REPRESENTING MOTION

Q1.1. Reason: (a) The basic idea of the particle model is that we will treat an object as if all its mass is
concentrated into a single point. The size and shape of the object will not be considered. This is a reasonable
approximation of reality if: (i) the distance traveled by the object is large in comparison to the size of the object, and
(i1) rotations and internal motions are not significant features of the object’s motion. The particle model is important
in that it allows us to simplify a problem. Complete reality—which would have to include the motion of every single
atom in the object—is too complicated to analyze. By treating an object as a particle, we can focus on the most
important aspects of its motion while neglecting minor and unobservable details.

(b) The particle model is valid for understanding the motion of a satellite or a car traveling a large distance.

(¢) The particle model is not valid for understanding how a car engine operates, how a person walks, how a bird flies,
or how water flows through a pipe.

Assess: Models are representations of reality—not reality itself. As such they almost all make some simplifying
assumptions. The test of a good model is the results it produces. The particle model allows us to model the motion of
many objects simply and see common features of the movement of different objects. When used appropriately it is
very useful. When used outside the range of its validity, it isn’t very helpful.

Q1.2. Reason: The softball player starts with an initial velocity but as he slides he moves slower and slower until
coming to rest at the base. The distance he travels in successive times will become smaller and smaller until he comes
to a stop. See the figure below.

% B 2
. W 4% Ug
4 D AN S
° o o °
1 2 3 4
Assess: Compare to Figure 1.10 in the text.
Q1.3. Reason:
¢' o ® ® ® ® ®
6. 5 4 3 2 1 0
Stops Brakes

Assess: The dots are equally spaced until the brakes are applied to the car. Equidistant dots indicate constant average
speed. On braking, the dots get closer as the average speed decreases.
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1-2 Chapter 1

Q1.4. Reason: As the ball drops from the tall building the ball will go faster and faster the farther it falls under the
pull of gravity. The motion diagram should show the displacements for later times to be getting larger and larger. The
successive displacements in the diagram given in the text get smaller and smaller. So the diagram given in the
problem is incorrect. The correct diagram is below.

14 @ 0
e |
e 2
® 3

4 @ 4

Assess: Compare to Figure 1.5 in the text, which shows a motion diagram for two objects falling under the influence
of gravity. The displacements increase during the fall of the object as we reasoned.

Q1.5. Reason: Position refers to the location of an object at a given time relative to a coordinate system.
Displacement, on the other hand, is the difference between the object’s final position at time #; and the initial

position at time f,. Displacement is a vector, whose direction is from the initial position toward the final position. An

airplane at rest relative to a runway lamp, serving as the origin of our coordinate system, will have a position, called
the initial position. The location of the airplane as it takes off may be labeled as the final position. The difference
between the two positions, final minus initial, is displacement.

Assess: Some physics texts are not as explicit or clear about this terminology, but it pays off to have clear definitions
for terms and to use them consistently.

Q1.6. Reason: The distance you travel will be recorded on the odometer. As you travel, the distance you travel
accumulates, is recorded by the odometer, and is independent of the direction of travel. Your displacement is the
difference between your final position and your initial position. If you travel around a 440 m track and end up where
you started, you have traveled 440 m; however, since you ended up where you started, your change in position and
hence displacement is zero.

Assess: If you watch a track meet, you will observe the 440-m race. As you watch the race, it is obvious that the
runners travel a distance of 440 m (assuming they complete the race). Yet since they end up where they started, their
final position is the same as their initial position and hence their displacement is zero.

Q1.7. Reason: Both speed and velocity are ratios with a time interval in the denominator, but speed is a scalar
because it is the ratio of the scalar distance over the time interval while velocity is a vector because it is the ratio of
the vector displacement over the time interval. Speed and velocity have the same SI units, but one must specify the
direction when giving a velocity.

An example of speed would be that your hair grows (the end of a strand of hair moves relative to your scalp) at a
speed of about 0.75 in/month.

An example of velocity (where direction matters) would be when you spring off a diving board. Your velocity could
initially be 2.0 m/s up, while later it could be 2.0 m/s down.

Assess: Saying that a velocity has both magnitude and direction does not mean that velocity is somehow “better”
and that speeds are never useful. Sometimes the direction is unimportant and the concept of speed is useful. In other
cases, the direction is important to the physics, and velocity should be cited. Each shows up in various physics
equations.
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Q1.8. Reason: Since the velocity of the skateboard is negative during the whole time of its motion, it is moving in
the negative direction the entire 5 seconds. In order to move closer to the origin, which is in the positive direction
relative to the starting point of the skateboard, the skateboard must have had a velocity in the positive direction for
some time. Since the velocity is always negative, the skateboard must be farther from the origin than initially.

Assess: Velocity gives direction of motion since it refers to displacements and not only distance traveled. If velocity
is always negative, displacement will be negative also.

Q1.9. Reason: If the position of the bicycle is negative it is to your left. The bicycle’s velocity is positive, or to the
right, so the bicycle is getting closer to you.

Assess: If the initial position had been positive and the velocity positive, the bicycle would be getting farther away
from you.

Q1.10. Reason: Since the jogger is running around a track, she returns to her starting point at the end of the lap.
Since her final position is the same as her initial position, her displacement is 0 m. Velocity is defined as
displacement in a given time interval

velocity = —
time interval

So her average velocity is 0 m/s!

However, though her displacement is 0 m, the actual distance she traveled is 400 m. Her average speed is not zero,
since speed is defined in terms of distance, not displacement.

distance traveled in a given time interval

speed = —
time interval
400 m

00 s =4 m/s.

Her average speed is then

The second friend is correct.

Since the motion of a runner is not uniform we can only calculate average velocity and average speed.

Assess: This problem illustrates a very important difference between speed and velocity. Speed depends on total
distance traveled. Velocity depends on displacement, which only takes into account the starting and ending points of
a motion.

Q1.11. Reason:

Start e=—s-e o £ £ =

Assess: The dots get farther apart and the velocity arrows get longer as she speeds up.

Q1.12. Reason: The child will be traveling with a constant velocity until hitting the rocky patch. During the
constant velocity part of the motion the motion diagram should show equal displacements during each time interval.
After hitting the rocky patch, the sled will start slowing. After this point the motion diagram should show ever-
decreasing displacements and ever-decreasing velocity vectors. The motion diagram is below.

Rocky patch
Smooth snow of snow
._.f'f
/
] ] ,.-"j 2 .___.-" 8 . i
= o < / o e = R = )
0 1 2 3 4 5 6

Assess: Compare to Figure 1.11 in the text where a similar motion is illustrated.
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Q1.13. Reason: The initial velocity is zero. The velocity increases and the space between position markers
increases until the chute is deployed. Once the chute is deployed, the velocity decreases and the spacing between the
position markers decreases until a constant velocity is obtained. Once a constant velocity is obtained, the position
markers are evenly spaced. See the following figure.

Jumps with chute closed

Jumper is in
free fall and —
accelerating

— Deploys chute

Decelerates to
a constant speed

— Obtains a slower speed

Falling ata
slower constant —
speed

-Lands

Assess: Knowing the velocity of the jumper will increase until the chute is deployed and then rapidly decrease until
a constant descent velocity is obtained allows one to conclude that the figure is correct.

Q1.14. Reason: The tennis ball falls freely for the three stories under the pull of gravity. Since gravity is pulling it
downward, its speed increases with time. It strikes the ground and very quickly slows down to a stop (while
compressing the ball) then bounces back upward (while the ball decompresses). After the bounce, it travels upward
while still under the pull of gravity. As it is traveling upward the pull of gravity decreases its velocity to zero at a
height of two stories. The downward and upward motions of the ball are shown in the figure below. The increasing
length of the arrows during the downward motion indicates increasing velocity. The decreasing length of the arrows
during the upward motion indicates the particle slowing down.

i i

®
| ! -
1 e -
Balcony
L]
Downward motion Upward motion
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Assess: Compare Figure 1.5 in the text for the downward motion. Note that gravity always pulls downward, no
matter what the direction of motion of something under its influence. So the ball will constantly be slowing down
during its upward motion.

Q1.15. Reason:

0
Assess: The car (particle) moves at a constant speed v so the distance between the dots is constant. While turning v
remains constant, but the direction of v changes.

Q1.16. Reason: As the toy car rolls down the ramp, its speed increases because of the pull of gravity. In a motion
diagram this is indicated by increasing length of velocity arrows. At the bottom of the ramp, the floor is horizontal.
Since the floor is horizontal, gravity is no longer pulling the car to increase its velocity. At this point in the motion
diagram the velocity is constant, which is indicated by arrows of constant length. The toy car continues with the
speed obtained with no change in velocity. See the following diagram.

{r, i e i e i
>0 . >0
5 6 7

Assess: Compare to Question 1.12, which also has a motion diagram for a motion involving a part that is constant
velocity and another where velocity is not constant.

Q1.17. Reason: Because density is defined to be the ratio of two scalars (mass and volume), it too must be a scalar.
Assess: This is always true. The ratio of scalars is a scalar. On the other hand, a vector divided by a scalar (as in the
definition of velocity) is a vector.

Q1.18. Reason: The student changes direction during the walk. Her first displacement vector is 1.0 m west, and her
second is in a different direction, 1.0 mi north. We need to use the rules for addition of vectors to find the distance she is
from her starting point. The distance is the length of her net displacement vector. See the diagram below.

C

© Copyright 2015 Pearson Education, Inc. 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.



1-6 Chapter 1

Her displacement is D, = D; + D,. The length of D

et 18 given by the Pythagorean theorem since the displacement

vectors form a right triangle. Her net displacement vector is along the hypotenuse of the triangle.

AC=\AB +BC" =/(1.0 mi)? + (1.0 mi)? =1.4 mi

We can find her direction also, though this is not asked for in this question. The angle would be given by

0= arctan[ 1.0 mlj =arctan(1.0) = 45°
1.0 mi

So the student’s displacement is 1.4 mi 45° north of west.

The correct answer is B.

Assess: To find a net displacement the laws of vector addition must be used. The net displacement here is the vector

addition of the displacements that made up the motion.

Q1.19. Reason: Since the rock is above the origin the position is positive; since it is still moving upward the
velocity is also positive. Hence, the correct answer is A.

Assess: After it gets to the top and starts back down, the position will still be positive, but the velocity will be
negative.

Q1.20. Reason: Because of the numbering of the dots, we see the object is moving to the left. It is slowing because
the dots are getting closer together. The choice that fits this scenario is a cyclist moving to the left and braking to a
stop. So choice B is correct.

Assess: If the dots were numbered in reverse order then choice C would be correct.

Q1.21. Reason: Because the dots are getting farther apart to the right (and the numbers are increasing to the right)
we know that the object is speeding up. The choice that best fits that is a car pulling away (to the right) from a stop
sign. So the correct choice is C.

Assess: An ice skater gliding (choice A) would likely have nearly constant velocity (constant spacing between dots).
The motion diagram for a plane braking (choice B) might look like the given diagram with the dots numbered in
reverse order. The pool ball reversing direction (choice D) would have dot numbers increasing in one direction at
first but then going the other way.

Q1.22. Reason: The bird changes direction during the flight. The first displacement vector is 3.0 km due west, and
her second is in a different direction, 2.0 km due north. We can use the rules for addition of vectors to find the
distance the bird is from her starting point. The distance is the length of her net displacement vector. See the diagram
below.

The bird’s net displacement is D, = D; + D,. The length of D, is given by the Pythagorean theorem since the
displacement vectors form a right triangle. The net displacement vector is along the hypotenuse of the triangle.

AC=NAB" +BC” =\(3.0km)? + (2.0 km)? =3.6 km

We can find the direction of the displacement also, though this is not asked for in this problem. In general, to specify
a displacement a length and a direction must be specified. The angle in the diagram would be given by

@ = arctan 2.0km =34°
3.0

km
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Representing Motion 1-7

So the bird’s displacement is 3.6 km 34° north of west.
The correct answer is C.
Assess: The net displacement is made up of the vector addition of the displacements that made up the motion.

Q1.23. Reason: The speed is the distance divided by the time.
speed = distance _ 0.30 km(lOOO mj(l mm] —1.0m/s

time  5.0min | 1km 60s

So the correct choice is B.
Assess: 1 m/s does seem like a reasonable speed for a seal in water.

Q1.24. Reason:

(-2,3)

6, = 6; and either of them can be deduced from tan™! (%) =33.7°
6, =90°—-2(6,)=90°—-2(33.7°)=23°

So the correct choice is A.
Assess: By a quick back-of-the-envelope sketch we can see that choices C and D are much too large.

Q1.25. Reason: We are given the person’s speed, so we can calculate the distance traveled in a given time using
Equation 1.1. However, we are given the speed in meters/second, the distance in miles, and the time in minutes. We
must convert units to be consistent. We will convert to SI units since they are standard in science.
1 mile =1.609%1000 m =1609 m. Now we can apply Equation 1.1:

_ distance _ 1609 m
speed  2.00 m/s

Note how the unit of meters cancels in the above equation.
Now we need to convert seconds to minutes.

time =8.05x10° s

(8.05x107 5[ 10N
60s

] =13.4 minutes

The correct choice is B.
Assess: It’s important to use consistent units in a problem. After canceling like units, the remaining units should be
the units you expect in the answer.
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Q1.26. Reason: The second rule on significant figures says that when adding two numbers the number of decimal
places in the answer should match the smallest number of decimal places of any number used in the calculation.
There are three decimal places in 0.532 m, but only two in 3.24 m, so our answer must have only two decimal places.
Therefore the correct choice is B: 3.77 m.

Assess: On contemplation we realize that we don’t know the 3.24 m number better than to the nearest cm, and that
will also be true of the answer, even though we may know the other number to the nearest millimeter.

Q1.27. Reason: The area of a rectangle is its length multiplied by its width.

A=LW =(3.24m)(0.532 m) =1.72368 m*
Where the result with all digits has been reported. This has an incorrect number of significant figures. The answer
written this way implies more precision than the two measurements give. Since the length and width are only known
to three significant figures, only three figures should be reported in the answer. The answer rounded to the correct
number of significant figures should be reported as

A=1.72m*

The correct choice is A.
Assess: In reporting an answer to a question or problem, the result must always be rounded to the correct number of
significant figures. In multiplication, division, and taking roots, the number of significant figures in the answer
should match the number of significant figures in the least precisely known number in the calculation.

Q1.28. Reason: This is a straightforward unit conversion question.

4.57x10° years = 4.57x10° yr| 222234 |[ 240 [ 60min Jf 605 1\ 1y 117
1yr 1d 1h 1 min

The correct choice is D.

Assess: Notice that even though we have more significant figures in some of the conversion factors (we accounted
for leap year, and the other factors are exact and have as many significant figures as we need) that we obey the
significant figure rules and report the answer to the same number of significant figures as the number of significant
figures in the least precisely known number in the calculation (the age in years).

Q1.29. Reason: We are given an equation for density and are asked to calculate the density of the earth given its
mass and volume. However, the units must be converted before the calculation is done since we’re given volume in

km® and the answer must be given in terms of m’.
3 3 3
V= (1.08x10'2 km?)| 1M || 107 m | 107 m
lkm )| 1km |{ 1km

3 3 9 3
=(1.08x10" km%[%j =(1.08x10"? km3)[10 o ]

1km?®
=1.08x10*' m*

Note carefully that we needed three conversion factors for the conversion from km to m here since we are dealing

with cubic kilometers. Three factors are needed to cancel the factor of km> =km - km - km.
So the density is
M 5.94x10** k
-2 :% =5.50x10° kg/m’
V' 1.08x10°" m

The correct choice is A.
Assess: For cubic and square units (or units to any power) you must include the correct number of conversion

factors to convert every factor in the original quantity. Since the density of water is 1.0x10° kg/ms, it seems

reasonable that the earth would be 5.5 times as dense.
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Problems

P1.1. Prepare: Frames of the video are taken at equal intervals of time. As a result, we have a record of the
position of the car at successive time equal intervals — this information allows us to construct a motion diagram.
Solve:

Skid
begins

Assess: Once the brakes are applied, the car slows down and travels a smaller distance during each successive time
interval until it stops. This is what the car in the figure is doing.

P1.2. Prepare: We will assume the man travels with constant speed while he’s walking and riding. There are three
parts to motion, each with constant speed.
Solve: The diagram is below.

%
L] [ ] L ] L] [ ] L ] [ ] L] L ] L ] [ ] [ ] L] L ] L ] [ ]
0 1 2 3 4 5 11 12 13 14 15 16 17 18 19 20
min min min min min min min min  min min min min min min min min

Assess: While the man is walking his speed is less than when riding the bicycle, so the dots should be more closely
spaced during that part of the trip.

P1.3. Prepare: Despite the detail of the problem we must still make some assumptions. For example, does the
jogger slow much to get on the bus? Is the bus an express line with no stops until the jogger’s home? The simplest
case would be to assume the jogger does not slow much before getting on the bus, and yes, the bus is an express line
with no stops until the jogger’s home.

Solve:
<«——— Rides west Board_s bus
15 14 13 12/
L ] . L] L ] I{-"
L ] . L ] L ] L ] L ] L ] L] . . L ] .-"
0 1 2 6 T 8 9 10 11
Home Jogs east ——»

Assess: Without the simplifying assumptions the jogger’s dots will get closer together as he slows to board the bus,
and while on the bus westbound the dot spacing could change repeatedly as the bus slows down, stops, and then
speeds up again from each bus stop.
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P1.4. Prepare: We must determine Sue’s position, being careful of the sign of the displacement.
Solve: (a) Refer to the figure below.

Home Sue Cinema
T T T T T T T T T

-1 mi 0 mi 1 mi 2 mi 3 mi 4 mi 5 mi 6 mi 7 mi

If Sue’s home is the origin of the x-axis, she is 2 mi to the right of the origin. This is the positive side of the axis, so
her position x =+2 mi.
(b) Refer to the figure below.

Home Sue Cinema
T T T T T T T T T

—-6mi  -5mi -4mi  -3mi -2mi -1 mi 0 1 mi 2 mi

Taking the cinema as the origin of the x —axis, then Sue is 3 mi to the left of the origin. This is the negative portion of
the axis, so Sue’s position is x =—3 mi.

Assess: Displacement along a straight line is a signed quantity. It’s important to indicate the sign when reporting a
displacement relative to a chosen origin. See Figures 1.13 and 1.12 in the text for examples of both negative and
positive displacements, respectively.

P1.5. Prepare: Displacement is the difference between a final position x; and an initial position x; This can be
written as Ax = x; — x;, and we are given that x; =23 m and that Ax =—45m.
Solve: Ax=x;—x;
Since we want to know the final position we solve this for x;.
Xp =X +Ax
=23m+(—45m)
=-22m

Assess: A negative displacement means a movement to the left, and Keira has moved left from x=23m to
x=-22m.

P1.6. Prepare: Displacement along a straight line is a signed quantity. Since this problem asks for displacements
relative to Mulberry Road, we will choose Mulberry Road as the origin.
Solve: Since Mulberry Road was chosen as the origin and x increases to the east, the final position of the car is
X; =—14 mi. We are told that the displacement of the car was Ax=-23 mi, so during its motion the car traveled
23 mi west. We can use the definition of displacement, Ax =x; —x;, to find the car’s initial position.

X, =xp —Ax=(-14 mi) — (=23 mi) =+9 mi
The car started 9 mi east of Mulberry Road.

Mulberry Road

Xp

Assess: Note the choice of origin for measuring positions and displacements is arbitrary, but in many cases it’s
convenient to choose a reference point in the problem as the origin. Here, all displacements and positions were
mentioned relative to Mulberry Road, which was chosen as the origin and made the calculations direct.
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P1.7. Prepare: We have been given three different displacements. The problem is straightforward since all the
displacements are along a straight east-west line. All we have to do is add the displacements and see where we end

up.
Solve: The first displacement is AX; =500 m east, the second is AX, =400 m west and the third displacement is

A%; =700 m east. These three displacements are added in the figure below.

End

700 m east | . . . . . . -

I T r r 1 400 m west

500 m east @ T . Y T T T T T 1
0 100 200 300 400 500 600 700 800 900

Start

From the figure, note that the result of the sum of the three displacements puts the bee 800 m east of its starting point.
Assess: Knowing what a displacement is and how to add displacements, we are able to obtain the final position of
the bee. Since the bee moved 1200 m to the east and 400 m to the west, it is reasonable that it would end up 800 m to
the east of the starting point.

P1.8. Prepare: Speed is defined in Equation 1.1 of the text as the distance traveled in some time interval divided
by the length of the time interval.
Solve: From Equation 1.1,

distance traveled in a given time interval 110 m 046 m/s

speed = — =
time interval 240's

Assess: Someone walking at a brisk pace will easily travel more than 1 m/s. However, since a guard would travel at
more like a stroll, this is a reasonable speed.

P1.9. Prepare: We are asked to rank in order three different speeds, so we simply compute each one according to
Equation 1.1:
__ distance traveled in a given time interval

speed —
time interval
Solve: (i) Toy 0.15m _ 060 mys
2.5s
(ii) Ball 23 _ o s
0.55s
(iii) Bicycle 060m _ g 6 s
0.075s
(iv) Cat 80m _ 4 0 mis
2.0s

So the order from fastest to slowest is bicycle, ball, cat, and toy car.

Assess: We reported all answers to two significant figures as we should according to the significant figure rules.

The result is probably what we would have guessed before solving the problem, although the cat and ball are close.
These numbers all seem reasonable for the respective objects.

P1.10. Prepare: We can use Equation 1.2 to calculate the horse’s velocity at the different times.

Solve: Since the dots are spaced at equal intervals of time, and there is one dot between the time 10 s and 30 s, the
spacing between the dots indicate a 10 s time interval. The dot between 10 s and 30 s will mark a time of 20 s. The
horse is moving to the left, as time increases to the left, so the rightmost dot must be at 0 s. We will use the definition
of velocity in Equation 1.2, v =Ax/At. Looking at Figure P1.10, it should be noted that you can’t determine the

distance information to better than 10 m and certainly not to 1 m. As a result 100 m has two significant figures (you
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know it is between 90 m and 110 m) and 50 m has one significant figure (you know it is between 40 m and 60 m).
For this reason the answer to part (b) should have only one significant figure.

(a) Referring to the Figure P1.10 in the text, x; =500 m, x; =600 m, #; =10s, £, =0s, so
v_&_SOOm—600m_—100m

=-10m/s
At 10s—-0s 10s
(b) Here, x; =300 m, x; =350 m, 7 =40 s, £, =30 s, so
‘}=£=300m—350m=—50mz_sm/s
At 40s—-30s 10s
(c) In this case, xp =50 m, x; =250 m, #; =70s, ¢, =50 s, s0
ZE_SOm—ZSOm_—ZOOm:_IOm/S

At 70s-50s  20s

Assess: Displacement and velocities are signed quantities. Since the x-axis increases to the right and the horse is
traveling to the left, we should expect all the velocities to be negative.

P1.11. Prepare: Average velocity is defined as the displacement Ax divided by the time interval A¢. We are given
At =35 s, but we will do a preliminary calculation to find the displacement.

Ax=x; —x;=—4Tm—(-12m)=-35m

Solve:
- Ax _ -35m
At 35s
Assess: The answer is reasonable, and agrees with the approximate walking speed estimated in Example 1.5. The
negative sign tells us that Harry is walking to the left.

=-1.0m/s

P1.12. Prepare: We can use the definition of velocity, which is given in Equation 1.2.
Solve: x;=3m, x;=-12m, Ar=10s, so

,_Ar_3m-(-12)m_1sm

At 10s 10s

which should be reported as +2 m/s to one significant figure.
Assess: Note that it’s important to keep track of signs on positions and displacements in equations.

=+1.5m/s

P1.13. Prepare: In this problem we are given x; =2.1m and x; =7.3m as well as v=0.35 m/s and asked to
solve for At.
Solve: We first solve for Az inv = Ax/At and then apply Ax = x; — x;.
Atzﬁzxf—xi _73m-21m_ 52m —15¢
v v 0.35m/s 0.35m/s

Assess: 15 s seems like a long time for a ball to roll, but it is going fairly slowly, so the answer is reasonable.

P1.14. Prepare: We first collect the necessary conversion factors: 1us=10"s; 1 km=10° m; 1 m =10 cm;
1 h =60 min; 1 min =60 s.
Solve:

—6
(a) 9.12,us=(9.12/1s)[1 sj=9.12><106s
1us
3
() 342km =342 km)| L™ |Z3.42%10° m
1 km
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-2
(c) 44 cm/ms=44(ﬂj[10 m}( 1 ms j=4.4><102 m/s

ms lcm 1073 s
3
(d) 80km/h=80[k—mj 10" m 1h — =220
h )| 1km | 3.6x10%s

Assess: The conversion factors are applied in such a manner that we obtain the desired units. Scientific notation is
used and the answer has no more significant figures than the starting number.

P1.15. Prepare: We first collect the necessary conversion factors: 1in=2.54 cm; 1 em=107m; 1 ft=12 in;
39.37in=1m; 1 mi=1.609 km; 1 km=10> m; 1 h=3600s.
Solve:

(a) 8.0in=8.0 (in)(

lin lcm

(b) 66 ft/s:66(ﬁj Rinlf 1m0 s
S 1ft )\ 39.37in

. 3
© 60mph=6o[ﬂj LO09km Y107 mf 1R _og
h 1 mi 1Ikm }{ 3600s

P1.16. Prepare: We first need the necessary conversion factors: 1 year=365.25 days; | day =24 hours;
1 h=3600s.

-2
2.54 ch[lO m] —020m

Solve: (a) 1.0hour=1.0(h){3610l?sj=3600s=3.6><103s
(b) 1.0day=1.0 (d)(#ﬁmsl%ﬁ?jzimxlo“s

1d

Assess: Since the given information contains only two significant figures, all answers contain only two significant
figures.

4
© 1.0yearzl.o(year)(365.25daysj[8.64><10 s
1 year

J=3.2><107 s

P1.17. Prepare: Review the rules for significant figures in Section 1.4 of the text, paying particular attention to
any zeros and whether or not they are significant.

Solve: (a) The number 6.21 has three significant figures.

(b) The number 62.1 has three significant figures.

(¢) The number 0.620 has three significant figures.

(d) The number 0.062 has two significant figures.

Assess: In part (c), the final zero is significant because it is expressed and in part (d), the second zero locates the
decimal point but is not significant.

P1.18. Prepare: Review the rules for significant figures in Section 1.4 of the text, paying particular attention to
any zeros and whether or not they are significant.

Solve: (a) The number 0.621 has three significant figures.

(b) The number 0.006200 has four significant figures.

(¢) The number 1.0621 has five significant figures.

(d) The number 6.21x10° has three significant figures.

Assess: In part (b), the initial two zeros place the decimal point. The last two zeros do not have to be there, but when
they are they are significant.
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P1.19. Prepare: Review the rules for significant figures in Section 1.4 of the text, paying particular attention to the
rules for addition (and subtraction) and multiplication (and division).

Solve: (a) 33.3x25.4=2846

(b) 33.3-254=79

(¢) V333=577

(d) 333.3+25.4=13.1

Assess: In part (a) the two numbers multiplied each have three significant figures and the answer has three
significant figures. In part (b), even though each number has three significant figures, no information is significant
past the tenths column. As a result, the answer is expressed only to the tenths column. In part (c), the number and the
answer both have three significant figures. In part (d) the answer is expressed to three significant figures since this is
the least number of significant figures in either of the two numbers in the problem.

P1.20. Prepare: The uncertainty is nearly a half an inch in either direction; this is about one centimeter in either
direction, so we’ll express the answer to the nearest centimeter.
Solve: Convert the man’s height to inches: 6 ft1in =73 in.

73 in(2'54 ij(l—szl.xs m

lin 100 cm
Assess: To round this to two significant figures, 1.9 m, would give the wrong impression of the man’s height.

P1.21. Prepare: Table 1.3 supplies the conversion factor we need: 1ft=0.305 m.

Solve:

1250 ft = 1250 ft[0'3105 m

j=381 m=3.81x10* m
Assess: Since a meter is just bigger than a yard 381 m is about four football fields long. This seems to be right for
the height of the Empire State Building.

P1.22. Prepare: First make an estimate of how much you cut and how often you mow. Let’s say you cut an inch
per week. Then it’s just a matter of unit conversion to get it into m/s.

Solve: v=( lin J 1 week [lday]( 1 hr ](2.54.ch( Im j=4><10_8 /s
1 week )l 7 day \ 24 hr \ 3.3x10% s lin 100 cm

Assess: Since a week is very large compared to a second and a m is about 40 times the size of an inch, we are
expecting a very small number. Even professional grass growing watchers don’t expect to see much activity in one
second.

P1.23. Prepare: My barber trims about an inch of hair when I visit him every month for a haircut. The rate of hair
growth thus is one inch per month. We also need the conversions 1 in=2.54 cm, 1 month=30 days,

1 day=24h, 1h=3600s, lcm=10"2 m.
Solve: The rate of hair growth is

. -2
( lin 2.5§cm 10“m | 1month ) 1d 1h —9.8x10~ m/s = 35 ym/h
month lin lcm 30d 24h )\ 3600s

Assess: Since we expect an extremely small number for the rate at which our hair grows per second, this figure is
not unreasonable.

P1.24. Prepare: In this problem we need to find the distance between Carol and Robin’s jobs. To find the total
distance between the workplaces, we can calculate the displacement from Robin’s workplace to Carol’s workplace.
Solve: The displacement from the house to Robin’s workplace is 7.5 km west. The displacement from the house to
Carol’s workplace is 2.0 km north. Refer to the diagram below.
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The total displacement between Robin’s workplace and Carol’s workplace is the length of the hypotenuse of the
triangle in the figure. This is

D= (D)2 +(Dc)* =+/(7.5 km)> +(2.0 km)> = 7.8 km
Assess: Since the displacements are in different directions, we must treat them as vectors.
P1.25. Prepare: In this problem we need to find the distance between Fort Collins and Greeley. We’ll use the

Pythagorean theorem.
Solve:

Ft. Collins
W4—I—.|z

18 km

Lm‘,'cland 31 km Greeley

Ja8 km)? + (31 km)? =36 km
Assess: This is a reasonable distance between cities.

P1.26. Prepare: Joe and Max went at right angles to each other, so we can use the Pythagorean theorem to
compute the distance between them.

Solve: d =+/(3.25km)? +(0.55 km)> =3.3 km

Assess: It is right that the difference between the two is greater than the distance either of them went; the answer
seems about right for a skinny triangle.

P1.27. Prepare: Since during part of the motion you are traveling north, and then west, the rules of vector addition
can be used to determine the net displacement.

Solve: Since you’ve traveled 3 blocks north, and each block is 135 m long, the total distance traveled north
is (3)(135 m) =405 m. Two blocks west corresponds to (2)(135m)=270m (to three significant figures). The
vectors form a right triangle. See the following vector diagram.

— =2 ==
The length of the net displacement vector is AC=VA4AB +BC = \/(270 m)2 + (405 m)2 =487 m
Though it’s not asked for in this problem, the angle is given by
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6 = arctan 405 m =56.3°
270 m

So you have traveled 487 m 56.3° west of north.
Assess: For displacements in different directions you can use the law of vector addition to find the net displacement.

P1.28. Prepare: The displacement is the hypotenuse of a right triangle whose legs are 6 m (half the width of the
garden) and 8 m, directed from x; at the top of the tree to x; at the top of the flower.

Xi 6m
8m
10m
Xf (=
¢

Solve: The length of the hypotenuse is /(6 m)2 +(8 m)2 =10 m.

Assess: Displacement is a vector and does have direction (as mentioned in the Prepare step), but we were only asked
for the magnitude of the displacement.

P1.29. Prepare: John’s displacement is the vector from his starting point to his ending point.
Solve: Refer to the diagram below.

Start point

R=50m

- - - : John’s path

End point

John stops at the southernmost end of the circle. His final position is 50 m west and 50 m south of his starting
position since the radius of the circle is 50 m. We must find the displacement vector from the initial point to the final
point.

Point B is at the center of the circle.

The displacement vector has a length of

AC=VAB +BC" =+/(50m)> +(50m)> =71m
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The angle in the diagram is

6 = arctan 1.0m =45°
1.0m

So the answer in (magnitude, direction) notation would be (71 m, 45° south of west).

Assess: Compare the solution to the solution for Problem 1.27. Here it would be difficult to sum his displacement
vectors along the circle, but this is not necessary since the displacement vector is always the vector from the initial
position to the final position.

P1.30. Prepare: We can solve for the radius of the track from C=27zr=r= 2£ = 3i km
v4 V4

=0.509 km

Solve:

{r=0.509 km

=3

a. The car has traveled half of the circumference, or 3.2 km/2=1.6 km
b. The displacement of the car is the diameter (twice the radius) of the track north of its starting point.
D =2(0.509 km)=1.0 km

Assess: The distance traveled is longer than the displacement, as we would expect.

P1.31. Prepare: Knowing that the total trip consists of two displacements, we can add the two displacements to
determine the total displacement and hence the distance of the goose from its original position. A quick sketch will
help you visualize the two displacements and the total displacement.

Solve: The distance of the goose from its original position is the magnitude of the total displacement vector. This is
determined as follows:

d=1/(32 km)? +(20 km)? =38 km
Assess: A quick look at your sketch shows that the total distance should be larger than the largest leg of the trip and
this is the case.

P1.32. Prepare: It is helpful to draw a diagram.

100 m

3.5°

Solve: Use knowledge about right triangles from trigonometry.

tan3.5° __n = h=(100 m)(tan 3.5°)=6.1 m
100 m

The vulture loses 6.1 m of height as it flies 100 m horizontally.
Assess: This small loss of height would indeed allow a vulture to glide long distances.

© Copyright 2015 Pearson Education, Inc. 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.



1-18 Chapter 1

P1.33. Prepare: It is helpful to draw a diagram.

AR o

25°

Solve: Use knowledge about right triangles from trigonometry.

x=(200 m)(cos 25°) =180 m y=(200 m)(sin 25°) =85 m
The hiker ends up 85 m north and 180 m east of his starting position.
Assess: The sum of 85 m and 180 m is greater than 200 m, but not hugely so.

P1.34. Prepare: It is helpful to draw a diagram.

1500 ™
10°

h

Solve: Use knowledge about right triangles from trigonometry.

h = (1500 m)(sin 10°) =260 m
The hiker gains 260 m of elevation.
Assess: 260 m is quite a bit less than 1500 m, but this is expected.

P1.35. Prepare: In this problem we have three displacements to add using the laws of vector addition.
Solve: See the diagram below.

Bl-=======c=ccccca-- = »C
D Dy
AB=40cm
BD =60 cm
DC =80 cm

BC =60 cm + 80 cm = 140 cm

A convenient place to place the origin is the origin of the motion. We could add the first two vectors and then add the
third vector on to that result. However, by looking at the diagram, the total displacement in the x direction is
60 cm+80 cm =140 cm to the right. The total displacement in the y direction is 40 cm downward. The net
displacement will reflect these two displacements, so the result of the vector addition will be a vector pointing
140 cm to the right and 40 cm downward. Considering the right triangle ABC in the diagram, the magnitude of the

displacement vector is then
AC =\AB +BC" =+/(140 cm)? + (40 cm)? =150 cm

Where we have assumed that the measurements in the problem have been given to two significant figures.

40 cm
140 cm

The angle that the vector makes is 8 = arctan( ) =16° below the positive x-axis.

Assess: When adding any number of displacements, the net displacement is always the vector between the initial and
final point of the motion.
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P1.36. Prepare: We know the initial position of the ball (the middle of the field). We know the ball travels
43 yards down field (the first displacement) and 26.5 yards to the side of the field (the second displacement). We can
add these two displacements to obtain the net displacement (magnitude and direction). A quick sketch will help you
visualize the two displacements and the net displacement.

0 10 20 30 40 50 40 30 20 10 O

53yd

Endzone
Endzone

. 43 yd .

Solve: The magnitude of the net displacement may be obtained by
d =43 yd)? +(26.5 yd)* =50 yd
The direction of the net displacement may be obtained by
6=tan!| 20234 | 350
43 yd
The net displacement is 50 yd in a direction 32 degrees from straight down the middle of the field.
Assess: Knowing the two displacements, we can add them to determine the net displacement (magnitude and
direction). Looking at your sketch, you should expect the magnitude of the net displacement to be larger than either

of the two displacements which contribute to the net displacement, and this is the case. Looking at your sketch, you
should also expect the angle of the net displacement to be less than 45°, and this is the case.

P1.37. Prepare: Draw a diagram of the situation. Note the right triangle.

Start 35m
40° L]
t
End
9.0m

h
Solve: Use knowledge about right triangles from trigonometry.
(a) The length of the path is

r=35M _46m
cos40°

(b) The height /& above the ground is the vertical side of the triangle subtracted from 9.0 m.
h=9.0m —(3.5 m)(tan 40°)=6.1m

Assess: Because of the angle we expect the squirrel to lose less height than the horizontal distance traveled.
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P1.38. Prepare: Draw a diagram of the situation. Note the right triangle.

16 m

8.0m

Solve: Use knowledge about right triangles from trigonometry.
(a) The angle of the path below the horizontal is

0=arctan( 8§ m j=27°
16 m

(b) The distance d covered is

d =16 m>?+@B.0m)? =18 m
Assess: Because the squirrel descended less than the horizontal distance we expect the angle to be less than
45 degrees.

P1.39. Prepare: Since the dog accelerates for 30 m, the position dots will be successively farther apart and the
velocity vectors will increase for this part of the race. After the dog reaches its top speed (at 30 m), the position dots
are uniformly spaced and the velocity vectors are all the same length.

Solve:

Dog is accelerating Dog running at constant speed

. - — - L e -— L

1
0 10 20 30 40 50 60 70 80 90 100 m
Race starts Dog is running at top speed Race ends

Assess: While the dog is accelerating, the dot spacing and the velocity vector must increase, and they do. While the
dog is traveling at a constant speed the dot spacing and the velocity vector must remain the same, and they do.

P1.40. Prepare: The watermelon, represented as a particle, falls freely and speeds up during its downward motion
along the y-direction. The velocity vectors are thus of increasing length.
Solve:

v
T Starts

/
]|
y
1

— Y Hits sidewalk
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Assess: As a result of the acceleration due to gravity, as the watermelon falls, its velocity and the distance between
the position dots increases. This is the case in the figure shown.

P1.41. Prepare: Sam is moving along the x-axis. His speed changes from 60 mph to 30 mph during 3 s, which
indicates slowing down (decreasing velocity vectors). Before braking, Sam drives at a constant speed.
Solve:

T S S W S S ——————
Braking Braking
begins stops

Assess: When the car is traveling at a constant speed (before and after braking) the position dots are uniformly
spaced and the velocity vectors are constant in length. During the time the car is slowing the velocity vectors are
decreasing in length and the position dots are getting closer.

P1.42. Prepare: The skater moves along the x-axis. She slows down or has decreasing velocity vectors during a
patch of rough ice. She has constant velocity vectors before the rough patch begins and after the rough patch ends,
that is, velocity vectors are of the same length.

Solve:

| e e e G o o G D G

Rough Rough
patch patch
begins ends

Assess: Before and after the rough ice, the velocity vector is constant in length and the position dots are uniformly
spaced. Since the skater is traveling slower after the rough ice than before, the velocity vectors after the rough ice are
shorter than they are before the rough ice and the position dots are closer together after the rough ice than they are
before the rough ice. During the rough ice section, the velocity vector decreases in length and the dot position gets
closer together.

P1.43. Prepare: Since the eland has a positive velocity but is slowing down, the velocity will decrease to zero and
the spacing between the position dots will decrease. The velocity vector at each position on the way up has the same
magnitude but opposite direction as the velocity at each position on the way down.

Solve:

FNETS

w
>—i e

|

Going up ] ~— Coming down
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Assess: On the way up, the velocity vector decreases to zero as it should and the spacing between the position dots
decreases as it should. The magnitude of the velocity vector at any position is the same on the way up as it is on the
way down. This allows us to conclude that the figure is correct.

P1.44. Prepare: Represent the ball as a particle which is moving along the ramp defined as the x-axis. As the ball
rolls up the ramp, it slows down. The velocity vector along the ramp is smaller than the vector along the floor.
Solve:

o
—
7o - —

Assess: While the ball is traveling across the horizontal section, the velocity vector and the spacing of the position
dots is constant. As the ball makes the transition from the horizontal section to the ramp, there is a change in velocity.
As the ball travels up the ramp the velocity vectors decrease in length and the position dots to get closer together.

P1.45. Prepare: The motorist, represented as a particle, is moving along the x-axis. He slows down during
braking. During his reaction time his velocity doesn’t change.
Solve:

)
|

N > -9 > > = = —‘T
H 1

i

Braking Stops
begins

Assess: During the reaction time the velocity vector is constant in length and the position dots are uniformly spaced.
During the braking process, the velocity vector decreases in length and the position dots get closer together.

P1.46. Prepare: Knowing the dots represent the position of an object at equal time intervals and the vectors
represent the velocity of the object at these times, we can construct a situation to match the motion diagram.

Solve: Rahul was coasting on interstate highway [-44 from Tulsa to Springfield at 70 mph. Seeing an accident at a
distance of 200 feet in front of him, he began to brake. What steady deceleration will bring him to a stop at the
accident site?

Assess: Since the position dots are initially equally spaced and the first few velocity vectors have the same length,
this is consistent with Rahul initially traveling at a constant velocity. The fact that the dots get closer together and the
velocity vectors get shorter is consistent with Rahul’s braking. The fact that there is no velocity vector associated
with the last dot is consistent with the fact that he braked to a stop.

P1.47. Prepare: Knowing the dots represent the position of an object at equal time intervals and the vectors
represent the velocity of the object at these times, we can construct a situation to match the motion diagram.

Solve: Reema passes 3rd Street doing 40 mph, slows steadily to the stop sign at 4th Street, stops for 1 s, then speeds
up and reaches her original speed as she passes 5th Street. If the blocks are 50 m long, how long does it take Reema
to drive from 3rd Street to 5th Street?

Assess: The statement that Reema slows to a stop in one block and regains her initial velocity in one block is
consistent with the symmetry of the position dots and the velocity vectors about the stop position.

P1.48. Prepare: Knowing the dots represent the position of an object at equal time intervals and the vectors
represent the velocity of the object at these times, we can construct a situation to match the motion diagram.

Solve: A race car slows down from an initial speed of 100 mph to 50 mph in order to negotiate a tight turn. After
making the 90° turn the car accelerates back up to 100 mph in the same time it took to slow down.
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Assess: The statement that the car slows down and speeds up in the same time is consistent with the symmetry of the
spacing of the position dots and the length of the velocity vectors of the car going into and coming out of the curve.
The statement that the car takes the curve at a constant speed is consistent with the fact that all the velocity vectors
have the same length as the car negotiates the curve.

P1.49. Prepare: Knowing the dots represent the position of an object at equal time intervals and the vectors
represent the velocity of the object at these times, we can construct a situation to match the motion diagram.

Solve: A bowling ball is at rest at the top of an incline. You nudge the ball giving it an initial velocity and causing it
to roll down an incline. At the bottom of the incline it bounces off a sponge and travels back up the incline until it
stops.

Assess: The statement that you give the ball an initial velocity is consistent with the fact that the start position dot
has a velocity vector. The statement that the ball rolls down the incline is consistent with the fact that the dots are
getting farther apart and the velocity vectors are increasing in length. The statement that the ball bounces off a
sponge is consistent with the fact that ball does not bounce back to its original position.

P1.50. Prepare: Knowing the dots represent the position of an object at equal time intervals and the vectors
represent the velocity of the object at these times, we can construct a situation to match the motion diagram.

Solve: Phil is standing on a third floor balcony, 10 m above the ground. He throws a ball with a speed of 20 m/s at
an upward-angle of 30°. Where does the ball hit the ground?

Assess: The statement that the ball is kicked from the third floor and lands on the ground is consistent with the
difference in heights of the start and end positions. Knowing that the ball slows down on the way up and speeds up
on the way down is consistent with the fact that the position dots get closer together and the velocity vectors get
shorter on the way up and the position dots get farther apart and the velocity vectors longer on the way down.

P1.51. Prepare: Given the speed of light (3.0x10% m/s) and a time of (1.0 ns), we are asked to compute the
distance light can travel in the given time. To solve the problem, two preliminary unit conversions will be helpful:
1.0ns=1.0x10" s and 1m=39.37 in

Solve:
__ distance traveled in a given time interval

speed —
time interval

Solving for distance, obtain

distance:(speed)(time):(3.0><108 2j(l.o ns)(1.0x10‘9i](39.372j=12 in

] ns m
Assess: Notice that nanoseconds, seconds, and meters cancel out neatly, leaving the desired distance (in). Think
about the answer: In a billionth of a second light can go 1 foot; this is a useful tidbit to tuck into your brain. Just as
we express large astronomical distance in terms of “light years” (a unit of distance—not time; the distance light

travels in a year), we can now somewhat whimsically refer to a foot as a “light nanosecond.”

P1.52. Prepare: The “mile markers” on a highway indicate the position on the highway relative to an origin.
Solve: The car’s speed is given by the total distance traveled during a time interval divided by the time interval. In
this case, Joe has traveled between mile marker 101 and mile marker 119. This means he has traveled a total distance
of 119 mi—101 mi =18 mi in that time interval. He passes the first mile marker at 10:45 A.M., and the second at
11:00 A.M. This is a time duration of 15 minutes, which is ¥4 hour. So Joe’s speed is

18 mi

speed =———— =72 mph
e = 025 h P

Assess: This is breaking the freeway speed limit in some states.

P1.53. Prepare: Given a distance (32 mi) and a time (45 min) we are asked to compute the required speed. Since
we want the answer in mph, a preliminary unit conversion will be helpful: 45 min=0.75 h.
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Solve:

distance traveled in a given time interval 32 mi
speed = =

— =43 mph
time interval 0.75h

Assess: This is, of course, the slowest speed Alberta could drive and still arrive in time; any faster speed would
simply get her there earlier.

P1.54. Prepare: The speed of the glacier has been given in feet per year. It is just a matter of unit conversion to get
it into m/s.
Solve: The speed of the glacier in m/s is determined as follows:

. 105 ft (121nj[2.54cmj Im ( lyr j=1.0X10_6m/s
yr ft lin  J{100em {3.16x107 s

Assess: All of the unit conversions are correct, after units are canceled we obtain the desired units (m/s) and we are
expecting a very small number.

P1.55. Prepare: Knowing that speed is distance divided by time, the distance is the circumference of a circle of
radius 93,000,000 miles and the time is one year, we can determine the speed of the earth orbiting the sun. In order to
get an answer in m/s, some unit conversion will be required.

Solve: The speed of the earth in its orbit about the sun may be determined by

. 7 3
=dls-tance=ﬂ=27r(9.3x10 mi) 1yr _ 1.61x19 M3 0x10% m/s
time t 1yr 3.16x10" s I mi

Assess: All of the unit conversions are correct, after units are canceled we obtain the desired units (m/s) and we are
expecting a large number.

P1.56. Prepare: According to her speedometer, Shannon is traveling 70 mph. Knowing that mile markers are 1 mi
apart and knowing that she travels the distance between two markers in 54 s, we can determine her speed and
compare it to the value from the speedometer to see if her speedometer is accurate.

Solve: Her actual speed in mph may be determined by

,_ distance _(1 mij[3.6><102 s

m hr

Since Shannon’s speedometer reads 70 mph and her actual speed is 67 mph, we conclude that her speedometer is not
accurate. It shows a value that is too high.

Assess: This is a reasonable answer—your speedometer is intended to give you a good estimate to your actual speed.
Her speedometer is reading within 5% of the true value and rumor has it that the highway patrol will allow up to 10%
on a good day. A well-calibrated speedometer could be this much off by changing the size of the tires.

: J =67 mph
time

P1.57. Prepare: Knowing that speed is distance divided by time, the distance is the speed multiplied by the time.
15 min="% h.
Solve:
(a) The distance traveled during the % hour is
distance = speed X time = (100 km/h)(0.25 h) =25 km

(b) Since the circumference of the track is 12.5 km, then the car goes completely around the track exactly twice in
covering 25 km. Hence, the displacement from the initial position is 0 km.

(¢) The speed of the car is
pe lOOk—m 1000 m 1h. 1 min — 28 m/s
h 1 km 60 min )\ 60 s

Assess: 28 m/s seems like a reasonable speed for a fast car.

P1.58. Prepare: Knowing the speed the signal travels (approximately 25 m/s) and estimating the distance from
your brain to your hand to be about 1.0 m, we can determine the transmission time. Some unit conversion will be
required to get the answer in ms.
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Solve: The transmission time for the signal may be determined by
. 3
tzdlstancez( Im J[IO ms]=40mS

speed 25 m/s S

Assess: When you touch something very hot, it takes a fraction of a second to remove your hand. Keeping in mind,
that in this case the signal must make a round trip, the answer, while very small, seems reasonable.

P1.59. Prepare: Knowing the distance and time to travel that distance, we can determine the speed. Since we lack
detailed information about the flight, and knowing that the flight is made by a bird, it is conceivable that its actual
path darted back and forth and maybe even backtracked at times. If that is the case its actual distance of travel and
hence average speed would be larger.

Solve: (a) The minimum average speed of the albatross may be determined by

. 3 i
,_ distance :[1.2><10 km][ldayj(o.&lml}:zz mph

time 1.4 day 24 hr 1 km

(b) The average speed of the bird is 22 mph if it flies in a straight line between the end points. If the bird deviates
from this line, the average speed will have to be greater than 22 mph in order to have the 1200 km displacement in
1.4 days.

Assess: You can ride a bike 10 to 15 mph and while you are riding your bike, birds easily fly past you. In light of
that this is a reasonable answer.

P1.60. Prepare: We will need to convert to SI units throughout the problem.
Solve: (a) The length is given as 2 ym = 2x107° m (using the data from Table 1.2)
(b) The diameter is 1 gm= 1x107% m (using the data from Table 1.2)
(¢) The mass is given as 1x107'2 g = (1107 g)(1 kg/1000 g) = 1x107"> kg
(d) The length of the bacterium’s DNA is given as 700 times longer than the bacterium’s length. Therefore the
length of DNA is (700)(2 % 107 m)=1x 107> m. We need to convert this to millimeters.

13107 m=1x10" m(Mlemm

Im

(e) The organism travels at 20 um/s. Assume this is given to two significant figures. Converting to m/s,
V=20 um/s =2.0x10™ mJs.
A day is

1 day =(1 day)(&j( 60 min j(@] =86,400's
d h min

So the bacterium travels
Ax =vAt = (2.0><10_5 2j(86 400s)=1.7m
S

Assess: Use the method of multiplying by one to help keep track of multiple unit conversions.

P1.61. Prepare: Assume that the bacterium moves along the path to consecutive letters.

Solve: (a) The displacements in segments AB and CD are the same (five right and one up). No other pairs appear to
be the same.

(b) The problem explicitly stated that the bacteria move at a constant speed, so the answer is all of the segments.

(c) Since the displacements in segments AB and CD are the same (and the bacterium had the same speed in both
segments, i.e., At is the same for both segments), then the velocity is the same in those two segments. Since no other
pairs of segments have the same direction, they can’t have the same velocity.

Assess: Remember that both displacement and velocity are vectors, so the direction matters. Only the length
(magnitude) matters with speed since it is a scalar.
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P1.62. Prepare: The best way to prepare for this problem is to draw a diagram. In the triangle, the height / of the
tree that we want to know is the side opposite to the given angle.

Solve:
tan 6 = opPos1te
adjacent
opposite = adjacent X tan 6
h=52mxtan30°=30m

Assess: The shadow is longer than the height of the tree because the sun is low in the sky.
P1.63. Prepare: Draw a diagram of the situation. Note the right triangle.

920 m

(
360 m

Solve: Use knowledge about right triangles from trigonometry.
(a) The angle of the path below the horizontal is

6 = arctan 360m =21°
920 m
(b) The distance d covered is

d= \/(360 m)? +(920 m)> =988 m
which should be reported as 990 m to two significant figures. We keep one more significant figure to use in the next
step.
(¢) The seal’s speed is

ve dlsj[ance _ 988 m 1 min — 41 m/s
time 4.0 min )\ 60 s

Assess: Because the seal descended less than the horizontal distance we expect the angle to be less than 45 degrees.

P1.64. Prepare: A simple diagram will allow us to visualize the problem and enhance the possibility of obtaining a
correct solution.

side

Adjacém side

Start here Lift off
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Solve: (a) Looking at the previous figure, we see that after the plane has traveled 3000 m along the new trajectory,
its altitude is the opposite side of the triangle and is given by

height = (3000 m)(sin3.0°) =1.6Xx 10> m

(b) Looking at the preceding figure, we see that the horizontal distance from the initial position is 3000 m plus the
adjacent side of the triangle:

Total horizontal position =3000 m + (3000 m)cos3.0°=5.6x1 0°m
Assess: It should be noted that the diagram (as is usually the case) made it obvious what to do to obtain the answer.

P1.65. Prepare: Draw a diagram of the situation. Note the right triangle.

Solve: Use knowledge about right triangles from trigonometry.
(a) The horizontal distance x is
50 m
X =
tan13°
This should be reported as 220 m to two significant figures.

=216.6 m

(b) The distance d covered is

d =+/(50 m)? +(216.6 m)? =222.3 m
which should be reported as 220 m to two significant figures. We keep two more significant figures to use in the next
step.
(¢) The time it takes the shark is

. distance [ 2223 m
time = =

0.85 m/s

Assess: 260 s is just over 4 min, which is impressive but reasonable.

J =260 s
speed

P1.66. Prepare: Draw a right triangle with legs of length 3 and 4. The hypotenuse will have a length of 5. While
we are given the time of flight for the legs, we are not actually told what the speed is, so we don’t really know the
exact distance, but since the speed is constant we know the ratios of the sides of the triangle are as given.

Solve: The bird will fly for 3.0 min +4.0 min + 5.0 min =12.0 min.
Assess: The diagram explains everything. The third side of the triangle is less than the sum of the first two sides.
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P1.67. Prepare: Since during part of the motion John is traveling north and then turns east, the rules of vector
addition will be used to determine the net displacement.
Solve: (a) The vectors form a right triangle. See the following vector diagram.

B D, C

net

The length of the net displacement vector is

AC=VAB +BC” =+/(1.00 km)? +(1.00 km)* =1.41 km

(b) Jane walks along John’s net displacement vector, so she only travels 1.41 km, while John travels a total distance
of 2.00 km. Since he travels at 1.50 m/s during the entire stroll, the time John takes to get to his destination is
2000 m

1.50 m/s

For Jane to walk 1.41 km in this time, her velocity would need to be

Ve =20 06 s

1.33x10% s

Assess: Jane must walk slower than John to walk the shorter distance in the same time, so the answer makes sense.
For displacements in different directions you must use the law of vector addition.

fiohn = =1.33x10%

P1.68. Prepare: Assume that the growth is steady, at least for the first three years.
We will subtract any two heights and divide by the corresponding time interval.
Solve:
v:30ft—12ft :ﬁ:gﬁ
3yr—lyr  2yr yr
So the correct answer is B.
Assess: You should get the same answer by choosing other values, such as year 2 and year 1. Try it.

P1.69. Prepare: We must convert ft/yr to m/s.
Solve: The tree grows at 9 ft/yr, so

9£= 9ft ) 0.305m 1yr 1day lh- 1 min —9%10~® m/s
yr \yr 11t 365days )\ 24h )\ 60 min )| 60s

The correct answer is A.
Assess: Use the method of multiplying by one to keep track of conversion factors.

P1.70. Prepare: Draw a diagram and label the sides and the angle you want to know.

30 ft

15 ft
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Solve:

opposite
tan @ = L
adjacent

0 = tan"! opposne — tan-"! 30 ft —63°
adjacent 151t
The correct answer is A.

Assess: Imagine holding your protractor to your diagram and convince yourself that 63° is in the right ballpark.
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