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 15. INTERPRET For this problem, we need to divide a 1-cm length by the given diameter of the hydrogen atom to 
find how many hydrogen atoms we need to place side-by-side to span this length. 
DEVELOP We first express the quantities of interest (diameter of a hydrogen atom and 1-cm line) in the same 
units. Since a nanometer is 910  m− (Table 1.1), we see that 10

H
0.1 nm 10  m.d

−= =  In addition, 21 cm 10  m.−=  
EVALUATE The desired number of atoms n is the length of the line divided by the diameter of a single atom: 

2
8

10

10  m
10

10  m
n

−

−= =  

ASSESS If 1 cm corresponds to 810 hydrogen atoms, then each atom would correspond to 10!8 cm = 10!10 m = 0.1 
nm, which agrees with the diameter given for the hydrogen atom. 

 16. INTERPRET This problem asks us to calculate the length of the arc described by the given angle and radius. 
DEVELOP Figure 1.2 gives the relationship between angle θ in radians, arc s, and radius r, and shows that the 
angle in radians is simply the (dimensionless) ratio of arc to radius (θ = s/r). Reformulating this equation to give s 
in terms of θ and r, we find s = θ r. 
EVALUATE Inserting the given values into the equation for arc length s gives  

( )( )1.4 rad 8.1 cm 11cms rθ= = =  

where we have used the fact that radians are a dimensionless quantity and so do not need to be retained in the 
solution. 
ASSESS Because the given quantities are known only to two significant figures, we round the answer down to the 
same number of significant figures. 

 17. INTERPRET For this problem, we are looking for an angle subtended by a circular arc, so we will use the 
definition of angle in radians (see Fig. 1.2).  
DEVELOP From Fig. 1.2, we see that the angle in radians is the circular arc length s divided by the radius r, or 

/ .s rθ =  
EVALUATE Inserting the known quantities (s = 2.1 km, r = 3.4 km), we find the angle subtended is  

2.1 km
0.62 rad

3.4 km

s

r
θ = = =  

Using the fact that rad 180 ,π = °  the result can be expressed as  

180
0.62 rad (0.62 rad) 35

rad
θ

π
! "°= = ≈ °# $
% &

 

ASSESS Because a complete circular revolution is 360 , 35° °  is roughly 1/10 of a circle. The circumference of a 
circle of radius r = 3.4 km is 2 (3.4 km) 21.4 km.C π= = Therefore, we expect the jetliner to fly approximately 
1/10 of C, or 2.1 km, which agrees with the problem statement. 

 18. INTERPRET We must convert from speed in m/h to speed in m/s and ft/s. Because speed contains two units 
(length and time) we must convert both to convert the speed. 
DEVELOP From Appendix C we find the following conversion equations: 
1 mi 1609 m 5280 ft; 1 h 3600 s.= = =  
EVALUATE Using the conversion equations, we can convert mi/h into the desired units. (a) In m/s, the car is 
moving at 

mi
35.0 mi/h 35.0=

h

1609 m

1 mi

! "
# $# $
% &

1

1 h

=

! "
# $
% &

!"#"$
1

15.6 m/s
3600 s

=

! "
=# $# $

% &

!"#"$

 

(b) In ft/s, the car is moving at 

mi
35.0 mi/h 35.0=

h

5280 ft

1 mi

! "
# $# $
% &

1

1 h

=

! "
# $
% &

!"#"$
1

51.3 ft/s
3600 s

=

! "
=# $# $

% &

!"#"$

 

ASSESS Note that each conversion factor is simply another way to express unity. Also note that the speed is 
larger in ft/s than in m/s, which is reasonable because feet are shorter than meters. 
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 19. INTERPRET For this problem, we must convert the weight of the letter in ounces to its mass in grams.  
DEVELOP Two different units for mass appear in the problem—ounces and grams. The conversion from ounces 
to grams is given in Appendix C (1 oz = weight of 0.02835 kg). 
EVALUATE The maximum weight of the letter is 1 oz. Using the conversion factor above, we see that this 
corresponds to a weight of 0.02835 kg, or 28.35 g. Because the weight in oz is given to a single significant figure, 
we must round our answer to a single significant figure, which gives 30 g (or 3 × 101 g). 
ASSESS The conversion factor between oz and g may be obtained based on some easily remembered conversion 
factors between the metric and English systems (e.g., 1 lb = weight of 0.454 kg, and 1 lb = 16 oz). 

 20. INTERPRET This problem involves calculating the number of seconds in a year, and comparing the result to π × 
107 s.  
DEVELOP From Appendix C we find that 1 y = 365.24 d, and that 1 d = 86,400 s. 
EVALUATE Using the conversion equations above, we find that one year is 

1 y 1 y= ( ) 365.24 d

1 y

86400 s

1 d

! "
# $
# $
% &

73.16 10 s
! "

= ×# $
% &

 

The percent difference e between this result and π × 107 s is 

( ) ( )
7 7

7

3.16 10 s 3.14 10 s
100% 0.446%

3.16 10 s
e

× − ×
= =

×
 

where the result is given to 3 significant figures to match the 3 significant figures of the input (86,400 s/d). 
ASSESS! To calculate the percent error, we take the difference between the correct result and the erroneous result 
and divide this difference by the correct result. 

 21. INTERPRET For this problem, we must express a given volume (1 m3) in units of cm3.  
DEVELOP Because volume has dimension of (length)3, the problem reduces to converting m to cm. The 
conversion equation is 1 m = 100 cm, so the conversion factor to convert m to cm is 1 = (100 cm)/(1 m). 
EVALUATE Using this conversion factor, we obtain  

31 m 1 m= ( )3 100 cm

1 m

1

3

6 3

1

10 cm

=

=

! "
=# $

% &

!"#"$

%"&"'

 

ASSESS Another way to remember this relationship is to note that 1 3m = 1000 liters, and 1 liter = 1000 3cm , so 
1 m3 = 1000 × 1000 cm3 = 106 cm3. 

 22. INTERPRET We are asked to convert carbon emission in exagrams to the more familiar tons, where 
1 t 1000 kg= . 
DEVELOP The emission is given as roughly 0.5 Eg, which from Table 1.1 is 180.5 10 g× . 
EVALUATE The mass of carbon emissions in tons is  

 ( ) ( )18 120.5 10 g 1 kg /1000 g 1 t /1000 kg 0.5 10 tm = × = ×  

ASSESS A half trillion tons of carbon dioxide is hard to fathom.  

 23. INTERPRET For this problem, we have to convert units of volume and units of area. We are told the coverage of 
the paint (in English units) is 350 ft2/gal. 
DEVELOP From Appendix C, we find the following conversion equations: 

3 3

2 2 2

1 gal 3.785 10  m 3.785 L

1 ft 9.290 10  m

−

−

= × =
= ×

 

Thus, the conversion factors are 1 = 3.785 L/gal and 1 = 0.09290 m2/ft2. 
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There's no point in keeping more than one significant figure, since all these are rough estimates. Note that this 
mass is equal to 200 tons, which is maybe 20 or so truck loads. That sounds about right. 

Next, we need to estimate how much tree wood is required. We're told that half of the paper is recycled, and 
the other half comes from new wood pulp. We'll assume that it takes one gram of tree wood to make one gram of 
newspaper (neglecting the mass of paper additives and ink). We can describe this as a conversion efficiency of one. 
Therefore, the total mass of wood in one day's printing is 

 ( ) ( ) 81
w p2

1 10 gM M= =  

The last thing we need to estimate is the amount of wood per tree. We'll assume each tree is a 10-meter-high cone 
with a radius of 10 cm at the bottom. The volume of a cone is 1 2

3
V r hπ= . To convert this volume to mass, we 

need the density of wood. Since wood floats, it must have a density slightly less than water ( )ρ = 31 g/cm , so for 
simplicity we'll assume the two are equal. The mass of a single tree is then 

 ( ) ( ) ( )( )213 5

w 3
1 g/cm 10 cm 10 m 10 gm Vρ π= = =  

EVALUATE The total number of trees needed to print one day's worth of a big city newspaper is the total mass of 
wood divided by the mass of one tree  

 
8

w

5

w

10 g
1000

10 g

M
N

m
= = =  

ASSESS Does this sound right? Some references say that a cord of wood produces 2700 copies of newspaper. A 
cord is about 2 tons. How many trees to a cord depends on their size, but if we assume 30 trees to a cord, then this 
would imply just under 3000 trees to print out a day's worth of a big city newspaper.  

 37. INTERPRET This problem requires us to make a rough, “order-of-magnitude” estimate, instead of a finding a 
precise numerical answer. Thus, although answers may vary, they should be within an order of magnitude of the 
given answer. 
DEVELOP For problems that involve rough estimates, various assumptions typically need to be made. Such 
assumptions must be physically motivated with reasonable order-of-magnitude estimates. We shall assume that 
there are 300 million people in the United States, and that each person drinks 250 ml = 0.250 kg of milk per day.  
EVALUATE Based on the assumption above, the amount consumed per year would be approximately  

6(300 10 )(365 d× /y)(0.250 kg/ d 10) 3 10  kg/y≈ ×  

Dividing this by the average annual production of one cow, we estimate the number of cows needed to be 
10

6

4

3 10  kg/y
3 10

10  kg/y
N

×= = ×  

ASSESS There are currently approximately 9 million milk cows in the United States. Based on our estimate, we 
do not expect any shortage of milk in the near future.  

 38. INTERPRET This problem asks us to compare the size of the Earth to that of the Sun by finding how many Earth 
volumes would fit into a single Sun volume.  
DEVELOP From Appendix E, we find that the radius of the Earth is 6.37 × 106 m, and the radius of the Sun is 696 
× 106 m. Recall that the volume V of a sphere is V = (4/3)πr3, where r is the radius of the sphere. 
EVALUATE The number N of Earths that would fit into the Sun is  

( )
( )

6
3 3

SunSun Sun

3 3

Earth Earth Earth

696 104 3

4 3

rV r
N

V r r

π
π

×
= = = =

m( )3

66.37 10× m( )
6

3
1.30 10= ×  

ASSESS Thus, a little over a million Earths could fit into the Sun. 

 39. INTERPRET This problem calls for a rough estimate. The quantities of interest here are the total rate of energy 
consumption (i.e., power consumption) and the area needed for solar cells. The electrical power consumed by the 
entire population of the United States, divided by the power converted by one square meter of solar cells, is the 
area required by this question.  
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DEVELOP For problems that involve rough estimates, various assumptions typically need to be made. Such 
assumptions must be physically motivated with reasonable order-of-magnitude estimates. Note that we will be 
required to convert all data regarding power to kW, and that we must express length in common units.  
EVALUATE  Assume there are 300 million people in the United States, and that the power consumption for each 
person is 3 kW (a per capita average over 24 h periods of all types of weather), then the total power consumption Ptot 
is  

6 8

tot
300 10 3 kW 9 10  kWP = × × = ×  

For a solar cell with 20% efficiency in converting sunlight to electrical power, the power-yield Psc per unit area A 
is ( )sc / 0.20 300 WP A = ( )2 3/m 10 kW/ W−( ) 20.060 kW/m .= Therefore, the total area Atot needed is 

8
10 2tot

tot 2

sc

9 10  kW
1.5 10  m

/ 0.060 kW/m

P
A

P A

×= = = ×  

The land area of the continental United States AUS can be approximated as the area of a rectangle the size of the 
distance from New York to Los Angeles by the distance from New York to Miami, 
or 7 2

US (5000 km) (2000 km) 10  km .A ≈ × = From Table 1.1, we know that 1 km = 103 m, or 1 = 10!3 km/m. Then 
the fraction of area to be covered by solar cells would be 

10 2

tot

US

1.5 10  mA

A

×≈
7 210  km

310 km−! "
# $
# $
% & 1 m

1

2

31.5 10

=

−! "
= ×# $

% &

!""#""$

 

or approximately 0.15%.  
ASSESS This represents only a small fraction of land to be used for solar cells. The area Atot is comparable to the 
fraction of land now covered by airports. 

 40. INTERPRET This problem calls for a rough estimate instead of a precise numerical answer. Answers will differ 
depending on the assumptions used, so each assumption should be explained. We are asked to estimate the number 
of piano tuners in Chicago using publicly available information (population, tuning frequency, etc.). 
DEVELOP Assume that each piano tuner takes 2 hours to tune a piano, and works an 8-h day for 50 weeks per 
year. In one year, each piano tuner could then tune a number Np of pianos given by 

( )( )( ) 1

p

8 h 5 d w 50 w y
1000 y

2 h
N

−= =  

We can furthermore assume that the percent of people that play the piano in Chicago mirrors the figure for the 
entire United States, which is 20 million (out of 300 million), and that each piano-playing person owns a piano and 
has it tuned each year. Given that the population of Chicago is about 3 million, the number of pianos Nt that need 
tuning each year is 

6 1 5 1

t

20
3 10 y 2 10 y

300
N

− −= × = ×  

EVALUATE Based on the above assumptions, the number N of piano tuners in Chicago is  
5 1

t

1

p

2 10 y
200

1000 y

N
N

N

−

−
×= = =  

ASSESS Thus, we can be fairly confident that Chicago counts several hundred piano tuners among its citizens.  

 41. INTERPRET  This problem calls for a rough estimate instead of a precise numerical answer. Answers will differ 
depending on the assumptions used, so each assumption should be explained. We are asked to estimate the rate 
(volume per unit time) at which water flows over the Niagara Falls, and the time it would take for Lake Eerie to 
rise 1 m if the falls were shut off. 
DEVELOP For problems that involve rough estimates, various assumptions typically need to be made. Such 
assumptions must be physically motivated and explained.  
(a) The discharge of Niagara Falls (i.e., the volume V flowing per unit time over the falls) is the current speed 
multiplied by the cross-sectional area of the channel, D = vA (see Section 15.4). A road map of Niagara Falls 
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 44. INTERPRET The problem asks us how lucky you would have to be to randomly guess a credit card number. This 
probability is the number of valid credit card numbers divided by the number of possibilities. The pool of 16-digit 
numbers contains 1016 numbers. All we have to do then is estimate how many of these are valid. 
DEVELOP The U.S. population is around 300 million. Not every American has a credit card, but some of them 
have more than one. Let's simply assume that there are 300 million valid credit card numbers out there. 
EVALUATE The probability of randomly picking a valid credit card number is  

6
8valid

16

total

300 10
10

10

N
P

N

−×= ≈ !   

ASSESS One out of 100 million is not very likely, so credit card thieves use something more than just luck. 

 45. INTERPRET This problem calls for a rough estimate instead of a precise numerical answer. The quantity of 
interest here is the thickness of the bubble made from the bubble gum. 
DEVELOP For problems that involve rough estimates, various assumptions typically need to be made. Such 
assumptions must be physically motivated and explained. The volume V of the bubble (a thin spherical shell) is V = 
4πr2d where r is the radius and d r<< is the thickness. The mass m of such a bubble is the volume multiplied by 
the density, and this mass must equate with the mass (i.e., 8 g) of the wad of bubble gum. Thus, we can equate 
these two expressions for the mass of the bubble gum and solve for the thickness d of the bubble. Recall that the 
radius r = D/2 = 5 cm, where D is the diameter (D = 10 cm). 
EVALUATE With these assumptions, the thickness of the bubble is 

( ) ( )

2

2 2 3

4

8 g
0.025 cm

4 4 5 cm 1 g / cm

m V r d

m
d

r

ρ π ρ

π ρ π

= =

= = =  

ASSESS The thickness of the bubble is very small. But our estimate is reasonable. Four layers of bubble-gum 
bubble would be about 1-mm thick. Note that this solution assumes that the bubble gum density does not change in 
going from the wad in the package to the chewed gum in the mouth. Is this assumption reasonable?  

 46. INTERPRET After giving us several astronomical parameters, this problem asks us to calculate the size of the Sun 
relative to the Moon and the absolute size of the Sun. 
DEVELOP  Because the Moon just covers the Sun during a solar eclipse, the Moon and the Sun must subtend the 
same angle when viewed from the Earth. From Fig. 1.2 we know that θ = s/r, where s is the subtended arc and r is 
the radius. For r s" , the arc subtended may be approximated by a straight line, and so may be taken as the 
diameter of the Moon and the Sun for this problem. Thus, we have θ = dS/rS = dM/rM, where the subscripts S and M 

refer to the Sun and the Moon, respectively. 
EVALUATE Inserting the given distances to the Sun and the Moon, the ratio of their diameters is  

8

5

1.5 10 km
375

4 10 km

S M

S M

S S

M M

d d

r r

d r

d r

=

×= = =
×

 

Rounding this result to a single significant figure gives 400 as the final result. Thus, the Sun has about 400 times 
the diameter of the Moon. If the Moon’s radius is 1800 km, then the Sun’s radius is  

( )( ) 51800 km 375 6.75 10 kmS

S M

M

r
d d

r
= = = ×  

Rounding this result to a single significant figure gives 7 × 105 km as the final radius of the Sun. 
ASSESS Notice that we retained more significant figures than warranted when we entered the result of the 
intermediate calculation into the final calculation. However, at the end of each calculation, we rounded the result to 
the correct number of significant figures. The angle subtended by each object is (using data for the Moon)  

θ = dM/rM = (3600 km)/(4 × 105 km) = (4.5 × 10!3 rad)(180°/π rad) = 0.5° 1-12 Chapter 1 
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 47. INTERPRET This is a problem that calls for a rough estimate, instead of a precise numerical answer. The 
quantities of interest here are the size of the electronic components on a PC chip, and the number of calculations 
that can be performed each second. 
DEVELOP The area of each component is the area of the chip divided by the number of components. We’ll take 
the square root of that to get the component size comp compd A= . For part (b), to estimate the number of 
calculations performed per second, we take the inverse of how long it takes to do one calculation. We are told that 
one calculation requires that an electric impulse traverse 104 components each one million times. The time it takes 
to traverse one component is the distance across one component divided by the velocity, comp comp /t d v= . We 
assume the velocity is approximately the speed of light. 
EVALUATE  (a) The area of each component is 

( )2

chip 14 2

comp 9

comp

4 mm
1.6 10 m

10

A
A

N

−= = = ×   

Assuming the component is square 
14 2 7

comp comp 1.6 10 m 1.3 10 m 0.1 md A µ− −= = × = × ∼  

(b) The time to do one calculation is the number of components to be traversed, multiplied by the number of 
traversals, and then multiplied by the time to traverse one component 

 ( )( )
7

comp4 6 10 10 6

calc comp 8

1.3 10 m
10 10 10 10 4.2 10 s

3 10 m/s

d
t t

v

−
−×= = = = ×

×
 

This means the chip can do 52 10× calculations per second. 
ASSESS The number of calculations per second is often referred to as FLOPS (Floating Point Operations Per 
Second). The performance of the above chip is 200,000 FLOPS. Modern supercomputers use parallel computing to 
perform at the level of more than a trillion FLOPS (or TFLOPS).  

 48. INTERPRET This problem calls for a rough estimate, instead of a precise numerical answer. We are asked to 
estimate the number of atoms and cells in the human body. 
DEVELOP Human tissue is mostly water, so for a rough estimate we can consider the human body to contain about as 
many atoms as an equivalent mass of water. One mole of water (H2O) is 18 g and contains Avogadro’s number of 
molecules (NA = 6 × 1023). Because H2O has 3 atoms per molecule, the number n of atoms per kg water is about 

233 6 10

18 g
n

× ×=
310 g

1

26 11 10 kg
kg

=

−
! "

= ×# $
# $
% &

!"#"$

 

To estimate the number of cells in the body, take the size of a red blood cell (= 10 µm, see Table 1.2) as a typical 
cell. Assuming again that the human body is mostly water, the volume VH of a human body can be estimated by 
dividing its mass m = 60 kg by the density ρ = 1 gm/cm3 of water, or  

H

60 kgm
V

ρ
= =

1 g

3

3

10 g

/cm

! "
# $
# $
% & kg

1

4 36 10 cm

=

! "
= ×# $

# $
% &

!"#"$

 

EVALUATE (a) Assuming that the mass of the average human is m = 60 kg, we find that the number Na of atoms 
in the human body is approximately  

( )( )26 1 27

a
60 kg 1 10 kg 6 10N mn

−= = × = ×  

(b) To estimate the number Nc of cells in the human body we divide the volume VH by the volume Vb = (10 µm)3 of 
a red blood cell. This gives  

4 3

H

c

b

6 10 cmV
N

V

×= =
10 !m( )

4

3

10 !m

cm

1

3

136 10

=

! "
= ×# $

# $
% &

!"#"$

 

ASSESS Conventional wisdom claims that the human body has about 1013 cells, so our estimate for part (b) seems reasonable. 
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 53. INTERPRET This problem involves converting between different units and retaining the correct number of 

significant figures.  

DEVELOP First convert the values given in mm to m using the conversion1 mm = 310− m, or 1 = 10!3 m/mm, 

then apply the rules for significant figures given in the chapter: When multiplying or dividing, report your answer 

with the number of significant figures in the least-precise factor. When adding or subtracting, report your answer to 

the least-precise decimal place.  

EVALUATE  (a) To the least-precise decimal place, we have 

1.0 m 1 mm+ ( )
310 m

mm

−

1 m 0.001 m = 1.001 m 1.0 m
! "

= + =# $% &
  

(b) The least-precise factor, 1 m, has one significant figure, so we find 

( )1.0 m 1 mm( )
310 m

mm

−
20.001 m

! "
=# $

% &
 

(c) The second decimal place in 1.0 m is the least precise so 

1.0 m 999 mm− ( )
310 m

mm

−

1

1.0 m 0.999 m 0.001 m 0.0 m

=

! "
= − = =# $

% &

!"#"$

 

(d) Again, 1.0 m has two significant figures, so we find 

1.0 m

999 mm

310 mm! "
# $
% & m

1.0
1.001001  1.0 .

0.999

! "
= = =# $

% &
%  

ASSESS It is important to note that sometimes the answer you get, to the right precision, is unchanged! It might 

help to think of this in terms of money: If you’re a millionaire, and you drop a nickel down a storm drain, you’re 

still a millionaire. 

 54. INTERPRET This problem involves dividing the area of the chip by the area of a single electronic component in 
order to verify the number of components on the chip.  

DEVELOP The areas of the chip and a single component are obtained by squaring the given lengths: 5 mm and 32 

nm. Dividing these areas gives an estimate of the number of components. 

EVALUATE The number of components is approximately 

( )
( )

2 23
chipchip 10

2 9

comp
comp

5 10 m
2 10

32 10 m

A
N

A

−

−

! "×= = = = ×# $×% &

&

&
  

This is 20 billion, so the salesperson apparently was not exaggerating when he/she said there were 10 billion 

components. 

ASSESS Our estimate is likely too high, since there may be areas on the chip that don't contain electronic 

components. Regardless, 10 billion appears to be the right order of magnitude. 

 55. INTERPRET  We have to adjust the cost per bag of coffee to include the shipping costs. 

DEVELOP To find the final cost per bag, calculate the total cost for the 6 bags of coffee and then divide by 6. 

EVALUATE The total purchase is 6 bags plus shipping 
 ( )6 $8.95 $6.90 $60.60+ =  

Dividing by the number of bags gives $10.10 per bag. 

ASSESS If the same shipping costs applied to one bag of coffee, then the price per bag would be $15.85. So 

sometimes it pays to buy in bulk. 
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 56. INTERPRET This problem involves converting worldwide energy use into the average individual's power 
consumption.  
DEVELOP The energy used in a year is a quantity with the dimensions of power (energy/time). So all we have to 
do is convert this to the more common power unit of the watt (1 W 1 J/s= ). To get the average per capita energy 
consumption, we will divide by the world population, which is currently around 6.8 billion.  
EVALUATE The worldwide energy consumption in watts is  

 
( )

( )
18

13

7

450 10 J
450 EJ/y 1.4 10 W

10 sπ
×

= = ×
×

 

We have used the approximation for converting years to seconds. Dividing this by the number of people gives 

 
13

9

1.4 10 W
2 kW

6.8 10

× ≈
×

 

ASSESS The United States is said to account for 25% of the world's energy consumption (105 EJ), while 
accounting for about 5% of the world's population (0.3 billion). The U.S. per capita consumption is 11 kW, which 
is the highest in the world.  

 57. INTERPRET  We can use the given cell size and atom size to estimate the number of atoms that fit in a cell and 
then compare that to the number of cells in a body. 
DEVELOP By dividing the diameter of a cell by the diameter of an atom, we can say about how many atoms span the length of 
a cell. But since cells and atoms are three dimensional, we will cube this number to get the number of atoms in a cell.  
EVALUATE The number of atoms in a cell is just the cube of the ratio of diameters 

( )
3 3

3
5 15cell

atom

10 m
10 10

0.1 nm

d
N

d

µ! " ! "≈ = = =# $# $ % &% &
  

We're told the body has about 1014 cells, which is technically less than our calculation for the number of atoms in a 
cell, but these are rough estimates. It's safer to say that the two quantities are about the same. 
The answer is (c). 
ASSESS Does this make sense? A human being is roughly 2 meters tall. This is roughly 100,000 times bigger than 
the diameter of a cell. And we find out here that a cell is roughly 100,000 times bigger than an atom. So yes, it's 
reasonable that the number of cells in the body is about the same as the number of atoms in the cell. 

 58. INTERPRET  We're being asked to use the given cell diameter to calculate the volume. 

DEVELOP Assuming that a cell is spherical, then its volume can be gotten from the diameter, ( )34

3
/ 2V d

π= . 

EVALUATE The cell volume is 
33 6

16 34 4 10 10  m
5 10 m

3 2 3 2

d
V

π π −
−! "×! "= = = ×# $ # $% & % &

  

The closest answer is (b). 
ASSESS If we assume a human being is a cylinder that is 30 centimeters across and 175 centimeters tall, then the 
volume is roughly 0.1 m3. Dividing this by the cell volume tells us that there are roughly 1014 cells in the body, 
which agrees with what is written in the text. 

 59. INTERPRET The problem asks us to estimate the mass of a cell. We can use the previous answer for the volume 
and make some approximation for the cell's density. 
DEVELOP Since living things are mostly water, we can assume that the cell has a density roughly equal to that of 
water ( 31 g/cmρ = ).  
EVALUATE Using the volume from Problem 1.58 and the density of water, the cell mass is 

( )
3

16 3 13

2 3

10 kg
5 10 m 5 10 kg

(10 m)
m Vρ

−
− −

−

! "
= = × = ×# $% &

  

The closest answer is (c). 
ASSESS If we multiply this by the number of cells in the body (1014), we get 50 kg, which is roughly what a 
human weighs.  
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 MOTION IN A STRAIGHT LINE 

EXERCISES 

Section 2.1 Average Motion 

 12. INTERPRET We need to find average speed, given distance and time. 
DEVELOP From Equation 2.1, the average speed (velocity) is /v x t= ∆ ∆ , where x∆  is the distance of the race, 
and t∆  is the time it took Ursain Bolt to finish. 
EVALUATE Plugging in the values, ( ) ( )100 m / 9.58 s 10.4 m/sv = = . 
ASSESS This is equivalent to 23 mi/h. 

 13. INTERPRET We need to find the average runner speed, and use that to find how long it takes them to run the 
additional distance.  
DEVELOP The average speed is /v x t= ∆ ∆  (Equation 2.1). Looking ahead to part (b), we will express this answer 
in terms of yards per minute. That means converting miles to yards and hours to minutes. A mile is 1760 yards (see 
Appendix C). Once we know the average speed, we will use it to determine how long ( /t x v∆ = ∆ ) it would take a 
top runner to go the extra mile and 385 yards that was added to the marathon in 1908. 
EVALUATE (a) First converting the marathon distance to yards and time to seconds  

 

1760 yd
26 mi 385 yd 46,145 yd

1 mi

60 min
2 h 4 min 124 min

1 h

x

t

! "∆ = + =# $
% &

! "∆ = + =# $
% &

 

Dividing these quantities, the average velocity is 372 yd/minv = . 
(b) The extra mile and 385 yards is equal to 2145 yd. The time to run this is  

2145 yd
5.77 min 5 min, 46 s 

372 yd / min

x
t

v

∆∆ = = = =  

ASSESS The average speed that we calculated is equivalent to about 13 mi/h, which means top runners can run 26 
mi marathons in roughly 2 hours. The extra distance is about 5% of the total distance, and correspondingly the 
extra time is about 5% of the total time, as it should be.  

 14. INTERPRET This is a one-dimensional kinematics problem that involves calculating your displacement and 
average velocity as a function of time. There are two different parts to the problem: in the first part we travel north 
and in the second part where we travel south. 
DEVELOP It will help to plot our displacement as a function of time (see figure below). We are given three 
points: the point where we start (t, y) = (0 h, 0 km), the point where we stop after traveling north at (t, y) = (2.5 h, 
24 km), and the point where we return home at (t, y) = (4 h, 0 km). We can use Equation 2.1, v x t= ∆ ∆ , to 
calculate the average velocity. To calculate the displacement we will subtract the initial position from the final 
position. 
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EVALUATE (a) After the first 2.5 hours, you have traveled north 24 km, so your change in position (i.e., your 
displacement) is 0 24 km 0 km 24 km,x x x∆ = − = − =  where the x0 is the initial position and x is the final position. 

(b) The time it took for this segment of the trip is 0 2.5 h 0 h 2.5 ht t t∆ = − = − = . Inserting these quantities into 
Equation 2.1, we find the average velocity for this segment of the trip is  

24 km
9.6 km/h

2.5 h

x
v

t

∆= = =
∆

 

(c) For the homeward leg of the trip, 0 0 km 24 km 24 km,x x x∆ = − = − = − and 0 4.0 h 2.5 h 1.5 ht t t∆ = − = − = , 
so your average velocity is 

24 km
16 km/h.

1.5 h

x
v

t

∆ −= = = −
∆

 

(d) The displacement for the entire trip is 0 0 km 0 km 0 km,x x x∆ = − = − =  because you finished at the same 
position as you started. 
(e) For the entire trip, the displacement is 0 km, and the time is 4.0 h, so the average velocity is 

0 km
0 km/h

1.5 h

x
v

t

∆= = =
∆

 

ASSESS We see that the average velocity for parts (b) and (c) differ in sign, which is because we are traveling in 
the opposite direction during these segments of the trip. Also, because we return to our starting point, the average 
velocity for the entire trip is zero—we would have finished at the same position had we not moved at all! 

 15. INTERPRET This problem asks for the time it will take a light signal to reach us from the edge of our solar 
system.  
DEVELOP The time is just the distance divided by the speed: /t x v∆ = ∆ . The speed of light is 

83.00 10 m/s× (recall Section 1.2).  
EVALUATE Using the above equation 

( )
( )

9

4

8

14 10 mi 1609 m
7.5 10 s 21 h

1 mi3.00 10 m/s

x
t

v

×∆ ! "∆ = = = × =# $× % &
 

ASSESS It takes light from the Sun 8.3 minutes to reach Earth. This means that the Voyager spacecraft will be 150 
times further from us than the Sun. 

 16. INTERPRET We interpret this as a task of summing the distances for the various legs of the race and then dividing 
by the time to get the average speed.  
DEVELOP The average speed is /v x t= ∆ ∆  (Equation 2.1). After summing the distances of the different legs, we 
will want to convert the time to units of seconds. 
EVALUATE The three legs have a combined distance of ( )1.5 40 10 km 51.5 kmx∆ = + + = . The elapsed time is  

 
3600 s 60 s

1 h 58 min 27.66 s 7107.66 s
1 h 1 min

t
! " ! "∆ = + + =# $ # $
% & % &

 

Dividing these quantities, the average velocity is  
51500 m

7.25 m/s
7107.66 s

x
v

t

∆= = =
∆

 

ASSESS In common units, the triathlete's average speed is 16 mi/h. This is faster than the marathoner's pace in 
Problem 2.13, which might seem surprising, but we have to remember that part of the race is on a bike.  

2-2 Chapter 2 

 

© Copyright 2012 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. 

24 km

4.02.5
Time, t (hours)

0

D
is

ta
nc

e,
 x

 (k
m

)

 
EVALUATE (a) After the first 2.5 hours, you have traveled north 24 km, so your change in position (i.e., your 
displacement) is 0 24 km 0 km 24 km,x x x∆ = − = − =  where the x0 is the initial position and x is the final position. 

(b) The time it took for this segment of the trip is 0 2.5 h 0 h 2.5 ht t t∆ = − = − = . Inserting these quantities into 
Equation 2.1, we find the average velocity for this segment of the trip is  

24 km
9.6 km/h

2.5 h

x
v

t

∆= = =
∆

 

(c) For the homeward leg of the trip, 0 0 km 24 km 24 km,x x x∆ = − = − = − and 0 4.0 h 2.5 h 1.5 ht t t∆ = − = − = , 
so your average velocity is 

24 km
16 km/h.

1.5 h

x
v

t

∆ −= = = −
∆

 

(d) The displacement for the entire trip is 0 0 km 0 km 0 km,x x x∆ = − = − =  because you finished at the same 
position as you started. 
(e) For the entire trip, the displacement is 0 km, and the time is 4.0 h, so the average velocity is 

0 km
0 km/h

1.5 h

x
v

t

∆= = =
∆

 

ASSESS We see that the average velocity for parts (b) and (c) differ in sign, which is because we are traveling in 
the opposite direction during these segments of the trip. Also, because we return to our starting point, the average 
velocity for the entire trip is zero—we would have finished at the same position had we not moved at all! 

 15. INTERPRET This problem asks for the time it will take a light signal to reach us from the edge of our solar 
system.  
DEVELOP The time is just the distance divided by the speed: /t x v∆ = ∆ . The speed of light is 

83.00 10 m/s× (recall Section 1.2).  
EVALUATE Using the above equation 

( )
( )

9

4

8

14 10 mi 1609 m
7.5 10 s 21 h

1 mi3.00 10 m/s

x
t

v

×∆ ! "∆ = = = × =# $× % &
 

ASSESS It takes light from the Sun 8.3 minutes to reach Earth. This means that the Voyager spacecraft will be 150 
times further from us than the Sun. 

 16. INTERPRET We interpret this as a task of summing the distances for the various legs of the race and then dividing 
by the time to get the average speed.  
DEVELOP The average speed is /v x t= ∆ ∆  (Equation 2.1). After summing the distances of the different legs, we 
will want to convert the time to units of seconds. 
EVALUATE The three legs have a combined distance of ( )1.5 40 10 km 51.5 kmx∆ = + + = . The elapsed time is  

 
3600 s 60 s

1 h 58 min 27.66 s 7107.66 s
1 h 1 min

t
! " ! "∆ = + + =# $ # $
% & % &

 

Dividing these quantities, the average velocity is  
51500 m

7.25 m/s
7107.66 s

x
v

t

∆= = =
∆

 

ASSESS In common units, the triathlete's average speed is 16 mi/h. This is faster than the marathoner's pace in 
Problem 2.13, which might seem surprising, but we have to remember that part of the race is on a bike.  
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 26. INTERPRET For this problem, we need to calculate the time it takes for the airplane to reach its take off speed 
given its acceleration. Notice that this is similar to the previous problems, except that we are given the velocity and 
acceleration and are solving for the time, whereas before we were given the velocity and time and solved for 
acceleration. 
DEVELOP We can use Equation 2.4, / ,a v t= ∆ ∆  to solve this problem. We can assume the airplane’s initial 
velocity is v1 = 0 km/h, and we are given the final velocity (v2 = 320 km/h), so the change in the airplane’s velocity 
is ∆v = v2 – v1 = 320 km/h. The average acceleration is given as 22.9 m/sa = . Notice that the velocity and the 
acceleration are given in different units, so we will convert km/h to m/s for the calculation. 
EVALUATE Insert the known quantities into Equation 2.4 and solve for the time interval, ∆t. This gives 

3

2

320 km/h 10 m 1 h
31s

2.9 m/s km 3600 s

v
a

t

v
t

a

∆=
∆

! "! " ! "∆∆ = = =# $# $ # $
% & % &% &

 

ASSESS With an average acceleration of 2.9 m/s2, the airplane’s velocity increases by just under 3 m/s each 
second. Given that 320 km/h is just under 90 m/s, the answer seems reasonable because if you increment the 
velocity by 3 m/s 30 times, it will attain 90 m/s.  

 27. INTERPRET The object of interest is the car, which we assume undergoes constant acceleration. The kinematics 
are one-dimensional. 
DEVELOP We first convert the units km/h to m/s, using the conversion factor 

 
km 1000 m 1 h

1 km/h 1 0.278 m/s
h 1 km 3600 s

! "! "! "= =# $# $# $
% &% &% &

 

and then use Equation 2.4, /a v t= ∆ ∆ , to find the average acceleration. 
EVALUATE The speed of the car at 16 s is 1000 km/h, or 278 m/s. Therefore, the average acceleration is 

( ) ( ) 22 1

2 1

278 m/s 0
17 m/s

16 s 0 s

v v
a

t t

−−= = =
− −

 

ASSESS The magnitude of the average acceleration is about 1.8g, where g = 9.8 m/s2 is the gravitational 
acceleration. An object undergoing free fall attains only a speed of 157 m/s after 16.0 s, compared to 278 m/s for 
the supersonic car. Given the supersonic nature of the vehicle, the value of a is completely reasonable. 

Section 2.4 Constant Acceleration 

 28. INTERPRET The problem states that the acceleration of the car is constant, so we can use the constant-
acceleration equations and techniques developed in this chapter. We’re given initial and final speeds, and the time, 
and we’re asked to find the distance. 
DEVELOP Equation 2.9 relates distance to initial speed, final speed, and to time—that’s just what we need. The 
distance traveled during the given time is the difference between x and x0. We also need to be careful with our units 
because the problem gives us speeds in km/h and time in seconds, so we will convert everything to meters and 
seconds so that everything has consistent and convenient units. 
EVALUATE First, convert the speeds to units of m/s. This gives 

3

3

km 10 m 1 h
70 km /h 70 19.4 m/s

h 1 km 3600 s

km 10 m 1 h
80 km /h 80 22.2 m/s

h 1 km 3600 s

! "! "! "= =# $# $# $
% & % &% &

! "! "! "= =# $# $# $
% & % &% &

 

where we have retained more significant figures than warranted because this is an intermediate result. Insert these 
quantities into Equation 2.9 and solve for the distance, x – x0. This gives  

( ) ( )0 0

1 1
( ) 19.4 m/s 22.2 m/s (6 s) 125 m

2 2
x x v v t− = − = + =  
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ASSESS An acceleration of 46 m/s2 or approximately 5g (g = 9.8 m/s2), is typical for rockets during liftoff. This 
enables the rocket to reach a speed of 2.8 km/s in just about one minute.  

 32. INTERPRET This problem asks us to find the acceleration given the initial and final velocities and the time 
interval. 
DEVELOP (a) From Table 2.1, we find Equation 2.7 0v v at= +  contains the acceleration, velocity (initial and 
final), and time. Thus, given the initial and final velocity and the time interval, we can solve for acceleration. The 
initial velocity v0 = 0 because the car starts from rest, the final velocity v = 88 km/h, and the time interval is t = 12 
s. We chose to convert the velocity to m/s, because these will be more convenient units for the calculation. By 
using the data in Appendix C, we find the final velocity is v = (88 km/h)(1000 m/1 km)(1 h/3600 s) = 24.4 m/s 
(where we keep more significant figures than warranted because this is an intermediate result). (b) To find the 
distance travled during the accleration period, use Equation 2.10, which relates distance to velocity (initial and 
final), acceleration, and time.  
EVALUATE (a) Inserting the given quantities in Equation 2.7 gives  

0

20 24.4 m/s 0.0 m/s
2.0 m/s

12 s

v v at

v v
a

t

= +
− −= = =

 

where we have retained two significant figures in the answer, as warranted by the data.  
(b) Inserting the acceleration just calculated into Equation 2.10, we find 

( )( ) ( )( )22 2

0 0

1 1
0 m/s 12 s 2.04 m/s 12 s 150 m

2 2
x x v t at− = + = + =  

where we have retained 3 significant figures in the acceleration because it’s now an intermediate result, but have 
retained only 2 significant figures in the final result because the data is given to only 2 significant figures. 

ASSESS Is this answer reasonable? If we increase our velocity by 2 m/s every second, in 12 seconds we can 
expect to be moving at 12 × 2 m/s = 24 m/s, which agrees with the data. To see if 150 m is a reasonable distance, 
imagine traveling at the average velocity of about 12 m/s (how do we know it’s 12 m/s?) for 12 s. In this case we 
would travel 12 s × 12 m/s = 144 m, which is close to our result. 

 33. INTERPRET The object of interest is the car that undergoes constant deceleration (via braking) and comes to a 
complete stop after traveling a certain distance. 
DEVELOP The three quantities, displacement, velocity, and deceleration (negative acceleration), are related by 
Equation 2.11, ( )2 2

0 02v v a x x= + − . This is the equation we shall use to solve for a. Since the distance to the light 
is in feet, we can convert the initial speed  

 0

5280 ft 1 h
50 mi/h 73.3 ft/s

1 mi 3600 s
v

! "! "= =# $# $
% &% &

 

EVALUATE Since the car stops (v = 0) after traveling 0 100 ftx x− =  from an initial speed of 0 73.3 ft/sv = , 
Equation 2.11 gives 

( )
( )
( )

2
2 2

20

0

0 73.3 ft/s
27 ft/s

2 2 100 ft

v v
a

x x

−−= = = −
−

 

The magnitude of the deceleration is the absolute value of a: 227 ft/sa = . 
ASSESS With this deceleration, it would take about ( )( )2

0 / 73 ft/s 27 ft/s 2.7 st v a= = =  for the car to come to a 
complete stop. The value is in accordance with our driving experience. 

 34. INTERPRET The electrons are accelerated to high-speed beforehand. We are only asked to consider the rapid 
deceleration that occurs when they slam into the tungsten target.  
DEVELOP We are given the initial and final velocities, as well as the time duration of the deceleration. We are not 
asked what the deceleration is, but merely what distance the electrons penetrate the tungsten before stopping. 
Equation 2.9 is therefore what we will use.  
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EVALUATE Plugging in the given values we find the stopping distance is 

( ) ( )( )1 1 8 9

0 02 2
10 m/s 0 10 s 0.05 mx x v v t −− = + = + =  

ASSESS The electrons are initially travelling close to the speed of light, but only a thin sheet of tungsten is needed 
to stop them. The X rays that are produced in this way are called bremsstrahlung, which means “braking 
radiation.” 

 35. INTERPRET The object of interest is a piece of the fragments of the meteor that undergoes constant deceleration. 
We are asked to calculate its negative acceleration (i.e., deceleration) upon impacting the Earth, given its final 
velocity and the distance over which it experienced this negative acceleration. 
DEVELOP The three quantities, displacement, velocity, and deceleration (negative acceleration), are related by 
Equation 2.11, 2 2

0 02 ( ).v v a x x= + −  Use this equation to solve for the initial speed v of the fragment.  
EVALUATE Consider a particular fragment that followed a straight-line path to the bottom, perpendicular to the 
desert surface. From Equation 2.11, its initial speed is 

( ) ( )( )2 5 2 4

0 02 0 m/s 2 4 10 m/s 180 m 1 10 m/sv v a x x= ± − − = − − × = ×  

where we report the result to a single significant figure because we are given the accleration of the fragment to a 
single significant figure. The two signs indicate velocity toward or away from the Earth, and we choose the 
positive sign arbitrarily to indicate the velocity toward the Earth. 
ASSESS With this rate of deceleration, it took only about 0.03 s for the fragment to penetrate 180 m deep into the 
Earth and come to a complete stop (can you confirm this number?). The impact force that created this gigantic hole 
was enormous! 

 36. INTERPRET This question asks us to derive an expression for the acceleration needed to stop before hitting a 
moose with your car. 
DEVELOP We are given the distance, d, and the initial velocity, v0. Since we don't know the time, the equation to 
use is 2.11: ( )2 2

0 02v v a x x= + − , where 0d x x= − . 
EVALUATE Since the goal is to stop before the moose, the final velocity is zero. Solving for a gives  

2

0

2

v
a

d

−=  

ASSESS The acceleration is negative, reflecting the fact that the car is dropping in speed as it stops. 

Section 2.5 The Acceleration of Gravity 

 37. INTERPRET This problem involves constant acceleration due to gravity. We are asked to calculate the distance 
traveled by the rock before it hit the water. 
DEVELOP We chose a coordinate system where the positive-x axis is downward. We are given the rock’s 
constant acceleration (gravity, g = 9.8 m/s2), its initial velocity v0 = 0.0 m/s, and its travel time t = 4.4 s. Insert this 
data into Equation 2.10 and solve for the displacement x ! x0. 
EVALUATE From Equation 2.10, we find 

( )( )

2 2

0 0 0

2 2

1 1

2 2

1
0.0 m/s 4.4 s (9.8 m/s )(4.4 s) 95 m

2

x x v t at v t gt− = + = +

= + =
 

ASSESS When the travel time of the sound is ignored, the depth of the well is quadratic in t. The depth of the well 
is about the length of an American football field. If we use the speed of sound s = 340 m/s, how will that change 
our answer? 

 38. INTERPRET This problem involves the constant acceleration due to gravity. We are asked to calculate the initial 
velocity required for an object to travel a given distance under the influence of constant acceleration (directed 
opposite to the initial velocity). 
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EVALUATE Plugging in the given values we find the stopping distance is 

( ) ( )( )1 1 8 9

0 02 2
10 m/s 0 10 s 0.05 mx x v v t −− = + = + =  

ASSESS The electrons are initially travelling close to the speed of light, but only a thin sheet of tungsten is needed 
to stop them. The X rays that are produced in this way are called bremsstrahlung, which means “braking 
radiation.” 

 35. INTERPRET The object of interest is a piece of the fragments of the meteor that undergoes constant deceleration. 
We are asked to calculate its negative acceleration (i.e., deceleration) upon impacting the Earth, given its final 
velocity and the distance over which it experienced this negative acceleration. 
DEVELOP The three quantities, displacement, velocity, and deceleration (negative acceleration), are related by 
Equation 2.11, 2 2

0 02 ( ).v v a x x= + −  Use this equation to solve for the initial speed v of the fragment.  
EVALUATE Consider a particular fragment that followed a straight-line path to the bottom, perpendicular to the 
desert surface. From Equation 2.11, its initial speed is 

( ) ( )( )2 5 2 4

0 02 0 m/s 2 4 10 m/s 180 m 1 10 m/sv v a x x= ± − − = − − × = ×  

where we report the result to a single significant figure because we are given the accleration of the fragment to a 
single significant figure. The two signs indicate velocity toward or away from the Earth, and we choose the 
positive sign arbitrarily to indicate the velocity toward the Earth. 
ASSESS With this rate of deceleration, it took only about 0.03 s for the fragment to penetrate 180 m deep into the 
Earth and come to a complete stop (can you confirm this number?). The impact force that created this gigantic hole 
was enormous! 

 36. INTERPRET This question asks us to derive an expression for the acceleration needed to stop before hitting a 
moose with your car. 
DEVELOP We are given the distance, d, and the initial velocity, v0. Since we don't know the time, the equation to 
use is 2.11: ( )2 2

0 02v v a x x= + − , where 0d x x= − . 
EVALUATE Since the goal is to stop before the moose, the final velocity is zero. Solving for a gives  

2

0

2

v
a

d

−=  

ASSESS The acceleration is negative, reflecting the fact that the car is dropping in speed as it stops. 

Section 2.5 The Acceleration of Gravity 

 37. INTERPRET This problem involves constant acceleration due to gravity. We are asked to calculate the distance 
traveled by the rock before it hit the water. 
DEVELOP We chose a coordinate system where the positive-x axis is downward. We are given the rock’s 
constant acceleration (gravity, g = 9.8 m/s2), its initial velocity v0 = 0.0 m/s, and its travel time t = 4.4 s. Insert this 
data into Equation 2.10 and solve for the displacement x ! x0. 
EVALUATE From Equation 2.10, we find 

( )( )

2 2

0 0 0

2 2

1 1

2 2

1
0.0 m/s 4.4 s (9.8 m/s )(4.4 s) 95 m

2

x x v t at v t gt− = + = +

= + =
 

ASSESS When the travel time of the sound is ignored, the depth of the well is quadratic in t. The depth of the well 
is about the length of an American football field. If we use the speed of sound s = 340 m/s, how will that change 
our answer? 

 38. INTERPRET This problem involves the constant acceleration due to gravity. We are asked to calculate the initial 
velocity required for an object to travel a given distance under the influence of constant acceleration (directed 
opposite to the initial velocity). 
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 57. INTERPRET This is a one-dimensional kinematics problem. We assume the jetliner slows down on the runway 
with constant deceleration. 
DEVELOP Equation 2.9, ( )1

0 02
x x v v t= + + , relates distance, initial velocity, and final velocity. The equation can 

be used to solve for the shortest runway. 
EVALUATE With ( )29 s 29/3600  ht = = , and the final velocity v set to zero, Equation 2.9 gives 

( ) ( )( )1 1

0 02 2
220 km/h 29/3600 h 0.89 kmx x v v t− = + = =  

ASSESS The length is a bit short compared to the typical minimum landing runway length of about 1.5 km for 
full-size jetliners. 

 58. INTERPRET This is a one-dimensional kinematics problem with constant deceleration. We are given the final 
velocity, the acceleration distance, and the acceleration distance, and we are asked to find the initial velocity and 
the acceleration time. 
DEVELOP We choose a coordinate system in which the positive-x direction is in the direction of the car’s initial 
velocity. Using the known quantities (v = 18 kh/h, a = !6.3 m/s2, x –x0 = 34 m), solve Equation 2.11, 

( )2 2

0 02v v a x x= + − , for the initial velocity v0. Then use the result for v0 in Equation 2.7, 0v v at= + , to find the 
acceleration time t. Converting the final velocity to m/s for the calculation, we have v = (18 km/h)(1 h/3600 s)(103 
m/km) = 5.0 m/s. 
EVALUATE (a) Inserting the known quantities into Equation 2.11 gives  

( ) ( ) ( )( )22 2

0 02 5.0 m/s 2 6.3 m/s 34 m 21 m/sv v a x x= − − = − − =  

(b) Inserting this result for v0 into Equation 2.7 gives 

0

2

5.0 m/s 21.3 m/s
2.6 s

6.3 m/s

v v
t

a

− −= = =
−

 

where we have retained more significant figures for v0 because it serves as an intermediate result for this part. 
ASSESS In km/h, the initial velocity is v0 = (21.3 m/s)(10!3 km/m)(3600 s/h) = 77 km/h.  

 59. INTERPRET This is a one-dimensional kinematics problem in which we are asked to find the initial velocity of a 
racing car given its initial velocity, it acceleration, the distance covered, and the time interval.  

DEVELOP We chose a coordinate system in which the positive-x direction is in the direction of the car’s velocity. 

We are told that the car undergoes constant acceleration, so we can use the equations from Table 2.1. For part (a), 

we are given the distance, time, and final velocity, so we can use Equation 2.9, ( )0 0 2x x v v t− = + , to find the 

initial velocity. For part (b), find the acceleration of the car and use the result in Equation 2.11, 

( )2 2

0 02v v a x x= + − , to solve for the distance travelled. 
EVALUATE (a) The distance covered x ! x0 = 140 m, the time interval is t = 3.6 s, and the final velocity is v = 53 
m/s. Inserting these quantities into Equation 2.9 and solving for the intial velociy v0 gives 

( )
( ) ( )

0 0

0

0

1

2

2 2 140 m
53 m/s 24.8 m/s 25 m/s

3.6 s

x x v v t

x x
v v

t

− = +

−
= − = − = =

 

(b) From Equation 2.7, we find the acceleration to be 

20 53 m/s 24.8 m/s
7.84 m/s

3.6 s

v v
a

t

− −= = =  

Upon substituting the result into Equation 2.11, the distance traveled starting from rest (v0 = 0) to a velocity v = 53 
m/s is 

2 2 2

0
0 2

(53 m/s) 0
180 m

2 2(7.84 m/s )

v v
x x

a

− −− = = =  

to two significant figures. 



Motion in a Straight Line  2-21 

 

© Copyright 2012 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. 

 64. INTERPRET We are asked to find the speed at which an object should be tossed upward so that the entire up-and-
down trajectory takes 1 second. This problem involves constant acceleration because the acceleration of the object 
is due to gravity at the surface of the Earth. 
DEVELOP Choose a coordinate system in which the positive-x direction indicates the distance above the surface 
of the Earth. Define the initial and final positions of the atom cluster as x0 = x = 0. The acceleration of the cluster is 
a = g = !9.82 m/s, and the time interval t = 1.0 s. Solve Equation 2.10, 21

0 0 2
x x v t at= + + , for the initial speed v0. 

EVALUATE Solving Equation 2.10 for v0 gives 

! !

( )( )

0 0

2

0 0

2

0

1

2

9.82 m/s 1.0 s
4.9 m/s

2 2

x x v t at

gt
v

= =

= + +

− −−= = =

 

ASSESS Note that the answer is independent of what is thrown. Whether we throw a ball, or “throw” a cluster of 
atoms, the acceleration due to gravity is the same and they have the same behavior (ignoring air resistance and 
what-not). 

 65. INTERPRET This is a one-dimensional kinematics problem that involves finding the vertical distance of an object 
as a function of time. 
DEVELOP  Choose a coordinate system in which the positive-x direction is upward. Equation 2.10, 

( ) 2

0 0 2x t x v t at= + + , describes the vertical position x(t) of an object falling from x0 as a function of time. 
Because the object was dropped from a stationary position, v0 = 0 so ( ) 2

0 2x t x at= + . Furthermore, we are free to 
choose the origin of the x axis where we like, so we let x0 = 0, which gives ( ) 2 2.x t at=   
Finally, the acceleration is a = !g = !9.8 m/s2, which points downward, so our Equation 2.10 takes the form 

( ) 2 2x t gt= − . The problem states that x(t) – x(t ! 1) = x(t)/4, from which we can solve for t, which we can insert 
into x(t) to find x (i.e., the height from which it was dropped). Notice that x will be negative because the object’s 
final position is below its initial position. 
EVALUATE  

( ) ( ) ( )

( )

( )

22 2

2

2

1
4

1 1 1
1

2 2 8

1 1
1 2

2 8

8 4 0

4 2 3 m/s

x t
x t x t

gt g t gt

g t gt

t t

t

− − =

! "− − − − = −# $
% &

− = −

− + =

= ±

 

(We discarded the negative square root because t > 1 s.) Inserting this result into x(t) gives 

( ) ( ) ( ) 2
2 21 1

9.8 m/s 4 2 3 s 270 m
2 2

x t gt ! "= − = − + = −
% &

 

to two significant figures. Thus, the object must be dropped from a height of 273 m. 
ASSESS During a free fall, the vertical distance traveled is proportional to 2.t Therefore, we expect the object to 
travel a greater distance during the latter time interval. In general, we must also take into consideration air 
resistance. 

 66. INTERPRET We have to calculate the final velocity of an object falling from the given height above the surface of Io. 
DEVELOP From Appendix E, the surface gravity of Io is 21.8 m/sg = . We know the height ( 0 100 my = ) at which 
the probe is at rest ( 0 0v = ), so Equation 2.11 can tell us the final velocity when the probe hits the ground ( 0y = ):  

( )2

0 0 02 2v v g y y gy= − − =  

EVALUATE Plugging in the values  

( )( )22 1.8 m/s 100 m 19 m/sv = =  
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 83. INTERPRET This problem involves one-dimensional kinematics under constant acceleration. We are asked to find 
the frequency with which drops of water hit the sink given the initial conditions. 
DEVELOP There are exactly three drops falling at any time: two partway down and one either hitting the sink or 
just leaving the faucet. Find the time it takes one drop to fall and divide that by three to get the time between drops. 
Use Equation 2.10, 21

0 0 2
x x v t at= + +  with x = 0, x0 = 19.6 cm = 0.196 m, v0 = 0, and a = !g = !9.8 m/s2. The 

question asks for drops per second, so convert seconds per drop to drops per second for the final answer.  
EVALUATE From Equation 2.10, the time it takes one drop to fall is 

( )

2

0 0

2

0

0

2

1

2

1
0

2

2 0.196 m2
0.20 s

9.8 m/s

x x v t at

x gt

x
t

g

= + +

= −

= = =

 

There are three drops that hit the sink in this time interval, so the time between drops is ( ) ( )0.20 s 3 drops 0.067 s/drop= . 

Thus, the frequency with which the drops hit the sink is 1/(0.067 s/drop) = 15 drops/s. 
ASSESS This is pretty fast for a leaky faucet, but the time looks about right for the distance involved.  

 84. INTERPRET This problem involves calculating the time it takes a water balloon to reach the ground.  
DEVELOP We know from previous problems that the balloon will reach the ground in a time of 2 /t h g= , 
where h is the height from which it is released. In order for the balloon to hit its target, the distance, d, between the 
X and the impact point must be vt , where v here is the typical velocity of students entering the building.  
EVALUATE Putting together the information above 

( ) ( )
( )2

2 20 m2
2 m/s 4 m

9.8 m/s

h
d vt v

g
= = = =  

ASSESS Since not all the students will be walking at the average 2 m/s, a more effective strategy would be to use 2 
X's on the ground farther out from the building. By measuring the time it takes a given student to walk between the 
X's, you can measure his/her speed. From that, you can more accurately predict when they will be underneath your 
window, and you will therefore know for sure when to release your balloon.  

 85. INTERPRET You are asked to integrate Equation 2.7 in order to derive Equation 2.10. 
DEVELOP Recall the general formula for integrating a polynomial 

 11
constant

1

n nt dt t
n

+= +
+!  

EVALUATE Let's integrate Equation 2.7 over the time variable, t′ , from 0t′ =  to t t′ =  

( )0
0 0

t t

vdt v at dt= +! !  

By definition, the time integral of ( )v t  is ( )x t , so the equation transforms to 

( ) ( ) ( )1 12 2

0 02 2
0

0
t

x t x v t at v t at′ ′− = + = +  

Since ( ) 00x x=  by definition, this is Equation 2.10. 
ASSESS For those who want a challenge, it's also possible to derive Equation 2.11 by integrating /v dx dt=  over 
velocity. 

 86. INTERPRET We're asked to interpret the graph of a tiger's velocity. 
DEVELOP The tiger is at rest when the velocity is zero. 
EVALUATE The velocity is zero at points A, E and H. 
The answer is (b). 
ASSESS The tiger starts at rest, moves to the right (positive direction), stops (at point E), then turns and moves to 
the left (negative direction) before stopping. 
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 MOTION IN TWO AND THREE DIMENSIONS 

EXERCISES 

Section 3.1 Vectors 

 11. INTERPRET This problem involves finding the magnitude and direction of a vector in two dimensions. 

DEVELOP! In two dimensions, a vector can be written as ˆ ˆ
x y

r r i r j∆ = ∆ + ∆!

, where ∆rx and ∆ry are the x- and y-

components of the displacement, respectively, and ˆ ˆandi j  are unit vectors in the x- and y-directions, respectively. 

For this problem, ∆rx = !220 m, ∆ry = 150 m, î  indicates east, and ĵ  indicates north. The magnitude of r∆! is 

( ) ( )22

x y
r r r∆ = ∆ + ∆ , and the angle r∆!  makes with the +x axis is  

atan
y

x

r

r
θ

∆! "
= # $∆% &

 

EVALUATE  The magnitude of the vector is therefore 

( ) ( )2 2
220 m 150 m 266 m/s 270 mr∆ = − + = ≈!

 

to two significant figures. The direction of the vector is  

150 m
atan 146 150

220 m
θ ! "

= = ≈# $−% &

" "  

with respect to the positive-x axis (and to two significant figures). 
ASSESS With the coordinate system we have chosen, this vector lies in the second quadrant. 

 12. INTERPRET This problem involves finding the distance of a semicircular arc given its radius, then finding the 
magnitude the resulting displacement if one travels along this arc. 

DEVELOP The length of an arc is the radius multiplied by the angle in radians, or s = rθ (see Figure 1.2). For a 
semicircular arc, θ = π radians.  

EVALUATE (a) The length of the semicircle is ( )15.2 cm 47.8 cms rπ π= = =  (b) The magnitude of the 
displacement vector, from the start of the semicircle to its end, is just the diameter of the circle, which is twice the 
radius. Therefore, d = 2r = 2(15.2 cm) = 30.4 cm.  

ASSESS The displacement may also be found by subtracting the final position vector 2r
!

 from the initial position 
vector 1r

!

 (see figure below). This gives 2 1 15.2 cm 15.2 cm 30.4 cmr r− = + =! !

. 
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+15.3 cm
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r

 

 13. INTERPRET This problem involves the addition of two displacement vectors in two dimensions and finding the 
magnitude and direction of the resultant vector. 
DEVELOP Using Equation 3.1, we see that in two dimensions, a vector A

!

can be written in unit vector notation as 

( ) ( )ˆ ˆ ˆ ˆcos sinx y A AA A i A j A i jθ θ! "= + = +# $

!

 

where 2 2

x yA A A= + and ( )atan
A y x

A Aθ = . Similarly, we express a second vector B
!

as 

( ) ( )ˆ ˆ ˆ ˆcos sinx y B BB B i B j B i jθ θ! "= + = +# $

!

. The resultant vector C
!

 is 

( ) ( ) ( ) ( ) ( ) ( )ˆ ˆ ˆ ˆ ˆ ˆcos cos sin sinx x y y A B A B x yC A B A B i A B j A B i A B j C i C jθ θ θ θ! " ! "= + = + + + = + + + = +# $ # $

! ! !

 

EVALUATE From the problem statement, 360 kmA = and 135Aθ = °  (see figure below). The first segment of 
travel can thus be written as  

( ) ( ) ( ) ( ) ( ) ( )ˆ ˆ ˆ ˆ ˆ ˆcos sin 360 km cos 135 sin 135 254.6 km 254.6 kmA AA A i j i j i jθ θ ! "= + = ° + ° = − +# $

!

 

Similarly, the second segment of the travel can be expressed as (with 400 kmB = and 90Bθ = ° ) 

( ) ( ) ( )ˆ ˆ ˆcos sin 400 kmB BB B i j jθ θ! "= + =# $

!

 

Thus, the resultant displacement vector is  

( ) ( ) ( ) ( )ˆ ˆ ˆ ˆ ˆ ˆ254.6 km 254.6 km 400 km 254.6 km 654.6 km
x y

C A B C i C j i j i j= + = + = − + + = − +
! ! !

 

The magnitude ofC
!

is 

( ) ( )2 22 2 254.6 km 654.6 km 702.4 km 700 km
x y

C C C= + = − + = ≈  

to two significant figures. Its direction is 

1
654.6 km

tan atan 68.75 , or 111
254.6 km

y

x

C

C
θ −

% & % &
= = = − ° °' ( ' (−) *) *

 

We choose the latter solution (110° to two significant figures) because the vector (with 0 and 0
x y
C C< > ) lies in 

the second quadrant. 

 

ASSESS As depicted in the figure, the resultant displacement vector C
!

 lies in the second quadrant. The direction 
ofC
!

can be specified as 111°  CCW from the x-axis (east), or 45 23.7 68.7 N° + ° = ° of W. 
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 13. INTERPRET This problem involves the addition of two displacement vectors in two dimensions and finding the 
magnitude and direction of the resultant vector. 
DEVELOP Using Equation 3.1, we see that in two dimensions, a vector A

!

can be written in unit vector notation as 

( ) ( )ˆ ˆ ˆ ˆcos sinx y A AA A i A j A i jθ θ! "= + = +# $

!

 

where 2 2

x yA A A= + and ( )atan
A y x

A Aθ = . Similarly, we express a second vector B
!

as 

( ) ( )ˆ ˆ ˆ ˆcos sinx y B BB B i B j B i jθ θ! "= + = +# $

!

. The resultant vector C
!

 is 

( ) ( ) ( ) ( ) ( ) ( )ˆ ˆ ˆ ˆ ˆ ˆcos cos sin sinx x y y A B A B x yC A B A B i A B j A B i A B j C i C jθ θ θ θ! " ! "= + = + + + = + + + = +# $ # $

! ! !

 

EVALUATE From the problem statement, 360 kmA = and 135Aθ = °  (see figure below). The first segment of 
travel can thus be written as  

( ) ( ) ( ) ( ) ( ) ( )ˆ ˆ ˆ ˆ ˆ ˆcos sin 360 km cos 135 sin 135 254.6 km 254.6 kmA AA A i j i j i jθ θ ! "= + = ° + ° = − +# $

!

 

Similarly, the second segment of the travel can be expressed as (with 400 kmB = and 90Bθ = ° ) 

( ) ( ) ( )ˆ ˆ ˆcos sin 400 kmB BB B i j jθ θ! "= + =# $

!

 

Thus, the resultant displacement vector is  

( ) ( ) ( ) ( )ˆ ˆ ˆ ˆ ˆ ˆ254.6 km 254.6 km 400 km 254.6 km 654.6 km
x y

C A B C i C j i j i j= + = + = − + + = − +
! ! !

 

The magnitude ofC
!

is 

( ) ( )2 22 2 254.6 km 654.6 km 702.4 km 700 km
x y

C C C= + = − + = ≈  

to two significant figures. Its direction is 

1
654.6 km

tan atan 68.75 , or 111
254.6 km

y

x

C

C
θ −

% & % &
= = = − ° °' ( ' (−) *) *

 

We choose the latter solution (110° to two significant figures) because the vector (with 0 and 0
x y
C C< > ) lies in 

the second quadrant. 

 

ASSESS As depicted in the figure, the resultant displacement vector C
!

 lies in the second quadrant. The direction 
ofC
!

can be specified as 111°  CCW from the x-axis (east), or 45 23.7 68.7 N° + ° = ° of W. 
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( )
ˆ ˆ2.88 4.55  mi 60min ˆ ˆ8.2 13  mi/h

10 min 5.0 min 6.0 min 1 h

i j
v i j

+ ! "= = +# $+ + % &

!

 

ASSESS We expect both totr∆!  and v
!

 to be in the first quadrant since their components are all positive. Instead of 

unit-vector notation, we can specify these vectors by their magnitudes: ( ) ( )2 2

tot 2.88 mi 4.55 mi 5.4 mir∆ = + =!

 

and 15 mi/hv =! , as well as their common direction: ( ) ( )1 otan 4.55 mi / 2.88 mi 58θ − ' (= =) *  N of E. 

 21. INTERPRET We're asked to find the acceleration given the velocity as a function of time.  
DEVELOP Equation 3.6 relates the instantaneous velocity to the instantaneous acceleration: /a dv dt=! !

. 

EVALUATE Taking the derivate of the velocity expression gives 

 3 2ˆ ˆ ˆ3
d

a ct i dj ct i
dt
' (= + =) *

!

  

ASSESS The object has a constant velocity in the y-direction, so there is no acceleration in that direction. 

 22. INTERPRET! This problem involves calculating an average acceleration vector given its initial and final velocity. 

DEVELOP Draw a diagram of the situation (see figure below) to display graphically the difference 2 1v v v∆ = −! ! !

, 
where v1 is the intial velocity and v2 is the final velocity. From Equation 3.5, we know that the average acceleation 
is in the same direction as the change in velocity, 2 1a t v v v∆ = ∆ = −! ! ! !

. 

x (East)

y (North)

-v 1

v2Dv

u

r

r

r

 

EVALUATE  The angle made by v∆!  is 2

1

atan atan( 1) = 225°,
v

v
θ

! "
= = −# $% &

 where we have used 1 2v v=! !

, which 

we know because the initial and final speed is the same. Thus, the average acceleration is oriented at 225° counter-
clockwise from the x axis. 

ASSESS The direction may also be reported as 135° clockwise from the x axis. 

 23. INTERPRET! This problem involves calculating the average velocity and average acceleration given the initial and 
final positions of an object. 

DEVELOP Draw a diagram of the situation (see figure below) to display graphically the difference 2 1r r r∆ = −! ! !

, 
where r1 is the initial position of the tip of the clock hand and r2 is its final position. Use Equation 3.3 v r t= ∆ ∆! !

 
to find the average velocity and Equation 3.5 a v t= ∆ ∆! !

 to find the average acceleration. The magnitude of r
!

 is 
2.4 cm, so ( )1

ˆ2.4 cmr j=!  and ( )2
ˆ2.4 cmr j= −!

. For part (b), note that the tip of the clock moves at a constant 
speed, which is v = 2πr/(12 h). The direction of the velocity vector at any moment is perpendicular to the clock 
hand, so ( )1

ˆ2 12 hv r iπ' (= ) *
!

 and ( )2
ˆ2 12 hv r iπ' (= −) *

!

. 
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Section 3.3 Relative Motion 

 26. INTERPRET This problem involves relative velocities. We are asked to find the wind velocity relative to the 
ground given the airplane’s velocity and the time it takes for the airplane to make a given displacement.  
DEVELOP Equation 3.7, v v V′= +

!! !

 allows us to find the wind velocity V
!

 relative to the ground. Here, v
!

is the 
velocity of the airplane relative to the ground, and v′! is the velocity of the airplane relative to the air. Use a 
coordinate system with the x axis indicating east and the y axis indicating north. 
EVALUATE From the problem statement, the velocity of the jetliner relative to the ground is  

( ) ( )
ˆ1500 km 60 min ˆ900 km/h

100 min 1 h

j
v j

− ! "
= = −# $

% &

!

 

Similarly, using the fact that the unit vector in the direction 15° west of south (255° CCW from the positive-x axis) 

is ( ) ( )ˆ ˆcos 255 sin 255i j° + ° , the velocity of the airplane relative to the air is  

( ) ( ) ( ) ( ) ( )ˆ ˆ ˆ ˆ1000 km / h cos 255 sin 255 259 km / h 965.9 km / hv i j i j' (′ = ° + ° = − + −) *
!

 

Thus, the wind velocity is  

( ) ( ) ( ) ( ) ( )ˆ ˆ ˆ ˆ259 km / h 900 km / h 965.9 km / h 259 km / h 65.9 km / hV v v i j i j′ ' (= − = + − − − = +) *

! ! !

 

(North)

14.38

158

(East)

vr

V
r

v!r

 
ASSESS The wind speed is ( ) ( )2 2

259 km/h 65.9 km/h 267 km/ hV = + = , and the angle between V
!

 and the x 

axis is ( ) ( )atan 65.9 km/h 259 km/h 14.3θ ' (= = °) *  (north of east, see figure above). The wind direction, by 

convention, is the direction from which the wind is blowing; in this case 14.3° S of W. 

 27. INTERPRET This problem involves relative motion. You are asked to find the direction of the velocity with 

respect to the water so that a boat traverses the current perpendicularly with respect to the shore. You also need to 

find the time it takes to cross the river.  
DEVELOP Choose a coordinate system where î  is the direction perpendicular to the water current, and ĵ  is the 
direction of the water current (see figure below). The velocity of the current V

!

 relative to the ground is 

( ) ˆ0.57 m/sV j=
!

, and the magnitude of the velocity v′!  of the boat relative to the water is 1.3 m/sv′ = . We also 
known that the velocity v

!

 of the boat relative to the shore is in the î  direction, so ˆv vi=! , and that the river is d = 
63 m wide. These three vectors satisfy Equation 3.7, v v V′= +

!! !

, as drawn in the figure below. This allows us to 
find the direction of v′!  for part (a) and the time it will take to cross the river for part (b).  

Sp
ee

d 
of

 c
ur

re
nt

Speed relative to ground

u

v 9
Speed relative to water

r

vr

V
r

î

ĵ

 

EVALUATE (a) From the figure above, we see that  

( )
( ) ( )

sin

asin asin 0.57 m/s 1.3 m/s 26

V v

V v

θ
θ

′=
′= = = "

 

Motion in Two and Three Dimensions  3-9 

 
© Copyright 2012 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. 

so your heading upstream is 26° above the x axis.  

(b) To find the time to traverse the river, we calculate the speed v with respect to the shore. From the figure above, 

we see that ( ) ( )cos 1.3 m/s cos 26 1.17 m/sv v θ′= = ° = , so the crossing time t is 

( ) ( )63 m 1.17 m/s 53.9 s 54 st d v= = = =  to two significant figures. 

ASSESS In this time, you will have rowed a distance d! relative to the water of ( )( )1.3 m/s 53.9 s 70 md v t′ ′= = = . 

 28. INTERPRET This problem involves relative velocities. We are asked to calculate the speed of the jet stream given 
the velocity of an airplane relative to the ground and the direction at which the airplane must fly relative to the 
ground to perpendicularly traverse the jet stream.  

DEVELOP Use Equation 3.7, v v V′= +
!! !

 to find V
!

, the velocity of the jet stream. This relationship is shown 

graphically in the figure below. Here, v
!

 is the velocity of the airplane relative to the ground, and 370 km/hv′ =  is 

the speed of the airplane relative to the air. Notice that the angle between andv v′! !

 is 32°, as given in the problem 

statement. 
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EVALUATE  From trigonometry, the magnitude of the jet stream speed is 

( ) ( ) ( )sin 370 km/h sin 32 196 km/h.V v θ′= = ° =  
ASSESS The speed of the airplane relative to the ground is ( ) ( ) ( )cos 370 km / h cos 32 314 km/hv v θ′= = ° = . 
The plane’s heading of 32° north of east is a reasonable compensation for the southward wind blowing at a speed 
of 196 km/h.  

 29. INTERPRET This problem involves relative velocities. We are asked to calculate the direction at which geese 
should fly to travel due south given the wind velocity and the bird’s air speed. 

DEVELOP The Equation 3.7, v v V′= +
!! !

 is shown graphically in the figure below. We are given that the 
magnitude of v′!  is 7.5 m/s, and that the wind velocity is ( ) ˆ5.1 m/sV i=

!

. This information allows us to calculate 
the direction θ at which the birds should fly. 
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EVALUATE From trigonometry, we see that ( ) ( )asin asin 5.1 m/s 7.5 m/s 43V vθ ′= = = " , so the geese should fly 
43° west of south to travel due south. 
ASSESS! The ground speed of the geese is ( ) ( ) ( )cos 7.5 m/s cos 43 5.5 m/sv v θ′= = =" . 

Section 3.4 Constant Acceleration 

 30. INTERPRET This problem calls for finding the acceleration vector in two dimensions, with the position vector as 
given. 
DEVELOP The acceleration can be found by taking the second derivative of the position, 
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EVALUATE  From trigonometry, the magnitude of the jet stream speed is 
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EVALUATE From trigonometry, we see that ( ) ( )asin asin 5.1 m/s 7.5 m/s 43V vθ ′= = = " , so the geese should fly 
43° west of south to travel due south. 
ASSESS! The ground speed of the geese is ( ) ( ) ( )cos 7.5 m/s cos 43 5.5 m/sv v θ′= = =" . 

Section 3.4 Constant Acceleration 

 30. INTERPRET This problem calls for finding the acceleration vector in two dimensions, with the position vector as 
given. 
DEVELOP The acceleration can be found by taking the second derivative of the position, 
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In component form, the final position and velocity are 

 
( ) ( )
( ) ( )

o o

o o

ˆ ˆ ˆ ˆcos 30 sin 30 65.0 37.5  m

ˆ ˆ ˆ ˆcos 60 sin 60 0.131 0.227  m/s

r r i r j i j

v v i v j i j

= − + − = −

= + = +

!

!

 

EVALUATE (a) The average velocity is change in position divided by the time:  

( ) ( )ˆ ˆ ˆ65.0 37.5  m 75  m
ˆ ˆ0.22 0.13  m/s

5.0 min

i j jr
v i j

t

− − −∆= = = +
∆

!

!

 

(b) The average acceleration is change in velocity divided by the time: 

( ) ( ) ( ) 4 2

ˆ ˆ ˆ0.131 0.227  m/s 0.262  m/s
ˆ ˆ4.4 7.6 10 m/s

5.0 min

i j iv
a i j

t

−
+ −∆= = = − + ×

∆

!

!

 

ASSESS The magnitude of the average velocity is 0.25 m/s, which is nearly the same as the instantaneous velocity 
of 0.26 m/s. The average velocity is smaller because it doesn't take into account the curved path followed by a 
point on the rim of the wheel.  

 50. INTERPRET This is a problem of relative velocities. The ferryboat has to head upstream slightly to compensate 
for the current that drags it downstream.  
DEVELOP The river velocity V

!

 and the ferryboat velocity v′!  with respect to the water are two sides of a right 
triangle (see the figure in the solution to Exercise 3.27), where the third side is the velocity of the boat relative to 
the ground.  

EVALUATE (a) The angle that the boat must head is given by 

 1sin
V

v
θ − ! "= # $′% &

 

(b) If V  were greater than v′ , then there would be no solution for the angle (since sin 1θ ≤ ). What this means is 
that the river is flowing too fast for the ferryboat to be able to get straight across. 

ASSESS If V v′= , there's no real solution, since that would mean o90θ = . At that heading (straight upstream), the 
ferryboat would not be moving towards the other side of the river. It would be motionless relative to the ground.  

 51. INTERPRET This problem is an exercise in vector addition. We are asked to compare the magnitude of two 
vectors given that their sum is perpendicular to their difference.  

DEVELOP Use Equation 3.1 to express vector A
!

 in component form: ˆ ˆ
x y

A A i A j= +
!

 where 2 2

x y
A A A= +  and 

( )atan
A y x

A Aθ = . Similarly, express vector B
!

 as ˆ ˆ
x y

B B i B j= +
!

. Let C
!

 be the sum of the two vectors: 

( ) ( )ˆ ˆ ˆ ˆ
x x y y x y

C A B A B i A B j C i C j= + = + + + = +
! ! !

 

and D
!

be the difference of the two vectors:  


