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1.1.
Identify:   Convert units from mi to km and from km to ft.

Set Up:   
[image: image1.wmf]1 in254 cm,
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 EMBED Equation.DSMT4  [image: image3.wmf]12 in1 ft,
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Execute:   (a) 
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(b) 
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Evaluate:   A mile is a greater distance than a kilometer. There are 5280 ft in a mile but only 3280 ft in 
a km.


1.2.
Identify:   Convert volume units from L to 
[image: image7.wmf]3
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Set Up:   
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Execute:   
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Evaluate:   
[image: image11.wmf]3
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 is greater than 
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 so the volume in 
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 is a smaller number than the volume in 
[image: image14.wmf]3
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 which is 
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1.3.
Identify:   We know the speed of light in m/s. 
[image: image16.wmf]/.
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 Convert 1.00 ft to m and t from s to ns.

Set Up:   The speed of light is 
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Execute:   
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Evaluate:   In 1.00 s light travels 
[image: image21.wmf]855
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1.4.
Identify:   Convert the units from g to kg and from 
[image: image22.wmf]3

cm

to 
[image: image23.wmf]3

m.


Set Up:   
[image: image24.wmf]1 kg1000 g.
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[image: image25.wmf]1 m1000 cm.
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Execute:   
[image: image26.wmf]3
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Evaluate:   The ratio that converts cm to m is cubed, because we need to convert 
[image: image27.wmf]3

cm

to 
[image: image28.wmf]3

m.



1.5.
Identify:   Convert volume units from 
[image: image29.wmf]3
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 to L.

Set Up:   
[image: image30.wmf]3
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Execute:   
[image: image32.wmf]333
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Evaluate:   The volume is 
[image: image33.wmf]3

5360 cm.
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is less than 
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 so the volume in 
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1.6.
Identify:   Convert 
[image: image38.wmf]2

ft

to 
[image: image39.wmf]2

m

and then to hectares.

Set Up:   
[image: image40.wmf]42
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Execute:   The area is 
[image: image42.wmf]2
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Evaluate:   Since 
[image: image43.wmf]1 ft03048 m,
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1.7.
Identify:   Convert seconds to years.

Set Up:   
[image: image45.wmf]9
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 EMBED Equation.DSMT4  [image: image47.wmf]1 h3600 s.

=


Execute:   
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Evaluate:   The conversion 
[image: image49.wmf]7
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 assumes 
[image: image50.wmf]1 y36524 d,

=.

which is the average for one extra day every four years, in leap years. The problem says instead to assume a 365-day year.


1.8.
Identify:   Apply the given conversion factors.
Set Up:   
[image: image51.wmf]1 furlong01250 mi and 1 fortnight14 days
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Execute:   
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Evaluate:   A furlong is less than a mile and a fortnight is many hours, so the speed limit in mph is a much smaller number.


1.9.
Identify:   Convert miles/gallon to km/L.

Set Up:   
[image: image54.wmf]1 mi1609 km.
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[image: image55.wmf]1 gallon3788 L
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Execute:   (a) 
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(b) The volume of gas required is 
[image: image57.wmf]1500 km
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Evaluate:   
[image: image59.wmf]1 mi/gal0425 km/L.
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 A km is very roughly half a mile and there are roughly 4 liters in a gallon, so 
[image: image60.wmf]2

4

1 mi/gal km/L,

~

 which is roughly our result.


1.10.
Identify:   Convert units.

Set Up:   Use the unit conversions given in the problem. Also, 
[image: image61.wmf]100 cm1 m
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and 
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Execute:   (a) 
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(b) 
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(c) 
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Evaluate:   The relations 
[image: image66.wmf]60 mi/h88 ft/s
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and 
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are exact. The relation 
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is accurate to only two significant figures.


1.11.
Identify:   We know the density and mass; thus we can find the volume using the relation 
[image: image69.wmf]densitymass/volume/.
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 The radius is then found from the volume equation for a sphere and the result for the volume.

Set Up:   
[image: image70.wmf]3
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 and 
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Execute:   
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Evaluate:   The density is very large, so the 130-pound sphere is small in size.


1.12.
Identify:   Convert units.
Set Up:   We know the equalities 
[image: image75.wmf]3
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Execute:   (a) 
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(b) 
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(c) The mass of each tablet is 
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 The number of tablets required each day is the number of grams recommended per day divided by the number of grams per tablet: 
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Evaluate:   Quantities in medicine and nutrition are frequently expressed in a wide variety of units.

1.13.
Identify:   The percent error is the error divided by the quantity.

Set Up:   The distance from Berlin to Paris is given to the nearest 10 km.


Execute:   (a) 
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(b) Since the distance was given as 890 km, the total distance should be 890,000 meters. We know the total distance to only three significant figures.

Evaluate:   In this case a very small percentage error has disastrous consequences.


1.14.
Identify:   When numbers are multiplied or divided, the number of significant figures in the result can be no greater than in the factor with the fewest significant figures. When we add or subtract numbers it is the location of the decimal that matters.

Set Up:   12 mm has two significant figures and 5.98 mm has three significant figures.

Execute:   (a) 
[image: image84.wmf]2

(12 mm)(598 mm)72 mm

´.=

 (two significant figures)

(b) 
[image: image85.wmf]598 mm
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(c) 36 mm (to the nearest millimeter)

(d) 6 mm

(e) 2.0 (two significant figures)

Evaluate:   The length of the rectangle is known only to the nearest mm, so the answers in parts (c) and (d) are known only to the nearest mm.


1.15.
Identify:   Use your calculator to display
[image: image86.wmf]7
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Set Up:   
[image: image87.wmf]1 yr36524 days,
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 and 
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Execute:   
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The approximate expression is accurate to two significant figures. The percent error is 0.45%.
Evaluate:   The close agreement is a numerical accident.


1.16.
Identify:   Estimate the number of people and then use the estimates given in the problem to calculate the number of gallons.

Set Up:   Estimate 
[image: image92.wmf]8
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Execute:   
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Evaluate:   The number of gallons of gas used each day approximately equals the population of the U.S.


1.17.
Identify:   Express 200 kg in pounds. Express each of 200 m, 200 cm and 200 mm in inches. Express 200 months in years.

Set Up:   A mass of 1 kg is equivalent to a weight of about 2.2 lbs.
[image: image96.wmf]1 in254 cm.
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Execute:   (a) 200 kg is a weight of 440 lb. This is much larger than the typical weight of a man.

(b) 
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 This is much greater than the height of a person.

(c) 
[image: image99.wmf]200 cm200 m79 inches66 ft.
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 Some people are this tall, but not an ordinary man.

(d) 
[image: image100.wmf]200 mm0200 m79 inches.
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 This is much too short.

(e) 
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 This is the age of a teenager; a middle-aged man is much older than this.

Evaluate:   None are plausible. When specifying the value of a measured quantity it is essential to give the units in which it is being expressed.


1.18.
Identify:   The number of kernels can be calculated as 
[image: image102.wmf]bottlekernel
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Set Up:   Based on an Internet search, Iowa corn farmers use a sieve having a hole size of 0.3125 in. ( 
8 mm to remove kernel fragments. Therefore estimate the average kernel length as 10 mm, the width as 
6 mm and the depth as 3 mm. We must also apply the conversion factors 
[image: image103.wmf]3
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Execute:   The volume of the kernel is: 
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 The bottle’s volume is: 
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 The number of kernels is then 
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Evaluate:   This estimate is highly dependent upon your estimate of the kernel dimensions. And since these dimensions vary amongst the different available types of corn, acceptable answers could range from 6,500 to 20,000.


1.19.
Identify:   Estimate the number of pages and the number of words per page.

Set Up:   Assuming the two-volume edition, there are approximately a thousand pages, and each page has between 500 and a thousand words (counting captions and the smaller print, such as the end-of-chapter exercises and problems).

Execute:   An estimate for the number of words is about 
[image: image107.wmf]6

10.


Evaluate:   We can expect that this estimate is accurate to within a factor of 10.


1.20.
Identify:   Approximate the number of breaths per minute. Convert minutes to years and 
[image: image108.wmf]3
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to 
[image: image109.wmf]3

m

to find the volume in 
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breathed in a year.

Set Up:   Assume 
[image: image111.wmf]10 breaths/min.
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The volume of a sphere is 
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where r is the radius and d is the diameter. Don’t forget to account for four astronauts.

Execute:   (a) The volume is 
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(b) 
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Evaluate:   Our estimate assumes that each 
[image: image118.wmf]3

cm

of air is breathed in only once, where in reality not all the oxygen is absorbed from the air in each breath. Therefore, a somewhat smaller volume would actually be required.


1.21.
Identify:   Estimate the number of blinks per minute. Convert minutes to years. Estimate the typical lifetime in years.

Set Up:   Estimate that we blink 10 times per minute.
[image: image119.wmf]1 y365 days.
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Use 80 years for the lifetime.

Execute:   The number of blinks is 
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Evaluate:   Our estimate of the number of blinks per minute can be off by a factor of two but our calculation is surely accurate to a power of 10.


1.22.
Identify:   Estimate the number of beats per minute and the duration of a lifetime. The volume of blood pumped during this interval is then the volume per beat multiplied by the total beats.

Set Up:   An average middle-aged (40 year-old) adult at rest has a heart rate of roughly 75 beats per minute. To calculate the number of beats in a lifetime, use the current average lifespan of 80 years.

Execute:   
[image: image123.wmf]9
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Evaluate:   This is a very large volume.


1.23.
Identify:   Estimation problem

Set Up:   Estimate that the pile is 
[image: image125.wmf]18 in18 in5 ft 8 in
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 Use the density of gold to calculate the mass of gold in the pile and from this calculate the dollar value.

Execute:   The volume of gold in the pile is 
[image: image126.wmf]3
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 Convert to 
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The density of gold is 
[image: image129.wmf]3
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 so the mass of this volume of gold is 
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The monetary value of one gram is $10, so the gold has a value of 
[image: image131.wmf]67
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 or about 
[image: image132.wmf]6
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 (one hundred million dollars).

Evaluate:   This is quite a large pile of gold, so such a large monetary value is reasonable.


1.24.
Identify:   Estimate the diameter of a drop and from that calculate the volume of a drop, in 
[image: image133.wmf]3

m.

 Convert 
[image: image134.wmf]3
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to L.

Set Up:   Estimate the diameter of a drop to be 
[image: image135.wmf]2 mm.
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 The volume of a spherical drop is 
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Execute:   
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 The number of drops in 1.0 L is 
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Evaluate:   Since 
[image: image139.wmf]3
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 if our estimate of the diameter of a drop is off by a factor of 2 then our estimate of the number of drops is off by a factor of 8.


1.25.
Identify:   Estimate the number of students and the average number of pizzas eaten by each student in a school year.

Set Up:   Assume a school of a thousand students, each of whom averages ten pizzas a year (perhaps an underestimate)

Execute:   They eat a total of 
[image: image140.wmf]4
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 pizzas.

Evaluate:   The same answer applies to a school of 250 students averaging 40 pizzas a year each.


1.26.
Identify:   The displacements must be added as vectors and the magnitude of the sum depends on the relative orientation of the two displacements.

Set Up:   The sum with the largest magnitude is when the two displacements are parallel and the sum with the smallest magnitude is when the two displacements are antiparallel.

Execute:   The orientations of the displacements that give the desired sum are shown in Figure 1.26.

Evaluate:   The orientations of the two displacements can be chosen such that the sum has any value between 0.6 m and 4.2 m.
	[image: image141.jpg]1.8 m
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	Figure 1.26



1.27.
Identify:   Draw each subsequent displacement tail to head with the previous displacement. The resultant displacement is the single vector that points from the starting point to the stopping point.

Set Up:   Call the three displacements 
[image: image142.wmf],
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Execute:   The vector addition diagram is given in Figure 1.27. Careful measurement gives that 
[image: image147.wmf]R
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Evaluate:   The magnitude of the resultant displacement, 7.8 km, is less than the sum of the magnitudes of the individual displacements, 
[image: image149.wmf]26 km40 km31 km.
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	Figure 1.27



1.28.
Identify:   Draw the vector addition diagram to scale.

Set Up:   The two vectors 
[image: image151.wmf]A
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and 
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are specified in the figure that accompanies the problem.

Execute:   (a) The diagram for 
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is given in Figure 1.28a. Measuring the length and angle of 
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[image: image155.wmf]90 m

C

=.

and an angle of 
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(b) The diagram for 
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 is given in Figure 1.28b. Measuring the length and angle of 
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r

 gives 
[image: image159.wmf]22 m

D

=

and an angle of 
[image: image160.wmf]250.

q

=°


(c) 
[image: image161.wmf]--=-(+),

r

r

ABAB

 so 
[image: image162.wmf]--

r

r

AB

 has a magnitude of 9.0 m (the same as 
[image: image163.wmf]+

AB

r

r

) and an angle with the 
[image: image164.wmf]x

+

 axis of 
[image: image165.wmf]214

°

(opposite to the direction of 
[image: image166.wmf]).

+

AB

r

r


(d) 
[image: image167.wmf]-=-(-),

rr

rr

BAAB

 so 
[image: image168.wmf]-

BA

r

r

has a magnitude of 22 m and an angle with the 
[image: image169.wmf]x

+

 axis of 
[image: image170.wmf]70

°

 (opposite to the direction of 
[image: image171.wmf]-

AB

r

r

).

Evaluate:   The vector 
[image: image172.wmf]-

A

r

is equal in magnitude and opposite in direction to the vector 
[image: image173.wmf].

A

r


	[image: image174.jpg])

SN

(a)

(b)





	Figure 1.28



1.29.
Identify:   Since she returns to the starting point, the vector sum of the four displacements must be zero.

Set Up:   Call the three given displacements 
[image: image175.wmf],

A

r



 EMBED Equation.DSMT4  [image: image176.wmf],

B

r

 and 
[image: image177.wmf],

C

r

 and call the fourth displacement 
[image: image178.wmf].

D

r

 
[image: image179.wmf]0.

+++=

rr

rr

ABCD


Execute:   The vector addition diagram is sketched in Figure 1.29. Careful measurement gives that 
[image: image180.wmf]D

r

 is
[image: image181.wmf]144 m, 41 south of west

°.


Evaluate:   
[image: image182.wmf]D

r

 is equal in magnitude and opposite in direction to the sum 
[image: image183.wmf].

++

ABC

rr

r


	[image: image184.jpg]>l

(=13

Ay





	Figure 1.29



1.30.
Identify:   
[image: image185.wmf]tan,

y

x

A

A

q

=

 for 
[image: image186.wmf]q

 measured counterclockwise from the 
[image: image187.wmf]x

+

-axis.

Set Up:   A sketch of 
[image: image188.wmf],

x

A



 EMBED Equation.DSMT4  [image: image189.wmf]y

A

 and 
[image: image190.wmf]A

r

 tells us the quadrant in which 
[image: image191.wmf]A

r

 lies.

Execute:   
(a) 
[image: image192.wmf]100 m

tan 0500.

200 m

y

x

A

A

q

-.

===-.

.



 EMBED Equation.DSMT4  [image: image193.wmf]1

tan(0500)360266333.

q

-

=-.=°-.°=°


(b) 
[image: image194.wmf]100 m

tan 0500.

200 m

y

x

A

A

q

.

===.

.



 EMBED Equation.DSMT4  [image: image195.wmf]1

tan(0500)266.

q

-

=.=.°


(c) 
[image: image196.wmf]100 m

tan 0500.

200 m

y

x

A

A

q

.

===-.

.

2



 EMBED Equation.DSMT4  [image: image197.wmf]1

tan(0500)180266153.

q

-

=-.=°-.°=°


(d) 
[image: image198.wmf]100 m

tan 0500.

200 m

y

x

A

A

q

-.

===.

-.



 EMBED Equation.DSMT4  [image: image199.wmf]1

tan(0500)180266207

q

-

=.=°+.°=°


Evaluate:   The angles
[image: image200.wmf]266

.°

and 
[image: image201.wmf]207

°

have the same tangent. Our sketch tells us which is the correct value of 
[image: image202.wmf].

q



1.31.
Identify:   For each vector 
[image: image203.wmf],

V

r

 use that 
[image: image204.wmf]cos

x

VV

q

=

 and 
[image: image205.wmf]sin,

y

VV

q

=

 when 
[image: image206.wmf]q

 is the angle 
[image: image207.wmf]V

r

 makes with the 
[image: image208.wmf]x

+

 axis, measured counterclockwise from the axis.

Set Up:   For 
[image: image209.wmf],

r

A

 
[image: image210.wmf]2700.

q

=.°

 For 
[image: image211.wmf],

r

B



 EMBED Equation.DSMT4  [image: image212.wmf]600.

q

=.°

 For 
[image: image213.wmf],

r

C



 EMBED Equation.DSMT4  [image: image214.wmf]2050.

q

=.°

 For 
[image: image215.wmf],

r

D



 EMBED Equation.DSMT4  [image: image216.wmf]1430.

q

=.°


Execute:   
[image: image217.wmf]0,

x

A

=


[image: image218.wmf]800 m.

y

A

=-.



 EMBED Equation.DSMT4  [image: image219.wmf]750 m,

x

B

=.



 EMBED Equation.DSMT4  [image: image220.wmf]130 m.

y

B

=.



 EMBED Equation.DSMT4  [image: image221.wmf]109 m,

x

C

=.

2



 EMBED Equation.DSMT4  [image: image222.wmf]507 m.

y

C

=-.

 
[image: image223.wmf]799 m,

x

D

=-.



 EMBED Equation.DSMT4  [image: image224.wmf]602 m.

y

D

=.


Evaluate:   The signs of the components correspond to the quadrant in which the vector lies.

1.32.
Identify:   Given the direction and one component of a vector, find the other component and the magnitude.
Set Up:   Use the tangent of the given angle and the definition of vector magnitude.
Execute:   (a) 
[image: image225.wmf]tan34.0

x

y

A

A

°=



[image: image226.wmf]16.0 m

23.72 m

tan34.0tan34.0

x

y

A

A

===

°°



[image: image227.wmf]23.7 m.

y

A

=-


(b) 
[image: image228.wmf]22

28.6 m.

xy

AAA

=+=


Evaluate:   The magnitude is greater than either of the components.

1.33.
Identify:   Given the direction and one component of a vector, find the other component and the magnitude.
Set Up:   Use the tangent of the given angle and the definition of vector magnitude.
Execute:   (a) 
[image: image229.wmf]tan32.0

x

y

A

A

°=



[image: image230.wmf](13.0 m)tan32.08.12 m.

x

A

=°=



 EMBED Equation.DSMT4  [image: image231.wmf]8.12 m.

x

A

=-


(b) 
[image: image232.wmf]22

15.3 m.

xy

AAA

=+=


Evaluate:   The magnitude is greater than either of the components.

1.34.
Identify:   Find the vector sum of the three given displacements.

Set Up:   Use coordinates for which 
[image: image233.wmf]x

+

 is east and 
[image: image234.wmf]y

+

 is north. The driver’s vector displacements are: 
[image: image235.wmf]26 km, 0 of north; 40 km, 0 of east; 31 

km, 45 north of east.

=.°=.°=.°

ABC

vv

v


Execute:   
[image: image236.wmf]040 km(31 km)cos(45)62 km;

xxxx

RABC

=++=+.+.°=.


[image: image237.wmf]yyyy

RABC

=++=

 
[image: image238.wmf]26 km0(31 km)(sin45)48 km;

.++.°=.



 EMBED Equation.DSMT4  [image: image239.wmf]22

78 km;

xy

RRR

=+=.



 EMBED Equation.DSMT4  [image: image240.wmf]1

tan[(48 km)/(62 km)]38;

q

-

=..=°

 
[image: image241.wmf]78 km, 38 north of east

=.°.

R

v

 This result is confirmed by the sketch in Figure 1.34.

Evaluate:   Both 
[image: image242.wmf]x

R

 and 
[image: image243.wmf]y

R

 are positive and 
[image: image244.wmf]R

r

 is in the first quadrant.

	[image: image245.jpg]al





	Figure 1.34



1.35.
Identify:   If 
[image: image246.wmf],

=+

CAB

rr

r

 then 
[image: image247.wmf]xxx

CAB

=+

and 
[image: image248.wmf].

yyy

CAB

=+

 Use 
[image: image249.wmf]x

C

and 
[image: image250.wmf]y

C

to find the magnitude and direction of 
[image: image251.wmf].

C

r


Set Up:   From Figure E1.28 in the textbook,
[image: image252.wmf]0,

x

A

=



 EMBED Equation.DSMT4  [image: image253.wmf]800 m

y

A

=-.

 and 
[image: image254.wmf]sin300750 m,

x

BB

=+.°=.

 
[image: image255.wmf]cos300130 m.

y

BB

=+.°=.


Execute:   (a) 
[image: image256.wmf]=+

rr

r

CAB

 so 
[image: image257.wmf]750 m

xxx

CAB

=+=.

and 
[image: image258.wmf]500 m.

yyy

CAB

=+=+.



 EMBED Equation.DSMT4  [image: image259.wmf]901 m.

C

=.

 
[image: image260.wmf]500 m

tan

750 m

y

x

C

C

q

.

==

.

 and 
[image: image261.wmf]337.

q

=.°


(b) 
[image: image262.wmf],

+=+

BAAB

rr

rr

 so 
[image: image263.wmf]+

BA

r

r

 has magnitude 9.01 m and direction specified by 
[image: image264.wmf]337.

.°


(c) 
[image: image265.wmf]=-

DAB

r

rr

 so 
[image: image266.wmf]750 m

xxx

DAB

=-=-.

and 
[image: image267.wmf]210 m.

yyy

DAB

=-=.

2



 EMBED Equation.DSMT4  [image: image268.wmf]223 m.

D

=.

 
[image: image269.wmf]210 m

tan

750 m

y

x

D

D

f

.

==

.

2

2

and 
[image: image270.wmf]703.

f

=.°



 EMBED Equation.DSMT4  [image: image271.wmf]D

r

is in the 
[image: image272.wmf]rd

3

 quadrant and the angle 
[image: image273.wmf]q

counterclockwise from the 
[image: image274.wmf]x

+

 axis is 
[image: image275.wmf]1807032503.

°+.°=.°


(d) 
[image: image276.wmf](),

-=--

BAAB

rr

rr

 so 
[image: image277.wmf]-

BA

r

r

has magnitude 22.3 m and direction specified by 
[image: image278.wmf]703.

q

=.°


Evaluate:   These results agree with those calculated from a scale drawing in Problem 1.28.


1.36.
Identify:   Use Equations (1.7) and (1.8) to calculate the magnitude and direction of each of the given vectors.

Set Up:   A sketch of 
[image: image279.wmf],

x

A



 EMBED Equation.DSMT4  [image: image280.wmf]y

A

and 
[image: image281.wmf]A

r

tells us the quadrant in which 
[image: image282.wmf]A

r

lies.

Execute:   (a) 
[image: image283.wmf]22

(860cm)(520cm)100cm,

-.+.=.


[image: image284.wmf]5.20

arctan148.8

8.60

æö

=°

ç÷

-

èø

 (which is 
[image: image285.wmf]180312

°-.°

).

(b) 
[image: image286.wmf]22

(97m)(245m)100 m,

-.+-.=.


[image: image287.wmf]2.45

arctan14180194.

9.7

-

æö

=°+°=°

ç÷

-

èø


(c) 
[image: image288.wmf]22

(775km)(270km)821 km,

.+-.=.


[image: image289.wmf]2.7

arctan340.8

7.75

-

æö

=°

ç÷

èø

 (which is 
[image: image290.wmf]360192

°-.°

).

Evaluate:   In each case the angle is measured counterclockwise from the 
[image: image291.wmf]x

+

 axis. Our results for 
[image: image292.wmf]q

 agree with our sketches.

1.37.
Identify:   Vector addition problem. We are given the magnitude and direction of three vectors and are asked to find their sum.
Set Up:   
	[image: image293.jpg]



	
	
[image: image294.wmf] 

 

A

=

3

.

2

5

 

k

m



[image: image295.wmf] 

 

B

=

2

.

9

0

 

k

m



[image: image296.wmf] 

 

C

=

1

.

5

0

 

k

m




	Figure 1.37a
	
	


Select a coordinate system where 
[image: image297.wmf]x

+

 is east and 
[image: image298.wmf] 

+

y

 is north. Let 
[image: image299.wmf],

A

r



 EMBED Equation.DSMT4  [image: image300.wmf]B

r

 and 
[image: image301.wmf]C

r

 be the three displacements of the professor. Then the resultant displacement 
[image: image302.wmf]R

r

 is given by 
[image: image303.wmf].

=++

RABC

rr

rr

 By the method of components, 
[image: image304.wmf] 

R

x

=

A

x

+

B

x

+

C

x

 and 
[image: image305.wmf] 

 

R

y

=

A

y

+

B

y

+

C

y

.

 Find the x and y components of each vector; add them to find the components of the resultant. Then the magnitude and direction of the resultant can be found from its x and y components that we have calculated. As always it is essential to draw a sketch.

Execute:   
	[image: image306.jpg]



	
	
[image: image307.wmf]0,3.25 km

xy

AA

==+



[image: image308.wmf] 

 

B

x

=

-

2

.

9

0

 

k

m

,



 EMBED Equation.DSMT4  [image: image309.wmf] 

 

B

y

=

0



[image: image310.wmf]0,1.50 km

xy

CC

==-



[image: image311.wmf] 

R

x

=

A

x

+

B

x

+

C

x



[image: image312.wmf] 

 

R

x

=

0

-

2

.

9

0

 

k

m

+

0

=

-

2

.

9

0

 

k

m



[image: image313.wmf] 

R

y

=

A

y

+

B

y

+

C

y



[image: image314.wmf]3.25 km01.50 km1.75 km

y

R

=+-=




	Figure 1.37b
	
	


	[image: image315.jpg]



	
	
[image: image316.wmf]2222

(2.90 km)(1.75 km)

xy

RRR

=+=-+



[image: image317.wmf] 

 

R

=

3

.

3

9

 

k

m



[image: image318.wmf] 

 

t

a

n

q

=

R

y

R

x

=

1

.

7

5

 

k

m

-

2

.

9

0

 

k

m

=

-

0

.

6

0

3



[image: image319.wmf]148.9

q

=°




	Figure 1.37c
	
	


The angle 
[image: image320.wmf]q

 measured counterclockwise from the 
[image: image321.wmf] 

 

+

x

-

a

x

i

s

.

 In terms of compass directions, the resultant displacement is 
[image: image322.wmf]31.1 N

°

 of W.

Evaluate:   
[image: image323.wmf] 

 

R

x

<

0

 and 
[image: image324.wmf] 

 

R

y

>

0

,

 so 
[image: image325.wmf]R

r

 is in 2nd quadrant. This agrees with the vector addition diagram.


1.38.
Identify:   We know the vector sum and want to find the magnitude of the vectors. Use the method of components.

Set Up:   The two vectors 
[image: image326.wmf]A

r

and 
[image: image327.wmf]B

r

and their resultant 
[image: image328.wmf]C

r

are shown in Figure 1.38. Let 
[image: image329.wmf]y

+

 be in the direction of the resultant. 
[image: image330.wmf].

AB

=


Execute:   
[image: image331.wmf].

yyy

CAB

=+


[image: image332.wmf]372 N2cos430

A

=.°

 and 
[image: image333.wmf]254 N.

A

=


Evaluate:   The sum of the magnitudes of the two forces exceeds the magnitude of the resultant force because only a component of each force is upward.
	[image: image334.jpg]al






	Figure 1.38



1.39.
Identify:   Vector addition problem. 
[image: image335.wmf]()

-=+-.

ABAB

rr

rr


Set Up:   Find the x- and y-components of 
[image: image336.wmf]A

r

 and 
[image: image337.wmf].

B

r

 Then the x- and y-components of the vector sum are calculated from the x- and y-components of 
[image: image338.wmf]A

r

 and 
[image: image339.wmf].

B

r


Execute:   
	[image: image340.jpg]



	
	
[image: image341.wmf]cos(600)

x

AA

=.°



[image: image342.wmf](280 cm)cos(600)140 cm

x

A

=..°=+.



[image: image343.wmf]sin(600)

y

AA

=.°



[image: image344.wmf](280 cm)sin(600)2425 cm

y

A

=..°=+.



[image: image345.wmf]cos(600)

x

BB

=-.°



[image: image346.wmf](190 cm)cos(600)095 cm

x

B

=.-.°=+.



[image: image347.wmf]sin(600)

y

BB

=-.°



[image: image348.wmf](190 cm)sin(600)1645 cm

y

B

=.-.°=-.


Note that the signs of the components correspond 
to the directions of the component vectors.

	Figure 1.39a
	
	


(a) Now let 
[image: image349.wmf]=+.

RAB

r

rr



[image: image350.wmf]140 cm095 cm235 cm

xxx

RAB

=+=+.+.=+..



[image: image351.wmf]2425 cm1645 cm078 cm

yyy

RAB

=+=+.-.=+..


	[image: image352.jpg]0)





	
	
[image: image353.wmf]2222

(235 cm)(078 cm)

xy

RRR

=+=.+.



 EMBED Equation.DSMT4  [image: image354.wmf]248 cm

R

=.



[image: image355.wmf]078 cm

tan03319

235 cm

y

x

R

R

q

+.

===+.

+.



[image: image356.wmf]184

q

=.°



	Figure 1.39b
	
	


Evaluate:   The vector addition diagram for 
[image: image357.wmf]=+

RAB

r

rr

 is

	[image: image358.jpg]



	
	
[image: image359.wmf]R

r

 is in the 1st quadrant, with 
[image: image360.wmf]||||,

yx

RR

<


in agreement with our calculation.

	Figure 1.39c
	
	


(b) Execute:   Now let 
[image: image361.wmf]=-.

RAB

r

rr



[image: image362.wmf]140 cm095 cm045 cm

xxx

RAB

=-=+.-.=+..



[image: image363.wmf]2425 cm1645 cm4070 cm

yyy

RAB

=-=+.+.=+..


	[image: image364.jpg]



	
	
[image: image365.wmf]2222

(045 cm)(4070 cm)

xy

RRR

=+=.+.



[image: image366.wmf]409 cm

R

=.



[image: image367.wmf]4070 cm

tan9044

045 cm

y

x

R

R

q

.

===+.

.



[image: image368.wmf]837

q

=.°



	Figure 1.39d
	
	


Evaluate:   The vector addition diagram for 
[image: image369.wmf]()

=+-

r

rr

RAB

 is
	[image: image370.jpg]



	
	
[image: image371.wmf]R

r

 is in the 1st quadrant, with 
[image: image372.wmf]||||,

xy

RR

<


in agreement with our calculation.

	Figure 1.39e
	
	


(c) Execute:   
	[image: image373.jpg]



	
	
[image: image374.wmf]()

-=--

rr

rr

BAAB



[image: image375.wmf]-

BA

r

r

 and 
[image: image376.wmf]-

AB

r

r

 are equal in magnitude and
opposite in direction.


[image: image377.wmf]409 cm

R

=.

 and 
[image: image378.wmf]837180264

q

=.°+°=°



	Figure 1.39f
	
	


Evaluate:   The vector addition diagram for 
[image: image379.wmf]()

=+-

r

rr

RBA

 is
	[image: image380.jpg]~
-
\/‘
>
by





	
	
[image: image381.wmf]R

r

 is in the 3rd quadrant, with 
[image: image382.wmf]||||,

xy

RR

<


in agreement with our calculation.

	Figure 1.39g
	
	



1.40.
Identify:   The general expression for a vector written in terms of components and unit vectors is 
[image: image383.wmf]ˆˆ

.

xy

AA

=+

Aij

r


Set Up:   
[image: image384.wmf]ˆˆ

5050(46)2030

.=.-=-

rr

r

Bijij


Execute:   (a) 
[image: image385.wmf]50,

x

A

=.



 EMBED Equation.DSMT4  [image: image386.wmf]63

y

A

=-.

 (b) 
[image: image387.wmf]112,

x

A

=.



 EMBED Equation.DSMT4  [image: image388.wmf]991

y

A

=-.

 (c) 
[image: image389.wmf]150,

x

A

=-.



 EMBED Equation.DSMT4  [image: image390.wmf]224

y

A

=.

 

(d) 
[image: image391.wmf]20,

x

A

=



 EMBED Equation.DSMT4  [image: image392.wmf]30

y

A

=-


Evaluate:   The components are signed scalars.


1.41.
Identify:   Find the components of each vector and then use Eq. (1.14).

Set Up:   
[image: image393.wmf]0,

x

A

=


[image: image394.wmf]800 m.

y

A

=-.



 EMBED Equation.DSMT4  [image: image395.wmf]750 m,

x

B

=.



 EMBED Equation.DSMT4  [image: image396.wmf]130 m.

y

B

=.



 EMBED Equation.DSMT4  [image: image397.wmf]109 m,

x

C

=.

2



 EMBED Equation.DSMT4  [image: image398.wmf]507 m.

y

C

=-.

 
[image: image399.wmf]799 m,

x

D

=-.



 EMBED Equation.DSMT4  [image: image400.wmf]602 m.

y

D

=.


Execute:   
[image: image401.wmf]ˆ

(800 m);

=-.

r

Aj


[image: image402.wmf]ˆˆ

(750 m)(130 m);

=.+.

Bij

r



 EMBED Equation.DSMT4  [image: image403.wmf]ˆˆ

(109 m)(507 m);

=-.+-.

r

Cij

 
[image: image404.wmf]ˆˆ

(799 m)(602 m).

=-.+.

Dij

r


Evaluate:   All these vectors lie in the xy-plane and have no z-component.

1.42.
Identify:   Find A and B. Find the vector difference using components.
Set Up:   Deduce the x- and y-components and use Eq. (1.8).
Execute:   (a) 
[image: image405.wmf]ˆˆ

4.007.00;

=+

r

Aij


[image: image406.wmf] 

 

A

x

=

+

4

.

0

0

;



 EMBED Equation.DSMT4  [image: image407.wmf]7.00.

y

A

=+



[image: image408.wmf]2222

(4.00)(7.00)8.06.

xy

AAA

=+=+=



 EMBED Equation.DSMT4  [image: image409.wmf]ˆˆ

5.002.00;

=-

r

Bij



 EMBED Equation.DSMT4  [image: image410.wmf] 

 

B

x

=

+

5

.

0

0

;



 EMBED Equation.DSMT4  [image: image411.wmf]2.00;

y

B

=-

 
[image: image412.wmf]2222

(5.00)(2.00)5.39.

xy

BBB

=+=+-=


Evaluate:   Note that the magnitudes of 
[image: image413.wmf]r

A

 and 
[image: image414.wmf]r

B

 are each larger than either of their components.

Execute:   (b) 
[image: image415.wmf]ˆˆˆˆˆˆ

4.007.00(5.002.00)(4.005.00)(7.002.00).

-=+--=-++

ABijijij

r

r

 
[image: image416.wmf]ˆˆ

1.009.00

-=-+

r

r

ABij


(c) Let 
[image: image417.wmf]ˆˆ

1.009.00.

-=-+

=

r

rr

RABij

 Then 
[image: image418.wmf] 

 

R

x
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-
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0

0

,



 EMBED Equation.DSMT4  [image: image419.wmf] 

 

R
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0
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	[image: image420.jpg]



	
	
[image: image421.wmf] 
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[image: image422.wmf] 
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[image: image423.wmf] 
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[image: image424.wmf] 
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	Figure 1.42
	
	


Evaluate:   
[image: image425.wmf] 

 

R

x

<

0

 and 
[image: image426.wmf]0,

y

R

>

 so 
[image: image427.wmf]r

R

 is in the 2nd quadrant.


1.43.
Identify:   Use trig to find the components of each vector. Use Eq. (1.11) to find the components of the vector sum. Eq. (1.14) expresses a vector in terms of its components.

Set Up:   Use the coordinates in the figure that accompanies the problem.

Execute:   (a) 
[image: image428.wmf]ˆˆˆˆ

(360 m)cos700(360 m)sin700(123 m)(338 m)

=..°+..°=.+.

r

Aijij

 
[image: image429.wmf]ˆˆˆˆ

(240 m)cos300(240 m)sin300(208 m)(120 m)

=-..°-..°=-.+-.

Bijij

r



[image: image430.wmf]ˆˆˆˆ

() (300)(400)(300)(123 m)(300)(338 m)(40

0)(208 m)(400)(120 m)

ˆˆ

(1201 m)(1494)

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

=.+.

b

CABijij

ij

rr

r


(c) From Equations (1.7) and (1.8),


[image: image431.wmf]22

1494 m

(1201 m)(1494 m)1917 m, arctan 512

1201 m

C

.

æö

=.+.=.=.°

ç÷

èø

.


Evaluate:   
[image: image432.wmf]x

C

and 
[image: image433.wmf]y

C

are both positive, so 
[image: image434.wmf]q

is in the first quadrant.

1.44.
Identify:   A unit vector has magnitude equal to 1.

Set Up:   The magnitude of a vector is given in terms of its components by Eq. (1.12).

Execute:   (a) 
[image: image435.wmf]222

ˆˆˆ

||11131

++=++=¹

ijk

 so it is not a unit vector.

(b) 
[image: image436.wmf]222

||.

xyz

AAA

=++

A

r

 If any component is greater than 
[image: image437.wmf]1

+

 or less than 
[image: image438.wmf]1,

-

 
[image: image439.wmf]||1,

>

A

r

 so it cannot be a unit vector. 
[image: image440.wmf]A

r

 can have negative components since the minus sign goes away when the component is squared.

(c) 
[image: image441.wmf]||1

=

A

r

 gives 
[image: image442.wmf]2222

(30)(40)1

aa

.+. =

 and 
[image: image443.wmf]2

251.

a

=

 
[image: image444.wmf]1

020.

50

a

=±=±.

.


Evaluate:   The magnitude of a vector is greater than the magnitude of any of its components.

1.45.
Identify:   
[image: image445.wmf]cos

AB

f

×=

r

r

AB


Set Up:   For 
[image: image446.wmf]A

r

 and 
[image: image447.wmf],

B

r

 
[image: image448.wmf]1500.

f

=.°

 For 
[image: image449.wmf]B

r

 and 
[image: image450.wmf],

C

r

 
[image: image451.wmf]1450.

f

=.°

 For 
[image: image452.wmf]A

r

 and 
[image: image453.wmf],

C

r

 
[image: image454.wmf]650.

f

=.°


Execute:   (a) 
[image: image455.wmf]2

(800 m)(150 m)cos1500104 m

×=...°=

r

r

AB

2


(b) 
[image: image456.wmf]2

(150 m)(120 m)cos1450148 m

×=...°=-

r

r

BC


(c) 
[image: image457.wmf]2

(800 m)(120 m)cos650406 m

×=...°=.

rr

AC


Evaluate:   When 
[image: image458.wmf]90

f

<°

 the scalar product is positive and when 
[image: image459.wmf]90

f

>°

 the scalar product is negative.


1.46.
Identify:   Target variables are 
[image: image460.wmf]×

r

r

AB

 and the angle 
[image: image461.wmf]f

 between the two vectors.
Set Up:   We are given 
[image: image462.wmf]r

A

 and 
[image: image463.wmf]r

B

 in unit vector form and can take the scalar product using Eq. (1.19). The angle 
[image: image464.wmf]f

 can then be found from Eq. (1.18).
Execute:   (a) 
[image: image465.wmf]ˆˆ

4.007.00,

=+

r

Aij



 EMBED Equation.DSMT4  [image: image466.wmf]ˆˆ

5.002.00;

=-

Bij

r



 EMBED Equation.DSMT4  [image: image467.wmf] 
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.
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,



 EMBED Equation.DSMT4  [image: image468.wmf]5.39.

B

=

 
[image: image469.wmf]ˆˆˆˆ

(4.007.00)(5.002.00)(4.00)(5.00)(7.00)(2

.00)

×=+×-=+-=

ABijij

r

r



 EMBED Equation.DSMT4  [image: image470.wmf] 

2
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.
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-

1
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.

0

=

+
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(b) 
[image: image471.wmf]6.00

cos0.1382;

(8.06)(5.39)

AB

f

×

===

r

r

AB



 EMBED Equation.DSMT4  [image: image472.wmf] 

f

=

8

2

.

1

°

.


Evaluate:   The component of 
[image: image473.wmf]r

B

 along 
[image: image474.wmf]r

A

 is in the same direction as 
[image: image475.wmf],

r

A

 so the scalar product is positive and the angle 
[image: image476.wmf]f

 is less than 
[image: image477.wmf] 

9

0

°

.



1.47.
Identify:   For all of these pairs of vectors, the angle is found from combining Eqs. (1.18) and (1.21), 
to give the angle
[image: image478.wmf]f

 as 
[image: image479.wmf]arccosarccos.

xxyy

ABAB

ABAB

f

+

æö

æö

×

==

ç÷

ç÷

ç÷

èø

èø

r

r

AB


Set Up:   Eq. (1.14) shows how to obtain the components for a vector written in terms of unit vectors.

Execute:   (a) 
[image: image480.wmf]22,40,13,

AB

×=- = =

AB

r

r

 and so 
[image: image481.wmf]22

arccos165.

4013

f

-

æö

==°

ç÷

èø


(b) 
[image: image482.wmf]60,34,136,

AB

×===

AB

r

r



 EMBED Equation.DSMT4  [image: image483.wmf]60

arccos28.

34136

f

æö

==°

ç÷

èø


(c) 
[image: image484.wmf]0

×=

AB

r

r

 and 
[image: image485.wmf]90.

f

=°


Evaluate:   If 
[image: image486.wmf]0,

×>

r

r

AB



 EMBED Equation.DSMT4  [image: image487.wmf]090.

f

£<°

 If 
[image: image488.wmf]0,

×<

r

r

AB



 EMBED Equation.DSMT4  [image: image489.wmf]90180.

f

°<£°

 If 
[image: image490.wmf]0,

×=

r

r

AB



 EMBED Equation.DSMT4  [image: image491.wmf]90

f

=°

 and the two vectors are perpendicular.

1.48.
Identify:   Target variable is the vector 
[image: image492.wmf]´

AB

r

r

 expressed in terms of unit vectors.
Set Up:   We are given 
[image: image493.wmf]r

A

 and 
[image: image494.wmf]r

B

 in unit vector form and can take the vector product using Eq. (1.24).
Execute:   
[image: image495.wmf]ˆˆ

4.007.00,

=+

Aij

r

 
[image: image496.wmf]ˆˆ

5.002.00.

=-

Bij

r



[image: image497.wmf]ˆˆˆˆˆˆˆˆˆˆˆˆ

(4.007.00)(5.002.00)20.08.0035.014.0.

´=+´-=´-´+´-´

ABijijiiijjijj

r

r

 But 
[image: image498.wmf]ˆˆˆˆ

0

´=´=

iijj

 and 
[image: image499.wmf]ˆˆˆ

,

´=

ijk



 EMBED Equation.DSMT4  [image: image500.wmf]ˆˆˆ

,

´=-

jik

 so 
[image: image501.wmf]ˆˆˆ

8.0035.0()43.0.

´=-+-=-

ABkkk

r

r

 The magnitude of 
[image: image502.wmf]´

AB

r

r

 is 43.0.
Evaluate:   Sketch the vectors 
[image: image503.wmf]A

r

 and 
[image: image504.wmf]B

r

 in a coordinate system where the xy-plane is in the plane of the paper and the z-axis is directed out toward you. By the right-hand rule 
[image: image505.wmf]´

AB

r

r

 is directed into the plane of the paper, in the 
[image: image506.wmf]-direction.

z

-

 This agrees with the above calculation that used unit vectors.
	[image: image507.jpg]




	Figure 1.48



1.49.
Identify:   
[image: image508.wmf]´

AD

r

r

 has magnitude 
[image: image509.wmf]sin.

AD

f

 Its direction is given by the right-hand rule.

Set Up:   
[image: image510.wmf]18053127

f

=°-°=°


Execute:   (a) 
[image: image511.wmf]2

||(800 m)(100 m)sin127639 m.

´=..°=.

AD

r

r

 The right-hand rule says 
[image: image512.wmf]´

AD

r

r

 is in the 
[image: image513.wmf]-direction

z

-

 (into the page).


[image: image514.wmf]()

´

b

DA

r

r

 has the same magnitude as 
[image: image515.wmf]´

AD

r

r

 and is in the opposite direction.

Evaluate:   The component of 
[image: image516.wmf]D

r

 perpendicular to 
[image: image517.wmf]A

r

 is 
[image: image518.wmf]sin530799 m.

DD

^

=.°=.

 
[image: image519.wmf]2

||639 m,

AD

^

´==.

AD

r

r

 which agrees with our previous result.


1.50.
Identify:   The right-hand rule gives the direction and Eq. (1.22) gives the magnitude.

Set Up:   
[image: image520.wmf]1200.

f

=.°


Execute:   (a) The direction of 
[image: image521.wmf]´

AB

r

r

is into the page (the 
[image: image522.wmf]-direction

z

-

). The magnitude of the vector product is 
[image: image523.wmf]2

sin(280cm)(190cm)sin120461cm.

AB

f

=..°=.


(b) Rather than repeat the calculations, Eq. (1.23) may be used to see that 
[image: image524.wmf]´

BA

r

r

 has magnitude 
[image: image525.wmf]2

4.61cm

 and is in the 
[image: image526.wmf]-direction

z

+

 (out of the page).

Evaluate:   For part (a) we could use Eq. (1.27) and note that the only non-vanishing component is 
[image: image527.wmf](280 cm)cos600(190 cm)sin60

zxyyx

CABAB

=-=..°-.°



[image: image528.wmf]2

        (280 cm)sin600(190 cm)cos600461 

cm.

-..°..°=.

2


This gives the same result.

1.51.
Identify:   Apply Eqs. (1.18) and (1.22).

Set Up:   The angle between the vectors is 
[image: image529.wmf]209030140

°+°+°=°.


Execute:   (a) Eq. (1.18) gives 
[image: image530.wmf]2

(360 m)(240 m)cos140662 m

×=..°=-..

AB

r

r


(b) From Eq. (1.22), the magnitude of the cross product is
[image: image531.wmf]2

(360 m)(240 m)sin140555 m

..°=.

 and the direction, from the right-hand rule, is out of the page (the 
[image: image532.wmf]-direction

z

+

).

Evaluate:   We could also use Eqs. (1.21) and (1.27), with the components of 
[image: image533.wmf]A

r

and 
[image: image534.wmf].

r

B



1.52.
Identify:   Use Eq. (1.27) for the components of the vector product.

Set Up:   Use coordinates with the 
[image: image535.wmf]-axis

x

+

 to the right, 
[image: image536.wmf]-axis

y

+

 toward the top of the page, and 
[image: image537.wmf]-axis

z

+

 out of the page. 
[image: image538.wmf]0,

x

A

=



 EMBED Equation.DSMT4  [image: image539.wmf]0

y

A

=

 and 
[image: image540.wmf]350 cm.

z

A

=-.

 The page is 20 cm by 35 cm, so 
[image: image541.wmf]20 cm

x

B

=-

and 
[image: image542.wmf]35 cm.

y

B

=


Execute:   
[image: image543.wmf]22

()122cm,()70cm,()0

xyz

´=´=´=.

ABABAB

rrr

rrr


Evaluate:   From the components we calculated the magnitude of the vector product is 
[image: image544.wmf]2

141 cm.

 
[image: image545.wmf]403 cm

B

=.

and 
[image: image546.wmf]90,

f

=°

 so 
[image: image547.wmf]2

sin141 cm,

AB

f

=

 which agrees.

1.53.
Identify:   
[image: image548.wmf]A

r

 and 
[image: image549.wmf]B

r

 are given in unit vector form. Find A, B and the vector difference 
[image: image550.wmf]-.

AB

r

r


Set Up:   
[image: image551.wmf]200300400,

=.+.+.

rrrr

Aijk

2


[image: image552.wmf]300100300

=.+.-.

Bijk

rrr

r


Use Eq. (1.8) to find the magnitudes of the vectors.

Execute:   (a) 
[image: image553.wmf]222222

(200)(300)(400)538

xyz

AAAA

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



[image: image554.wmf]222222

(300)(100)(300)436

xyz

BBBB

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


(b) 
[image: image555.wmf]ˆˆˆˆˆˆ

(200300400)(300100300)

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

r

r

ABijkijk



[image: image556.wmf]ˆˆˆˆˆˆ

(200300)(300100)(400(300))500200700

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

r

r

ABijkijk

2


(c) Let 
[image: image557.wmf],

=-

CAB

rr

r

 so 
[image: image558.wmf]500,

x

C

=-.



 EMBED Equation.DSMT4  [image: image559.wmf]200,

y

C

=+.



 EMBED Equation.DSMT4  [image: image560.wmf]700

z

C

=+.



[image: image561.wmf]222222

(500)(200)(700)883

xyz

CCCC

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



[image: image562.wmf](),

-=--

rr

rr

BAAB

 so 
[image: image563.wmf]-

AB

r

r

 and 
[image: image564.wmf]-

BA

r

r

 have the same magnitude but opposite directions.

Evaluate:   A, B and C are each larger than any of their components.


1.54.
Identify:   Area is length times width. Do unit conversions.

Set Up:   
[image: image565.wmf]1 mi5280 ft.

=


[image: image566.wmf]3

1 ft7477 gal.

=.


Execute:   (a) The area of one acre is 
[image: image567.wmf]2

111

880640

 mi mi mi,

´=

so there are 640 acres to a square mile.

(b) 
[image: image568.wmf]2

2

2

1 mi5280 ft

(1 acre)43,560 ft

640 acre1 mi

æö

æö

´´=

ç÷

ç÷

ç÷

èø

èø


(all of the above conversions are exact).

(c) (1 acre-foot)
[image: image569.wmf]35

3

7477 gal

(43,560 ft)32610 gal,

1 ft

.

æö

=´=.´

ç÷

èø

which is rounded to three significant figures.

Evaluate:   An acre is much larger than a square foot but less than a square mile. A volume of 1 acre-foot is much larger than a gallon.


1.55.
Identify:   The density relates mass and volume. Use the given mass and density to find the volume and from this the radius.

Set Up:   The earth has mass 
[image: image570.wmf]24

E

59710 kg

m

=.´

 and radius 
[image: image571.wmf]6

E

63810 m.

r

=.´

 The volume of a sphere is 
[image: image572.wmf]3

4

3

.

Vr

p

=



 EMBED Equation.DSMT4  [image: image573.wmf]33

176 g/cm1760 km/m.

r

=.=


Execute:   (a) The planet has mass 
[image: image574.wmf]25

E

5532810 kg.

mm

=.=.´

 
[image: image575.wmf]25

223

3
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18610 m.

1760 kg/m

m

V
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.´

===.´



[image: image576.wmf]1/3
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(b) 
[image: image577.wmf]E

257

rr

=.


Evaluate:   Volume V is proportional to mass and radius r is proportional to 
[image: image578.wmf]1/3

,

V

 so r is proportional to 
[image: image579.wmf]1/3

.

m

 If the planet and earth had the same density its radius would be 
[image: image580.wmf]1/3

EE

(55)18.

rr

.=.

 The radius of the planet is greater than this, so its density must be less than that of the earth.


1.56.
Identify and Set Up:   Unit conversion.

Execute:   (a) 
[image: image581.wmf]9

142010 cycles/s,

f

=.´

 so 
[image: image582.wmf]10

9

1

 s70410 s

142010

-

=.´

.´

 for one cycle.

(b) 
[image: image583.wmf]12

10

3600 s/h

51110 cycles/h

70410 s/cycle

-

=.´

.´


(c) Calculate the number of seconds in 4600 million 
[image: image584.wmf]9

years4610 y

=.´

 and divide by the time for 1 cycle:


[image: image585.wmf]97

26

10

(4610 y)(315610 s/y)

2110 cycles

70410 s/cycle

-

.´.´

=.´

.´


(d) The clock is off by 1 s in 
[image: image586.wmf]5

100,000 y110 y,

=´

 so in 
[image: image587.wmf]9

46010 y

.´

 it is off by 
[image: image588.wmf]9

4

5

46010

(1s)4610 s

110

æö

.´

=.´

ç÷

ç÷

´

èø

 (about 13 h).

Evaluate:   In each case the units in the calculation combine algebraically to give the correct units for the answer.


1.57.
Identify:   Using the density of the oxygen and volume of a breath, we want the mass of oxygen (the target variable in part (a)) breathed in per day and the dimensions of the tank in which it is stored.
Set Up:   The mass is the density times the volume. Estimate 12 breaths per minute. We know 1 day = 24 h, 1 h = 60 min and 1000 L = 1 m3. The volume of a cube having faces of length l is 
[image: image589.wmf]3

.

Vl

=


Execute:   (a) 
[image: image590.wmf](

)

60 min24 h

12 breaths/min17,280 breaths/day.

1 h1 day

æö

æö

=

ç÷

ç÷

èø

èø

 The volume of air breathed in one day is 
[image: image591.wmf]3

1

2

( L/breath)(17,280 breaths/day)8640 L8.6

4 m.

==

 The mass of air breathed in one day is the density of air times the volume of air breathed: 
[image: image592.wmf]33

(1.29 kg/m)(8.64 m)11.1 kg.

m

==

 As 20% of this quantity is oxygen, the mass of oxygen breathed in 1 day is 
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(b) V = 
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Evaluate:   A person could not survive one day in a closed tank of this size because the exhaled air is breathed back into the tank and thus reduces the percent of oxygen in the air in the tank. That is, a person cannot extract all of the oxygen from the air in an enclosed space.


1.58.
Identify:   Use the extreme values in the piece’s length and width to find the uncertainty in the area.
Set Up:   The length could be as large as 7.61 cm and the width could be as large as 1.91 cm.
Execute:   The area is 14.44 ( 0.095 cm2. The fractional uncertainty in the area is 
[image: image597.wmf] 
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 and the fractional uncertainties in the length and width are 
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 The sum of these fractional uncertainties is 
[image: image600.wmf]0.13%0.53%0.66%,

+=

 in agreement with the fractional uncertainty in the area.
Evaluate:   The fractional uncertainty in a product of numbers is greater than the fractional uncertainty in any of the individual numbers.


1.59.
Identify:   Calculate the average volume and diameter and the uncertainty in these quantities.

Set Up:   Using the extreme values of the input data gives us the largest and smallest values of the target variables and from these we get the uncertainty.

Execute:   (a) The volume of a disk of diameter d and thickness t is 
[image: image601.wmf]2
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The average volume is 
[image: image602.wmf]23
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 But t is given to only two significant figures so the answer should be expressed to two significant figures: 
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We can find the uncertainty in the volume as follows. The volume could be as large as 
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 which is 
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 larger than the average value. The volume could be as small as 
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[image: image608.wmf]3

03 cm,

±.

 and we express the volume as 
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(b) The ratio of the average diameter to the average thickness is 
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 By taking the largest possible value of the diameter and the smallest possible thickness we get the largest possible value for this ratio: 
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 Thus the uncertainty is 
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 and we write the ratio as 
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Evaluate:   The thickness is uncertain by 10% and the percentage uncertainty in the diameter is much less, so the percentage uncertainty in the volume and in the ratio should be about 10%.


1.60.
Identify:   Estimate the volume of each object. The mass m is the density times the volume.

Set Up:   The volume of a sphere of radius r is 
[image: image615.wmf]3
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 The volume of a cylinder of radius r and length l is 
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 The density of water is 
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Execute:   (a) Estimate the volume as that of a sphere of diameter 10 cm: 
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(b) Approximate as a sphere of radius 
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(c) Estimate the volume as that of a cylinder of length 1 cm and radius 3 mm: 
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Evaluate:   The mass is directly proportional to the volume.


1.61.
Identify:   The number of atoms is your mass divided by the mass of one atom.

Set Up:   Assume a 70-kg person and that the human body is mostly water. Use Appendix D to find the mass of one 
[image: image625.wmf]2
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Execute:   
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 molecules. Each 
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Evaluate:   Assuming carbon to be the most common atom gives 
[image: image630.wmf]27
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 molecules, which is a result of the same order of magnitude.

1.62.
Identify:   The number of bills is the distance to the moon divided by the thickness of one bill.

Set Up:   Estimate the thickness of a dollar bill by measuring a short stack, say ten, and dividing the measurement by the total number of bills. I obtain a thickness of roughly 1 mm. From Appendix F, the distance from the earth to the moon is 
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Execute:   
[image: image632.wmf]83

1212

bills

3810 m10 mm

3810 bills410 bills

01 mm/bill1 m

N

æöæö

.´

==.´»´

ç÷ç÷

ç÷ç÷

.

èøèø


Evaluate:   This answer represents 4 trillion dollars! The cost of a single space shuttle mission in 2005 is significantly less—roughly 1 billion dollars.


1.63.
Identify:   The cost would equal the number of dollar bills required; the surface area of the U.S. divided by the surface area of a single dollar bill.

Set Up:   By drawing a rectangle on a map of the U.S., the approximate area is 2600 mi by 1300 mi or 3,380,000 
[image: image633.wmf]2
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 This estimate is within 10 percent of the actual area, 3,794,083 
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Execute:   
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Evaluate:   The actual cost would be somewhat larger, because the land isn’t flat.


1.64.
Identify:   Estimate the volume of sand in all the beaches on the earth. The diameter of a grain of sand determines its volume. From the volume of one grain and the total volume of sand we can calculate the number of grains.

Set Up:   The volume of a sphere of diameter d is 
[image: image642.wmf]3
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 Consulting an atlas, we estimate that the continents have about 
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 of coastline. Add another 25% of this for rivers and lakes, giving 
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18210 km

.´

 of coastline. Assume that a beach extends 50 m beyond the water and that the sand is 2 m deep. 
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Execute:   (a) The volume of sand is 
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 The number of grains is 
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 The number of grains of sand is about 
[image: image649.wmf]22
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(b) The number of stars is 
[image: image650.wmf]9922
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 The two estimates result in comparable numbers for these two quantities.

Evaluate:   Both numbers are crude estimates but are probably accurate to a few powers of 10.

1.65.
Identify:   We know the magnitude and direction of the sum of the two vector pulls and the direction of one pull. We also know that one pull has twice the magnitude of the other. There are two unknowns, the magnitude of the smaller pull and its direction.
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 give two equations for these two unknowns.

Set Up:   Let the smaller pull be 
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 has magnitude 460.0 N and is northward. Let 
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must have an eastward component to cancel the westward component of 
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 There are then two possibilities, as sketched in Figures 1.65 a and b. 
[image: image665.wmf]r
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 can have a southward component.
Execute:   In either Figure 1.65 a or b, 
[image: image667.wmf] 

A

x

+

B

x

=

C

x

 and 
[image: image668.wmf] 

 

B

=

2

A

gives 
[image: image669.wmf](2)sin25.0sin

AA

f

°=

 and 
[image: image670.wmf]57.7.

f

=°

 In Figure 1.65a, 
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 One solution is for the smaller pull to be 
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east of north. In this case, the smaller pull is 196 N and the larger pull is 392 N. The other solution is for the smaller pull to be 
[image: image677.wmf]57.7
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 east of south. In this case the smaller pull is 360 N and the larger pull is 720 N.
Evaluate:   For the first solution, with 
[image: image678.wmf]r
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 east of north, each worker has to exert less force to produce the given resultant force and this is the sensible direction for the worker to pull.
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	Figure 1.65



1.66.
Identify:   Let 
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 be the fourth force. Find 
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Set Up:   Use components and solve for the components 
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Evaluate:   As shown in Figure 1.66, since 
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	Figure 1.66



1.67.
Identify:   
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Set Up:   Use components and Eq. (1.10) to solve for the components of 
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 Find the magnitude and direction of 
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 from its components.
Execute:   (a)
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(b) 
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Evaluate:   The 
[image: image726.wmf]A
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 we calculated agrees qualitatively with vector 
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 in the vector addition diagram in part (a).

1.68.
Identify:   Find the vector sum of the two displacements.

Set Up:   Call the two displacements 
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Execute:   
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Evaluate:   Our calculation using components agrees with 
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shown in the vector addition diagram, Figure 1.68.
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	Figure 1.68



1.69.
Identify:   Vector addition. Target variable is the 4th displacement.

Set Up:   Use a coordinate system where east is in the 
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Execute:   
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	Figure 1.69a
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	Figure 1.69b
	
	


The direction of 
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Evaluate:   The vector addition diagram, approximately to scale, is
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	Vector 
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	Figure 1.69c
	
	



1.70.
Identify:   Add the vectors using the method of components.

Set Up:   
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Execute:   (a) 
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[image: image789.wmf]184 m.

xxxx

SCAB

=--=-.



 EMBED Equation.DSMT4  [image: image790.wmf]101 m.

yyyy

SCAB

=--=-.



 EMBED Equation.DSMT4  [image: image791.wmf]210 m.

S

=.



 EMBED Equation.DSMT4  [image: image792.wmf]101 m

tan.

184 m

y

x

S

S

q

-.

==

-.

 
[image: image793.wmf]288

q

=.°

 below the 
[image: image794.wmf]-axis.

x

-


Evaluate:   The magnitude and direction we calculated for 
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agree with our vector diagrams.
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	Figure 1.70



1.71.
Identify:   Find the vector sum of the two forces.
Set Up:   Use components to add the two forces. Take the 
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Execute:   The second force has components 
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 The first force has components 
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 The resultant force is 954 N in the direction 16.8° above the forward direction.
Evaluate:   Since the two forces are not in the same direction the magnitude of their vector sum is less than the sum of their magnitudes.

1.72.
Identify:   Solve for one of the vectors in the vector sum. Use components.

Set Up:   Use coordinates for which 
[image: image806.wmf]x

+

 is east and 
[image: image807.wmf]y

+

 is north. The vector displacements are: 
[image: image808.wmf]200 km, 0of east; 350 m, 45 south of eas

t;

=.°=.°

AB

v

v

and 
[image: image809.wmf]580 m, 0 east

=.°

R

v


Execute:   
[image: image810.wmf]580 km(200 km)(350 km)(cos45)133 km;

xxxx

CRAB

=--=.-.-.°=.

 
[image: image811.wmf]yyyy

CRAB

=--



[image: image812.wmf]0 km0 km(350 km)(sin45)247 km;

=---.°=.

 
[image: image813.wmf]22

(133 km)(247 km)281 km;

C

=.+.=.

 
[image: image814.wmf]1

tan[(247 km)/(133 km)]617 north of east

q

-

=..=.°.

 The vector addition diagram in Figure 1.72 shows good qualitative agreement with these values.

Evaluate:   The third leg lies in the first quadrant since its x and y components are both positive.
	[image: image815.jpg]




	Figure 1.72



1.73.
Identify:   We know the resultant of two forces of known equal magnitudes and want to find that magnitude (the target variable).
Set Up:   Use coordinates having a horizontal 
[image: image816.wmf]x

+

 axis and an upward 
[image: image817.wmf]y

+

 axis. Then 
[image: image818.wmf]xxx

ABR

+=

 and 
[image: image819.wmf]5.60 N.

x

R

=


Solve: 
[image: image820.wmf]xxx

ABR

+=

 and 
[image: image821.wmf]cos32sin32.

x

ABR

°+°=

 Since 
[image: image822.wmf],

AB

=



[image: image823.wmf]2cos32,

x

AR

°=

 so 
[image: image824.wmf]3.30 N.

(2)(cos32)

x

R

A

==

°


Evaluate: The magnitude of the x component of each pull is 2.80 N, so the magnitude of each pull 
(3.30 N) is greater than its x component, as it should be.

1.74.
Identify:   The four displacements return her to her starting point, so 
[image: image825.wmf](),

=-++

rr

rr

DABC

 where 
[image: image826.wmf],

r

A



 EMBED Equation.DSMT4  [image: image827.wmf]B

r

 and 
[image: image828.wmf]C

r

are in the three given displacements and 
[image: image829.wmf]D

r

 is the displacement for her return.

Start Up:   Let 
[image: image830.wmf]x

+

 be east and 
[image: image831.wmf]y

+

 be north.

Execute:   (a) 
[image: image832.wmf][(147 km)sin85(106 km)sin167(166 km)sin2

35]343 km.

x

D

=-°+°+°=-.



[image: image833.wmf][(147 km)cos85(106 km)cos167(166 km)cos2

35]1857 km.

y

D

=-°+°+°=+.



[image: image834.wmf]22

(343km)(1857km)189 km.

D

=-.+.=


(b) The direction relative to north is 
[image: image835.wmf]34.3km

arctan10.5.

185.7km

f

æö

==°

ç÷

èø

 Since 
[image: image836.wmf]0

x

D

<

 and 
[image: image837.wmf]0,

y

D

>

 the direction of 
[image: image838.wmf]D

r

 is 
[image: image839.wmf]105

.°

 west of north.

Evaluate:   The four displacements add to zero.


1.75.
Identify:   The sum of the vector forces on the beam sum to zero, so their x components and their y components sum to zero. Solve for the components of 
[image: image840.wmf].

F

r


Set Up:   The forces on the beam are sketched in Figure 1.75a. Choose coordinates as shown in the sketch. The 100-N pull makes an angle of 
[image: image841.wmf]300400700

.°+.°=.°

with the horizontal. 
[image: image842.wmf]F

r

and the 100-N pull have been replaced by their x and y components.

Execute:   (a) The sum of the x-components is equal to zero gives 
[image: image843.wmf](100 N)cos7000

x

F

+.°=

and 
[image: image844.wmf]342 N.

x

F

=-.

 The sum of the y-components is equal to zero gives 
[image: image845.wmf](100 N)sin700124 N0

y

F

+.°-=

and 
[image: image846.wmf]300 N.

y

F

=+.



 EMBED Equation.DSMT4  [image: image847.wmf]F

r

and its components are sketched in Figure 1.75b. 
[image: image848.wmf]22

455 N.

xy

FFF

=+=.

 
[image: image849.wmf]||

300 N

tan

||342 N

y

x

F

F

f

.

==

.

and 
[image: image850.wmf]413.

f

=.°



 EMBED Equation.DSMT4  [image: image851.wmf]F

r

is directed at 
[image: image852.wmf]413

.°

above the 
[image: image853.wmf]x

-

-axis in Figure 1.75a.
(b) The vector addition diagram is given in Figure 1.75c. 
[image: image854.wmf]F

r

determined from the diagram agrees with 
[image: image855.wmf]F

r

calculated in part (a) using components.

Evaluate:   The vertical component of the 100 N pull is less than the 124 N weight so 
[image: image856.wmf]F

r

must have an upward component if all three forces balance.
	[image: image857.jpg]100N

(100 N) sin 70°

fro)

(100 N) cos 70°

Y124N
(a)



[image: image858.jpg]124 N






	Figure 1.75



1.76.
Identify:   Let the three given displacements be 
[image: image859.wmf],

r

A

 
[image: image860.wmf]B

r

 and 
[image: image861.wmf],

C

r

 where 
[image: image862.wmf]40 steps,

A

=

 
[image: image863.wmf]80 steps

B

=

and 
[image: image864.wmf]50 steps.

C

=

 
[image: image865.wmf].

=++

RABC

rr

rr

 The displacement 
[image: image866.wmf]C

r

that will return him to his hut is 
[image: image867.wmf].

-

R

r


Set Up:   Let the east direction be the 
[image: image868.wmf]-direction

x

+

and the north direction be the 
[image: image869.wmf]-direction

y

+.


Execute:   (a) The three displacements and their resultant are sketched in Figure 1.76.

(b) 
[image: image870.wmf](40)cos45(80)cos60117

x

R

=°-°=-.

and 
[image: image871.wmf](40)sin45(80)sin6050476

y

R

=°+°-=..


The magnitude and direction of the resultant are 
[image: image872.wmf]22

(117)(476)49,

-.+.=



 EMBED Equation.DSMT4  [image: image873.wmf]47.6

acrtan76,

11.7

æö

=°

ç÷

èø

 north of west. We know that 
[image: image874.wmf]R

r

is in the second quadrant because 
[image: image875.wmf]0,

x

R

<



 EMBED Equation.DSMT4  [image: image876.wmf]0.

y

R

>

 To return to the hut, the explorer must take 49 steps in a direction 
[image: image877.wmf]76

°

south of east, which is 
[image: image878.wmf]14

°

east of south.

Evaluate:   It is useful to show 
[image: image879.wmf],

x

R



 EMBED Equation.DSMT4  [image: image880.wmf]y

R

and 
[image: image881.wmf]R

r

on a sketch, so we can specify what angle we are computing.

	[image: image882.jpg]




	Figure 1.76



1.77.
Identify and Set Up:   The vector
[image: image883.wmf]A

r

that connects points 
[image: image884.wmf]11

(, )

xy

 and 
[image: image885.wmf]22

(, )

xy

 has components 
[image: image886.wmf]21

x

Axx

=-

 and 
[image: image887.wmf]21

.

y

Ayy

=-


Execute:   (a) Angle of first line is 
[image: image888.wmf]1

20020

tan42

21010

q

-

-

æö

==°.

ç÷

èø

-

 Angle of second line is 
[image: image889.wmf]423072

°+°=°.

 Therefore
[image: image890.wmf]10250cos7287,

X

=+°=



 EMBED Equation.DSMT4  [image: image891.wmf]20250sin72258

Y

=+°=

for a final point of (87,258).

(b) The computer screen now looks something like Figure 1.77. The length of the bottom line is 
[image: image892.wmf]22

(21087)(200258)136

-+-=

 and its direction is 
[image: image893.wmf]1

258200

tan25

21087

-

-

æö

=°

ç÷

èø

-

below straight left.

Evaluate:   Figure 1.77 is a vector addition diagram. The vector first line plus the vector arrow gives the vector for the second line.
	[image: image894.jpg](10, 20)

First line

(210, 200)

(87, 258)






	Figure 1.77



1.78.
Identify:   Vector addition. One vector and the sum are given; find the second vector (magnitude and direction).

Set Up:   Let 
[image: image895.wmf]x

+

 be east and 
[image: image896.wmf]y

+

 be north. Let 
[image: image897.wmf]A

r

 be the displacement 285 km at 
[image: image898.wmf]400

.°

 north of west and let 
[image: image899.wmf]B

r

 be the unknown displacement.


[image: image900.wmf]+=

ABR

r

rr

 where 
[image: image901.wmf]115 km,

=

R

r

 east


[image: image902.wmf]=-

BRA

r

rr



[image: image903.wmf],

xxx

BRA

=-

 
[image: image904.wmf]yyy

BRA

=-


Execute:   
[image: image905.wmf]cos4002183 km,

x

AA

=-.°=.

2


[image: image906.wmf]sin4001832 km

y

AA

=+.°=+.



[image: image907.wmf]115 km, 0

xy

RR

==


Then 
[image: image908.wmf]3333 km,

x

B

=.



 EMBED Equation.DSMT4  [image: image909.wmf]1832 km

y

B

=..

2



 EMBED Equation.DSMT4  [image: image910.wmf]22

380 km;

xy

BBB

=+=


	[image: image911.jpg]



	
	
[image: image912.wmf]tan|/|(1832 km)/(3333 km)

yx

BB

a

==..



[image: image913.wmf]288,

a

=.°

 south of east

	Figure 1.78
	
	


Evaluate:   The southward component of 
[image: image914.wmf]B

r

 cancels the northward component of 
[image: image915.wmf].

A

r

 The eastward component of 
[image: image916.wmf]B

r

 must be 115 km larger than the magnitude of the westward component of 
[image: image917.wmf].

A

r



1.79.
Identify:   Vector addition. One force and the vector sum are given; find the second force.

Set Up:   Use components. Let 
[image: image918.wmf]y

+

 be upward.
	[image: image919.jpg]elbow




	
	
[image: image920.wmf]B

r

 is the force the biceps exerts.

	Figure 1.79a
	
	



[image: image921.wmf]E

r

 is the force the elbow exerts. 
[image: image922.wmf],

+=

rrr

EBR

 where 
[image: image923.wmf]1325 N

R

=.

 and is upward.


[image: image924.wmf],

xxx

ERB

=-


[image: image925.wmf]yyy

ERB

=-


Execute:   
[image: image926.wmf]sin431582 N,

x

BB

=-°=-.


[image: image927.wmf]cos431697 N,

y

BB

=+°=+.



 EMBED Equation.DSMT4  [image: image928.wmf]0,

x

R

=



 EMBED Equation.DSMT4  [image: image929.wmf]1325 N

y

R

=+.


Then 
[image: image930.wmf]1582 N,

x

E

=+.



 EMBED Equation.DSMT4  [image: image931.wmf]37.2 N.

y

E

=-



[image: image932.wmf]22

160 N;

xy

EEE

=+=


	[image: image933.jpg]



	
	
[image: image934.wmf]tan|/|372/1582

yx

EE

a

==..



[image: image935.wmf]13,

a

=°

 below horizontal

	Figure 1.79b
	
	


Evaluate:   The x-component of 
[image: image936.wmf]E

r

 cancels the x-component of 
[image: image937.wmf].

B

r

 The resultant upward force is less than the upward component of 
[image: image938.wmf],

r

B

 so 
[image: image939.wmf]y

E

 must be downward.


1.80.
Identify:   Find the vector sum of the four displacements.

Set Up:   Take the beginning of the journey as the origin, with north being the y-direction, east the 
x-direction, and the z-axis vertical. The first displacement is then 
[image: image940.wmf]ˆ

(30 m),

-

k

 the second is 
[image: image941.wmf]ˆ

(15 m),

-

j

 the third is 
[image: image942.wmf]ˆ

(200 m),

i

 and the fourth is 
[image: image943.wmf]ˆ

(100 m)

.

j


Execute:   (a) Adding the four displacements gives 
[image: image944.wmf]ˆˆˆˆˆˆˆ

(30 m)(15 m)(200 m)(100 m)(200 m)(85 m)(

30 m)

-+-++=+-.

kjijijk


(b) The total distance traveled is the sum of the distances of the individual segments: 
[image: image945.wmf]30 m15 m200 m100 m345 m

+++=.

 The magnitude of the total displacement is:


[image: image946.wmf]222222

(200 m)(85 m)(30 m)219 m

xyz

DDDD

=++=++-=.


Evaluate:   The magnitude of the displacement is much less than the distance traveled along the path.


1.81.
Identify:   The sum of the force displacements must be zero. Use components.

Set Up:   Call the displacements 
[image: image947.wmf],

r

A

 
[image: image948.wmf],

r

B

 
[image: image949.wmf]C

r

and 
[image: image950.wmf],

D

r

 where 
[image: image951.wmf]D

r

 is the final unknown displacement for the return from the treasure to the oak tree. Vectors 
[image: image952.wmf],

r

A

 
[image: image953.wmf],

r

B

 and
[image: image954.wmf]C

r

are sketched in Figure 1.81a. 
[image: image955.wmf]0

+++=

ABCD

rr

rr

 says 
[image: image956.wmf]0

xxxx

ABCD

+++=

 and 
[image: image957.wmf]0.

yyyy

ABCD

+++=



 EMBED Equation.DSMT4  [image: image958.wmf]825 m,

A

=



 EMBED Equation.DSMT4  [image: image959.wmf]1250 m,

B

=

 and 
[image: image960.wmf]1000 m.

C

=

 Let 
[image: image961.wmf]x

+

 be eastward and 
[image: image962.wmf]y

+

 be north.

Execute:   (a) 
[image: image963.wmf]0

xxxx

ABCD

+++=

 gives 
[image: image964.wmf]()(0[1250 m]sin300[1000 m]cos400)141 m.

xxxx

DABC

=-++=--.°+.°=-



 EMBED Equation.DSMT4  [image: image965.wmf]0

yyyy

ABCD

+++=

 gives 
[image: image966.wmf]()(825 m[1250 m]cos300[1000 m]sin400)900

 m.

yyyy

DABC

=-++=--+.°+.°=-

 The fourth displacement 
[image: image967.wmf]D

r

and its components are sketched in Figure 1.81b. 
[image: image968.wmf]22

911 m.

xy

DDD

=+=

 
[image: image969.wmf]||141 m

tan

||900 m

x

y

D

D

f

==

 and 
[image: image970.wmf]89.

f

=.°

 You should head 
[image: image971.wmf]89

.°

 west of south and must walk 911 m.

(b) The vector diagram is sketched in Figure 1.81c. The final displacement 
[image: image972.wmf]D

r

 from this diagram agrees with the vector 
[image: image973.wmf]D

r

calculated in part (a) using components.

Evaluate:   Note that 
[image: image974.wmf]D

r

is the negative of the sum of 
[image: image975.wmf],

r

A



 EMBED Equation.DSMT4  [image: image976.wmf],

r

B

 and 
[image: image977.wmf].

C

r


	[image: image978.jpg]S-18

N
¢

30°
4o<\ E

S

>



[image: image979.jpg](b)






	Figure 1.81



1.82.
Identify:   The displacements are vectors in which we know the magnitude of the resultant and want to find the magnitude of one of the other vectors.

Set Up:   Calling 
[image: image980.wmf]r

A

 the vector from you to the first post, 
[image: image981.wmf]r

B

 the vector from you to the second post, and 
[image: image982.wmf]r

C

 the vector from the first to the second post, we have 
[image: image983.wmf].

++

ACB

rr

r

 Solving using components and the magnitude of 
[image: image984.wmf]r

C

 gives 
[image: image985.wmf]xx

ACB

+=

x

 and 
[image: image986.wmf].

yyy

ACB

+=


Execute:   
[image: image987.wmf]0,

x

B

=



 EMBED Equation.DSMT4  [image: image988.wmf]41.53m

x

A

=

and 
[image: image989.wmf]41.53m.

xxx

CBA

=-=-



[image: image990.wmf]80.0m,

C

=

 so 
[image: image991.wmf]22

68.38m.

yx

CCC

=±-=±


The post is 37.1 m from you.
Evaluate:   
[image: image992.wmf]37.1 m

y

B

=-

(negative) since post is south of you (in the negative y direction).


1.83.
Identify:   We are given the resultant of three vectors, two of which we know, and want to find the magnitude and direction of the third vector.

Set Up:   Calling 
[image: image993.wmf]r

C

 the unknown vector and 
[image: image994.wmf]r

A

 and 
[image: image995.wmf]r

B

 the known vectors, we have 
[image: image996.wmf].

++=

ABCR

rr

rr

 The components are 
[image: image997.wmf]xxxx

ABCR

++=

 and 
[image: image998.wmf].

yyyy

ABCR

++=


Execute:   The components of the known vectors are 
[image: image999.wmf]12.0 m,

x

A

=



 EMBED Equation.DSMT4 [image: image1000.wmf]0,

y

A

=

 
[image: image1001.wmf]sin50.021.45 m,

x

BB

=-°=-



 EMBED Equation.DSMT4 [image: image1002.wmf]cos50.018.00 m,

y

BB

=°=+



 EMBED Equation.DSMT4 [image: image1003.wmf]0,

x

R

=

 and 
[image: image1004.wmf]10.0 m.

y

R

=-

 Therefore the components of 
[image: image1005.wmf]r

C

 are 
[image: image1006.wmf]012.0 m (21.45 m)9.45 m

xxxx

CRAB

=--=---=

 and

[image: image1007.wmf]10.0 m 018.0 m28.0 m.

yyyy

CRAB

=--=---=-


Using these components to find the magnitude and direction of 
[image: image1008.wmf]r

C

 gives 
[image: image1009.wmf]29.6 m

C

=

 and 
[image: image1010.wmf]9.45

tan

28.0

q

=

 and 
[image: image1011.wmf]18.6

q

=°

 east of south

Evaluate:   A graphical sketch shows that this answer is reasonable.


1.84.
Identify:   The displacements are vectors in which we know the magnitude of the resultant and want to find the magnitude of one of the other vectors.

Set Up:   Calling 
[image: image1012.wmf]r

A

 the vector of Ricardo’s displacement from the tree, 
[image: image1013.wmf]r

B

 the vector of Jane’s displacement from the tree, and 
[image: image1014.wmf]r

C

 the vector from Ricardo to Jane, we have 
[image: image1015.wmf].

+=

ACB

rr

r

 Solving using components we have 
[image: image1016.wmf]xx

ACB

+=

x

 and 
[image: image1017.wmf].

yyy

ACB

+=


Execute:    (a) The components of 
[image: image1018.wmf]r

A

 and 
[image: image1019.wmf]r

B

 are 
[image: image1020.wmf](26.0 m)sin60.022.52 m,

x

A

=-°=-

 
[image: image1021.wmf](26.0 m)cos60.013.0 m,

y

A

=°=+



 EMBED Equation.DSMT4  [image: image1022.wmf](16.0 m)cos30.013.86 m,

x

B

=-°=-

 
[image: image1023.wmf](16.0 m)sin30.08.00 m,

y

B

=-°=-



 EMBED Equation.DSMT4  [image: image1024.wmf]13.86 m(22.52 m)8.66 m,

xxx

CBA

=-=---=+

 
[image: image1025.wmf]8.00 m(13.0 m)21.0 m

yyy

CBA

=-=--=-


Finding the magnitude from the components gives 
[image: image1026.wmf]22.7 m.

C

=


(b) Finding the direction from the components gives 
[image: image1027.wmf]8.66

tan

21.0

q

=

 and 
[image: image1028.wmf]22.4,

q

=°

 east of south.

Evaluate:   A graphical sketch confirms that this answer is reasonable.


1.85.
Identify:   Think of the displacements of the three people as vectors. We know two of them and want to find their resultant.

Set Up:   Calling 
[image: image1029.wmf]r

A

 the vector from John to Paul, 
[image: image1030.wmf]r

B

 the vector from Paul to George, and 
[image: image1031.wmf]r

C

 the vector from John to George, we have 
[image: image1032.wmf],

+

AB=C

rr

r

 which gives 
[image: image1033.wmf]xxx

ABC

+=

 and 
[image: image1034.wmf].

yyy

ABC

+=


Execute:    The known components are 
[image: image1035.wmf]14.0 m,

x

A

=-

 
[image: image1036.wmf]0

y

A

=,

 
[image: image1037.wmf]cos3728.75 m,

x

BB

=°=

 and 
[image: image1038.wmf]sin3721.67 m.

y

BB

=-°=-

 Therefore 
[image: image1039.wmf]14.0 m28.75 m14.75 m,

x

C

=-+=

 
[image: image1040.wmf]021.67 m21.67 m.

y

C

=-=-

 These components give 
[image: image1041.wmf]26.2 m

C

=

 and 
[image: image1042.wmf]14.75

tan,

21.67

q

=

 which gives 
[image: image1043.wmf]34.2

q

=°

 east of south.

Evaluate:   A graphical sketch confirms that this answer is reasonable.


1.86.
Identify:   If the vector from your tent to Joe’s is 
[image: image1044.wmf]A

r

 and from your tent to Karl’s is 
[image: image1045.wmf],

B

r

 then the vector from Joe’s tent to Karl’s is 
[image: image1046.wmf].

-

BA

r

r


Set Up:   Take your tent’s position as the origin. Let 
[image: image1047.wmf]x

+

 be east and 
[image: image1048.wmf]y

+

 be north.

Execute:   The position vector for Joe’s tent is 
[image: image1049.wmf]ˆˆˆˆ

([210m]cos23)([210m]sin23)(1933m)(8205m)

.°-.°=.-..

ijij


The position vector for Karl’s tent is 
[image: image1050.wmf]ˆˆˆˆ

([320 m]cos 37)([320 m]sin 37)(2556 m)(1

926 m)

.°+.°=.+..

ijij


The difference between the two positions is 
[image: image1051.wmf]ˆˆˆˆ

(1933 m2556 m)(8205 m1925 m)(623 m)(2746

 m)

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

ijij

 The magnitude of this vector is the distance between the two tents: 
[image: image1052.wmf]22

(623 m)(2746 m)282 m

D

=-.+-.=.


Evaluate:   If both tents were due east of yours, the distance between them would be 
[image: image1053.wmf]320 m210 m110 m.

.-.=.

 If Joe’s was due north of yours and Karl’s was due south of yours, then the distance between them would be 
[image: image1054.wmf]320 m210 m530 m.

.+.=.

 The actual distance between them lies between these limiting values.


1.87.
Identify:   We know the scalar product and the magnitude of the vector product of two vectors and want to know the angle between them.
Set Up:   The scalar product is 
[image: image1055.wmf]cos

AB

q

×

AB=

r

r

 and the vector product is 
[image: image1056.wmf]sin

AB.

q

´

AB=

r

r


Execute:   
[image: image1057.wmf]cos600

AB.

q

×=-

AB=

r

r

and
[image: image1058.wmf]sin900

AB..

q

´=+

AB=

r

r

 Taking the ratio gives 
[image: image1059.wmf]9.00

tan,

6.00

q

=

-

 so 
[image: image1060.wmf]124.

q

=°


Evaluate:   Since the scalar product is negative, the angle must be between 90° and 180°.

1.88.
Identify:   Calculate the scalar product and use Eq. (1.18) to determine 
[image: image1061.wmf].

f


Set Up:   The unit vectors are perpendicular to each other.

Execute:   The direction vectors each have magnitude 
[image: image1062.wmf]3,

 and their scalar product is 
[image: image1063.wmf](1)(1)(1)(1)(1)(1)1,

+-+-=-

 so from Eq. (1.18) the angle between the bonds is 
[image: image1064.wmf]11

arccosarccos109.

3

33

-

æö

æö

=-=°

ç÷

ç÷

èø

èø


Evaluate:   The angle between the two vectors in the bond directions is greater than 
[image: image1065.wmf]90.

°



1.89.
Identify:   We know the magnitude of two vectors and their scalar product and want to find the magnitude of their vector product.
Set Up:   The scalar product is 
[image: image1066.wmf]cos

AB

q

×

AB=

r

r

 and the vector product is 
[image: image1067.wmf]sin

AB.

q

´

AB=

r

r


Execute:   
[image: image1068.wmf]cos

AB

q

×

AB=

r

r

= 90.0 m2, which gives 
[image: image1069.wmf]22

90.0 m90.0 m

cos0.4688,

(12.0 m)(16.0 m)

AB

q

===

 so 
[image: image1070.wmf]62.05.

q

=°

 Therefore 
[image: image1071.wmf]2

sin(120 m)(160 m)sin6205170 m

AB....

q

´=°=

AB=

r

r


Evaluate:   The magnitude of the vector product is greater than the scalar product because the angle between the vectors is greater than 45º.

1.90.
Identify:   Let 
[image: image1072.wmf]=+

CAB

rr

r

and calculate the scalar product 
[image: image1073.wmf].

×

CC

rr


Set Up:   For any vector 
[image: image1074.wmf],

r

V



 EMBED Equation.DSMT4  [image: image1075.wmf]2

.

V

×=

rr

VV



 EMBED Equation.DSMT4  [image: image1076.wmf]cos.

AB

f

×=

r

r

AB


Execute:   (a) Use the linearity of the dot product to show that the square of the magnitude of the sum 
[image: image1077.wmf]+

AB

r

r

 is 

[image: image1078.wmf]22

22

()()22

2cos

AB

ABAB

f

+×+=×+×+×+×=×+×+×=++×

=++

ABABAAABBABBAABBABAB

rrrrrrrrrr

rrrrrrrrrr


(b) Using the result of part (a), with 
[image: image1079.wmf],

AB

=

 the condition is that
[image: image1080.wmf]2222

2cos,

AAAA

f

=++

 which solves for 
[image: image1081.wmf]122cos,

f

=+



 EMBED Equation.DSMT4  [image: image1082.wmf]1

2

cos,

f

=-

 and 
[image: image1083.wmf]120

f

=°.


Evaluate:   The expression 
[image: image1084.wmf]222

2cos

CABAB

f

=++

 is called the law of cosines.


1.91.
Identify:   Find the angle between specified pairs of vectors.

Set Up:   Use 
[image: image1085.wmf]cos

AB

f

×

=

r

r

AB


Execute:   (a) 
[image: image1086.wmf]ˆ

=

Ak

r

 (along line ab)


[image: image1087.wmf]ˆˆˆ

=++

Bijk

r

 (along line ad)


[image: image1088.wmf]1,

A

=



 EMBED Equation.DSMT4  [image: image1089.wmf]222

1113

B

=++=



[image: image1090.wmf]ˆˆˆˆ

()1

×=×++=

r

r

ABkijk


So 
[image: image1091.wmf]cos1/3;

AB

f

×

==

r

r

AB



 EMBED Equation.DSMT4  [image: image1092.wmf]547

f

=.°


(b) 
[image: image1093.wmf]ˆˆˆ

=++

Aijk

r

 (along line ad)


[image: image1094.wmf]ˆˆ

=+

Bjk

r

 (along line ac)


[image: image1095.wmf]222

1113;

A

=++=

 
[image: image1096.wmf]22

112

B

=+=



[image: image1097.wmf]ˆˆˆˆˆ

()()112

×=++×+=+=

r

r

ABijkij


So 
[image: image1098.wmf]22

cos;

326

AB

f

×

===

r

r

AB

 
[image: image1099.wmf]353

f

=.°


Evaluate:   Each angle is computed to be less than 
[image: image1100.wmf]90,

°

 in agreement with what is deduced from 
Figure P1.91 in the textbook.


1.92.
Identify:   We know the magnitude of two vectors and the magnitude of their vector product, and we want to find the possible values of their scalar product.
Set Up:   The vector product is 
[image: image1101.wmf]sin

AB

q

´=

AB

r

r

 and the scalar product is 
[image: image1102.wmf]cos.

AB

q

×=

AB

r

r


Execute:   
[image: image1103.wmf]sin

AB

q

´=

AB

r

r

= 12.0 m2, so 
[image: image1104.wmf]2

12.0 m

sin0.6667,

(6.00 m)(3.00 m)

q

==

 which gives two possible values: 
[image: image1105.wmf]41.81

q

=°

or 
[image: image1106.wmf]138.19.

q

=°

 Therefore the two possible values of the scalar product are 
[image: image1107.wmf]22

cos13.4 m or 13.4 m.

AB

q

×==-

AB

r

r


Evaluate:   The two possibilities have equal magnitude but opposite sign because the two possible angles are supplementary to each other. The sines of these angles are the same but the cosines differ by a factor 
of 1. See Figure 1.92.
	[image: image1108.jpg]- - .
A - B negative

=

- =
A - B positive

x|

138.19°

Lo
> A

11.81° 1
8 > A

@) (b)





	Figure 1.92



1.93.
Identify:   We know the scalar product of two vectors, both their directions, and the magnitude of one of them, and we want to find the magnitude of the other vector.
Set Up:   
[image: image1109.wmf]cos.

AB

q

×

AB=

r

r

 Since we know the direction of each vector, we can find the angle between them.
Execute:   The angle between the vectors is 
[image: image1110.wmf]79.0.

q

=°

 Since
[image: image1111.wmf]cos,

AB

q

×

AB=

r

r

 we have 
[image: image1112.wmf]2

48.0 m

28.0 m.

cos(9.00 m)cos79.0

B

A

q

×

===

°

AB

r

r


Evaluate:   Vector 
[image: image1113.wmf]r

B

 has the same units as vector 
[image: image1114.wmf].

A

r



1.94.
Identify:   The cross product 
[image: image1115.wmf]´

AB

r

r

is perpendicular to both 
[image: image1116.wmf]A

r

and 
[image: image1117.wmf].

B

r


Set Up:   Use Eq. (1.27) to calculate the components of 
[image: image1118.wmf].

´

AB

r

r


Execute:   The cross product is


[image: image1119.wmf]6001100

ˆˆˆˆˆˆ

(1300)(600)(1100)13(100).

13001300

é..ù

æö

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

ç÷

êú

èø

..

ëû

ijkijk

 The magnitude of the vector in square brackets is 
[image: image1120.wmf]193,

.

 and so a unit vector in this direction is


[image: image1121.wmf]ˆˆˆ

(100)(600/1300)(1100/1300)

.

193

éù

-.+..-..

êú

.

ëû

ijk


The negative of this vector,


[image: image1122.wmf]ˆˆˆ

(100)(600/1300)(1100/1300)

,

193

éù

.-..+..

êú

.

ëû

ijk


is also a unit vector perpendicular to 
[image: image1123.wmf]A

r

 and 
[image: image1124.wmf].

B

r


Evaluate:   Any two vectors that are not parallel or antiparallel form a plane and a vector perpendicular to both vectors is perpendicular to this plane.


1.95.
Identify and Set Up:   The target variables are the components of 
[image: image1125.wmf].

C

r

 We are given 
[image: image1126.wmf]A

r

 and 
[image: image1127.wmf].

B

r

 We also know 
[image: image1128.wmf]×

AC

rr

 and 
[image: image1129.wmf],

×

r

r

BC

 and this gives us two equations in the two unknowns 
[image: image1130.wmf]x

C

 and 
[image: image1131.wmf]y

C

.


Execute:   
[image: image1132.wmf]A

r

 and 
[image: image1133.wmf]C

r

 are perpendicular, so
[image: image1134.wmf]0

×=.

AC

rr



 EMBED Equation.DSMT4  [image: image1135.wmf]0,

xxyy

ACAC

+=

 which gives 
[image: image1136.wmf]50650

xy

CC

.-.=.



[image: image1137.wmf]150,

×=.

r

r

BC

 so 
[image: image1138.wmf]3570150

xy

CC

-.+.=.


We have two equations in two unknowns 
[image: image1139.wmf]x

C

 and 
[image: image1140.wmf]y

C

.

 Solving gives 
[image: image1141.wmf]80

x

C

=.

 and 
[image: image1142.wmf]6.1.

y

C

=


Evaluate:   We can check that our result does give us a vector 
[image: image1143.wmf]C

r

 that satisfies the two equations 
[image: image1144.wmf]0

×=

AC

rr

 and 
[image: image1145.wmf]150

×=..

BC

r

r



1.96.
Identify:   Calculate the magnitude of the vector product and then use Eq. (1.22).

Set Up:   The magnitude of a vector is related to its components by Eq. (1.12).

Execute:   
[image: image1146.wmf]||sin.

AB

q

´=

AB

r

r

 
[image: image1147.wmf]22

(500)(200)

||

sin05984

(300)(300)

AB

q

-.+.

´

===.

..

AB

r

r

 and 


[image: image1148.wmf]1

sin(05984)368

q

-

=.=.°.


Evaluate:   We haven’t found 
[image: image1149.wmf]A

r

and 
[image: image1150.wmf],

r

B

 just the angle between them.


1.97.
(a) Identify:   Prove that 
[image: image1151.wmf]()()

×´=´×.

rrrr

rr

ABCABC


Set Up:   Express the scalar and vector products in terms of components.

Execute:   

[image: image1152.wmf]()()()()

xxyyz

AA

×´=´+´+´

rrrrr

rrrr

z

ABCBCBCABC



[image: image1153.wmf]()()()()

xyzzyyzxxzzxyyx

ABCBCABCBCABCBC

×´=-+-+-

rr

r

ABC



[image: image1154.wmf]()()()()

xxyyzz

CCC

´×=´+´+´

rrrrr

rrrr

ABCABABAB



[image: image1155.wmf]()()()()

yzzyxzxxzyxyyxz

ABABCABABCABABC

´×=-+-+-

rr

r

ABC


Comparison of the expressions for 
[image: image1156.wmf]()

×´

rr

r

ABC

 and 
[image: image1157.wmf]()

´×

rr

r

ABC

 shows they contain the same terms, so 
[image: image1158.wmf]()()

×´=´×.

rrrr

rr

ABCABC


(b) Identify:   Calculate 
[image: image1159.wmf](),

´×

rr

r

ABC

 given the magnitude and direction of 
[image: image1160.wmf],

r

A



 EMBED Equation.DSMT4  [image: image1161.wmf]B

r

 and 
[image: image1162.wmf].

C

r


Set Up:   Use Eq. (1.22) to find the magnitude and direction of 
[image: image1163.wmf]´.

AB

r

r

 Then we know the components of 
[image: image1164.wmf]´

AB

r

r

 and of 
[image: image1165.wmf]C

r

 and can use an expression like Eq. (1.21) to find the scalar product in terms of components.

Execute:   
[image: image1166.wmf]500;

A

=.


[image: image1167.wmf]260;

A

q

=.°



 EMBED Equation.DSMT4  [image: image1168.wmf]400,

B

=.



 EMBED Equation.DSMT4  [image: image1169.wmf]630

B

q

=.°



[image: image1170.wmf]||sin

AB

f

´=.

AB

r

r


The angle 
[image: image1171.wmf]f

 between 
[image: image1172.wmf]A

r

 and 
[image: image1173.wmf]B

r

 is equal to 
[image: image1174.wmf]630260370

BA

fqq

=-=.°-.°=.°.

 So 
[image: image1175.wmf]||(500)(400)sin3701204,

´=...°=.

AB

r

r

 and by the right hand-rule 
[image: image1176.wmf]´

AB

r

r

 is in the 
[image: image1177.wmf]-direction

z

+.

 Thus 
[image: image1178.wmf]()(1204)(600)722

´×=..=.

rr

r

ABC


Evaluate:   
[image: image1179.wmf]´

AB

r

r

 is a vector, so taking its scalar product with 
[image: image1180.wmf]C

r

 is a legitimate vector operation. 
[image: image1181.wmf]()

´×

rr

r

ABC

 is a scalar product between two vectors so the result is a scalar.


1.98.
Identify:   Use the maximum and minimum values of the dimensions to find the maximum and minimum areas and volumes.

Set Up:   For a rectangle of width W and length L the area is LW. For a rectangular solid with dimensions L, W and H the volume is LWH.

Execute:   (a) The maximum and minimum areas are 
[image: image1182.wmf]()(),

LlWwLWlWLw

++=++

 
[image: image1183.wmf]()(),

LlWwLWlWLw

--=--

 where the common terms wl have been omitted. The area and its uncertainty are then 
[image: image1184.wmf](),

WLlWLw

±+

 so the uncertainty in the area is 
[image: image1185.wmf]alWLw

=+.


(b) The fractional uncertainty in the area is 
[image: image1186.wmf],

alWWllw

AWLLW

+

==+

 the sum of the fractional uncertainties in the length and width.

(c) The similar calculation to find the uncertainty v in the volume will involve neglecting the terms lwH, lWh and Lwh as well as lwh; the uncertainty in the volume is 
[image: image1187.wmf],

vlWHLwHLWh

=++

 and the fractional
uncertainty in the volume is 
[image: image1188.wmf],

vlWHLwHLWhlwh

VLWHLWH

++

==++

 the sum of the fractional uncertainties in the length, width and height.

Evaluate:   The calculation assumes the uncertainties are small, so that terms involving products of two or more uncertainties can be neglected.


1.99.
Identify:   Add the vector displacements of the receiver and then find the vector from the quarterback to the receiver.

Set Up:   Add the x-components and the y-components.

Execute:   The receiver’s position is


[image: image1189.wmf]ˆˆˆˆ

[(109060120)yd][(5011040180)yd](160 yd)(

280 yd).

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

ijij


The vector from the quarterback to the receiver is the receiver’s position minus the quarterback’s position, or 
[image: image1190.wmf]ˆˆ

(160 yd)(350 yd),

.+.

ij

 a vector with magnitude 
[image: image1191.wmf]22

(160 yd)(350 yd)385 yd.

.+.=.

 The angle is 
[image: image1192.wmf]160

arctan246

350

.

æö

=.°

ç÷

èø

.

to the right of downfield.

Evaluate:   The vector from the quarterback to receiver has positive x-component and positive 
y-component.


1.100.
Identify:   Use the x and y coordinates for each object to find the vector from one object to the other; the distance between two objects is the magnitude of this vector. Use the scalar product to find the angle between two vectors.

Set Up:   If object A has coordinates
[image: image1193.wmf](,)

AA

xy

and object B has coordinates
[image: image1194.wmf](,),

BB

xy

the vector 
[image: image1195.wmf]AB

r

r

from A to B has x-component
[image: image1196.wmf]BA

xx

-

and y-component
[image: image1197.wmf].

BA

yy

-


Execute:   (a) The diagram is sketched in Figure 1.100.

(b) (i) In AU, 
[image: image1198.wmf]22

(03182)(09329)09857

.+.=..


(ii) In AU,
[image: image1199.wmf]222

(13087)(04423)(00414)13820

.+-.+-.=..


(iii) In AU
[image: image1200.wmf]222

(0318213087)(09329(04423))(00414)1695

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


(c) The angle between the directions from the Earth to the Sun and to Mars is obtained from the dot product. Combining Eqs. (1.18) and (1.21),

[image: image1201.wmf](03182)(1308703182)(09329)(0442309329)(0

)

arccos54.6.

(0.9857)(1.695)

f

æö

-..-.+-.-.-.+

==°

ç÷

èø


(d) Mars could not have been visible at midnight, because the Sun-Mars angle is less than 
[image: image1202.wmf]90.

°


Evaluate:   Our calculations correctly give that Mars is farther from the Sun than the earth is. Note that on this date Mars was farther from the earth than it is from the Sun.
	[image: image1203.jpg]Mars

Earth

Sun





	Figure 1.100



1.101.
Identify:   Draw the vector addition diagram for the position vectors.

Set Up:   Use coordinates in which the Sun to Merak line lies along the x-axis. Let 
[image: image1204.wmf]A

r

be the position vector of Alkaid relative to the Sun, 
[image: image1205.wmf]M

r

is the position vector of Merak relative to the Sun, and 
[image: image1206.wmf]R

r

 is the position vector for Alkaid relative to Merak. 
[image: image1207.wmf]138 ly

A

=

and 
[image: image1208.wmf]77 ly.

M

=


Execute:   The relative positions are shown in Figure 1.101. 
[image: image1209.wmf].

+=

r

rr

MRA



 EMBED Equation.DSMT4  [image: image1210.wmf]xxx

AMR

=+

so 
[image: image1211.wmf](138 ly)cos25677 ly475 ly.

xxx

RAM

=-=.°-=.



 EMBED Equation.DSMT4  [image: image1212.wmf](138 ly)sin2560596 ly.

yyy

RAM

=-=.°-=.

 
[image: image1213.wmf]762 ly

R

=.

is the distance between Alkaid and Merak.

(b) The angle is angle 
[image: image1214.wmf]f

 in Figure 1.101. 
[image: image1215.wmf]475 ly

cos

762 ly

x

R

R

q

.

==

.

and 
[image: image1216.wmf]514.

q

=.°

 Then 
[image: image1217.wmf]180129.

fq

=°-=°


Evaluate:   The concepts of vector addition and components make these calculations very simple.
	[image: image1218.jpg]




	Figure 1.101


1.102.

Identify:   Define 
[image: image1219.wmf]ˆˆˆ

ABC.

=++

r

Sijk

 Show that 
[image: image1220.wmf]0

×=

rS

r

r

if 
[image: image1221.wmf]0.

AxByCz

++=


Set Up:   Use Eq. (1.21) to calculate the scalar product.

Execute:   
[image: image1222.wmf]ˆˆˆˆˆˆ

()()

xyzABCAxByCz

×=++×++=++

r

r

rSijkijk


If the points satisfy 
[image: image1223.wmf]0,

AxByCz

++=

 then 
[image: image1224.wmf]0

×=

rS

r

r

 and all points 
[image: image1225.wmf]r

r

 are perpendicular to 
[image: image1226.wmf].

S

r

 The vector and plane are sketched in Figure 1.102.

Evaluate:   If two vectors are perpendicular their scalar product is zero.
	[image: image1227.jpg](x, ¥, 2)






	Figure 1.102
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