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UNITS, PHYSICAL QUANTITIES, AND VECTORS

VP1.7.1. IDENTIFY: We know that the sum of three known vectors and a fourth unknown vector is zero. We
want to find the magnitude and direction of the unknown vector.
SET UpP: The sum of their x-components and the sum of their y-components must both be zero.
A +B,+C,+D, =0
A +B,+C,+D, =0

The magnitude of a vectorisw A=, fAf + A§ and the angle 6 it makes with the +x-axis is
Ay
@ =arctan— .

EXECUTE: We use the results of Ex. 1.7. See Fig. 1.23 in the text.

A,=38.37m, B,=-46.36 m, C,=0.00 m, A, =61.40 m, B,=-33.68 m, C,=-17.80 m
Adding the x-components gives

38.37m+(-46.36 m) +0.00m+D,=0 — D,=7.99m

Adding the y-components gives

61.40 m+ (-33.68 m) + (-17.80m)+ D,=0 — D,=-9.92m

D =\/Df +D? = (7.9 m)?+ (-9.92m)? =12.7m

glo 6= arctan% =arctan[(-9.92 m)/(7.99 m)] = -51°

X
Since D has a positive x-component and a negative y-component, it points into the fourth quadrant
making an angle of 51° below the +x-axis and an angle of 360° — 51° = 309° counterclockwise with the
+X-axis.
EVALUATE: The vector D has the same magnitude as the resultant in Ex. 1.7 but points in the opposite
direction. This is reasonable because D must be opposite to the resultant of the three vectors in Ex. 1.7
to make the resultant of all four vectors equal to zero.

VP1.7.2. IDENTIFY: We know three vectors A, B ,and C and we want to find the sum S where

S = A - B + C.The components of —B are the negatives of the components of B .
SETUP: The components of S are

Sy=A—-B+C,

Sy=A-B,+C,

The magnitude A of a vector A is A= ,fﬁf + A7 and the angle 6 it makes with the +x-axis is
6 =arctan i .
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VP1.7.3.

EXECUTE: Using the components from Ex. 1.7 we have
Sy =38.37 m—(-46.36 m) + 0.00 m =84.73 m
S, =61.40 m—(-33.68 m) + (-17.80 m) = 77.28 m

S=[s2+52 = /(8473 m)*+ (77.28 m)? =115m

S
0= arctans—y = arctan[(77.28 m)/(84.73 m)] = 42°

X
Since both components of S are positive, S points into the first quadrant. Therefore it makes an angle
of 42° with the +x-axis.
EVALUATE:

y (north)

(o1

Bl

x (east)
Figure VP1.7.2

The graphical solution shown in Fig. VP1.7.2 shows that our results are reasonable.

IDENTIFY: We know three vectors A, B ,and C and we want to find the sum T where
T=A+B +2C.

SET UP: Find the components of vectors A, B ,and C and use them to find the magnitude and
direction of T . The components of 2C are twice those of C .

EXecuTE: S,=A+B,+2C, and S, =A +B, +2C,

(a) Using the components from Ex. 1.7 gives

T, =38.37 m + (-46.36 m) + 2(0.00 m) = -7.99 m

T,=61.40 m + (-33.68 m) + 2(-17.80 m) =—7.88 m

(b) T=(TZ+T7 = 7.9 m)?+ (-7.88 m)? =112 m

T
0= arctanT—y = arctan[(~7.88 m)/(~7.99 m)] = 45°

X
Both components of T are negative, so it points into the third quadrant, making an angle of 45° below
the —x-axis or 45° + 180° = 225° counterclockwise with the +x-axis, in the third quadrant.
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EVALUATE:

y (north)

>

x (east)

Figure VP1.7.3

The graphical solution shown in Fig. VP1.7.3 shows that this result is reasonable.

VP1.7.4. IDENTIFY: The hiker makes two displacements. We know the first one and their resultant, and we want
to find the second displacement.
SETUP: Calling A the known displacement, R the known resultant, and D the unknown vector, we
know that A + D = R.We also know that R =38.0 mand R makes an angle @ = 37.0°+ 90° =

127° with the +x-axis. Fig. VP1.7.4 shows a sketch of these vectors.

y (north)

i~

37°

>l

=L

R
x (east)

Figure VP1.7.4

EXECUTE: From Ex. 1.7 we have A, = 38.37 m and A, = 61.40 m. The components of R are
R, =R cos 127.0° = (38.0 m) cos 127.0° = -22.87 m

R, = Rsin 38.0° = (38.0 m) sin 127.0° = 30.35 m

Ry=A+D; and R =A +D,

Using these components, we find the components of D .

38.37m+D,=-22.87m - D,=-22.87m

61.40 m+ D, =-31.05m - D,=-31.05m

D :\/Df +D? = /(6124 m*+ (-31.05 m)> =68.7m

D
6= arctanEy = arctan[(-31.05 m)/(-61.24 m)] = 27°
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Both components of D are negative, so it points into the third quadrant, making an angle of 27° + 180°
= 207° with the +x-axis.
EVALUATE: A graphical solution will confirm these results.

VP1.10.1. IDENTIFY: We know the magnitude and direction of two vectors. We want to use these to find their
components and their scalar product.
SETUP: A,=Acosb,,A =Asing,,B,=Bcosdy, B, =B sing; . We can find the scalar product
using the vector components or using their magnitudes and the angle between them.
A-B = AB,+AB, and A-B = AB cos ¢ . Which form you use depends on the information you
have.
EXECUTE: (a) Ac=Acosd, = (5.00) cos(360°—36.9°) = 4.00
A, = Asin g, =(5.00) sin(360° — 36.9°) =-3.00
By = (6.40) cos(90° + 20.0°) =-2.19
B, = (6.40)sin(90° + 20.0°) = 6.01
(b) Using components gives
A-B = AB, + A/B, = (4.00)(-2.19) + (-3.00)(6.01) = -26.8
EVALUATE: We check by using A-B =AB cos¢ .
A-B =ABcos¢ = (5.00)(6.40) cos(20.0° + 90° + 36.9°) = —26.8
This agrees with our result in part (b).
VP1.10.2. IDENTIFY: We know the magnitude and direction of one vector and the components of another vector.

We want to use these to find their scalar product and the angle between them.
SETUP: The scalar product can be expressed as A-B = AB, + A/B, and A-B =ABcos¢ . Which

form you use depends on the information you have.
ExecuTE: (a) C,= C cosé, = (6.50) cos 55.0° = 3.728

C,=Csing, =(6.50) sin 55.0° = 5.324
D, =4.80and D, =-8.40
Using components gives C-D = CyD,+C,D, =(3.728)(4.80) + (5.324)(-8.40) = -26.8

(b) D=[D? +D? = \/(480)+(-8.40)* = 9.675
C-D =CDcos¢,s0cos¢ = C-D/CD = (-26.8)/[(6.50)(9.67)] = —0.426. ¢ = 115°.
EVALUATE: Find the angle that D makes with the +x-axis.

Y.

ST

Figure VP1.10.2
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D
O = arctanFy = arctan[8.40/(—4.80] =-60.3°, which is 60.3° below the +x-axis. From Fig. VP1.10.2,

X

we can easily seed that the angle between C and D is ¢ = 60.3° + 55.0° = 115°, as we found in (b).

VP1.10.3. IDENTIFY: We know the components of two vectors and want to find the angle between them.
SET UP: The scalar product A-B =AB cos¢ involves the angle between two vectors. We can find

this product using components from A-B = AB, + A/B, . From this result we can find the angle ¢ .
EXecuTE: First find the magnitudes of the two vectors.

A= \,W + A2+ A2 = \J(-5.002+ (3.007 + 7 =583

B :\/BXZ +BZ+BZ = \/(2.50)7+ (4.00) + (-1.50¢ =495

Nowuse A-B =ABcos¢ = AB,+AB, andsolve for ¢ .

(5.83)(4.95) cos ¢ = (-5.00)(2.50) + (3.00)(4.00) + (0)(-1.50) — ¢ =091°.

EVALUATE: The scalar product is positive, so ¢ must be between 90° and 180°, which agrees with our
result.

VP1.10.4. IDENTIFY: We know the scalar product of two vectors. We also know both components of one of them
and the x-component of the other one. We want to find the y-component of the other one and the angle
between the two vectors. The scalar product involves the angle between two vectors.

SETUP: Weuse A-B = AB, +AB, and A-B =ABcosg.
EXECUTE: (a) Use F -5 = Fs +F,s, tofind F,.
26.0 N-m = (~12.0 N)(4.00 m) + F,(5.00 m) — F,=148N.
= &= _ 2 2 : H
(b) Use F-S=Fscos¢ and A= ,fA( + A to find the magnitudes of the two vectors.

JEI12.0 N2+ (148 N)?((4.00 m)2+ (5.00m)? cosg =260 N-m — ¢ =77.7°.
EVALUATE: The work is positive, so the angle between F and S must be between 0° and 90°, which
agrees with our result in part (b).

1.1. IDENTIFY: Convert seconds to years. 1 gigasecond is a billion seconds.
SETUP: 1gigasecond=1x10° s. 1day =24 h. 1h=3600s.

ExecuTe: 1.00 gigasecond = (1.00x 10° s)( Lh ][1 dayj Y a7 y.
3600 s J\ 24 h )\ 365 days

EVALUATE: The conversion 1y = 3.156x10" s assumes 1 y =365.24 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.

1.2. IDENTIFY: Convert surface units.
SET Up: 1acre= 43,560 ft?, 1 ft = 0.3048 m, 1 hectare = 10,000 m?

43,560 ft? [0:3048 m
1 acre 1ft

2
EXECUTE: 265 acres = 265 acres{ J = 326,873 m?

2
326,873 m? x( Lkm ] =0.327 km?
1000 m

326,873 m? x [ ! he‘:tare] — 32,687 hectares

10,000 m

EVALUATE: The use of hectares for the area of Kensinton Gardens is more approppriate than square
meters or square kilometers.
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1.3.

1.4.

1.5.

1.6.

1.7.

1.8.

IDENTIFY: We know the speed of light in m/s. t =d/v. Convert t from s to ns.
SET UP: The speed of light is v=2.998x10% m/s. 15=10° ns.

0.3m
EXECUTE:. t= —
2.998x10° m/s

EVALUATE: In1.00 s light travels 3.00x10® m=3.00x10° km

=1.00x10"° s=1.00 ns

IDENTIFY: Convert the units from g to kg and from cm?®to m?®.
SETUP: 1kg=1000¢g. 1m=100cm.

3
EXECUTE: 10.5i>{ Lkg }X(loocmj ~105x10° X9

3 11000¢ im m

cm
EVALUATE: The ratio that converts cm to m is cubed, because we need to convert cm®to m?®.

IDENTIFY: Convert units from miliarum to m and from digitus to cm.
SETUP: 1 pes=0.296 m, 1 palmus = 4 digitus, 1 pes = 4 palmus, 1 passus =5 pes, 1 stadium =
125 passus, 1 miliarum = 8 stadia.

Execute: (a) 1.00 miliarum = (1.00 miliarum)[ 8 stadia j(lZS passus)( S pes ][0'296 m] =1480m

1 miliarum )\ 1 stadium /| 1 passus 1 pes
(b) 1.00 digitus = (1.00 digitus) | ZPAIMUS |[_Lpes (0.296 m [100 em j —1.85cm
4 digitus )\ 4 palmus 1 pes Im

EVALUATE: A miliarum was about one and a half kilometers and a digitus was slighty smaller than
two centimeters.

IDENTIFY: Convert units.
SET UP: Use the unit conversions given in the problem. Also, 1 km = 1000 m and 1 m = 100 cm.

ExecuTe: (a) 30 mi/h = (30 mi/h) [528%)(30'48“]( im J[ Lkm J:48.28 km/h,

1Imi 1ft 100 cm /{ 1000 m
lower than 50 km/h

1000m)(1ooCmV 1t ) 1mi

\ H -
1 km L 1m JL30.48 ch L528O ftJ =74.56 mi/h, much higher

(b) 120 km/h = (120 km/h) [

than 70 mi/h
EVALUATE: Both speed limits were increased after the conversion, but the speed limit for motorways
was increased more significantly (3.5% and 6.5%, respectively).

IDENTIFY: Convert mileage given in miles/gallon to fuel consumption in L/100 km.
SETUP: 1 mile=1mi=1.609 kmand 1 gallon (UK) =1 gal =4.546 L.

ExecuTe: (a) The volume of petrol required is (1200 km)(5.5 L/100 km) = 66 L. _beL =1.65 tanks.
40 L/tank
(b) 305 mi/gal = (30.5 mi/gal) [ =20 KM [ 1oal ) 108 kmiL
1mi 4.546 L

This means that you can travel 10.8 km with 1 L. Hence you need 100 km [1018Lk
m

j =9.3 L to travel

100 km. The fuel consumption of the 1964 Austin Mini Cooper is 9.3 L/100 km.
EVALUATE: The fuel consumption of the 1964 model is 70% higher than the 2019 model.

IDENTIFY: Convert units.
SET UP: We know the equalities 1mg =102 g, 1 ug 10° g, and 1kg = 10° g.
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-3
EXECUTE: (a) (410 mg/day) 107g) 1 fég =4.10x10° ug/day.
1mg \10™ g
-3
(b) (12 mg/kg)(77 kg) = (924 mg)(lo g} -0.92g.
1mg

103 g
1mg
is the number of grams recommended per day divided by the number of grams per tablet:
0.0030 g/day
2.0x102 gltablet

(c) The mass of each tablet is (2.0 mg)[ j: 2.0x1073 g. The number of tablets required each day

=1.5 tablet/day. Take 2 tablets each day.

1mg
103 g
EVALUATE: Quantities in medicine and nutrition are frequently expressed in a wide variety of units.

(d) (0.000070 g/day)[ ]: 0.070 mg/day.

1.9. IDENTIFY: We know the density and mass; thus we can find the volume using the relation
density = mass/volume = m/V. The radius is then found from the volume equation for a sphere and the

result for the volume.
SETUP: Density =19.5 g/em® and My, = 60.0 kg. For a sphere V = %me‘.

EXECUTE: V =My /density = 60.0 kg - 10009 | _ 3080 cm?,
19.5 g/cm® J{ 1.0 kg

r= 3/ﬂ = 3/3(3080 cm®) =9.0 cm.
4 Az

EVALUATE: The density is very large, so the 60 kg sphere is small in size.

1.10. IDENTIFY: Model the bacteria as spheres. Use the diameter to find the radius, then find the volume and
surface area using the radius.

SET UP: From Appendix B, the volume V of a sphere in terms of its radius is V = %7[!‘3 while its

surface area A is A=4zr?. The radius is one-half the diameter or r =d/2=1.0 um. Finally, the
necessary equalities for this problem are: 14m=10°m; 1cm=102 m; and 1mm=10"° m.

6 3 3
ExecuTe: V =%7r®=%47(1.0 um)® 107 m (&j =4.2x107* cm® and
1um 10 m

_6 2
10° m [ 1mm
1um 10° m

EVALUATE: On a human scale, the results are extremely small. This is reasonable because bacteria are
not visible without a microscope.

2
A=4zr? =47(1.0 ,um)z( j =1.3x10"° mm?

1.11. IpenTIFY: 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) (12 mm)x (5.98 mm) = 72 mm? (two significant figures)

(b)s 5.98 mm =0.50 (also two significant figures)
12 mm

(c) 36 mm (to the nearest millimeter)

(d) 6 mm

(e) 2.0 (two significant figures)
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1.12.

1.13.

1.14.

1.15.

1.16.

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.

IDENTIFY: This is a problem in conversion of units.
SETUP: 10 mm=1cm,V =ar‘h.
ExecuTe: ¥ = x(0.036 cm)*(12.1 cm) = 0.049 cm®. Now convert to mm?®.

3
0.049 cm® [Mj = 49 mm®.
lcm

EVALUATE: The answer has only 2 significant figures. Even though = and h have more than that, r has
only 2 which limits the answer.

IDENTIFY: Use your calculator to display 7x10’. Compare that number to the number of seconds in a
year.
SETUP: 1yr=365.24 days, 1day=24h, and 1h=3600 s.

24 h [3600 s
1 day 1h
The approximate expression is accurate to two significant figures. The percent error is 0.45%.
EVALUATE: The close agreement is a numerical accident.

EXECUTE: (365.24 days/1 yr)[ ]: 3.15567...x10" s; 7x107 s=3.14159...x10" s

IDENTIFY: To asses the accuracy of the approximations, we must convert them to decimals.

SET UP: Use a calculator to calculate the decimal equivalent of each fraction and then round the
numeral to the specified number of significant figures. Compare to = rounded to the same number of
significant figures.

EXecCUTE: (a) 22/7 = 3.14286 (b) 355/113 = 3.14159 (c) The exact value of © rounded to six
significant figures is 3.14159.

EVALUATE: We see that 355/113 is a much better approximation to z than is 22/7.

IDENTIFY: Estimation problem.

SETUP: 1m/s=3.6 km/h

ExecuTe: (a) A height of 2 m is too small: A giraffe is much higher than a tall human. A height of

5 m seems plausible.

(b) A mass of 5000 kg is too large: this is a mass of an Asian elephant. A mass of 1500 kg seems

plausible.

3.6 km/h
m/s

A speed of 162 km/h is too high: the maximal speed of a cheetah is 120 km/h and a giraffe is certainly
slower than a cheetah. A maximal speed of 54 km/h seems plausible.
EVALUATE: To decide whether the numerical value of a quantity is reasonable, assess the quantity in
terms of other quantities that you can estimate, even if only roughly.

(c) We have 15 m/s = (15 m/s) [ j: 54 km/h and 45 m/s = (45 m/s) [%j =162 km/h.

IDENTIFY: Use the estimates given in the problem to calculate the number of liters per day.

SETUP:  6x10' people, so 4x10 cars.
ExecuTe: (Number of carsx km/car day)(liters/100 km) = liters/day

(4x10" cars x10000 km/yr/car x 1 yr/365 days)(8 L/100 km) =9 x10’ L/day
EVALUATE: The daily petrol consumption in Italy is approximately 1.5 liters per inhabitant.
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1.17. IDENTIFY: Estimation problem.
SET UP: Estimate that the pile is 47 cm x 47 cm x 175 cm. 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:

V =47 cm x 47 cm x 175cm=3.9 x 10° cm®,
The density of gold is 19.3 g/cm®, so the mass of this volume of gold is

m=(19.3 g/cm®)(3.9x10° cm®) = 7.53x10° g.

The monetary value of one gram is $40, so the gold has a value of ($40 /gram)
(7.53x10° grams) = $3.0x108, or about $300x10° (three hundred million dollars).
EVALUATE: This is quite a large pile of gold, so such a large monetary value is reasonable.

1.18. IDENTIFY: Approximate the number of breaths per minute. Convert minutes to years and cm®to m* to

find the volume in m® breathed in a year.
24 hj(60 min

SET UP: Assume 10 breaths/min. 1y = (365 d)(ﬁ Th

10° cm® =1 m®. The volume of a sphere is V = £7r® =1 zd®, where r is the radius and d is the diameter.

): 5.3x10° min. 102 cm=1m so

Don’t forget to account for four astronauts.

5 -
EXecUTE: (a) The volume is (4)(10 breaths/min)(500x10~° m3)[5'3><1ﬂ]:1x104 m3/yr.
y

13 13
(b) d :[ﬂ] :(M] o m
T T

EVALUATE: Our estimate assumes that each 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.

1.19. IDENTIFY: Estimate the diameter of a drop and from that calculate the volume of a drop, in m?.

Convert m®to L.
SET UP: Estimate the diameter of a drop to be d =2 mm. The volume of a spherical drop is
V=247rt=17d%10* cm®=1L.

1000 cm®

ExecuTte: V =17(0.2 cm)® =4x107° cm®. The number of drops in 1.0 L is
6 4x107% cm?®

=2x10°

EVALUATE: Since V ~d3, 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.

1.20. 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: Npoys = (75 bea’rs/min)(60 mmj 24 (365 days _80 Y |_3.2x10° beats/lifespan
1lh 1 day yr lifespan

1L J 3.2x10° beats
1000 cm?® lifespan

EVALUATE: This is a very large volume.

Vbiood = (50 cms/beat)( ]=1.6><107 L/lifespan
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1.21. 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 A, B, and C. The resultant displacement R is given by
R=A+B+C.
EXECUTE: The vector addition diagram is given in Figure 1.21. Careful measurement gives that R is
7.8 km, 38" north of east.
EVALUATE: The magnitude of the resultant displacement, 7.8 km, is less than the sum of the
magnitudes of the individual displacements, 2.6 km+4.0 km+3.1 km.

)
o

S

.
1)

Figure 1.21

1.22. IDENTIFY: Draw the vector addition diagram to scale.
SETUP: The two vectors A and B are specified in the figure that accompanies the problem.
ExecuTE: (a) The diagram for R = A+ B is given in Figure 1.22a. Measuring the length and angle of
R gives R=9.0 mand an angle of 6 =34°.
(b) The diagram for E = A—B is given in Figure 1.22b. Measuring the length and angle of E gives
D =22 mand an angle of 8 =250°.
(c) —~A—B=—(A+B),s0 —A—B has a magnitude of 9.0 m (the same as A+ B ) and an angle with the

+x axis of 214° (opposite to the direction of A+ B).
(d) B—A=—(A-B),s0 B - Ahas a magnitude of 22 m and an angle with the +x axis of 70°

(opposite to the direction of A—B).
EVALUATE: The vector —Ais equal in magnitude and opposite in direction to the vector A.

=)
=N
=

el
3

(@ (b)
Figure 1.22

1.23. IDENTIFY: Since she returns to the starting point, the vector sum of the four displacements must be
zero.
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SET UP: Call the three given displacements A B, and C, and call the fourth displacement D.
A+B+C+D=0.

EXECUTE: The vector addition diagram is sketched in Figure 1.23. Careful measurement gives that D
is144 m, 41° south of west.

EvALUATE: D is equal in magnitude and opposite in direction to the sum A+ B +C.

D

=l

0y

Figure 1.23

1.24. IDENTIFY: tanez%, for @ measured counterclockwise from the +x -axis.

SETUP: Asketchof A, A and A tells us the quadrant in which A lies.

EXECUTE:
-1
(@) tan 0= % =5 O%Or: =-0.500. 6 = tan~*(~0.500) = 360° — 26.6° = 333°.
1
(b) tan 6= % = % =0.500. @ =tan™(0.500) = 26.6°.
1.
(c) tan €= % = 20(?0”;1 =-0.500. 6 = tan~*(~0.500) =180° — 26.6° =153°.
-1
(d) tan = % = gg 2 =0.500. @ =tan™(0.500) =180° + 26.6° = 207°
EVALUATE: The angles 26.6° and 207° have the same tangent. Our sketch tells us which is the correct
value of 6.

1.25. IDENTIFY: For each vector V, use that V, =V cos@ and V, =Vsing, when 6 is the angle V makes
with the +x axis, measured counterclockwise from the axis.
SETUpP: For A, #=270.0°. For B, #=60.0°. For C, #=205.0°. For D, §=143.0°.
Execute: A =0, A =-8.00m. B,=750m, B,=13.0m. C,=-109m, C,=-5.07m.
D, =-7.99 m, D, =6.02 m.
EVALUATE: The signs of the components correspond to the quadrant in which the vector lies.

1.26. 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) tan40.0°= %
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1.27.

1.28.

1.29.

‘Ay‘ _ ‘AX‘ _ 20.0m
tan40.0° tan40.0°

A =-238m.

(b) A:JA%+A§ =31.1m.

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

=23.84m

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.

_IAd

A

‘A(‘ =(13.0 m)tan32.0°=8.12m. A =-8.12m.

(b) A=JA§+A§ =153 m.

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

ExecuTte: (a) tan32.0°

IDENTIFY: Find the vector sum of the three given displacements.
SET UP: Use coordinates for which +x is eastand +y is north. The driver’s vector displacements are:

A=2.6 km, 0° of north; B=4.0 km, 0° of east; C =3.1 km, 45° north of east.

Execute: R =A+B,+C,=0+4.0km+(3.1km)cos(45°)=6.2km; R =A +B +C, =

2.6 km +0+ (3.1 km)(sin45°) =4.8 km; R =, /Rf +R7 =7.8 km; 0 =tan""[(4.8 km)/(6.2 km)] =38,
R=7.8 km, 38° north of east. This result is confirmed by the sketch in Figure 1.28.

EvALUATE: Both R, and R, are positive and R is in the first quadrant.

a

Figure 1.28

IDENTIFY: If C=A+B, then C,=A +B,and C,=A, +B,. Use C,and C, to find the magnitude

and direction of C.
SET Up: From Figure E1.30 in the textbook, A, =0, A, =-8.00 mand B, =+Bsin30.0°=7.50 m,

B, =+Bc0s30.0°=13.0 m.
ExecUTE: (@) C=A+Bso C,=A +B,=750mand C,=A +B, =+500m. C=9.01m.

C
tang=—=200M -4 9=337°.
C, 750m

(b) B+A=A+B,so B+ A has magnitude 9.01 m and direction specified by 33.7°.
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(c) D=A-Bso D,=A -B,=-750mand D, =A -B,=-21.0m. D=22.3m.
D

tang=—L = —21.0m and ¢ =70.3°. Disin the 39 quadrant and the angle & counterclockwise from
D, -7.50m

the +x axis is 180°+70.3° = 250.3°.

(d) B—A=—(A-B),so B - Ahas magnitude 22.3 m and direction specified by & =70.3°.

EVALUATE: These results agree with those calculated from a scale drawing in Problem 1.22.

1.30. IDENTIFY: Use Az,fﬁf + Af and tan@ = % to calculate the magnitude and direction of each of the

given vectors.
SETUP: Asketchof A, A and A tells us the quadrant in which A lies.

EXECUTE: () \/(—8.60 cm)? + (5.20 cm)? =10.0 cm, arctan[ 58262)0) =148.8° (which is180°—31.2°).

(b) J(—9.7 m)%+ (-2.45m)? =10.0 m, arctan( 475J =14°+180° =194°.

(c) \/(7.75 km)? + (-2.70 km)?> =8.21 km, arctan (%} =340.8° (which is360°-19.2°).
EVALUATE: In each case the angle is measured counterclockwise from the +x axis. Our results for @
agree with our sketches.

1.31. IDENTIFY: Vector addition problem. We are given the magnitude and direction of three vectors and are
asked to find their sum.

SET UP:
. N A=3.25km
A B=2.20 km
¢ C =1.50 km
A
R
w E
S
Figure 1.31a

Select a coordinate system where +x is eastand +y is north. Let A, B, and C be the three

displacements of the professor. Then the resultant displacement R is given by R= A+ B +C. By the
method of components, R, = A, +B, +C,and R, =A +B, +C,. 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:
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A=0, A =+3.25km

By =—-2.20km, B, =0
Cy=0,C,=-1.50 km
R,=A+B,+C,

R,=0-220 km+0=-2.20 km
R,=A +B,+C,

R, =325km+0-1.50 km=1.75 km

Figure 1.31b

R=[RZ+RZ =/(~2.20 km)? +(1.75 km)?
R R=2.81km
1.75 km

Ry

—~~0 tand=—"=——=-0.800
\ R, —2.20 km

I . |

R E 6=141.5

£

Figure 1.31c

The angle 6 measured counterclockwise from the +x-axis. In terms of compass directions, the
resultant displacement is 38.5° N of W.

EVALUATE: R, <0 and R, >0, so R is in the 2nd quadrant. This agrees with the vector addition
diagram.

1.32. IDENTIFY: This problem involves vector addition. We know one vector and the resultant of that vector
with a second vector, and we want to find the magnitude and direction of the second vector.
SETUP: A + B = R.Weknow A and R and wantto find B . Use A +B, =R, and

_ B
A, +B, =R, to find the components of B, then use B = ,foz +BJ tofindBand 6= arctanB—y to

X

find its direction. First do a graphical sum, as shown in Fig. 1.32.
y

>l

-1

Figure 1.32
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1.33.

ExEcUTE: First find the components. A, = A cos 127° = (8.00 m) cos 127° = —4.185m, R, =0, A, = A
sin 127° = (8.00 m) sin 127° = 6.389 m, R, = -12.0 m. Now use A +B, =R, and A +B, =R, to find

the components of B .
—4.185m+B,=0 — B,=4.18m. 638 m+B,=-120m — B,=-18.39m.

B :\le + Bi = \/(4.185 m)%+ (~18.39 m)® =19.0 m.
B a—

6 =arctan—L = arctan (M
By 4.185m

x-axis. This tells us that B makes an angle of 75.3° clockwise below the +x-axis, which we can also
express as 360° — 75.3° = 284.7° counterclockwise with the +x-axis.
EVALUATE: Our vector sum in Fig. 1.32 agrees with our calculations.

j: —75.3°. From Fig. 1.32 we can see that B must point below the

IDENTIFY: Vector addition problem. A—B = A+ (-B).
SET UP: Find the x- and y-components of A and B. Then the x- and y-components of the vector sum
are calculated from the x- and y-components of A and B.

EXECUTE:
y A, = Acos(60.0°)
A =(2.80 cm)cos(60.0°) =+1.40 cm
A, A, = Asin(60.0°)
A, =(2.80 cm)sin(60.0°) =+2.425 cm
. B, =Bcos(—60.0°)
B, =(1.90 cm)cos(—60.0°) =+0.95 cm
B, B, = Bsin(—60.0°)
’ B, = (1.90 cm)sin(-60.0°) =—1.645 cm
Note that the signs of the components correspond to the
directions of the component vectors.
Figure 1.33a

(@) Now let R=A+B.
R, =A +B, =+1.40 cm+0.95 cm=+2.35cm.
R, =A +B,=+2.425cm-1.645 cm=+0.78 cm.

R= \/Rf +R2 =J(2.35 cm)? +(0.78 cm)?

R M: R=2.48 cm
¥y | R
9 | tang =~y _F0-78Cm _ o aag

R, * R, +2.35cm

6=18.4°

Figure 1.33b

EVALUATE: The vector addition diagram for R= A+B is
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R is in the 1st quadrant, with |R | <[R ],

in agreement with our calculation.

Figure 1.33c

(b) EXECUTE: Now let R=A—B.
R, =A —B,=+1.40 cm-0.95 cm=+0.45cm.
R, =A, —B, =+2.425 cm+1.645 cm =+4.070 cm.

y
R=[RZ+R2 =/(0.45 cm)? +(4.070 cm)?
“““ ! R R =4.09 cm
R
R : tanaz_yzmz+g_044
y | R, 0.45cm
: 0-83.7°
[¢] 1
JR— - x
R

Figure 1.33d

EVALUATE: The vector addition diagram for R = A+ (—B) is

R is in the 1st quadrant, with |R,| <|R|,

in agreement with our calculation.

Figure 1.33e

(c) EXECUTE:
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B-A=—(A-B)
0 L ~ . .
R, ™ . B - Aand A-B are equal in magnitude and
! opposite in direction.
[ R=4.09 cm and 6 =283.7°+180° = 264°
|
|
! R
| y
|
Y
RE---

Figure 1.33f

EVALUATE: The vector addition diagram for R =B + (—A) is

R is in the 3rd quadrant, with [R,| <|R|,
in agreement with our calculation.

Figure 1.33g

1.34. IDENTIFY: The general expression for a vector written in terms of components and unit vectors is
A=AT+A]
SETUP: 5.0B=5.0(8i —4])=40i —20]
EXECUTE: (a) A,=32, A =-65 (b) A =182, A =-791 (c) A(=-120, A =212
(d) A,=40, A,=-20
EVALUATE: The components are signed scalars.
1.35. IDENTIFY: Find the components of each vector and then use the general equation A= A(f + Ayi fora

vector in terms of its components and unit vectors.
SETUP: A =0, A)=-8.00m. B,=7.50m, B, =13.0m. C, =-10.9 m, C, =-5.07 m.

Dy =-7.99m, D, =6.02 m.

EXECUTE: A=(-8.00m)]; B =(7.50 m)i + (3.0 m)j; C = (~10.9 m)i + (-5.07 m) j:
D =(=7.99 m)i +(6.02 m)]j.

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

1.36. IDENTIFY: Find A and B. Find the vector difference using components.

SET UP: Identify the x- and y-components and use A=, }Af +A.
ExeCUTE: (a) A=4.00i +7.00]; A =+4.00; A, =+7.00.
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1.37.

1.38.

A= [A2+ A2 =[(4.00)? +(7.00)° =8.06. B =5.00{ —~2.00]; B, =+5.00; B, =—2.00;

B=,[BZ +B =/(5.00)° +(~2.00)" =5.39.

EVALUATE: Note that the magnitudes of A and B are each larger than either of their components.
ExecuTE: (b) A—B=4.00i +7.00] —(5.00i —2.00]) = (4.00—5.00)i +(7.00 +2.00) .
A—B=-1.00i +9.00]

(c) Let R= A—B=-1.00i +9.00]. Then R, =-1.00, R, =9.00.

! R=JRZ+R2
Biens « R :J(—l.OO)2 +(9.00)2 =9.06.

Ry, _ 9.00
R, -100
0 =-83.6°+180° = 96.3°.

R, tand = =-9.00

Y

Figure 1.36

EVALUATE: R, <0 and R, >0, so R is in the 2nd quadrant.

IDENTIFY: Use trigonometry to find the components of each vector. Use R, =A +B, +--- and
R, = A, +B, +--- to find the components of the vector sum. The equation A= Axf + ij expresses a

vector in terms of its components.
SET UP: Use the coordinates in the figure that accompanies the problem.

EXECUTE: (a) A=(3.60 m)cos70.0°1 +(3.60 m)sin70.0°] = (1.23 m)i +(3.38 m)

B =—(2.40 m)c0s30.0°1 —(2.40 m)sin30.0°j = (-2.08 m)i +(~1.20 m)

(b) C =(3.00) A—(4.00) B = (3.00)(1.23 m)i +(3.00)(3.38 m) j — (4.00)(—2.08 m)i — (4.00)(~1.20 m) j
C =(12.01m)i +(14.94 m)j

A
(c) From A:4}Af+ 2 and tand=—L,
g A

C= \/(12.01 m)? + (14.94 m)? =19.17 m, arctan (

12.01m
EvaLuaTE: C,and C, are both positive, so & is in the first quadrant.

14.94 mj _ 5190

IDENTIFY: We use the vector components and trigonometry to find the angles.
SETUP: Use the fact thattand=A, / A, .

EXECUTE: (a) tand=A /A :% . @ =117° with the +x-axis.

2.00
b) tané=B,/B,=——. 6 =15.9°.
(b) v/ Be=2100
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(c) First find the components of C . C, = A, + B, = -3.00 + 7.00 = 4.00,
C,=A,+B,=6.00+2.00=8.00
tand=C, /C, =@:2.00. 0 =63.4°
4.00
EVALUATE: Sketching each of the three vectors to scale will show that the answers are reasonable.

1.39. IDENTIFY: A and B are given in unit vector form. Find A, B and the vector difference A— B.
SETUP: A=-2.00i +3.00j +4.00k, B=3.00i +1.00j —3.00k

Use A=, fAf + A2+ A to find the magnitudes of the vectors.
EXECUTE: (a) A=[AZ+ A2+ A =[(-2.00)° +(3.00)° +(4.00)? =5.38

B= Jsf +B2+B? =/(3.00)% + (1.00)? + (~3.00)? = 4.36

(b) A—B =(-2.00i +3.00] +4.00K) — (3.00i +1.00 j —3.00K)

A—B =(~2.00—3.00)i +(3.00—1.00) j + (4.00 — (—3.00))k =—5.00i +2.00 j + 7.00K.
(c) Let C=A-B, so C,=-5.00, C, =+2.00, C, =+7.00

C=,[CZ+C2+C? =/(-5.00)? +(2.00)? +(7.00)* =8.83
B-A=—(A—B), so A-B and B - A have the same magnitude but opposite directions.
EVALUATE: A, B, and C are each larger than any of their components.

1.40. IDENTIFY: Target variablesare A-B and the angle ¢ between the two vectors.
SETUP: Wearegiven A and B in unit vector form and can take the scalar product using
A-B=AB +AB,+AB,. Theangle ¢ can then be found from A-B = ABcosg.
EXECUTE: (a) A=4.00i +7.00j, B=5.00i —2.00j; A=8.06, B=5.39.
A-B = (4.00i +7.00j)-(5.00i —2.00]) = (4.00)(5.00) + (7.00)(=2.00) = 20.0—14.0 = +6.00.
A-B_ 6.00
AB  (8.06)(5.39)

EVALUATE: The componentof B along A is in the same direction as A, so the scalar product is
positive and the angle ¢ is less than 90°.

(b) cosg =

=0.1382; ¢ =82.1°.

1.41. IDENTIFY: A-B=ABcos¢
SETUP: For A and B, ¢#=150.0°. For B and C, ¢#=145.0°. For A and C, ¢=65.0°.
ExecuTe: (a) A-B =(8.00 m)(15.0 m)cos150.0° =—104 m?
(b) B-C =(15.0 m)(12.0 m)cos145.0° = —148 m?
(c) A-C =(8.00 m)(12.0 m)cos65.0°=40.6 m?
EVALUATE: When ¢ <90° the scalar product is positive and when ¢ >90° the scalar product is

negative.

1.42. 1DENTIFY: Target variable is the vector Ax B expressed in terms of unit vectors.
SETUP: Weare given A and B in unit vector form and can take the vector product using
ixi=]x]=0,ix]=k, and jxi=-K.
EXECUTE: A=4.00i +7.00j, B=5.00i —2.00].
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1.44.

1.45.

AxB =(4.00i +7.00])x (5.00i —2.00]) =20.0i xi —8.00i x j +35.0]xi —14.0 x j. But
ixi=]jxj=0and ix]=K, jxi=-k, so AxB=-8.00k+35.0(—k)=-43.0k. The magnitude of

AxB is43.0.

EVALUATE: Sketch the vectors A and B 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 Ax B is directed into the
plane of the paper, in the —z-direction. This agrees with the above calculation that used unit vectors.

y
/
x

T~

Figure 1.42

IDENTIFY: For all of these pairs of vectors, the angle is found from combining A-B = ABcos¢ and

. . A-B AB,+AB

A-B=AB, +AB, +AB,, to give the angle ¢ as ¢ = arccos| —— |=arccos| ——~+ |,
AB+AB, +AB, t0g gleg as ¢ [ABJ ( B

SETUP: A-B=AB, + A/B, + A,B, shows how to obtain the components for a vector written in terms

of unit vectors.

. -22
ExecUTE: (a) A-B=-22, A=./40, B= \}13, and so ¢ = arccos(—j =165°.
(@) ¢ J40-/13

- = 60
b) A-B=60, A= \/34, B= \/136, =arccos| ———— |=28°.
() ¢ [\/34\/136 j

(c) A-B=0 and ¢ = 90°.
EVALUATE: If A-B>0, 0<¢<90° If A-B<0, 90°<¢#<180°. If A-B=0, #=90° and the two
vectors are perpendicular.
IDENTIFY: The right-hand rule gives the direction and |Ax B| = ABsing gives the magnitude.
SETUP: ¢=120.0°.
EXeCUTE: (a) The direction of AxB is into the page (the —z-direction ). The magnitude of the vector
product is AB sing¢ = (2.80 cm)(1.90 cm)sin120° = 4.61 cm?.
(b) Rather than repeat the calculations, Bx A = — AxB may be used to see that B x A has magnitude
4.61cm? and is in the +z-direction (out of the page).
EVALUATE: For part (a) we could use the components of the cross product and note that the only non-
vanishing componentis C, = A B, — A, B, =(2.80 cm)c0s60.0°(—1.90 cm)sin60°

—(2.80 cm)sin60.0°(1.90 cm)cos60.0° = —4.61 cm?.
This gives the same result.
IDENTIFY: Ax D has magnitude ADsing. Its direction is given by the right-hand rule.
SETUP: ¢=180°-53°=127°
ExecuTe: (a) |Ax D|=(8.00 m)(10.0 m)sin127°=63.9 m%. The right-hand rule says Ax D is in the
—z-direction (into the page).
(b) Dx A has the same magnitude as Ax D and is in the opposite direction.
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EVALUATE: The component of D perpendicularto A is D, =Dsin53.0°=7.99 m.
|Ax D|= AD, =63.9 m?, which agrees with our previous result.
1.46. IDENTIFY: Apply Egs. (1.16) and (1.20).
SET UP: The angle between the vectors is 20°+90° +30° =140°.
EXECUTE: (a) A-B=ABcos¢ gives A-B =(3.60 m)(2.40 m)cos140° =—6.62 m?.
(b) From |JAx B| = ABsing , the magnitude of the cross product is (3.60 m)(2.40 m)sin140° =5.55 m?
and the direction, from the right-hand rule, is out of the page (the +z-direction).
EVALUATE: We could also use A-B=AB, + A/B, + A,B, and the cross product, with the

components of A and B.

1.47. IDENTIFY: This problem involves the vector product of two vectors.
SET Up: The magnitude is |A>< B| = AB sin ¢ and the right-hand rule gives the direction. Since Ax B
is in the +z direction, both A and B must lie in the xy-plane.
EXECUTE: A has no y-componentand B has no x-component, so they must be perpendicular to each
other. Since Ax B is in the +z direction, the right-hand rule tells us that B must point in the —y
direction. |A>< L5>| = ABsing = (8.0 m)B sin 90° = 16.0 m? so B = 2.0 m.

EVALUATE: In unit vector notation, B =—2.0m j .

1.48. IDENTIFY: This problem involves the vector product and the scalar of two vectors.
SET UP: The scalar productis A-B = ABcos¢ and the magnitude of the vector product is |Ax E§| =
ABsing .
ExecuTe: (a) Calculate both products. |A>< I§| = ABsing = AB sin 30.0° = 0.500 AB and
A-B =ABcos¢ = AB cos 30.0° = 0.866 AB. Therefore the scalar product has the greater magnitude.
(b) Equate the magnitudes. ABsing = ABcos¢ — tang =1 — ¢ =45°or 135°. At 45° both
products are positive, but at 135° the scalar product is negative. However in both cases the magnitudes
are the same.

EVALUATE: Note that the problem says that the magnitudes of the products are equal. We cannot say
that the products are equal because A-B is a scalar but Ax B is a vector.

1.49. IDENTIFY: We model the earth, white dwarf, and neutron star as spheres. Density is mass divided by
volume.
SET UP: We know that density = mass/volume = m/V where V = gzzr3 for a sphere. From Appendix B,

the earth has mass of m =5.97x10* kg and a radius of r =6.37x10°m whereas for the sun at the end
of its lifetime, m=1.99x10* kg and r = 7500 km = 7.5x10° m. The star possesses a radius of r = 10
km = 1.0x10*m and a mass of m=1.99x10*kg.

EXECUTE: (a) The earth has volume V = £71° = £ 7(6.37 x10° m)® =1.0827 x10?" m. Its density is

24 3
V.  1.0827x10 m 1kg

(b) V = 472r° = 47(75x10°m)* =1.77x10*' m®

1m
102 cm

3
] =551 g/cm®

m_1.99x10% kg _
Vo 177x10% m3

1g/lem®

density = I
b4 1000 kg/m®

(1.1x10° kg/m3)[ j =1.1x10°g/cm®
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(©) V=2ar’=27(1.0x10*m)* =4.19x10? m®
30 3
density = .1 = %OHK% = (4.7x10" kg/m®) Lm,& =4.7x10"g/em®
V. 419x10“m 1000 kg/m
EVALUATE: For a fixed mass, the density scales as 1/r®. Thus, the answer to (c) can also be obtained
from (b) as
6 3
(1x10° giom?)| T2 My 7104 grom?,
1.0x10"m
1.50. IDENTIFY and SET UP: Unit conversion.
ExecuTe: (a) f =1.420x10° cycles/s, so o1 =7.04x1071° s for one cycle.
X
(b) 3600105/ N 511x102 cyclesh
7.04x10" s/cycle
(c) Calculate the number of seconds in 4600 million years =4.6x10° y and divide by the time for 1
cycle:
9 7
(4.6x10 y)(31.j)56><10 sly) _ 2.1x10% cycles
7.04x107" s/cycle
(d) The clock is off by 1 s in 100,000 y =1x10° y, soin 4.60x10° y it is off by
9
(1s) M =4.6x10* s (about 13 h).
1x10
EVALUATE: In each case the units in the calculation combine algebraically to give the correct units for
the answer.
1.51. IDENTIFY: The density relates mass and volume. Use the given mass and density to find the volume
and from this the radius.
SETUP: The earth has mass mg =5.97x10% kg and radius r- =6.37x10° m. The volume of a sphere
is V=271, p=1.76 g/lem® =1760 km/m”.
EXECUTE: (a) The planet has mass m=5.5mg =3.28x10% kg.
25
v =" _ 328107k g5, 1622 s,
p 1760 kg/m
13 2 3 1/3
r= (ﬂj _[ 3LBOA0T M|y 4,007 m=1.64x10° km
A Az
(b) r=2.57r,
EVALUATE: Volume V is proportional to mass and radius r is proportional to V3, so r is proportional
to m¥3. If the planet and earth had the same density its radius would be (5.5)”3rE =1.8rz. The radius of
the planet is greater than this, so its density must be less than that of the earth.
1.52. 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 1.51 cm
ExecuTE: (a) The areais 11.4+0.1 cm*
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2
(b) The fractional uncertainty in the area is O()j;—cmz =0.80%, and the fractional uncertainties in the
cm
0.01cm =0.13% and 0.01cm =0.67%. The sum of these fractional uncertainties

length and width are
7.61cm 1.5cm

is 0.13% + 0.66% = 0.80%, in agreement with the fractional uncertainty in the area.

EvVALUATE: The fractional uncertainty in a product of numbers is greater than the fractional
uncertainty in any of the individual numbers.

1.53. 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 H,O molecule: 18.015 ux1.661x107?" kg/u =2.992x107%° kg/molecule.
EXECUTE: (70 kg)/(2.992x107?° kg/molecule) = 2.34x 10°" molecules. Each H,O molecule has

3 atoms, so there are about 6x10%" atoms.

EVALUATE: Assuming carbon to be the most common atom gives 3x10% molecules, which is a result
of the same order of magnitude.

1.54. 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 ris V = %ma. The volume of a cylinder of radius r and

length | is V/ = zr?l. The density of water is 1000 kg/m?.

EXecUTE: (a) Estimate the volume as that of a sphere of diameter 10 cm: V =5.2x107* m®,

m = (0.98)(1000 kg / m®)(5.2x10~* m*) = 0.5 kg.

(b) Approximate as a sphere of radius r =0.25um (probably an overestimate): V =6.5x1072° m*.

m = (0.98)(1000 kg / m®)(6.5x10%° m®) =6x10 kg=6x10"" g.

(c) Estimate the volume as that of a cylinder of length 1 cm and radius 3 mm: V = zr2l =2.8x10~" m®.
m = (0.98)(1000 kg/m®)(2.8x10~" m*®) =3x10~* kg =0.3 g.

EVALUATE: The mass is directly proportional to the volume.

1.55. IDENTIFY: We are dealing with unit vectors, which must have magnitude 1. We will need to use the
scalar product and to express vectors using the unit vectors.

SETUP: A=, A2+ A +A, A-B = AB +AB,+AB,. If two vectors are perpendicular, their
scalar product is zero.

ExecuTe: (a) If we divide a vector by its magnitude, the result will have magnitude 1 but still point in
the same direction as the original vector, so it will be a unit vector. First find the magnitude of the given
3.0i —4.0k

vector. A= A2 + A2 = \[(3.0)>+ (-4.0)* =5.0. Therefore =0.601 —0.80K is a unit

vector that is parallel to A .
(b) Reversing the direction of the unit vector in (a) will make it antiparallel to A, so the unit vector is —

0.601 +0.80K.

(c) Call B the unknown unit vector. Since it has no y-component, we can express it as

B =B,i+B,k.Since A and B are perpendicular, A-B =0,s0 AB, +AB, +AB, =0. This gives
(3.0)B,~ (4.0)B,=0 — B,=0.75B,. Since B isa unit vector, we have B2+ BZ =B? +(0.75B,) =
1. Solving gives B, = +0.80. Therefore B, = +(0.75 B,) = +(0.75)(0.80) = +0.60. Therefore B =
+(0.801 + 0.60k ), S0 the two unit vectors are
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1.56.

1.57.

B, =0.80i +0.60k and B =-0.80i —0.60Kk .
EVALUATE: AeB, =(3.0)(0.80) + (-4.0)(6.0)=0and A-B_ = (3.0)(-0.80) + (—4.0)(-6.0) = 0, so the

two vectors are perpendicular to A . Their magnitudes are \/(10.80)2+ (£0.60)% = 1, so they are unit
vectors.

IDENTIFY: Let D be the fourth force. Find D such that A+B+C+D=0, so D=—(A+B+C).
SET UpP:  Use components and solve for the components D, and D, of D.
ExecuTe: A =+Ac0s30.0°=+86.6N, A, =+Asin30.0°=+50.00N.
B, =-Bsin30.0°=-40.00N, B, =+Bc0s30.0° = +69.28N.
C, =-Cc0s53.0°=-24.07N, C, =—Csin53.0°=-31.90N.

=
Then D, =-22.53N, D, =-87.34N and D= ,fo + Di =90.2 N. tana =|D, /D, | =87.34/22.53.

a=7554°. ¢=180°+a =256° counterclockwise from the +x-axis.
EVALUATE: As shown in Figure 1.56, since D, and D, are both negative, D must lie in the third

quadrant.

Figure 1.56

IDENTIFY: Vector addition. Target variable is the 4th displacement.
SET UP: Use a coordinate system where east is in the +x-direction and north is in the +y-direction.

Let A B, and C be the three displacements that are given and let D be the fourth unmeasured
displacement. Then the resultant displacement is R= A+ B +C + D. And since she ends up back where
she started, R =0.

0=A+B+C+D, so D=—(A+B+C)

D, =—(A+B,+C,) and Dy =—(Ay + By +Cy)

EXECUTE:

1 A =-177Tm, A, =0

B, = Bcos315° = (215 m)cos315° =+152 m

A 3150/— ~ B, = Bsin315°= (215 m)sin315°=-152 m
= k e * C, =Cc0s60° = (271 m)cos60°=+135.5m

C, =Csin60°= (271 m)sin60° =+234.7 m

Figure 1.57a

D, =—(A +B,+C,) =—(~177 m+152 m+1355 m) =—110.5 m
D, =—(A, +B, +C,)=—(0-152 m+234.7 m)=-82.7 m
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. D= ,}DXZ +D]

D = /(~108.5 m)? +(-94.0 m)? =138 m
X D _

tang=—¥ = —240M _ 744

D, -1085m

6 =180°+36.8°=216.8°

(D is in the third quadrant since both

D, and D, are negative.)

Figure 1.57b

The direction of D can also be specified in terms of ¢=6-180°=36.8% D is 37° south of west.
EVALUATE: The vector addition diagram, approximately to scale, is

i Vector D in this diagram agrees qualitatively

with our calculation using components.

A

S
X
=

Figure 1.57c

1.58. IDENTIFY: Find the vector sum of the two displacements.
SET Up: Call the two displacements A and B, where A=145km and B=250 km. A+B=R.

A and B are as shown in Figure 1.58.
ExecuTe: R, =A +B, =(145 km)sin68°+ (250 km)cos48° = 301.7 km.

Ry=A +B,= (145 km)cos68° — (250 km)sin48° =-131.5 km.

R, 131.5km
R=,/R?+R? =./(301.7 km)? + (—131.5 km)? =329 km. tanf, =|—-L|= """ = 0.436.
JRE+RZ =\( )2 +( ) et =507k

6 = 23.6° south of east.

EVALUATE: Our calculation using components agrees with R shown in the vector addition diagram,
Figure 1.58.

Figure 1.58
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1.59. IDENTIFY: This problem requires vector addition. We can find the components of the given vectors
and then use them to find the magnitude and direction of the resultant vector.

A
SET Up: AX:Acose,Ay:AsinH,H:arctanxy,A:«}Af+¥+AZZ,RX:/-\(+BX,and R,

= A, + B, . Sketch the given vectors to help find the components (see Fig. 1.59).

E, (450 N/C)

(600 N/C)

Figure 1.59

ExecuTe: From Fig. 1.59 we can see that the component s are
Ex=0and E; =450 N/C

E, = E; cos@ = (600 N/C) cos 233.1° = -360.25 N/C

Eo = E;sin@ = (600 N/C) sin 233.1° = -479.81 N/C.

Now find the components of the resultant field:

E, = Ex + E; =0+ (-360.25 N/C) = -360.25 N/C

E, = Eyy + E;, = 450 N/C + (-479.81 N/C) =-29.81 N/C

Now find the magnitude and direction of E :

E= \/Ef +E2 = \J(-360.25 N/C)?+ (-29.81 N/C)? = 361 N/C,
~29.81 N/C
236025 N/IC

point into the third quadrant. Therefore the angle below the —x-axis is 4.73°. The angle with the +x-axis
is 180° + 4.73° = 184.73°.
EVALUATE: Make a careful graphical sum to check your answer.

A -
0= arctanEy =0= arctan( j = 4.73°. Both components of E are negative, so it must

1.60. IDENTIFY: Solve for one of the vectors in the vector sum. Use components.
SET UP: Use coordinates for which +x is east and +Y is north. The vector displacements are:

A=2.00 km, 0°0f east; B =3.50 m, 45° south of east;and R=5.80 m, 0° east
Execute: C,=R,—A —B, =5.80 km—(2.00 km)—(3.50 km)(cos45°) =133 km;

Cy=R-A-B,

=0 km —0 km —(~3.50 km)(sin45°) =2.47 km; C = \/(1.33 km)? + (2.47 km)? = 2.81 km;

6 = tan[(2.47 km)/(1.33 km)] = 61.7° north of east. The vector addition diagram in Figure 1.60 shows
good qualitative agreement with these values.
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EVALUATE: The third leg lies in the first quadrant since its x and y components are both positive.

Figure 1.60

1.61. 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 +x axis and an upward +y axis. Then A + B, =R, and

R, =552 N.
SoLVE: A +B, =R, and Acos32° + Bsin32°=R,. Since A=B,
2Ac0s32°=R,, s0 A= __R 3.25N.

(2)(cos32°)

EVALUATE: The magnitude of the x component of each pull is 6.40 N, so the magnitude of each pull
(7.55 N) is greater than its x component, as it should be.
1.62. IDENTIFY: The four displacements return her to her starting point, so D=—(A+B+C), where A, B,

and C are in the three given displacements and D is the displacement for her return.
SETUP: Let +x beeastand +y be north.

EXECUTE: (a) D, =—[(101 km) sin 52° + (165 km) sin 170°+ (124 km) sin 282°] = +13.0 km.
D, =—{(101 km)cos52° + (165 km) cos170° + (124 km) cos 282°] = +74.5 km.

D =/(13.0 km)? + (74.5 km)? =76 km.
N ) . 13.0km )
(b) The direction relative to north is ¢ =arctan —askm |- 9.9°. Since D, >0 and D, >0, the

direction of D is 9.9° east of north.
EVALUATE: The four displacements add to zero.

1.63. IDENTIFY: We have two known vectors and a third unknown vector, and we know the resultant of

these three vectors.
SET UP: Use coordinates for which +x is eastand +y is north. The vector displacements are:

A=23.0 km at 34.0° south of east; B =46.0 km due north; R =32.0 km due west ; C is unknown.
Execute: C, =R, —A —B,=-32.0 km—(23.0 km)cos34.0°— 0=—-51.07 km;
C, =R, — A, —B, =0—(~23.0 km)sin34.0° - 46.0km = —33.14 km;

c=[c?+CZ =609km

Calling 6 the angle that C makes with the —x-axis (the westward direction), we have

tand=C, /C, _3314 ; @ =33.0° south of west.
51.07

EVALUATE: A graphical vector sum will confirm this result.
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1.64. IDENTIFY: Let the three given displacements be A, B and C, where A=43steps, B =80 stepsand
C =52steps. R=A+B+C. The displacement C that will return him to his hut is —R.
SET UP: Let the east direction be the +x-direction and the north direction be the +y-direction.
ExecuTe: (a) The three displacements and their resultant are sketched in Figure 1.64.
(b) R, =(43)cos45°—(80)cos60°=-9.6 and R, =(43)sin45°+(80)sin60°—52=47.7.
The magnitude and direction of the resultant are /(=9.2)* + (47.7)? = 48.7, acrtan (%) =78.6°,
north of west. We know that R is in the second quadrant because R, <0, R, >0. Toreturn to the hut,
the explorer must take 49 steps in a direction 78.6° south of east, which is 11.4° east of south.
EVALUATE: It is useful to show R,, Ry, and R on a sketch, so we can specify what angle we are

computing.

g1

=

)

Figure 1.64

1.65. IDENTIFY: We want to find the resultant of three known displacement vectors: R=A+B+C .
SETUP: Let +x be eastand +y be north and find the components of the vectors.
EXECUTE: The magnitudes are A =20.8 m, B =38.0 m, C = 18.0 m. The components are
A.=0,A,=28.0m, B,=38.0m, B, =0,
Cy=—(18.0 m)(sin33.0°) = —9.804 m, C, = —(18.0 m)(c0s33.0°) = -15.10 m
Re=A+B,+C,=0+38.0m+(-9.80 m)=28.2m
Ry=A,+B,+C,=208m+0+(-1510m)=570m
R :,/RX2 + R§ = 28.8 m is the distance you must run. Calling &y the angle the resultant makes with the

+x-axis (the easterly direction), we have
tan gz = R/R, = (5.70 km)/(28.2 km); 6 = 11.4° north of east.

EVALUATE: A graphical sketch will confirm this result.

1.66. IDENTIFY: This is a problem in vector addition. We want the magnitude of the resultant of four known
displacement vectors in three dimensions. We can use components to do this.
SETUP: R,= A +B,+C, +D,, and likewise for the other components. The magnitude is

R=[R?+ R?+R? . Call the +x-axis toward the east, the +y-axis toward the north, and the +z-axis

vertically upward. First find the components of the four displacements, then use them to find the
magnitude of the resultant displacement.

EXecuTE: Finding the components in the order in which the displacements are listed in the problem,
the components of the four displacement vectors are A, = -14.0 m, B, = +22.0 m, C, = +12.0 m, and D,
= 6.0 m. All the other components are zero. Now find the components of R .
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Ry=-140m+6.0m=-8.0m,R,=12.0m, R,=22.0 m. Now find the resultant displacement using
R :\/RXZ +RI+R2 .R= JE8.0 m)*+ (12.0 m)? +(22.0 m)? = 26 m.

EVALUATE: This is one case where a graphical solution would not be useful as a check since three-
dimensional drawings are very difficult to visualize. Note that the answer has only 2 significant figures
even though all the given numbers have 3 significant figures. The reason for this is that in the
subtraction to find R, we lost one significant figure because —14.0 + 6.0 = 8.0, which has only 2
significant figures.

1.67. IDENTIFY: We know the resultant of two vectors and one of the vectors, and we want to find the
second vector.
SET UP: Let the westerly direction be the +x-direction and the northerly direction be the +y-direction.
We also know that R= A+ B where R is the vector from you to the car. Your GPS tells you that you
are 122.0 m from the car in a direction of 58.0° east of south, so a vector from the car to you is 122.0 m
at 58.0° east of south. Therefore the vector from you to the car is 122.0 m at 58.0° west of north. Thus
R =122.0 m at 58.0° west of north and A is 72.0 m due west. We want to find the magnitude and
direction of vector B .
ExecuTe: B, =R,—A,=(122.0 m)(sin 58.0°) — 72.0 m = 31.462 m

B, =R, — A, = (122.0 m)(cos 58.0°) - 0 = 64.450 m; B =,/BX2 +BS =719m.
64.650m

31.462 m
EVALUATE: A graphical sum will show that the results are reasonable.

tandg =B, /B, = =2.05486; 65 = 64.1° north of west.

1.68. IDENTIFY: We are dealing with vector addition. We know the resultant vector is the same for both
trips, but we take different displacements on two different days. It is best to use components.
SET Up: First make a clear sketch showing the displacement vectors on the two different days (see Fig.

1.68). Use R,= A +B, andR,= A +B, and A= ,fAf + A7 for the magnitude of a vector. Let the x-

axis be eastward the y-axis be toward the north.
y (north) y (north)

Store

I
I
I
I
I
Store :
I
I
I

A

———————————— - X (east) e et —- X (east)
Apartment Apartment

Saturday Sunday

Figure 1.68

ExecuTEe: (a) The magnitude R of the resultant is the distance to the store from your apartment. Using
the Saturday trip, let A be the first drive and B be the second drive, so A + B = R . First find the
components of R .
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R«= A +B, =0+ (1.40 km) cos 150.0° = -1.212 km
Ry= A +B, =0.600 km + (1.40 km) sin 150.0° = 1.30 km.
Now find R: R = \/Rf +R? = \(-1212 km)?+ (1.30 km)? = 1.78 km.
(b) The distance traveled each day is not the magnitude of the resultant. Rather, it is the sum of the
magnitudes of both displacement vectors for each trip. We know all of them except the second drive on
the Sunday trip. Call C the first drive on Sunday and D the second Sunday drive. The resultant of
these is the same as for the Saturday trip, so we can find the components of D .
C, + D, =R,: (0.80 km) cos 130° + D,=-1.212km — D,=-0.6978 km
C,+D,=R,: (0.80 km)sin 130°+ D,=130km — D,=0.6872 km.
Now find the magnitude of D: D = \/sz +Df = \/(70.6978 km)?+ (0.6872 km)® = 0.9793 km.
The distances driven on the two days are
Saturday: 0.60 km + 1.40 km = 2.00 km
Sunday: 0.80 km + 0.9793 km = 1.7793 km
The difference in distance is 2.00 km — 1.7793 km = 0.22 km. On Saturday you drove 0.22 km farther
than on Sunday.
EVALUATE: Even though the resultant displacement was the same on both days, you drove different
distances on the two days because you took different paths.

1.69. IDENTIFY: The sum of the four displacements must be zero. Use components.

SET Up: Call the displacements A, B, C,and D, where D is the final unknown displacement for
the return from the treasure to the oak tree. Vectors A, B, andC are sketched in Figure 1.69a.
A+B+C+D=0says A +B, +C,+D,=0and A +B, +C, +D,=0. A=825m, B=1250m,
and C =1000 m. Let +x be eastward and +y be north.

ExecuTe: (a) A +B,+C,+D, =0 gives

Dy =—(A + B, +C,) =—{0— (1250 m)sin30.0° + (1000 m)cos32.0°]=-223.0 m. A, +B, +C, +D, =0
gives D, =—(A, +B, +C, ) =-{-825 m+ (1250 m)cos30.0°+ (1000 m)sin32.0°]=-787.4 m. The

fourth displacement D and its components are sketched in Figure 1.69b. D = ‘,sz +DJ =8184m.

D] _223.0m

= = and ¢ =15.8°. You should head 15.8° west of south and must walk 818 m.
ID,| 787.4m

tan ¢

(b) The vector diagram is sketched in Figure 1.69¢c. The final displacement D from this diagram agrees
with the vector D calculated in part (a) using components.
EvALUATE: Note that D is the negative of the sum of A, B, and C , as it should be.
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1.70.

1.71.
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Figure 1.69

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

SETUP: Calling A the vector from you to the first post, B the vector from you to the second post,
and, C the vector from the first post to the second post, we have A+ C = B. Solving using components
and the C gives A, + C,=B,and A, + C,=B,.

EXECUTE: B,=0,A,=59c0s38°=46.49mand C,=B,—-A,=46.49m C=70.0m, so

C,= +,/C? ~C2 = 5233 m. The post is 16.0 m from you.

EVALUATE: B, = 15.8 m (negative) since post is south of you (in the negative y direction).

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 C the unknown vector and A and B the known vectors, we have A+B+C=R. The
components are A +B, +C, =R, and A +B,+C, =R,.

EXEcuTE: The components of the known vectors are A =12.0 m, A, =0,

B, =—Bsin50.0°=-21.45m, B, =Bc0s50.0°=+18.00 m, R, =0, and R, =-10.0 m. Therefore the
components of C are C, =R, —A —B, =0-12.0 m —(-21.45 m) =9.45m and

C,=R,—A -B,=-100m —-0-18.0m=-28.0 m.

Using these components to find the magnitude and direction of C gives C=29.6 m and tan®d :¥

and 6 =18.6° east of south.
EVALUATE: A graphical sketch shows that this answer is reasonable.
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1.72.

1.73.

1.74.

1.75.

1.76.

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.

SETUP: Calling A the vector of Ricardo’s displacement from the tree, B the vector of Jane’s
displacement from the tree, and C the vector from Ricardo to Jane, we have A+C = B. Let the +x-axis
be to the east and the +y-axis be to the north. Solving using components we have A +C, =B, and

A +C, =B,.

EXecUTE: (a) components of A and B are A, =—(30.0 m)sin60.0°=-25.98 m,

A, =(30.0 m)cos60.0°=+15.0 m, B, =—(15.0 m)cos30.0°=-12.99 m,

B, =—(15.0 m)sin30.0°=-7.50 m, C, =B, — A, =-13.86 m—(-22.52 m) =+12.99 m,
C,=B,—A =-750m-(150m)=-225m

Finding the magnitude from the components gives C =26.0 m.

(b) Finding the direction from the components gives tané :% and & =30.0°, east of south.

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

IDENTIFY: If the vector from your tent to Joe’s is A and from your tent to Karl’s is B, then the vector

from Karl’s tent to Joe’s tentis A—B.
SET UP: Take your tent’s position as the origin. Let +x be eastand +y be north.

EXECUTE: The position vector for Joe’s tent is

[(21.0 m)cos 23°]i —[(21.0 m)sin 23°] j = (19.33m)i —(8.205m) j.

The position vector for Karl’s tent is [(32.0 m)cos 37°]i +[(32.0 m)sin 37°]j = (25.56 m)i +(19.26 m) j.
The difference between the two positions is

(19.33 m—25.56 m)i +(—8.205 m—19.25 m) j =—(6.23 m)i — (27.46 m) j. The magnitude of this

vector is the distance between the two tents: D = \/(—6.23 m)? + (-27.46 m)2 =28.2 m.

EVALUATE: If both tents were due east of yours, the distance between them would be

32.0 m—21.0 m=11.0 m. If Joe’s was due north of yours and Karl’s was due south of yours, then the
distance between them would be 32.0 m+21.0 m=53.0 m. The actual distance between them lies
between these limiting values.

IDENTIFY: Calculate the scalar product and use Eqg. (1.16) to determine ¢.

SET UP: The unit vectors are perpendicular to each other.

ExecuTe: The direction vectors each have magnitude /3, and their scalar product is
D@ + @O)(-1D) + (2)(-1) =-1, so from Eq. (1.16) the angle between the bonds is

-1 1
arccos| ———~—= |=arccos| —= [=109°.
(JBJBJ [ 3)

EVALUATE: The angle between the two vectors in the bond directions is greater than 90°.
IDENTIFY: This problem involves the scalar product of two vectors.
SETUP: W= F -5 =Fscos¢ = F,s,+Fs,.

EXECUTE: Since F is at 60° above the —x-axis and § is along the +x-axis, the angle between them is
120°. The work is W =Fs cos¢ = (5.00 N)(0.800 m) cos 120° =-2.00J.

EVALUATE: Use W= Fs, +Fs, to check.
W = (5.00 N cos 120°)(0.800 m) + (5.00 N sin 120°)(0) = —2.00 J, which agrees with our result.

IDENTIFY: This problem involves the vector product of two vectors.
SETUP: The magnetic forceis F = qixB,F=qvBsing.

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



Units, Physical Quantities, and Vectors 1-33

EXECUTE: F=qvBsing gives the magnitude of a vector, so it must be positive. Therefore we only
need to use the sign of g, so F = (8.00x10° C)(3.00 x 10" m/s)(5.00 T) sin 90° = 1.20 N.

Since V is in the +x direction and B is in the —y direction, V x B is in the —z direction. But qV xB is
in the +z direction because q is negative, so the force is in the —z direction.

EVALUATE: Careful! The quantity qvB sin¢g cannot be negative since it is the magnitude of a vector.
Both v and B are vector magnitudes, so they are always positive, and sin ¢ is positive because 0 < ¢ <
120°. Only g could be negative, but when using qvB sin ¢ , we must use only the magnitude of g. When

using F = qvx B, we do use the minus sign for q because it affects the direction of the force.

1.77. IDENTIFY: We know the scalar product and the magnitude of the vector product of two vectors and
want to know the angle between them.

SETUP: The scalar product is A-B = ABcosé and the vector product is ‘Ax é‘ = ABsiné.
ExecUTE: A-B=ABcosd=-7.00and |Ax I§| = ABsin@ =+9.00. Taking the ratio gives

tand =

00 , S0 0=127.9°.
00

EVALUATE: Since the scalar product is negative, the angle must be between 90° and 180°.
1.78. IDENTIFY: This problem involves the vector product of two vectors.
SETUP: The torque is Fx F , so its magnitude is rF sing .

EXECUTE: We know that F makes a 36° angle counterclockwise from the +y-axis and F points in
the —y direction. Therefore the angle between these two vectors is 180° — 36° = 144°. So the magnitude

of the torque is |f>< If| =rFsing = (4.0m)(22.0 N) sin 144° =52 N-m . The direction of the torque is

in the direction of ¥ x F . By the right-hand rule, this is in the +z direction.
EVALUATE: The torque vector could point along a negative axis (such as —z), but it would still always
have a positive magnitude.

1.79. IDENTIFY: This problem involves the vector product and the scalar product of two vectors. It is best to
use components.
SETUP: A-B = AB,+AB, +A,B,, the components of AxB are shown in Eq. 1.25 in the text.

EXECUTE: (a) A-B = AB+AB, +AB, =a(0) + (0)(-c) + (-b)(d) = —bd.

Realizing that A, = 0 and B, = 0, Eq. 1.25 gives the components of Ax B .

(AxB), =-AB, =—(-b)(-c) =-hc

(AxB), =-AB,=—(a)(d) = —ad

(AxB), =AB, = (a)(-c) = -ac

AxB =-bci —ad ] —ack.

(b) Ifc=0, A-B =-bdand AxB =-ad j . The magnitude of Ax B is ad and its direction is —]
(which is in the —y direction). Figure 1.79 shows a sketch of A and B in the xy plane. In this figure, the

+y axis would point into the paper. By the right-hand rule, Ax B points out of the paper, which is in the
-y direction (or the — j direction), which agrees with our results.
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Figure 1.79
From Fig. 1.79 we see that the component of A that is parallel to B is —b. So the product of B with the
component of A that is parallel to B is d(—b) = —bd, which agrees with our result. From the same
figure we see that the component of A that is perpendicular to B is a. So the product of B and the
component of A that is perpendicular to B is da, which is the magnitude of the vector product we
found above.
EVALUATE: The geometric interpretations of A-B and Ax B can be reversed in the sense that A-B
equals A times the component of B that is parallel to A and |A>< B| equals A times the component of
B that is perpendicular to A .

1.80. IDENTIFY: We are dealing with the scalar product and the vector product of two vectors.
SETUP: A-B =ABcos¢ and |Ax I§| =ABsing .
ExecuTe: (a) For the notation in the problem, AB cos & has its maximum value when 8 =0°. In that
case |A>< L5>| = 0 because sin 0° = 0.
(b) |A>< E§| = ABssin @, so its value occurs when 8 =90°. The scalar product is zero at that angle
because cos 90° = 0.
(c) A-B :2|A>< B| ,S0ABcos# =2ABsind — tanfd =% — 6 =26.6°.
EVALUATE: It might appear that a second solution is § = 180° — 26.6° = 153.4°, but that is not true
because in that case A-B = —2|A>< |§| .

1.81. IDENTIFY: We know the magnitude of two vectors and their scalar product and want to find the
magnitude of their vector product.
SETUP: The scalar product is A-B = ABcos¢ and the vector product is |[Ax B| = ABsing .

iB 76.0 m 76.0 m?
Execute:  A-B = ABcosg = 76.0 m’, which gives cosg=-—oom ____100M°____ 45508 o
AB (12.0 m)(12.0 m)

¢ =58.14°. Therefore | Ax B| = ABsing = (12.0 m)(12.0 m)(sin58.14°) =122 m”.
EVALUATE: The magnitude of the vector product is greater than the scalar product because the angle
between the vectors is greater than 45°,

1.82. IDENTIFY: We are dealing with the scalar product and the vector product of two vectors.

SETUP: A-B =ABcos¢ and |Ax§| =ABsing.
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EXECUTE: () In order to have the maximum positive z-component, Ax B should have its maximum
magnitude (which is AB) and it should all point in the +z direction. Thus B should be perpendicular to
A and have a direction so that Ax B points in the +z direction, as shown in Fig. 1.82. As you can see
in this figure, the direction of B is at an angle of 53.0° + 90° = 143.0° with the +x-axis.

¥

=L

Figure 1.82

(b) In this case, Ax B must point in the —z direction, so B must be the reverse of what we found in
part (a). Therefore its angle with the +x-axis is 90° — 53.0° = 37.0° clockwise as shown in Fig. 1.82.
This angle is 323° counterclockwise with the +x-axis.

(c) AxB =0whentheangle ¢ between A and B is0° or 180°. When ¢ = 0°, the vectors point in
the same direction, so they are parallel. When ¢ = 180°, they point in opposite directions, so they are
antiparallel. When B is parallel to A, B makes an angle of 53.0° counterclockwise from the +x-axis.
When B is antiparallel to A, B makes an angle of 53° + 180° = 233° with the +x-axis.

EVALUATE: When calculating the work done by a force, we frequently encounter parallel and
antiparallel vectors.

1.83. 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.
SETUP: A.B=ABcosg. Since we know the direction of each vector, we can find the angle between
them.
EXECUTE: The angle between the vectors is @ =79.0°. Since A-B = ABcosg¢, we have

_AB 590m’

~ Acosg  (9.00 m)cos79.0°
EVALUATE: Vector B has the same units as vector A.

=34.4m.

1.84. IDENTIFY: The cross product Ax B is perpendicular to both A and B.
SET UP: Use Eq. (1.23) to calculate the components of Ax B.
ExecuTe: The cross product is

(~13.00) 1 +(6.00) j+ (-11.00)k=13 {—(1.00) ] +( 6.00 j j E’gg <

j—=——Kk |. The magnitude of the vector in
13.00

square brackets is 4/1.93, and so a unit vector in this direction is

[—(1.00)  +(6.00/13.00) ] —(11.00/13.00) k}

V1.93

The negative of this vector,
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(1.00)i —(6.00/13.00) j+(11.00/13.00) k
J1.93 '
is also a unit vector perpendicularto A and B.
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.

1.85. IDENTIFY and SET UP: The target variables are the components of C. We are given A and B. We
also know A-C and B-C, and this gives us two equations in the two unknowns C, and C,.
ExecuTE: A and C are perpendicular, so A-C =0. AC, + AC, =0, which gives
5.0C, -6.5C, =0.

B-C =150, so 35C, -7.0C, =15.0
We have two equations in two unknowns C, and C,. Solving gives C, =-8.0 and C, =-6.1.
EVALUATE: We can check that our result does give us a vector C that satisfies the two equations
A.C=0 and B-C =15.0.
1.86. IDENTIFY: Calculate the magnitude of the vector product and then use |Ax B|= ABsiné.
SET UP: The magnitude of a vector is related to its components by A=, fAf + Aj .
ANoD é 2 2
EXECUTE: |AxB|=ABsing. sind= [AXB_ J(E5.00" +(200)° _ 5 gggy ang
AB (3.00)(3.00)
0 =sin"1(0.5984) = 36.8°.
EVALUATE: We haven’t found A and B, just the angle between them.
1.87. IDENTIFY: Express all the densities in the same units to make a comparison.

SET UP: Density p is mass divided by volume. Use the numbers given in the table in the problem and
convert all the densities to kg/m®.
00 g(lkgj
10009 )
167 x 10°m®
1kg

6.00x10° g| —<
1000 g

EXECUTE: Sample A: p, = 4790 kg/m?®

[~
" 5 =640 kg/m
10° m
1um

Sample B: pg =

9.38 x 10° pm{

8.00x10° g[
Sample C: pc =

250 x 107 cm3(

9.00x10™ kg

1m
1000 mm

9.00x10° ng| L9 | 1Ko
10° ng )\ 1000 g

3=

Sample D: pp = - =320 kg/m®

2.81 x 10° mm3(

5660 kg/m®

Sample E: pg =
Im

1.59 x 1072 mm{i
1000 mm
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6.00x10° g [1"9]
Sample F: pp = =480 kg/m

1.25 x 10 cms(

10 cm
EVALUATE: In order of increasing density, the samples are D, F, B, C, A, E.

1.88. IDENTIFY: We know the magnitude of the resultant of two vectors at four known angles between them,
and we want to find out the magnitude of each of these two vectors.
SET UP: Use the information in the table in the problem for & = 0.0° and 90.0°. Call A and B the
magnitudes of the vectors.
EXecuTE: (a) At 0°: The vectors point in the same direction, so A + B = 8.00 N.
At 90.0°: The vectors are perpendicular to each other, so A> + B> = R? = (5.83 N)* = 33.99 N°.
Solving these two equations simultaneously gives
B=8.00N-A
A? + (8.00 N — A)? = 33.99 N?
A% +64.00 N>~ 16.00 N A + A* = 33.99 N
The quadratic formula gives two solutions: A=5.00 Nand B =3.00 N or A=3.00 Nand B=5.00 N. In
either case, the larger force has magnitude 5.00 N.
(b) Let A=5.00 N and B = 3.00 N, with the larger vector along the x-axis and the smaller one making
an angle of +30.0° with the +x-axis in the first quadrant. The components of the resultant are
Ry = A, + B, =5.00 N + (3.00 N)(cos 30.0°) = 7.598 N
R, =A, + B, =0+ (3.00 N)(sin 30.0°) = 1.500 N

R:,fRX2+R§ =7.74N

EVALUATE: To check our answer, we could use the other resultants and angles given in the table with
the problem.

1.89. 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 (X,, y,) and object B has coordinates (xg, yg), the vector r,g from

A to B has x-component xg — X, and y-component yg — Y.
EXECUTE: (a) The diagram is sketched in Figure 1.89.
(b) (i) In AU, \/(0.3182)2 +(0.9329)? =0.9857.

(ii) In AU, \/(1.3087)2 + (~0.4423)% + (—0.0414) =1.3820.

(iii) In AU, \/(0.3182 —1.3087)? +(0.9329 — (—0.4423))? +(0.0414)? =1.695.

(c) The angle between the directions from the Earth to the Sun and to Mars is obtained from the dot

product. Combining Egs. (1.16) and (1.19),

= arccos (-0.3182)(1.3087 — 0.3182) +(-0.9329)(-0.4423 -0.9329) +(0) | _ 5460
(0.9857)(1.695)

(d) Mars could not have been visible at midnight, because the Sun-Mars angle is less than 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.
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1.91.

Y (Au)
1.00 —— Earth
H H .\5
)
Vi N
! \
R
r N
: N
0.50 f) \
ol B
1 \
1 A N :
¥ .\\
h :
! | N |
- x (Au
Sun I N I (Aw)
e T SR 050 .......... 10& [ 150
\
\
\
N
\
i @ Mars

Figure 1.89

IDENTIFY: Add the vector displacements of the drone and then find the vector from the position of the
drone to the final destination.

SET UP: Add the x-components and the y-components.

EXECUTE: The drone’s position is

[(+10+90 — 60 +120) m]i +[(~50+110+ 40+180) m] j = (160 m)i + (280 m)]j.

The vector from the position of the drone to the final destination is the final destination’s position minus the

drone’s position, or (~160 m)i — (350 m) j, a vector with magnitude \/(—160 m)? + (-350 m)? =385 m.

The angle is arctan (%j = 24.6° south of west.

EVALUATE: The vector from the position of the drone to the final destination has negative
x-component and negative y-component.

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 A be the position
vector of Alkaid relative to the Sun, M is the position vector of Merak relative to the Sun, and R is the
position vector for Alkaid relative to Merak. A=1381ly and M =77 ly.

EXecUTE: The relative positions are shown in Figure 1.91. M +R=A. A =M, +R,s0

Ry =A—M, =(138ly)cos25.6°~77 ly=475ly. R, =A —M, =(138 ly)sin25.6°~0="59.6 ly.

R =76.2 ly is the distance between Alkaid and Merak.

R 7621y
EvALUATE: The concepts of vector addition and components make these calculations very simple.

(b) The angle is angle ¢ in Figure 1.91. cosé = and @=51.4°. Then ¢=180°—-6=129°.
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Figure 1.91

1.92. IDENTIFY: The total volume of the gas-exchanging region of the lungs must be at least as great as the
total volume of all the alveoli, which is the product of the volume per alveoli times the number of
alveoli.

SETUP: V =NV, and we use the numbers given in the introduction to the problem.
EXECUTE: V = NV,, = (480 x 10%)(4.2 x 10° um® = 2.02 x 10" pm®. Converting to liters gives

1m
10° pm

3
V =2.02x10% mB[ j =2.02 L= 2.0 L. Therefore choice (c) is correct.

EVALUATE: A volume of 2 L is reasonable for the lungs.

1.93. IDENTIFY: We know the volume and want to find the diameter of a typical alveolus, assuming it to be
a sphere.
SET UP: The volume of a sphere of radius r is V = 4/3 r® and its diameter is D = 2r.
ExecuTE: Solving for the radius in terms of the volume gives r = (3V/4m)"?, so the diameter is

3(4.2><1O6 um3) o

D =2r=2@3V/4n)"* = 2
4z

=200 pm. Converting to mm gives

D = (200 pm)[(1 mm)/(1000 pm)] = 0.20 mm, so choice (a) is correct.

EVALUATE: A sphere that is 0.20 mm in diameter should be visible to the naked eye for someone with
good eyesight.

1.94. IDeENTIFY: Draw conclusions from a given graph.
SET UP: The dots lie more-or-less along a horizontal line, which means that the average alveolar
volume does not vary significantly as the lung volume increases.
ExecuTe: The volume of individual alveoli does not vary (as stated in the introduction). The graph
shows that the volume occupied by alveoli stays constant for higher and higher lung volumes, so there
must be more of them, which makes choice (c) the correct one.
EVALUATE: Itis reasonable that a large lung would need more alveoli than a small lung because a
large lung probably belongs to a larger person than a small lung.
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