. 2—12b, is given by the following.

Ax,, =0, (7.00s)+La (7.00s)" =(26.39m/s)(7.00s)++(2.60m/s*)(7.00s)" = 248.43m
Thus the total police car displacement is Ax, = Ax | + Ax , =(26.39 +248.43)m = 274.82 m.

Now set the two displacements equal, and solve for the speeder’s velocity.

3.6km/h
8.00 =274.82 =34.35 =(34.35 —— |=|124km/h
(8.000,)m m - v, m/s = ( m/s)( e j

From the given information, we can break the race up into three segments:
Segment # 1: Time of 0.15 seconds, no displacement.

Segment # 2: Starting speed of 0, final speed v, constant acceleration a, displacement 30.0 m,

elapsed time #,. Thus v =ar, and 30m = Lar;.

Segment # 3: Constant velocity v, displacement of 370 m, elapsed time ¢,. Thus 370 m = vt,.
We also know that ¢, +¢, = 54.85s. So we have 4 relationships defining the 4 unknowns of
v, a,t,,and t,, We solve that system of 4 equations.

v=at, ; 30=Lar} ; 370=wt, ; t,+t,=54.85 Substitute the 1" equation into the 3"

30=2Lar; ; 370=att, ; t,+t,=54.85 Divide the 2" equation by the 1.
370  att, 2t
—= a—zi =— ; t,+t, =54.85 Substitute the 1 equation into the 2.
30 Jat,
370 2t 60 60
—=— > t,=——ot, ; —,+1,=54.85 Solve for ¢,.
30 o 370 ° 7 370
60 54.85
1, =1.1621, =54.85 —> f, =" = 47205 —> 1, =54.85—1, =7.65s
370 1.162

370 370 7.839
p=20 2T 7 839m)s a:ﬁz—m/szl.ozsm/sz

t, 47.20s Z, 7.65s

The requested results are [v =7.8m/s ; a=1.0 m/s2 .

Choose downward to be the positive direction, and take y, = 0 at the top of the cliff. The initial

velocity is v, = 0, and the acceleration is a = 9.80 m/ s’. The displacement is found from
Eq. 2-12b, with x replaced by y.

Y=y, +og+ta’ - y-0=0+1(9.80m/s’)(325s) — y=[518m]

Choose downward to be the positive direction, and take y, = 0 to be at the top of the Empire State

Building. The initial velocity is v, = 0, and the acceleration is a = 9.80 m/ s’
(a) The elapsed time can be found from Eq. 2—12b, with x replaced by y.

[y [2(380m)
y—y0=vot+%a12 — t= 72 W=8806Sz
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(b) The final velocity can be found from Eq. 2—12a.

v =0, +ar=0+(9.80m/s’)(8.806 s) =

54. Choose downward to be the positive direction. The initial velocity is v, = 0, the final velocity is

v :(55@%)(%

for the time.

j =15.28m/s, and the acceleration is a = 9.80 m/sz. Solve Eq. 2-12a

v-v, 1528m/s-0
vV=v,+at — t= = =

=|1.6s
a 9.80 m/s2

55. Choose upward to be the positive direction, and take y, = 0 to be the height from which the ball

was thrown. The acceleration is ¢ = —9.80 m/ s’. The displacement upon catching the ball is 0,

assuming it was caught at the same height from which it was thrown. The starting speed can be
found from Eq. 2—12b, with x replaced by y.

Y=y, +0t+ta’ =0 >

R
v, =%=—gat=—5(—9.80m/sz)(2.6s)=12.74m/sz 13m/s

The height can be calculated from Eq. 2—12c, with a final velocity of v = 0 at the top of the path.
v’ -, 0-(12.74m/s)’

v =0, +2a(y- - y=y,+ C=0+ =18.3m
o +2a(y=,) Y 2(-9.80m/s’)

56. Choose upward to be the positive direction, and take y, = 0 to be at the height where the ball was

hit. For the upward path, v, =22m/s, v =0 at the top of the path, and a = -9.80 m/sz.
(a) The displacement can be found from Eq. 2—12¢, with x replaced by y.

v’ -0 0-(22m/s)’

0

e 07 2(-9.80m/s*)

(b) The time of flight can be found from Eq. 2—12b, with x replaced by y, using a displacement of 0
for the displacement of the ball returning to the height from which it was hit.

UZ=U§+2a(y—y0) > y=y,+

Y=y, +0t+tat’ =0 - t(v,+iat)=0 -

t=0,1= 20 _ 2(22ms) =|4.5s

—a  -9.80m/s”
The result of = 0 s is the time for the original displacement of zero (when the ball was hit), and
the result of = 4.5 s is the time to return to the original displacement. Thus the answer is ¢ =4.5
seconds.

(c¢) This is an estimate primarily because the effects of the air have been ignored. There is a non-
trivial amount of air effect on a baseball as it moves through the air — that’s why pitches like the
“curve ball” work, for example. So ignoring the effects of air make this an estimate. Another
effect is that the problem says “almost” straight up, but the problem was solved as if the initial
velocity was perfectly upwards. Finally, we assume that the ball was caught at the same height
as which it was hit. That was not stated in the problem either, so that is an estimate.
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57.

8.

59.

Choose downward to be the positive direction, and take y, = 0 to be at the maximum height of the
kangaroo. Consider just the downward motion of the kangaroo. Then the displacement is
y =1.45m, the acceleration is a = 9.80 m/sz, and the initial velocity is v, = 0m/s. Use

Eq. 2—12b to calculate the time for the kangaroo to fall back to the ground. The total time is then
twice the falling time.

2
Lt +Ltat’ =0 — y=Lla - tm:‘f—y -
a
f l45m
=2 09S
tota] 980m/s -

Choose upward to be the positive direction, and take y, = 0 to be at the floor level, where the jump

starts. For the upward path, y =1.2m, v =0 at the top of the path, and a = —9.80 m/sz.
(a) The initial speed can be found from Eq. 2—12c, with x replaced by y.
v’ :vj +2a(y—yo) -

v, = v’ ~2a(y-y,) =\[-2ay = [-2(-9.80m/s* )(1.2m) = 4.8497 m/s ~

(b) The time of flight can be found from Eq. 2—12b, with x replaced by y, using a displacement of 0
for the displacement of the jumper returning to the original height.

Y=y, + 00 +ta’ =0 - (v, +Lat)=0 >

2 2(4.897m/s

—a  9.80m/s
The result of = 0 s is the time for the original displacement of zero (when the jumper started to
jump), and the result of £ =0.99 s is the time to return to the original displacement. Thus the
answer is £ = 0.99 seconds.

Choose upward to be the positive direction, and y, = 0 to be the height from which the stone is

thrown. We have v, =18.0m/s, a = —9.80m/s2, and y—y, =11.0 m.
(a) The velocity can be found from Eq, 2—11c, with x replaced by y.
v =, +2a(y—y0)=0 -

v = [0 +2ay = i\/(18.0 m/s)’ +2(-9.80m/s*)(11.0 m) = +10.4m/s
Thus the speed is |v| =10.4m/s|.

(b) The time to reach that height can be found from Eq. 2—12b.
2(18. Om/s) - 2(-11.0m) _
—y 80m/s’  —9.80m/s’

— 142 2
y=y,+0it+5at" > t -

3.6735+ \/(3.6735)2 —4(2.2449)

2
(¢) [There are two times at which the object reaches that height | — once on the way up (t =0.774 s),

£’ =3.6735t+2.245=0 — t=

=t =2.90s, 0.774s

and once on the way down (t =2.90 s).
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60.

61.

62.

Choose downward to be the positive direction, and take y, = 0 to be the height from which the

object is released. The initial velocity is ¥, = 0, and the acceleration is a = g. Then we can

calculate the position as a function of time from Eq. 2—12b, with x replaced by y, as y (t) =< gt’.

At the end of each second, the position would be as follows.

y(0)=0: y()=tg: »(2)=1g(2) =4y(1): »(3)=12(3) =9»(1)
The distance traveled during each second can be found by subtracting two adjacent position values
from the above list.

d(1)=y(1)-»(0)=y(1); d(2)=y(2)-»(1)=3y(1); d(3)=»(3)-»(2)=5x(1)

We could do this in general. Let n be a positive integer, starting with 0.
y(n)=1gn’ y(rH—l)z%g(n+1)2
af(n+1)=y(n+1)—y(n):§g(n+1)2 —Lgn’ =§g<(n+1)2—n2)

=lg(n2+2n+1—n2)=ig(2n+l)

2 2

The value of (2n + 1) is always odd, in the sequence|l, 3,5, 7, ...|

Choose downward to be the positive direction, and the origin to be at the location of the plane. The
parachutist has v, =0, a =g =9.80 m/sz, and will have y —y, =3800m —450m = 3350 m when

she pulls the ripcord. Eq. 2—12b, with x replaced by y, is used to find the time when she pulls the
ripcord.

Y=y, 0 +tat’ > zz,/z(y—yo)/a=\/2(3350m)/(9.80m/s2)=26.147sz 26.15

The speed is found from Eq. 2—12a.
=0, +at =0+(9.80m/s")(26.147s) = 256.24m/s ~ | 256 m/s

(256.24 m/s)(#} ~|922km/h

This is well over 550 miles per hour!

Choose downward to be the positive direction, and y, = 0 to be at the start of the pelican’s dive.

The pelican has an initial velocity is v, = 0, an acceleration of a = g, and a final location of

y =16.0m. Find the total time of the pelican’s dive from Eq. 2—12b, with x replaced by y.

2 2(16.0 m
Y=y, +0t+at’ - y=0+0+ita’ — tdivez,/—yz (—2)=1.818-
a 9.80m/s

The fish can take evasive action if he sees the pelican at a time of 1.81 s —0.20 s = 1.61 s into the
dive. Find the location of the pelican at that time from Eq. 2—12b.

Y=y, +0t+Lat=0+0+1(9.80m/s*)(1.615) =127 m

Thus the fish must spot the pelican at a minimum height from the surface of the water of

16.0m—12.7m :.
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63.

64.

Choose upward to be the positive direction, and y, = 0 to be at the throwing location of the stone.

The initial velocity is v, =15.5m/s, the acceleration is @ = —9.80 m/ s>, and the final location is
y=-75m.
(a) Using Eq. 2-12b and substituting y for x, we have the following.

Y=y, +0t+tat’ - (4.9m/s2)t2 —(155m/s)t-75m=0 —

B 15.51\/(15.5)2 ~4(4.9)(-75)
- 2(4.9)

The positive answer is the physical answer: .

(b) Use Eq. 2—12a to find the velocity just before hitting.

v=v, +ar=155m/s+(-9.80m/s*)(5.8025) = -41.4m/s — [v| =[41.4m]s].

(¢) The total distance traveled will be the distance up plus the distance down. The distance down
will be 75 m more than the distance up. To find the distance up, use the fact that the speed at
the top of the path will be 0. Then using Eq. 2—12¢ we have the following.

2 2 —(15. 2
v’ - _0+0 (15.5m/s)

=5.802s, —2.638s

a 2(-9.80m/s’)

Thus the distance up is 12.26 m, the distance down is 87.26 m, and the total distance traveled is

s

(a) Choose upward to be the positive direction, and y, = 0 at the ground. The rocket has v, =0,

v2=v§+2a(y—y0) - y=y,+ =12.26m.

a=3.2 m/ s’, and y = 725m when it runs out of fuel. Find the velocity of the rocket when it
runs out of fuel from Eq. 2—12¢, with x replaced by y.

v7225m:/vg+2a(y_y0) -

Vs = £4/07 +2a(y - 3,) = £,/0+2(3.2m/s7 ) (725m) = 68.12m/s =

The positive root is chosen since the rocket is moving upwards when it runs out of fuel.
(b) The time to reach the 725 m location can be found from Eq. 2—12a.

o zvmln—vo :68.12rn/s—0221‘29Sz

rm a 3.2m/s’

(¢) For this part of the problem, the rocket will have an initial velocity v, = v

Vipsm = Uy +alyys,

=68.12m/s, an

725m

acceleration of a = -9.80 rn/ s’, and a final velocity of » =0 at its maximum altitude. The
altitude reached from the out-of-fuel point can be found from Eq. 2—12c.

v’ =0, +2a(y-725m) —
—v’ —(68.12m/s)’

v :725m+0v¢:725m+(—m/52):725m+237m:962mz 960m
2a 2(-9.80m/s*)

(d) The time for the “coasting” portion of the flight can be found from Eq. 2—12a.
V=Vps, 0-68.12
‘at_ . o> 1= L m/s

725m coast coast 2
a -9.80m/s

Thus the total time to reach the maximum altitude is # = 21.29s+ 6.95s = 28.24s = .

V=2 =6.95s
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(e) For this part of the problem, the rocket has v, =0 m/ s, a=-9.80 m/ s’, and a displacement
of —962m (it falls from a height of 962 m to the ground). Find the velocity upon reaching the
Earth from Eq. 2—12c.

v’ =1)§ +2a(y—y0) -

=10} +2a(y-y,) = £,/0+2(-9.80m/s* ) (-962m) = ~137.3m/s ~

The negative root was chosen because the rocket is moving downward, which is the negative
direction.
() The time for the rocket to fall back to the Earth is found from Eq. 2—12a.

—v, -1373m/s—0
v=v, tat - 1, = 980m//52 ~14.01s
a —J. m/S

Thus the total time for the entire flight is # = 28.24s+14.01s =42.25s = .

65. Choose upward to be the positive direction, and y, = 0 to be the location of the nozzle. The initial
velocity is v,, the acceleration is a = —9.80 m/ s’, the final location is y = —1.8 m, and the time of
flight is t = 2.5s. Using Eq. 2—12b and substituting y for x gives the following.

Y=y, +ut+ta’® —
y—ta -18m-1(-9.80m/s’)(2.5s)

1
2 = =11.53m/s = |12
t 2.5s / rn/s

v, =

66. Choose downward to be the positive direction, and take y, = 0 to be the height where the package

was released. The initial velocity is v, = —6.40 m/ s, the acceleration is ¢ = 9.80 m/ s’, and the
displacement of the package will be y =105 m. The time to reach the ground can be found from
Eq. 2-12b, with x replaced by y.

2y , 2(-6.40m/s)  2(105m)

y=y,+0t+ta’ — LI N t =
e a a 9.80m/s’ 9.80m/s’

_)

1.306 i\/(1.306)2 —4(-21.43)
2

t*—1.306t-2143=0 — t= =5.33s, —4.02s

The correct time is the positive answer, ¢ = 5.33s].

67. (a) Choose y =0 to be the ground level, and positive to be upward. Then y =0m,
Y, =15m, a=-g, and ¢ =0.83s describe the motion of the balloon. Use Eq. 2-12b.

2
Y=y, o t+yat -

y-y,—Ltar 0-15m-1(-9.80m/s*)(0.83s)’
o t - (0.83s)

So the speed is .

) =-14.01m/s ~|-14m/s
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(b) Consider the change in velocity from being released to being at Roger’s room, using Eq. 2—12c.

v’ —v,  —(-14.01m/s)’
20 2(-9.80m/s’)

Thus the balloons are coming from above the ground.

=10.0lm

v’ =1)§+2aAy - Ay=

68. Choose upward to be the positive direction, and y, = 0 to be the level from which the ball was
thrown. The initial velocity is v, the instantaneous velocity is v =13 m/ s, the acceleration is

a=-9.80 m/sz, and the location of the window is y =18 m.
(a) Using Eq. 2—12c¢ and substituting y for x, we have
v’ =v§ +2a(y—y0) -

v, =0’ ~2a(y-,) = i\/(13 m/s)" —2(-9.80m/s* )(18m) =22.84m/s ~ |23 m/s

Choose the positive value because the initial direction is upward.
(b) At the top of its path, the velocity will be 0, and so we can use the initial velocity as found
above, along with Eq. 2—12c.

v -] 0-(22.84m/s)’
v =0 +2a(y-y,) o y=y,+ =0+ > (-950m/s) =26.62m ~[27m|

(¢c) We want the time elapsed from throwing (velocity v, = 22.84 m/ s) to reaching the window
(velocity v = 13m/ s). Use Eq. 2—-12a.
0 13 m/s —22.84m/s
a -9.80 m/ s’
(d) We want the time elapsed from the window (?JO =13 m/ s) to reaching the street
(v=-22.84m/s). UseEq.2-12a.
v—-v, —22.84 -13
v=v,+at > t=—V= m/s zm/S=3.657sz3.7s.
a -9.80m/s
The total time from throwing to reaching the street again is 1.004s +3.657s =4.661s = 4.7 s.

v ~1.004s ~|1.0s

v=v,+at —> =

69. Choose downward to be the positive direction, and y, = 0 to be the height from which the stone is
dropped. Call the location of the top of the window y, . From the distance and time given you can
use Eq. 2-12b to find the velocity at the top of the window, v, . That speed can then be used to find
the height from which the stone was dropped.

— 142
(ybonom - ytop) - vtopt + Eat -

(Voosom = Vi)~ +at®  2.2m—1(9.80m/s*)(0.285)’

= = =6.485
F t (0.285) m/s
vl -] (6.485m/s)’
vfop:vj—’_za(ytop_yo) %ylop:;—ao_)’ozm=2.l46mz
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70. Choose up to be the positive direction, so @ = —g. Let the ground be the y = 0 location. As an

intermediate result, the velocity at the bottom of the window can be found from the data given.

Assume the rocket is at the bottom of the window at ¢ = 0, and use Eq. 2—12b.

— 1,42
ytop of ybottom of +v 4 + Eal -

bottom of " pass pass
window window window  window window

10.0m = 8'0m+vbottomuf (0155)—'_%(_9801’1’1/52)(015S)2 - vbottomuf

window window

=14.07m/s

Now use the velocity at the bottom of the window with Eq. 2—12¢ to find the launch velocity,
assuming the launch velocity was achieved at the ground level.

2 2
vbottom of v]aunch + 2a (y - yo ) -

window

v, = \/vjmmmof —2a(y-y,) = \/(14.07 m/s)’ —2(-9.80m/s*)(8.0m) =18.84m/s

window

S

The maximum height can also be found from Eq. 2—12c¢, using the launch velocity and a velocity of
0 at the maximum height.

2 2
maximum /Ulaunch + 261 (ymax - yO) -
height

2 2

maximum

Uaunch 2
_ height vt —(18.84m/s)
ymax_y0+ - 2a _2(_980m/sz)_

71. Choose up to be the positive direction. Let the bottom of the cliff be the y = 0 location. The
equation of motion for the dropped ball is y, , =y, + ¥t +1at’ =55.0m + %(—9.80 rn/s2 )t2. The

equation of motion for the thrown stone is y_ =y, + vt +<at’ = (24.0 m/s)t + %(—9.80 m/s2 )tz.

Set the two equations equal and solve for the time of the collision. Then use that time to find the
location of either object.

Vour = Vae = 55.0m+1(-9.80m/s” )1’ = (24.0m/s)r ++(-9.80m/s’ )i —

stone

55.0m = (24.0mfs)t — =22 _ 55005

24.0m/s
Vo = Vo + 0t +Lat’ =55.0m+0+1(-9.80m/s”)(2.2925)" =|29.3m

Vume = Vo TVt +1at’” =0+(24.0m/s)(2.2925) +1(-9.80m/s* ) (2.2925)" =(29.3m

72. The displacement is found from the integral of the velocity, over the given time interval.

e T =25(3.6)+9(3.6)" |-[25(13)+9(13) |

Ax:]z.vdt: [ (25+18)dr=(25¢+9¢)

f t=1.3s

~158.93m ~|1.6x10°m|
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73. (a) The velocity is the integral of the acceleration.
dv

a="" > dv=adt — dv=Atdt — jdv:Aj\/?dz N
t v, 0

V-0, =247 > v=v,+24r" > |v=75m/s+(3.0m/s"* )"

(b) The displacement is the integral of the velocity.
d
v :?x > dv=vdt - dv=(v,+24%)dt >
t

_x[ dv=[(v,+240)dt — x=vp+324r" =|(75m/s)r+5(3.0m/s™ )"
Om 0

(©) a(t:S.Os):(3.0m/s5/2)«/5.0s = 6.7m/s2

v(r=5.0s)=7.5m/s+2(3.0m/s"*)(5.05)"" =29.86m/s ~|3.0x10' m/s

x(1=5.05)=(7.5m/s)(5.05) ++(3.0m/s™)(5.05)"" =82.22m

74. (a) The velocity is found by integrating the acceleration with respect to time. Note that with the
substitution given in the hint, the initial value of u is u, = g —kv, = g.

d
=22 5 dv=adt — dv=(g-kv)dt — = dt
dt g—kv
Now make the substitution that u = g — k.
d d du 1 d
u=g-kv — dv=—2 a2 a5 Y
k g—kv k u u
u d t )
Lokfd - Wmul =kt > WZ=-kt > u=ge'=g-kv -
g
g u 0 g
g —kt
v==(1-e
L=<
(b) Ast goes to infinity, the value of the velocity is v, = lim%(l —e" ) = . We also note that
if the acceleration is zero (which happens at terminal velocity), then a=g—kv =0 —
vterm = g'
k

75. Choose the upward direction to be positive, and y, = 0 to be the level from which the object is

thrown. The initial velocity is v, and the velocity at the top of the path is © = 0m/s. The height at
the top of the path can be found from Eq. 2—12¢ with x replaced by y.

2 2
V=0, +2a(y-y,) > y-», =0, L.
a
From this we see that the displacement is inversely proportional to the acceleration, and so if the

acceleration is reduced by a factor of 6 by going to the Moon, and the initial velocity is unchanged,

then the |disp1acement increases by a factor of 6.
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76. (a) For the free-falling part of the motion, choose downward to be the positive direction, and
¥, = 0 to be the height from which the person jumped. The initial velocity is v, =0, the

acceleration is a = 9.80 m/ s’, and the location of the netis y =18.0 m. Find the speed upon
reaching the net from Eq. 2—12c¢ with x replaced by y.
v’ =v§ +2a(y—y0) -

v=+0+2a(y-0)= i\/2(9.80m/sz)(18.0 m) =18.78 m/s

The positive root is selected since the person is moving downward.

For the net-stretching part of the motion, choose downward to be the positive direction, and
v, =18.0 m to be the height at which the person first contacts the net. The initial velocity is

v, =18.78 m/s, the final velocity is ¥ = 0, and the location at the stretched position is
y=19.0 m. Find the acceleration from Eq. 2—12¢ with x replaced by y.

v’ :v§+2a(y—y0) —

2 2 2 2
go V% O -(878m)s) = —176m/s> ~|-180m/s’
2(y-») 2(1.0 m)
This is about 18 g’s.
(b) For the acceleration to be smaller, in the above equation we see that the displacement would

have to be larger. This means that the net should be

77. We treat the value of 30 g’s as if it had 2 significant figures. The initial velocity of the car is

v, = (95 km/h)(ﬂ

3.6km/h
begins. We have v = Om/s and a = -30g =-294 m/sz. Find the displacement from Eq. 2—12c.
v’ —v; 0-(2639m/s)’

V=0, +2a(x-x,) - x=x,+ - =0+ 2(_294m/82) =1.18m ~|1.2m

j =26.39 m/ s. Choose x, = 0 to be location at which the deceleration

78. We are given that x(t) =2.0-3.6¢+1.7¢*, where x is in meters and ¢ is in seconds.

(a) The value of 2.0 must have units of meters, and is the initial position of the ball. The value of
3.6 must have units of m/s, and is the initial speed of the ball — the speed at # = 0. Note that the
ball is initially moving in the negative direction, since — 3.6 is used. The value of 1.7 must

have units of m/ s*, and based on Eq. 2-12b is % the acceleration of the ball.
(b) As given above, the units of 2.0 are meters, the units of 3.6 are m/s, and the units of 1.7 are

m/sz.

(¢) x(1.0s)=2.0m—(3.6m/s)(1.0s)+(1.7m/s’)(1.0s)" =[0.Im
x(2.0s) =2.0m - (3.6m/s)(2.0s) +(1.7m/s*)(2.0s)" =|1.6m
x(3.0s)=2.0m —(3.6m/s)(3.0s) +(1.7m/s*)(3.0s)" =[6.5m

_ Ax 65m-0.Im
@ v=T=— o pam/]
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79. (a) The sounds will not occur at equal time intervals because the longer any particular bolt falls, the

higher its speed. The bolts all start from rest and all have the same acceleration, so at any
moment in time, they will all have the same speed. However, they have different distances to
travel in reaching the floor and therefore will be falling for different lengths of time. The farther
a bolt falls, and thus the later a bolt hits the tin plate, the longer it has been accelerating and
therefore the faster it is moving.

(b) With equal distances between bolts, each successive bolt, having fallen a longer time when its
predecessor reaches the plate, will have a higher average velocity and thus travel the inter-bolt
distance in shorter periods of time. Thus the sounds will occur with smaller and smaller
intervals between sounds. Thus the time between “clinks” will decrease as the string falls.

(¢) To hear the sounds at equal intervals, the bolts would have to be tied at distances corresponding
to equal time intervals. The first bolt (call it bolt # 0) is touching the plate. Since each bolt has
an initial speed of 0, the distance of fall and time of fall for each bolt are related to each other by

d,=1gt’. Forbolt#1, d =Lgt’. Forbolt#2, o | Height Distance
0 .

we want ¢, =2t,, so d, =Lgtl =L1g(21,) , | above |Timeto | between

— 4(+gr?) = 4d,. Likewise f, = 3, which leads to ﬂ((’)(’r fgu bolts

d,=9d; t, =4t, whichleadsto d, =164, and so d, t d,

on. Ifthe distance from the bolt initially on the pan to
the next bolt is d,, then the distance from that bolt to

dy=4d, |t,=2t,| 34,
dy=9d, |t:=3t,| 54,
d,=16d, | t,=4¢,| 74,
ds=25d, | t;=5t,| 94,

the next one is 3d,, the distance to the next bolt is

Nk |[WIN|~—|O

5d,, and so on. The accompanying table shows these

relationships in a simpler format.

80. Choose downward to be the positive direction, and the origin to be at the top of the building. The

81.

barometer has y, =0, v, =0, and a =g =9.8 m/sz. Use Eq. 2—-12b to find the height of the
building, with x replaced by y.

Y=y, +0t+Lat’ = 0+O+§(9.8m/s2)t2

Vino=1(98m/s7)(2.0s) =20m  y_,, =1(9.8m/s’)(235) =26 m
The difference in the estimates is 6 m. If we assume the height of the building is the average of the

. . .6
two measurements, then the % difference in the two values is 23m x100 = .
m

1
The speed limit is 40 km/h L/S =1 l.llm/s.
3.6km/h
(a) For your motion, you would need to travel (10 +15+50+15+ 70) m =160 m to get the front of

the car to the third stoplight. The time to travel the 160 m is found using the distance and the
speed limit.
Ax_ _100m 4 404

7 1l.1lm/s

, you cannot make it to the third light without stopping, since it takes you longer than 13.0
seconds to reach the third light.

Ax=VAt > At=
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(b) The second car needs to travel 165 m before the third light turns red. This car accelerates from
v, =0m/s to a maximum of v =1 l.llm/s with a = 2.00 m/sz. Use Eq. 2—12a to determine
the duration of that acceleration.

v-v, 11.11m/s—0m/s

a 2.00 m/ s*

The distance traveled during that time is found from Eq. 2—12b.

(x-x,),. =0, +Latl, =0+%(2.00m/s*)(5.5565)" =30.87m
Since 5.556 s have elapsed, there are 13.0 — 5.556 = 7.444 s remaining to clear the intersection.
The car travels another 7.444 s at a speed of 11.11 m/s, covering a distance of Ax =Vl =

=5.556s

v=v,+at > t, =
acce

constant
speed

(11.11m/s)(7.4445)=82.70m. Thus the total distance is 30.87 m + 82.70 m = 113.57 m.
, the car cannot make it through all three lights without stopping.

The car has to travel another 51.43 m to clear the third intersection, and is traveling at a speed

of 11.11 m/s. Thus the front of the car would clear the intersection a time
Ax  51.43

t=—= 2 4.65s| after the light turns red.
v 1l11m/s

82. (a) Choose downward to be the positive direction, and y, = 0 to be the level from which the

&3.

car was dropped. The initial velocity is v, = 0, the final locationis y = H, and the
acceleration is a = g. Find the final velocity from Eq. 2—12c, replacing x with y.

v’ =v§+2a(y—y0) - vzi\/v§+2a(y—y0) =14/2gH .

The speed is the magnitude of the velocity, [v =+/2gH |.

(b) Solving the above equation for the height, we have that H = Y . Thus for a collision of

2
2
v =35 km/ h, the corresponding height is as follows.

I e |

T2g 2(9.80m/s)

=4.823m~|4.8m

(c¢) For a collision of v =95 km/ h, the corresponding height is the following.

H:v_i(%km/h)[?mlﬂz

2g 2(9.80m/s*)

=3553m~|(36m

Choose downward to be the positive direction, and y, = 0 to be at the roof from which the stones

are dropped. The first stone has an initial velocity of v, = 0 and an acceleration of a = g.

Egs. 2-12a and 2—12b (with x replaced by y) give the velocity and location, respectively, of the first

stone as a function of time.

2

V=0, +at o> U =gt Y=y tuttrat -y =1gt,
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The second stone has the same initial conditions, but its elapsed time is z, = ¢, —1.50s, and so has
velocity and location equations as follows.

v, = g(t, —1.50s) v, =Lg(t,-1.50s)
The second stone reaches a speed of v, =12.0 m/ s at a time given by the following.
v v 12.0
f,=<2=t 1505 — 1 =1.508+-2= 1.50s+—m/sz= 27245
g g 9.80 m/s

The location of the first stone at that time is y, =4 g1’ =+(9.80m/s” ) (2.7245)" =36.36m.
The location of the second stone at that time is

v, =1g(t,-150s)" = +(9.80m/s*)(2.724 - 1.505)" =7.34m.
Thus the distance between the two stones is y, — y, =36.36m—7.34m = .

84. For the motion in the air, choose downward to be the positive direction, and y, = 0 to be at the
height of the diving board. Then diver has v, = 0, (assuming the diver does not jump upward or

downward), a = g =9.80 m/ s’, and y = 4.0 m when reaching the surface of the water. Find the
diver’s speed at the water’s surface from Eq. 2—12c¢, with x replaced by y.

v =0l +2a(y-y,) - =20} +2a(y-y,) = /0+2(9.80m/s*) (4.0 m) =8.85m/s

For the motion in the water, again choose down to be positive, but redefine y, = 0 to be at the
surface of the water. For this motion, v, = 8.85 rn/s, v=0, and y—-y,=1.8m. Find the
acceleration from Eq. 2—12c, with x replaced by y.
2 2 2
v -0 0—-(8.85m/s
V=0, +2a(y-y,) > a= L= ( /s) =—22m/s2
2-y,) 2(18m)
The negative sign indicates that the acceleration is directed upwards.

85. Take the origin to be the location where the speeder passes the police car. The speeder’s constant

speed is V., = (140km/ h)[%
.6 km

=(38.89m/s)t

of v, =0m/s and a constant acceleration of a,

j =38.89m/s, and the location of the speeder as a function

of time is given by x The police car has an initial velocity

speeder /vspeedertspeeder speeder*

- The location of the police car as a function of
time is given by Eq. 2—12b.

2
police” police®

_ 142 _ 1
X =V t+5at” =<a

police

X

(a) The position vs. time graphs would qualitatively look
like the graph shown here.

Police car
1

»
»

| : 3
(b) The time to overtake the speeder occurs when the speeder has gone a distance of 850 m. The
time is found using the speeder’s equation from above.

850 m
850 m = (38.89m/s)t, 0. = o = Teoms 21.86s ~
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(¢) The police car’s acceleration can be calculated knowing that the police car also had gone a
distance of 850 m in a time of 21.86 s.
_2(850 m)

(21865’
(d) The speed of the police car at the overtaking point can be found from Eq. 2—12a.

V=1, +at=0+(3.558m/s*)(21.865) = 77.78m/s

Note that this is exactly twice the speed of the speeder, and so is 280 km/h.

(e) The police officer would not want to pass the car at that high speed, because then he would go
past the car for a long distance before being able to pull the speeder over. The police officer
would not have a constant acceleration, but instead, once he gets close to the speeder, will start
to slow down so as to match the speeder’s velocity and pull in close behind the speeder.

850 m=1a (21.86s) — a =3.558m/s’ ~ (3.6m/s’

)

86. Choose downward to be the positive direction, and y, = 0 to be at the height of the bridge. Agent

Bond has an initial velocity of v, =0, an acceleration of a = g, and will have a displacement of
y=15m-3.5m=11.5m. Find the time of fall from Eq. 2—12b with x replaced by y.

2y [2(11.5m)
— +/Ut+lat2 - = —_— = —215325
RECRRCE Va  \9.80m/s’

If the truck is approaching with ¥ = 25m/s, then he needs to jump when the truck is a distance
away given by d = vt = (25 m/s)(1.532 s) =38.3m. Convert this distance into “poles.”
d= (38.3 rn)(l pole/25 m) =1.53 poles

So he should jump when the truck is about!|1:5 poles| away from the bridge.

87. Assume that y, =0 for each child is the level at which the child loses contact with the trampoline
surface. Choose upward to be the positive direction.

(a) The second child has v, =4.0m/s, a=-g=-9.80 m/sz, and v =0m/s at the maximum
height position. Find the child’s maximum height from Eq. 2—12c¢, with x replaced by y.
v = 1)32 +2a(y2 —yo) -
22 0-(4.0m/s)’
Yy = Py 0+(—/)2 ~0.8163m ~[0.82m
2a 2(-9.80m/s*)

(b) Since the first child can bounce up to one-and-a-half times higher than the second child, the first

child can bounce up to a height of 1.5 (0.8163 m) =1224m =y —y,. Eq.2-12cis again used
to find the initial speed of the first child.
v’ =vgl +2a(y1 —yo) -

vy, = 10’ ~2a(y, - v,) = \/0— 2(-9.80m/s*)(1.224m) =4.898m/s ~ |4.9m/s

The positive root was chosen since the child was initially moving upward.
(¢) To find the time that the first child was in the air, use Eq. 2—12b with a total displacement of 0,
since the child returns to the original position.

Y=p, 40, +1atf > 0=(4.898m/s)r, +1(-9.80m/s’ )t} — £ =05, 0.9996s

1

The time of 0 s corresponds to the time the child started the jump, so the correct answer

is .
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88. First consider the “uphill lie,” in which the ball is being putted down the hill. Choose x, = 0 to be
the ball’s original location, and the direction of the ball’s travel as the positive direction. The final
velocity of the ball is v = 0m/s, the acceleration of the ball is a = —1.8 rn/ s’, and the displacement
of the ball will be x — x;, = 6.0m for the first case and x — x, = 8.0 m for the second case. Find the

initial velocity of the ball from Eq. 2—12c.

v’ =v§+2a(x—x0) - 7, =«/vz—2a(x—x0) =

J0-2(~1.8m/s*)(6.0m) = 4.648m/s

J0-2(~1.8m/s*)(8.0m) = 5.367m/s

The range of acceptable velocities for the uphill lie is |4.6 m/s to 5.4m/s

, aspread of 0.719 m/s if

more digits are kept.

Now consider the “downhill lie,” in which the ball is being putted up the hill. Use a very similar set-
up for the problem, with the basic difference being that the acceleration of the ball is now

a=-2.6 m/ s’. Find the initial velocity of the ball from Eq. 2—12c.

v’ =0, +2a(x-x,) - v,=.v"-2a(x-x,)=

J0-2(-2.6m/5*)(6.0m) = 5.586 m/s

J0-2(-2.6m/s*)(8.0m) = 6.450m/s

, aspread of 0.864 m/s

if more digits are kept. Because the range of acceptable velocities is smaller for putting down the
hill, more control in putting is necessary, and so putting the ball downhill (the “uphill lie”) is more
difficult.

The range of acceptable velocities for the downhill lie is |5.6 m/s to 6.5m/s

1
89. The car’s initial speed is v, = (35 km/h) L/S =9.722 m/s.
3.6km/h
Case I: trying to stop. The constraint is, with the braking deceleration of the car (a =-5.8 rn/ s’ ),

can the car stop in a 28 m displacement? The 2.0 seconds has no relation to this part of the problem.
Using Eq. 2—12c, the distance traveled during braking is as follows.

—v?  0-(9.722m/s)’

(x-x,)= v -
’ 2a 2(-5.8m/s?)
Case II: crossing the intersection. The constraint is, with the acceleration of the car
65km/h —45km/h 1 : .
a= ( m/ m/ ] m/s =0.9259 m/ s’ |, can she get through the intersection
6.0s 3.6km/h

(travel 43 meters) in the 2.0 seconds before the light turns red? Using Eq. 2—12b, the distance
traveled during the 2.0 sec is

(x=x,)=v+Lar’ =(9.722m/s)(2.0 5)+1(0.9259m/s*)(2.0 5)" =21.3m.

=8.14m |She can stop the car in time.|

|She should stop.|

© 2020 Pearson Education, Inc., Hoboken, NJ. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

49

TBEXAM COM - THE WORLD S LARGEST TEST BANK AND SOLUTI ONS DATABASE W TH UNBEATABLE RATES



https://tbexam.com
https://tbexam.com
https://testbanks.ac/product/9780134296074-SOLUTIONS-5/

COM

TBEXAM.

ICLI CK HERE TO ACOEBRXAMEANOMPLETE Sol uti ongd

Physics for Scientists & Engineers with Modern Physics, 5" Edition Instructor Solutions Manual

90. The critical condition is that the total distance covered by the passing car and the approaching car
must be less than 500 m so that they do not collide. The passing car has a total displacement
composed of several individual parts. These are: i) the 10 m of clear room at the rear of the truck; ii)
the 20 m length of the truck; iii) the 10 m of clear room at the front of the truck; and iv) the distance

the truck travels. Since the truck travels at a speed of v =18 m/ s, the truck will have a
displacement of Ax, , = (1 8 m/ s) t. Thus the total displacement of the car during passing is
Ax =40m + (18 m/s).

p(assing
To express the motion of the car, we choose the origin to be at the location of the passing car when
the decision to pass is made. For the passing car, we have an initial velocity of v, =18 m/ s and an

acceleration of a = 0.60 m/sz. Find Ax from Eq. 2-12b.

passing
car

AX iing = X, — Xy =Vt +5at = (18m/s)z‘+§(0.6Om/sz)t2

Set the two expressions for Ax equal to each other in order to find the time required to pass.

passing
car

40m+(18m/s)z, = (18m/s)z ++(0.60m/s* )2 — 40m=1(0.60m/s*)r. -

pass pass
80
tm=‘/ s’ =11.55s
) 0.60

Calculate the displacements of the two cars during this time.
=40m+(18m/s)(11.555)=247.9m

passing
car

=0 t=(25m/s)(11.55s)=288.75m

approaching approaching
car car

Thus the two cars together have covered a total distance of 247.9m + 288.75m = 536.65m, which

is more than allowed. |The car should not pass.|

91. For the falling rock, choose downward to be the positive direction, and y, = 0 to be the height from
which the stone is dropped. The initial velocity is v, =0 m/ s, the acceleration is ¢ = g, the final
position is y = H, and the time of fall is #,. Using Eq. 2-12b with y substituting for x, we have

H=y,+vt+11’ =0+0+Lgs. Forthe sound wave, use the constant speed equation that

Ax : . H . .
— = ——, which can be rearranged to give ¢, =7 ———, where T =4.1s is the total time

A Tt

/Usnd

snd
elapsed from dropping the rock to hearing the sound. Insert this expression for 7, into the equation

for H from the stone, and solve for H.

2

H T

H=tgltT-——| > L |E 1i|H+Ligr=0 >
v 20, v

snd sny snd

42388x10°H> —1.1182H +82.369=0 — H =739m,2.63x10'm
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92.

93.

H
If the larger answer is used in ¢, =T ——, a negative time of fall results, and so the physically

s

correct answer is the smaller one: .
The speed of the conveyor belt is found from Eq. 2-2 for average velocity.

Ax 1.2 m .
AX=VAt > V=—1= =0.4286 m/min = |0.43 m/min
VREYYe /
The rate of burger production, assuming the spacing given is center to center, can be found as

follows.

1 burger (0.4286m) |17 burgers
0.25m 1 min ~__min

(a) Choose up to be the positive direction. Let the throwing height of both objects be the y =0
location, and so y, = 0 for both objects. The acceleration of both objects is a = —g. The
equation of motion for the rock, using Eq. 2-12b, is y_, =y, + 0, .ol t2at’ =v, t—<gt’,

rock 0 rock

where ¢ is the time elapsed from the throwing of the rock. The equation of motion for the ball,

being thrown 1.00 s later, is y,,, = ¥, + ¥, ., (£=1.00s)+1a (£ -1.00 s)2 =

Vg ot (t —-1.00 s) ->g (l -1.00 s)2 . Set the two equations equal (meaning the two objects are at
the same place) and solve for the time of the collision.
yrock = yball - vO rockt _%gtz = vO ball (t _IOOS)_%g-(t_IOOS)2 -
(15.0m/s)r-£(9.80m/s* )¢* = (22.0m/s)(r=1.00s) - +(9.80m/s* ) (t-1.00s)" —
(-16.8)¢t=-26.9

(16.8m/s)t=(269m) — ¢= after the rock was thrown

(b) Use the time for the collision to find the position of either object.
Voo = Vot — L 8t7 =(15.0m/s)(1.60s) - +(9.80m/s* ) (1.60s)" =11.46m ~ [11.5m

Yo = Vo (1=1.008) =L g (1=1.00s)" = (22.0m/s)(0.60s) - +(9.80 m/s* ) (0.60s )’
=11.44m
Lgt’ and

(c) Now the ball is thrown first, and so y,, =V, . —

Vs = Vg (1-1.008) =L g (1 ~1.00s)". Again set the two equations equal to find the time of
collision.
Vot = Voo = Vorul — 187 =0, ., (1-1.005) L g(£-1.00s) —
(22.0m/s)¢-1(9.80m/s*)¢* = (15.0m/s)(¢~1.00s) - +(9.80m/s* ) (r-1.00s)" —
(22.0m/s)r=(15.0m/s)¢—15+9.8¢— 4.9
(2.80m/s)r=19.9m — ¢=7.11s after the ball was thrown

But this answer can be deceptive. Where do the objects collide?
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94.

95.

Vo = Vot — 2 81° =(22.0m/s)(7.115) - £(9.80m/s* ) (7.11s)" =-91.3m
Vi = Uy (1-1.008) =L g (1=1.00s)" = (15.0m/s)(6.115) - +(9.80m/s* ) (6.11s)’

2

=-91.3m
Thus, assuming they were thrown from ground level, they collide below ground level, which

cannot happen. Thus | they never collide | Or, they had to be more than 91.3 m above the

ground at their launch point.

(a) During the interval from A to B, it is |rnoving in the negative direction |, because its

displacement is negative.

(b) During the interval from A to B, it is |[speeding up|, because the magnitude of its slope is

increasing (changing from less steep to more steep).

(¢) During the interval from A to B, |the acceleration is negative|, because the graph is

concave downward, indicating that the slope is getting more negative, and thus the acceleration
is negative.

, because the

(d) During the interval from D to E, it is |moving in the positive direction

displacement is positive.
(e) During the interval from D to E, it is , because the magnitude of its slope is
increasing (changing from less steep to more steep).
(/) During the interval from D to E,

the acceleration-is positive|, because the graph is

concave upward, indicating the slope is getting more positive, and thus the acceleration
is positive.

(g¢) During the interval from C to D, [the object is not moving in either direction|.

|The velocity and acceleration are both O|.

This problem can be analyzed as a series of three one-dimensional motions; the acceleration phase,
the constant speed phase, and the deceleration phase. The maximum speed of the train is:

(95km/h)(%} =26.39m/s

In the acceleration phase, the initial velocity is v, = 0m/s, the acceleration is a = l.lm/ s’, and the
final velocity is v = 26.39m/s. Find the elapsed time for the acceleration phase from Eq. 2—12a.

v-v, 2639m/s—0
a 11 m/ s’
Find the displacement during the acceleration phase from Eq. 2—12b.

(x=x,), =0t +Lar’ =0+1(1.1m/s*)(23.99s)" =316.5m

ac

=23.99s

v=v,+at —> t_ =

In the deceleration phase, the initial velocity is v, = 26.39 m/ s, the accelerationis a = -2.0 m/ s,
and the final velocity is ¥ = 0 m / s. Find the elapsed time for the deceleration phase from Eq. 2—12a.

v-v, 0-2639m/s
V=0v,+at — t,. = » = —20m/s2

=13.20s
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Find the distance traveled during the deceleration phase from Eq. 2—12b.
(x=x,),. =0t ++ar =(2639m/s)(13.205) +1(-2.0m/s*)(13.20s)" =174.1m

The total elapsed time and distance traveled for the acceleration / deceleration phases are:
t.+t, =23995s+13.20s=37.19s

ac

(x-x,) +(x-x,),. =3165m+174.1m =491m

1
(a) If the stations are spaced 3.0 km = 3000 m apart, then there is a total of 15000 m =5 inter-

3000 m
station segments. A train making the entire trip would thus have a total of 5 inter-station
segments and 4 stops of 22 s each at the intermediate stations. Since 491 m is traveled during
acceleration and deceleration, 3000 m — 491 m = 2509 m of each segment is traveled at an
average speed of ¥ =26.39m/s. The time for that 2509 m is given by Ax = VAt —
Ax 2509

Atcomtam = T = —m

speed v 2639m/s
95.07 s =132.26 s. With 5 inter-station segments of 132.26 s each, and 4 stops of 22 s each, the
=5(132.265)+4(22s)=749s =(12.5min|.

=95.07s. Thus a total inter-station segment will take 37.19 s +

total time is given by ¢,

. . 15000 :
(b) If the stations are spaced 5.0 km = 5000 m apart, then there is a total of T m 3 inter-

00 m

station segments. A train making the entire trip would thus have a total of 3 inter-station
segments and 2 stops of 22 s each at the intermediate stations. Since 491 m is traveled during
acceleration and deceleration, 5000 m —491m = 4509 m of each segment is traveled at an
average speed of v =26.39 m/s. The time for that 4509 m is givenby d =vt —

d 4509
t=—-= L 170.86s. Thus a total inter-station segment will take 37.19 s +170.86 s =

v 2639m/s
208.05 s. With 3 inter-station segments of 208.05 s each, and 2 stops of 22 s each, the total time

is given by #,,,, =3(208.055)+2(225) =668 =[11.1min|

96. To find the average speed for the entire race, we must take the total distance divided by the total
time. If one lap is a distance of L, then the total distance will be 10L. The time elapsed at a given

9L
——— , and
196.0km/h

the time for the last lap would be 7, = L/ v,, where v, is the average speed for the last lap. Write an

constant speed is given by ¢ = d/v, so the time for the first 9 laps would be ¢, =

expression for the average speed for the entire race, and then solve for v,.
dtotal —_ 10L
L+, B L + =

196.0km/h v,

v, = 10 1 9 :

200.0km/h  196.0km/h

v= 7 =200.0km/h —
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97.

98.

99.

100.

Since all of the motion and most of the acceleration is downward, we will call downward the positive
direction. Let the parachutist’s initial position be y, = 0 m, and their initial speed is v, = 0m/s.

We break the motion up into two constant-acceleration segments. The final position, duration,
velocity, and acceleration for the first segment are represented by y,, ,, v,, and a,, respectively.

Note that the final velocity for the first segment is the initial velocity for the second segment.

. 2 2(75
First segment: V=Y, + 0t +1at] - 1= =N (—mz) =3.912s
a, 9.8 m/s

v, =a,t,=(9.8m/s*)(3.9125) = 38.34m/s
v; v} (15 m/s)’ - (38.34m/s)’

2 1

=489.2m

?)22 = vlz +2a,Ay, = Ay, =

2 2(-1.5m/s”
Second segment: & ( m/ ° )
- 1.5 —-38.34
v, =0 +at, > tzzv2 L. m/s zm/sz24.56s
a, -1.5 m/s

(a) Total height: 75m +489.2m =564.2m ~

(b) Total time:  3.912s+24.56s =28.472s ~|28s

As shown in Example 2—18, the speed with which the ball was thrown upward is the same as its
speed on returning to the ground. From the symmetry of the two motions (both motions have speed
= 0 at top, have same distance traveled, and have same acceleration), the time for the ball to rise is
the same as the time for the ball to fall, 1.4/s.Choose upward to be the positive direction, and the
origin to be at the level where the ball was thrown. For the ball, ¥ = 0 at the top of the motion, and
a = —g. Find the initial velocity from Eq. 2—12a.

v=uv,+at > v, =v-ar=0-(-9.80m/s’)(1.4s) =13.72m/s = [14m/s|

To find the distance, we divide the motion of the robot into three segments. First, the initial
acceleration from rest; second, motion at constant speed; and third, deceleration back to rest.

d, =vt+tat] =0+%(0.20m/s*)(4.55) =2.025m

> al,
v, =at, =(0.20m/s* ) (4.55) =0.90m/s
d,=vt,=(0.90m/s)(68s)=61.2m v, =v, =0.90m/s
d,=v,t, +1ar =(0.90m/s)(2.55)++(-0.40m/s’)(2.55)' =1.0m
d=d +d,+d =2.025m+61.2m+1.0m=64.225m = [64m]

Choose upward to be the positive direction, and the origin to be at the level where the ball was
thrown. The velocity at the top is v = 0, and the ball will have an acceleration of a = —g. If'the

maximum height that the ball reaches is y = H, then the relationship between the initial velocity
and the maximum height can be found from Eq. 2—12c, with x replaced by y.
v’ =0 +2a(y-y,) > 0=v+2(-g)H — H=v/2g

2 2
L5, so M _ ()28 _(@ma)’ o, o ~[23]

0 Bill - 0 Joe? HJoc B (7')0 Joe )2/2g ) (/UO Joe )2

It is given that v
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101. (a) Multiply the reading rate times the bit density to find the bit reading rate.
_ 1.2m y 1bit _
Is  0.28x10°m
(b) The number of excess bits is N — N.
N —N, =4.3x10°bits/s — 1.4 x10° bits/s = 2.9 x 10° bits/s

N-N, 29x10°bits/s
- =0.67 =
N 43x10°bits/s -

4.3x10° bits/s

102. (a) The two bicycles will have the same velocity at any
time when the instantaneous slopes of their x vs. ¢ A

graphs are the same. That occurs near the time ¢, X

(b) Bicycle A has the larger acceleration, because its
graph is concave upward, indicating a positive
acceleration. Bicycle B has no acceleration because t
its graph has a constant slope. !

(¢) The bicycles are passing each other at the times when the two graphs cross, because they both
have the same position at that time. The graph with the steepest slope is the faster bicycle, and
so is the one that is passing at that instant. So at the first crossing, bicycle B is passing bicycle
A. At the second crossing, bicycle A is passing bicycle B.

(d) Bicycle B has the highest instantaneous velocity at all times until the time ¢, where both graphs

as marked on the graph. :

t

have the same slope. For all times after 7, bicycle A has the highest instantaneous velocity.

The largest instantaneous velocity is for bicycle A at the latest time shown on the graph.

(e) The bicycles appear to have the same average velocity. If the starting point of the graph for a
particular bicycle is connected to the ending point with a straight line, the slope of that line is
the average velocity. Both appear to have the same slope for that “average” line.

103. In this problem, note that a <0 and x > 0. Take your starting position as 0. Then your position is
given by Eq. 2-12b, x, =v,,t +§at2, and the other car’s position is given by x, = x+v,f. Set the
two positions equal to each other and solve for the time of collision. If this time is negative or
imaginary, then there will be no collision.

x=x, > U t+ta’ =x+vt - tat’+(v,-v,)i-x=0

C(2,m0) (0, —v,) ~42a(-x)

a

t

1
2

2
No collision: (v,, —v, )2 ~4ta(-x)<0 — [x> (v, -2,)
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