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Topic 1 1

Topic1

Units, Trigonometry, and Vectors

QUICK QUIZZES

1.1 Choice (c). The largest possible magnitude of the resultant occurs when

1.2

the two vectors are in the same direction. In this case, the magnitude of
the resultant is the sum of the magnitudes of A and B: R=A + B =20
units. The smallest possible magnitude of the resultant occurs when the
two vectors are in opposite directions, and the magnitude is the

difference of the magnitudes of A and B: R=1| A - B | =4 units.

Vector x-component y-component
A - +
B + -
A+B - -

1.3 Vector B. The range of the inverse tangent function includes only the first

and fourth quadrants (i.e., angles in the range —7/2 < 6 < 7/2). Only

© 2025 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to

a publicly accessible website, in whole or in part.

College Physics Global Edition 12th edition Serway Solutions Manual


https://ravanbooks.com/books/9798214046679-solutions

Topic 1 2

vector B has an orientation in this range.

ANSWERS TO EVEN NUMBERED CONCEPTUAL QUESTIONS

1.2 Atomic clocks are based on the electromagnetic waves that atoms

emit. Also, pulsars are highly regular astronomical clocks.
14 (@ ~05Ib=0.25kgor~10"kg

(b) ~41b=0.25kgor~10"kg

() ~40001b=2000 kg or ~10° kg

1.6  Let us assume the atoms are solid spheres of diameter 10" m. Then,
the volume of each atom is of the order of 10~ m’. (More precisely,
volume = 4,01”3/ 3.) Therefore, since 1 cm® = 10~° m®, the number of
atoms in the 1 cm’® solid is on the order of 10-°/ 10~ = 10** atoms. A
more precise calculation would require knowledge of the density of
the solid and the mass of each atom. However, our estimate agrees

with the more precise calculation to within a factor of 10.

1.8  Choice (d). For an angle & from 0° to 360°, the sine and cosine
functions take the values

-1E£sing£1 and - 1£cosg£1l

110  In the metric system, units differ by powers of ten, so it’s very easy
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Topic 1 3

and accurate to convert from one unit to another.

112  Both answers (d) and (e) could be physically meaningful. Answers (a),
(b), and (c) must be meaningless since quantities can be added or

subtracted only if they have the same dimensions.

1.14  The correct answer is (a). The second measurement is more precise
but, given the number of reported significant figures, each

measurement is consistent with the other.

116  The components of a vector will be equal in magnitude if the vector

lies at a 45° angle with the two axes along which the components lie.

ANSWERS TO EVEN NUMBERED PROBLEMS
12 (@ L/T" () L
14  All three equations are dimensionally incorrect.
1.6 (a kg-m/s (b) Ft=p
1.8 132m’
110  3.09 cm/s
112 (@ 237x107cm
(b) 9.790 x 10* cm

(c) 8.8499 km
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1.14

1.16

1.18

1.20

1.22

1.24

1.26

1.28

1.30

1.32

1.34

1.36

1.38

1.40

1.42

1.44

(d) 6.0088 km

10.6 km/L

9.2 nm/s

29x10°m’*=2.9 x 10° cm®

257 x10°m®

(@ 797 b) 11 (0 17.66

58

(@ 226 (b) 22.7 (c) 22.6 is more reliable
(@ 3.00x10°m/s (b) 29979 x 10° m/s

(0 2997925 x 10° m/s

(@) 346m’+13m’ (b) 660m+13m

~10° steps

~10° people with colds on any given day

@ 42x10"®m’ (b) ~107'm’ (0 ~10" cells
10" kg

22m

8.1 cm

Dy = [ +72 - 25, c08(q, - )
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Topic 1 5

146 233 m
148 (a) 150m (b) 2.60m
150 8.60 m

152 144x10°m

1.54 (a) 6.1 units at §=+113° (b) 15 units at 8=+23°

1.56 (a) 484 km (b) 18.1°Nof W

(c) Because of Earth’s curvature, the plane does not follow straight

lines.

158 R =9.5 units at 57° above the + x-axis

1.60 (a) 134m (b) 199 m

1.62 1.31 km northward, 2.81 km eastward

164 (a) 100m (b) 157m (I O

1.66 42.7 yards

1.68 225km at83.9°N of E

1.70 (a) 185 N at 77.8° from the x-axis  (b) 185 N at 258° from the x-axis

172 (a) 1.609 km/h (b) 88 km/h (c) 16 km/h
1.74 (@) 7.14x107 gal/s (b) 2.70 x 10 m*/s
(c) 1.03h
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Topic 1 6

1.76 (@) A/A =4 (b) V,/V,=8

1.78 (a) 600 yr (b) 7 x10* times
1.80 1x10°

PROBLEM SOLUTIONS

1.1  Substituting dimensions into the given equation T=2p f2 / ¢,and

recognizing that 27is a dimensionless constant, we have

[T]\/i \/L/? T =T

Thus, the ’dimensions are consistent{.

1.2 (a) From x = B, we find that B = x/£. Thus, B has units of [B] = [x]/[#]
(b) If x = Asin (27 ft), then [A] = [x]/[sin (27 ft)]
But the sine of an angle is a dimensionless ratio.
Therefore, [A] = [x] =[L

1.3 (a) The units of volume, area, and height are: [V] = L’, [A] =L’ and

[h] =L.

We then observe that L’ = L’L or [V] = [A][k]. Thus, the equation V
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=Ahis |dimensionally correct{.

) V.

yinder = PR*N = (,URZ)h = Ah, where .

=twh=(lw)h= Ah, where |[A=tw=length ~ width|

rectangular box

14 (a) Intheequation imv’ =1mv] +,/mgh,

1
LY ML’ 2
[mv2]=[m?)§]=M(¥) == while [Jmgh |= M(%}L:MTL.

Thus, the equation is |dimensionally incorrect{.

L
(b) Iny=v,+at’ [U]Z[Uo]=¥ but [atz]:[a][tz]:(%) (Tz):L.

Hence, this equation is |dimensionally incorrecﬂ.

(c) In the equation ma = v%, we see that [ma] =[m][a]= M(L =

TZ T2 4

. (LY L . o
while [0°]= T :F. Therefore, this equation is also

|dimensionally incorrecﬂ.

1.5  From the universal gravitation law, the constant G is G = FA/Mm. Tts

units are then

A2 (reem/ ) (m?) [T
S 1 7 R e v

1.6 (a) Solving KE = p*/2m for the momentum, p, gives p =, [2m(KE)
where the numeral 2 is a dimensionless constant. Dimensional
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analysis gives the units of momentum as:

(7] =[] [KE] = M(Mo22/ T2) = M7 o2/ T2 =M (L) T)
Therefore, in the SI system, the units of momentum are

kg - (m/s).

(b) Note that the units of force are kg - m/s’ or [F] = ML/T". Then,
observe that
[F][t] = ML/T*)T = M(L/T) = [p]

From this, it follows that force multiplied by time is proportional
to momentum: . (See the impulse-momentum theorem in
Topic 6, which says that a constant force F multiplied by a

duration of time At equals the change in momentum, Ap.)

1.7 Use the conversion factor 1 cubitus = 0.445 m to find the basketball

player’s height:

2.00 m = 2.00 m[LbltuSJ =[4.49 cubiti

0.445 m

1.8 Use the conversion factor 1 m = 3.281 ft to find

Im z
2 _ _ 2
1420 f2 = 1420 £t <3.281 ft> 132 m
280 ft\ /1 fath
19 d= (250000 mi) [ 2220 AT ) = |2 x 108 fathoms
1 mi 6 ft
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Topic 1 9
The answer is limited to one significant figure because of the accuracy
to which the conversion from fathoms to feet is given.

1.10

s R s

giving v =

. . [ 9 gal (3786 L |[10%em’ 1m’
111 6.00ﬁrkms=6.0()ﬁﬁcm&(l _ J[ J{ J( ]

firkin )| 1 gaf 1k 10° em’
-foa0i ]

’1.12‘ Use the conversion factors 1 km=10°m, 1 m =102 cm, 1 mi = 1.609 km Commented [TE1]: CPM: The answer for question 1.12 is
given in 1.22 in the Restore PDF. We have matched the
question and its number with Edited MS and set as 1.12.

=1000m, 12in.=1 ft, and 1 in. = 2.54 cm to find: Hope this is correct.

(a)

=[237 km]=| 2.37x10° m|=| 2.37x107 cm|

147 mi =147 mi(—1’609 km)

(b)

3212 ft = 3212 ft[ j=|9790 m|=[0.9790 km|=9.790x10* cm

m
3.281ft

(c)

29035 ft = 29035 f{lf;l'j{z'if‘ ij =[8.8499x10° cm|=[8.8499x10° m|=[8.8499 km
m.

(d)
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t lin.

19714 ft =19714 ft[lf;n'][z'% ij =[6.0088x10° cm|=[6.0088x 10’ m|=[6.0088 km

In (a), the answer is limited to three significant figures because of the
accuracy of the original data value, 348 miles. In (b), (c), and (d), the
answers are limited to four significant figures because of the accuracy

to which the kilometers-to-feet conversion factor is given.

’1.13‘ Use the conversion factors 1.00 league = 3.00 mi, 1 mile = 1609 m, and 1

hr =3600 s to find

30.0 m/s=30.03[ L mi j{lleaguej[%ms]: 22.4 leagues/ hr

s {1609 m J{ 3.00 mi 1 hr

o [ 1km 1 gal
1.14 jency =250<— =[10.6 km/L
eficiency 2al\ 0621 mii )| 3786 L 166

e diameter _ 5.36 in( 2.54 cm
2 2 { tin

115 (a) ]: 6.81 cm

(b) A=47r’=47(6.81 cm)*=.83 x 10* cm’
(© Vv= %nﬂ =%ﬂ:(6.81 em)’ =(1.32%10° cm’®
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(1 e Y(1day ) 1K \(254 & \(10°nm |
116 mre_(szaa,x][ 24K J(z. 600 s]( 1.00 in J(mz MJ_

This means that the proteins are assembled at a rate of many layers of

atoms each second!

117 c=[300x10 2 | 3600+ 11«6 Lmi__)_(671x10° mi/m
s 1h  ){10° i ){ 1.609 kit

1.18 Volume of house = (50.0 ft)(26 ft)(8.0 ft)[ o

3
=[29x10* m*|=29x10’ mB)(l‘:‘);“J
e

im (43560 %' ) 1m Y
119 Volume =(25.0 aere
olume = if)(s.zsu()ﬂ 1 aere J[&zsﬁgﬂ
=[308x10° m’

2.832x1072 m-’J

1.20 Volume of pyramid = %(area of base)(height)

= %[(13.0 acres)(43560 ft* / acre)](481 ft) =9.08 x 107 ft’

-2 3
=(9.08x10° ft‘)(%}: 2.57%10° m’

121 Volume of cube = L’ =1 quart (Where L = length of one side of the

cube.)
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Topic 1 12

Thus, L' = (1 gnﬁ)[igﬂ‘ﬂe:,l 3'1786 MJ(I?O{)“ZEP)= 947 cm’

and L=3/947 cm®=[9.82cm]| .

1.22 (a) The sum is rounded to because 756 in the terms to be added

has no positions beyond the decimal.

(b) 0.003 2 x 356.3 = (3.2 x 10~°) x 356.3 = 1.140 16 must be rounded to

because 3.2 x 10~ has only two significant figures.

(c) 5.620 x zmust be rounded to [17.66| because 5.620 has only four

significant figures.

1.23 The rectangular airstrip’s area is its length times its width. The width
contains four significant figures while the length contains two.

Therefore the answer should be rounded to two significant figures:

A=LW =(210 m)(32.30 m)
A= (rounded to two significant figures)

1.24 The number 15 contains no significant figures after the decimal, so the

sum should be rounded to no digits after the decimal:

21.4+15+17.17 +4.003 =
(rounded to no digits past the decimal)

1.25 The area A of the rectangular room is A = LW = (9.72 m)(5.3 m) = .
3
1.26 (a) Computing (\/g ) without rounding the intermediate result
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Topic 1 13
3
yields (\/§ ) =]22.6| to three significant figures.

(b) Rounding the intermediate result to three significant figures
yields /8 =2.8284 — 2.83. Then, we obtain (/3 )3 =(2.83) =

to three significant figures.

(0 'The answer 22.6 is more reliable because rounding in part (b) was

carried out too soon.

1.27 (@) 78.9=+0.2has |3 significant figures| with the uncertainty in the

tenths position.

(b) 3.788 x 10’ has 4 significant figures |4 significant figures

() 246 x 10 has 3 significant figures

(d) 0.0032=3.2x10"has |2 significant figures’. The two zeros were

originally included only to position the decimal.

1.28 ¢=2.997 924 58 x 10° m/s

(@) Rounded to 3 significant figures: ¢ =[3.00 x 10° m/s
(b) Rounded to 5 significant figures: c=[2.997 9 x 10° m/s

(c) Rounded to 7 significant figures: ¢ = ‘2.997 925 x 10° m/s‘

129 For alength of L = (2.0 £ 0.2) m and a width of W= (1.5 +0.1) m:
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Topic 1 14
(a) The maximum value for the area, A = LW, is found using the
maximum values of L and W:
Apax = (2.2 m)(1.6 m) =3.52 m*
The minimum area is found using the minimum values of L and
W:
Apin=(1.8m)(1.4 m)=2.52m’
The area using numbers in the middle of the uncertainty range is
Apiage=LW= (2.0 m)(1.5 m) =3.0 m’
An uncertainty of about + 0.5 m” is needed to cover the range from
Ay 10 A 50 that A=(3.0£0.5) m?|.
(b) The perimeter of a rectangle is P =2L + 2W =2(L + W). As before,
the maximum, minimum, and middle values are:
Pox=222m+1.6m)=7.6m
Prn=2(18m+14m)=64m

Prigge=22.0m+15m)=7.0m

An uncertainty of +0.6 is needed to cover the range from P, to

Py 50 that P={(7.0£0.6) m|,

130 (@ A=7z7=7(105m=02m) = z[(10.5 m)*+2(10.5 m)(0.2 m) +
(0.2 m)’]. Recognize that the last term in the brackets is

insignificant in comparison to the other two. Thus, we have
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A=7z[110m*+4.2 m’] =346 m* + 13 m’
(b) C=2m=27(105m+02m)=66.0m=+1.3m

1.31  The least accurate dimension of the box has two significant figures.
Thus, the volume (product of the three dimensions) will contain only

two significant figures.

V=0-w-h=(29 cm)(17.8 cm)(11.4 om)=

1.32  We estimate that the length of a step for an average person is about 18

inches, or roughly 0.5 m.

Then, an estimate for the number of steps required to travel a distance

equal to the circumference of the Earth would be

N= Circumference _  2pR, _ 2p(6.38" 10° m)
Step Length ~ Step Length 0.5 m/step

or N ~10’steps

1.33  We assume an average respiration rate of about 10 breaths/minute and

» 87 107 steps

a typical life span of 70 years. Then, an estimate of the number of

breaths an average person would take in a lifetime is

=4 % 10® breaths

(. breaths (3156 %107 X )( 1 i )
"-[IOMJ(W)L iy ooy

or n ~ 10° breaths
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1.34  We assume that the average person catches a cold twice a year and is
sick an average of 7 days (or 1 week) each time. Thus, on average, each
person is sick for 2 weeks out of each year (52 weeks). The probability
that a particular person will be sick at any given time equals the

percentage of time that person is sick, or

2 weeks _ 1

babili ickness = ———— = —
probability of sickness 52 weeks _ 26

The population of the Earth is approximately 7 billion. The number of

people expected to have a cold on any given day is then

. ) . . _ o 1) _ 8 8
Number sick = (population)(probability of sickness) = (7 x 10 )(2—6 =3x10° or

1.35 Earth’s current population is about 7.3 billion people. If six people can
stand within a 1-m? area, the total area required to fit all 7.3 billion

people is:

2

A =73x10° people(li\ =1.2x10° m’
L6 peopleJ

people

The required percentage of the habitable part of Earth’s surface is:

9
Occupied percent = L%} 100% =

1.36 (a) Lell _pr _p(l'o e 10*6 m)3 =

(b) Consider your body to be a cylinder having a radius of about 6
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inches (or 0.15 m) and a height of about 1.5 meters. Then, its

volume is

Vioay = Al = (z7)h = £(0.15 m)* (1.5 m) = 0.11 m” or

(c) The estimate of the number of cells in the body is then

V 3
= ooty :ng:z,e’ 10° or[~10°]

v 42°10"% m

cell

1.37 A reasonable guess for the diameter of a tire might be 3 ft, with a
circumference (C =27 r = zD = distance traveled per revolution) of

about 9 ft. Thus, the total number of revolutions the tire might make is

_ total distance traveled _ (50000 mi)(5 280 ft/mi) _ ., . , 7
n = 9 v =37 10" rev, or

distance per revolution

1.38 An average body mass is about 70 kg and, taking the center of the
given range, approximately 2% or 1.4 kg of this mass is made of
microorganisms. If there are 100 trillion microorganisms in a human

body, the average mass of a microorganism is about

M icroorganism 14 kg »

»
100" 10" microorganisms

1.39  The x coordinate is found as x = r cos 8= (2.5 m)cos 35° =
and the y coordinate y = r sin #= (2.5 m)sin 35° =1.4

1.40 The x distance out to the fly is 2.0 m and the y distance up to the fly is
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1.0 m. Thus, we can use the Pythagorean theorem to find the distance

from the origin to the fly as

d=yx*+)? =/2.0 m)* +(1.0 my’ =[22m]

141 The distance from the origin to the fly is r in polar coordinates, and this
was found to be 2.2 m in Problem 40. The angle &is the angle between r
and the horizontal reference line (the x axis in this case). Thus, the

angle can be found as

ang=2=10M _(5) and 6=tan” (0.50)=27°
x 20m

The polar coordinates are r =2.2 m and §=27°

1.42 The x distance between the two points is |Ax| = lx,— x;1 = [-3.0 cm —
5.0 cm |=8.0 cm and the y distance between them is Ayl = ly,—y;| = |
—3.0cm — 4.0 cm| = 1.0 cm. The distance between them is found from

the Pythagorean theorem:

d=|Dd* +|Df* = /(8.0 cm)? +(1.0 cm)* = /65 cm® =

1.43 Refer to the Figure given in the solution to Problem 1.44 below. The

Cartesian coordinates for the two given points are:
X, =1, cos 6 =(2.00 m) cos 50.0°=1.29 m

Y1 =1y sin 6 = (2.00 m) sin 50.0°=1.53 m
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X, =71, cos 6,=(5.00 m) cos (-50.0°) =3.21 m

Y» =1, sin 6 = (5.00 m) sin (-50.0°) =3.83 m

The distance between the two points is then:

Dy = /(D) +(Dy)* =/(129 m- 321 m)’ +(1.53 m+3.83m)’ =[5.69 m]

144 Consider the Figure shown below. The Cartesian coordinates for the

two points are:

X, =t COS B X, =1, COS &
Y1 =11 8in G, Y2 =1, 8in 6,
(xp, 1)
.\‘ 1
/’I
Il
1
" /’ :
As; Ay=y;—»n
[ ]
1 1
(x2, ¥2) / 1
r -
o 0, Ax=x;—x;
X

The distance between the two points is the length of the hypotenuse of

the shaded triangle and is given by

I1‘:\/(':)’5)2 +(Q’)2 :\/(xl - x2)2 +( - .Vz)z

or

Ds = \/(rl2 cos’ g, + 17 cos’ @, - 251, cosq cosq,)+ (1 sin’> g, + 15 sin> @, - 2rr, sing, sing,)

= \/rl2 (cos® @, +sin” g,) +7; (cos® @, +sin’ q,) - 277, (cos @, cos @, +sing,sing,)
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Applying the identities cos’ @ +sin* #=1 and cos 6, cos 6+ sin 6, sin &

= cos(6,— &), this reduces to

Ds:\/rl2 +77 - 217, (cos @, cos @, +sing,sing,) | = \/rl2 +157 - 2rrco8(q - Gy)

145 (a) Witha=6.00 m and b being two sides of this right triangle having

hypotenuse c =9.00 m, the Pythagorean theorem gives the

unknown side as b=vc* - a* =/(9.00 m)* - (6.00 m)* =[6.71 m|.

1.46  From the diagram, cos(75.0°) =d/L

Thus, d = L cos(75.0°) = (9.00 m) cos(75.0°) =
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1.47  The circumference of the fountain is C = 27, so the radius is

_C_150m_, 0

F=—
2p 2p

Thus, tan(55.0°) = ho_h which gives
r 239m

h =(2.39 m) tan (55.0°) =[3.41 m|

148 (a) sing= opposite side so, opposite side = (3.00 m) sin (30.0°) =
hypotenuse

(b) cosg =S - djacent side = (3.00 m) cos (30.0°) =
hypotenuse

149 (a) The side opposite 0= (b) The side adjacent to ¢=

©  cosg= % =[0.800 @ Gnr= % =[0.800

© =290
3.00
1.50 Using the diagram below, the Pythagorean theorem yields

¢=/(5.00 m)> +(7.00 my* =
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5.00m

7.00 m

1.51  From the diagram given in Problem 1.50 above, it is seen that

tang = % =0.714 and @0=tan™ (0.714) = 5.5

1.52  Use the diagram below to equate two expressions for the mountain’s

height (units and significant digits have been suppressed for clarity):

12.0° 14.0°

[<——1.00 km—>1

]
I x >

y = (x — 1)tan(14.0) = (x)tan(12.0°)
Solve for the unknown distance x to find

(x- 1)tan(14.0°) = xtan(12.0°)
x(tan14° - tan12°) =tan14°

tan14°

xX=————— =678 km
tan14°- tan12°

Substitute the known value of x into y = (x)tan(12.0°) to find the

mountain’s height:

y =xtan(12°) =(6.78 km)tan(12°)

=144 km =

1.53 Using the sketch below:
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¥ Tree

River

100 m

10% = tan 35.0°, or w = (100 m)tan 35.0° =
m

1.54 (a) Using graphical methods, place the tail of vector B at the head of

vector A . The new vector A+B has a magnitude of

from the positive x-axis.

A
@l
|

=

>l
+
@l
)
)
[
=l

(b) The vector difference A—B=A+ (—E) is found by placing the

negative of vector B (a vector of the same magnitude as B, but

opposite direction) at the head of vector A . The resultant vector

A —B has magnitude [15 units at 239 from the positive x-axis.

155 We are given that R=A+B. When two vectors are added graphically,
the second vector is positioned with its tail at the tip of the first vector.
The resultant then runs from the tail of the first vector to the tip of the
second vector. In this case, vector A will be positioned with its tail at

the origin and its tip at the point (0, 29). The resultant is then drawn,
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starting at the origin (tail of first vector) and going 14 units in the
negative y-direction to the point (0, —14). The second vector, f?», must

then start from the tip of A at point (0, 29) and end on the tip of R at

point (0, —14) as shown in the sketch below. From this, it is seen that

g0, 24)

10,0)=f

=1

Y (0,—14)

B is 43 units in the negative y—direction‘

156 (a) The distance d from A to Cis d=4/x*+ y2 where x =200 km + (300

km)cos 30.0° =460 km and y = 0 + (300 km)sin 30.0° = 150 km.

< d=1J(460 km)? +(150 km)* =

300&0)

B 200km A

o aY 4 150km |} =
(b) ¢=tan x—tan (7460km =|18.1° N of W

(0 rBecause of the curvature of the Earth, the plane doesn't travel
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along straight lines,| Thus, the answer computed above is only

approximately correct.

157 (a) In your vector diagram, place the tail of vector B at the tip of
vector A . The vector sum, A + B, is then found as shown in the

vector diagram and should be

A +B=5.0 units at —53°

(b) To find the vector difference A—B=A + (—]§), form the vector —B

(same magnitude as B, opposite direction) and add it to vector A

as shown in the diagram. You should find that

A -B=5.0 units at +53°

1.58  Find the resultant R = F, +F, graphically by placing the tail of F, at the
head of F, in a scale drawing as shown below. The resultant is the
vector drawn from the tail of E to the head of Fz to close up the

triangle. Measuring the length and orientation of this vector shows
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that R ={9.5 units at 57° above the + x-axis|.

5.00 units

1.59  Your sketch should be drawn to scale, and be similar to that pictured
below. The length of R and the angle & can be measured to find,
with use of your scale factor, the magnitude and direction of

the resultant displacement. The result should be

approximately 421 ft 3° below the horizontal‘.

Vertical

200 ft RN
w ~130° & Horizontal
\:._—TM
R

1.60 (a) The x-component is x = (24.0 m)cos(56.0°) = .

(b) The y-component is y = (24.0 m)sin(56.0°) = .

1.61 (a) The vector’s magnitude is
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hS
N

< N

Il
=

(-5.00 m)* +(9.00 m)’

(b) The vector is in the second quadrant so its direction is

4y
A

X

9.00 m ) +180°

= 9. m

¢7=tan']( } +180° :tan'l(

=[11y°]

1.62  The person undergoes a displacement
A =3.10 km at 25.0° north of east. Choose a coordinate system with

origin at the starting point, positive x-direction oriented eastward, and

positive y-direction oriented northward.

Then the components of her displacement are

A,=A cos 0= (3.10 km)cos 25.0° = 12.81 km eastward|

and A, =A sin 0= (3.10 km)sin 25.0° =[1.31 km northward|

1.63  The x- and y-components of vector A are its projections on lines
parallel to the x- and y-axes, respectively, as shown in the sketch. The
magnitude of these components can be computed using the sine and
cosine functions as shown below:

© 2025 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to
a publicly accessible website, in whole or in part.

College Physics Global Edition 12th edition Serway Solutions Manual


https://ravanbooks.com/books/9798214046679-solutions

Topic 1 28

A, =|A|cos325° = +A|cos 35° = (35.0)c0s 35° =

and

A, =|A|sin325° = —|A|sin 35° = ~(35.0)sin 35° =

1.64 (a) The skater’s displacement vector, d, extends in a straight line
from her starting point A to the end point B. When she has
coasted half way around a circular path as shown in the sketch

below, the displacement vector coincides with the diameter of the

circle and has magnitude ‘a‘ =2r=2(5.00m)= .

r=5.00m

(b) The actual distance skated, s, is one half the circumference of the

. . 1
circular path of radius r. Thus s==(277)=7(5.00 m)=|15.7 m|.
. L or)=ss00m) =57 m

(c) When the skater skates all the way around the circular path, her

end point, B, coincides with the start point, A. Thus, the

displacement vector has zero length, or ‘a‘ = @
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1.65 (a) Her netx (east-west) displacement is —3.00 + 0 + 6.00 = +3.00
blocks, while her net y (north-south) displacement is 0 +4.00 + 0 =

+4.00 blocks. The magnitude of the resultant displacement is

R=/(Zx) +(Zy)* = /(3.00)* +(4.00)* = 5.00 blocks

and the angle the resultant makes with the x-axis (eastward

direction) is

6 =tan™ (%) = tan™ (%) = tan™'(1.33) = 53.1°
X R

The resultant displacement is then ‘5.00 blocks at 53.1° N of E|

(b) The total distance traveled is 3.00 + 4.00 + 6.00 =[13.0 blocks|.

1.66  Let the positive x-direction be upfield. After the dribble, sideways run,
and upfield pass, the football’s change in position, Ar, has

components

AX = Ay + Mg + A%, =—10.0 yd +0 yd +50.0 yd = 40.0 yd
and

AY =AY givble T A gideways T DVpass =0 yd+15 yd+0yd =15.0 yd.

The football’s distance from its original location is then

Ar=(Ax) +(Ay) =4/(40.0 yd) +(15.0 yd)’ =[42.7 yd]

167 A,=-250 A,=400
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A=A+ A? = [(-25.0)" +(40.0)" = 47.2 units

From the triangle, we find that

A 40.
- tan_l[A_y]z tan_l(%)z 58.0°, s0 0=180° - §=122°

A,

Thus, |A = 47.2 units at 122° counterclockwise from the +x-axis

1.68  The displacement from Gwanju to Seoul (Af‘cs) equals the vector sum

of the other two displacements: Arcs = Arep + Arps where Argp is the

displacement from Gwanju to Daegu and Ay, is the displacement

from Daegu to Seoul. Taking the positive x- and y-directions to the

right and up as usual, the components of Args are

Axgs = Axgp, + Axpg = (155 km) cos 22.5° + (203 km ) cos (90° +36.0°) = 23.9 km

and
Ayes = AVap + Ayps = (155 km)sin 22.5°+(203 km)sin (90° +36.0°) = 224 km

Therefore, the displacement from Gwanju to Seoul has a magnitude of
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Args = (Mg +(Aves)’ =4/(239km)’ +(224km)’ =[225km

in the direction

6 =tan™ Aas =tan™ 225 km | _ 83.9°N of E
Avg 23.9km

1.69  After 3.00 h moving at 41.0 km/h, the hurricane is 123 km at 60.0° N of
W from the island. In the next 1.50 h, it travels 37.5 km due north. The

components of these two displacements are:

Displacement | x-component (eastward) | y-component (northward)

123 km -61.5 km +107 km
37.5km 0 +37.5 km
Resultant —61.5 km 144 km

Therefore, the eye of the hurricane is now

R= \/(—61.5 km)2 +(144 1<m)2 = |157 km from the island

1.70 (@ F,=120N

Fi, = (120 N)cos 60.0° = 60.0 N

Fy, = (120 N)sin 60.0° =104 N
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F,=800N

F,, = (80 N)cos 75.0° =—20.7 N

F,,=(80.0 N)sin 75.0° = 77.3 N

Fo=(SE) +(ZFE) =393 N)*+ (181 N)’ =185 N

181N

= tan™(4.61)=77.8°
393N

and 6= tan™ [

The resultant force is F, = ‘185 N at 77.8° from the x-axis

(b) To have zero net force on the mule, the resultant above must be

cancelled by a force equal in magnitude and oppositely directed.

Thus, the required force is [185 N at 258° from the x-axis

1.71  The components of the displacements a, B, and ¢ are
a, = a-cos 30.0° = +152 km
b, =b-cos 110° = -51.3 km
¢, = c-cos 180° =-190 km
and a, = a-sin 30.0° = +87.5 km
b, = b-sin 110° = +141 km
c,=csin180°=0

Thus, R, =a,+ b+ ¢, =-89.3 km, and R, = a,+ b,+ ¢, =229 km
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S0 R=,,R§+Ry2 =246 km, and

6=tan” (IR, |/R,)=tan™(0.390)=213°

City Cis ‘246 km at21.3° W of N‘ from the starting point.

¥ (north)

C
\ 20.0°
) L 110°
3 .
AR |
30.0°
x (east)
172 () Mmi_ (1 Ej (1609 km) _ 1,600 X0
h h 1 mi ~h

® :55E:(55Ej 1.609.km/h _ 88k—m
h h I mi/h h

© v, =65 =55 E=(1oﬂj 1609 kinh ) |6 kin
h 7 U b\ Tmim

1.73  The term s has dimensions of L, 4 has dimensions of LT, and ¢ has

dimensions of T. Therefore, the equation, s = ka" t' with k being

dimensionless, has dimensions of
L =(LT>"(T)" or L'T’=1L" 7"

The powers of L and T must be the same on each side of the equation.

Therefore, L' = L" and
Likewise, equating powers of T, we see that n —2m =0, or
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rDimensional analysis cannot determine the value of k{, a dimensionless

constant.

1.74 (a) The rate of filling in gallons per second is

rate = M(l min =|7.14x107* gal/s
7.00 min\ 60 s

IL )
10 em’) 10°L. Thus,

(b) Note that 1 m’=(10* cm)’ =(10° cm3)[

3
rate=7.14 x 10'2g—al(3'786 L) (le] =|2.70x107* m’/s
S 1 gal )LIO L

(o) t= Vinea 1.00 m’

(1h )
=———— — =370x10°s] —— | =[1.03h
rate 2.70x10™* m*/s L3600$)

1.75  The volume of paint used is given by V = Ah, where A is the area

covered and / is the thickness of the layer. Thus,

VvV _3797107°m’ _ ., C o6
h_Z_W_LSZ 10" m=152" 10 m—

1.76  (a) Forasphere, A= 47R?. In this case, the radius of the second

sphere is twice that of the first, or R, =2R,.

Hence, 4, _4PR, _R, _(2R)’ =[4]
A 4pR> R} R

(b) For a sphere, the volume is J = % PR’
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3 3 3
Thus, L2=(/3PR R _QR) _rg
Vi 4/3pRS R R

1.77  Assume N cars each drive an average of D km/yr with a fuel
consumption of C L/(100 km). The total fuel consumed each year is
then F = NDC and the change in F due to a change in average fuel
consumption is AF = ND(AC). The fuel savings per year is the

magnitude of AF so that

fuel saved = |AF|«(1 yr)

-wp(ac)-
o

1.79 (a) The Sun’s radius is about 6.96 x 10° km and Earth’s radius is about

(250x10° cars)| 15000 km 145L-6L (1yr)
yr-car 100 km

6.38 x 10° km. The number of Earths that could fit inside the Sun,

N, is approximately equal to the ratio of the Sun’s volume to

Earth’s volume:

V. 4pR? B
N :Vsun = 43’0 e »

Earth §p Earth
The Sun’s radius is about 10* times Earth’s radius, so its volume

(which scales as radius cubed) is about 10° times Earth’s volume.

Approximately a million Earths could fit inside the Sun.
(b) Similarly, the Moon’s radius is about 1.74 x 10° km so that Ny,

the number of Moons that could fit inside the Earth, is
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V 4pR?
NME — _ Earth — 3p Earth »
4 9R3
Moon 3 Moon

Approximately 50 Moons could fit inside the Earth.

1.80 Assume a sneeze lasts about 3 seconds. One day equals 8.64 x 10" s
which can be divided into 8.64/3 x 10* = 2.88 x 10* 3-second intervals. If
each of Earth’s 7.3 billion people sneezes 3 times per day, then 3(7.3
billion) = 21.9 billion sneezes occur each day. The number of sneezes
occurring during any particular 3-second interval is then (rounded to 1

significant figure):

21.9” 10” sneezes/ day
2.88" 10* (3-sec intervals)/ day

» ‘1' 10° sneezes/ (3-sec interval)‘

During any given 3-second interval, approximately one million people

from around the world will sneeze.

1.81  The volume of the Milky Way galaxy is roughly

2
V.= At :[%]tzg(loﬂ m)2(10” m) or V, ~10° m’

If, within the Milky Way galaxy, there is typically one neutron star in

a spherical volume of radius r = 3 x 10"® m, then the galactic volume

per neutron star is
1

v, :%pr3 :%p(3' 10" m)’ =1 10* m’ or ¥, ~10*m’

The order of magnitude of the number of neutron stars in the Milky
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Way is then
V, 10°m’
n= VG ~ 0% = or [n~10°neutron stars
o
1
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Topic1

Units, Trigonometry, and Vectors

QUICK QUIZZES

1.1 Choice (c). The largest possible magnitude of the resultant occurs when

1.2

the two vectors are in the same direction. In this case, the magnitude of
the resultant is the sum of the magnitudes of A and B:R=A+B=20
units. The smallest possible magnitude of the resultant occurs when the
two vectors are in opposite directions, and the magnitude is the

difference of the magnitudes of A and B: R=1 A — B | =4 units.

Vector x-component y-component
A - +
B ' -
A+B - -

1.3 Vector B. The range of the inverse tangent function includes only the first

and fourth quadrants (i.e., angles in the range —7/2 < 6 < 7/2). Only
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vector B has an orientation in this range.

ANSWERS TO EVEN NUMBERED CONCEPTUAL QUESTIONS

1.2  Atomic clocks are based on the electromagnetic waves that atoms

emit. Also, pulsars are highly regular astronomical clocks.
14 () ~05Ilb=0.25kgor~10"kg
(b) ~41b=0.25kgor~10"kg
() ~40001b =2 000 kg or ~10° kg
1.6 Let us assume the atoms are solid spheres of diameter 107 m. Then,
the volume of each atom is of the order of 10~ m’. (More precisely,

volume = 477°/ 3.) Therefore, since 1 cm® = 10° m®, the number of

atoms in the 1 cm’® solid is on the order of 10~/ 10~ = 10* atoms. A
more precise calculation would require knowledge of the density of
the solid and the mass of each atom. However, our estimate agrees

with the more precise calculation to within a factor of 10.

1.8  Choice (d). For an angle @ from 0° to 360°, the sine and cosine
functions take the values

-1<sin@<1 and —-1<cosf<1

110  In the metric system, units differ by powers of ten, so it’s very easy
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and accurate to convert from one unit to another.

112  Both answers (d) and (e) could be physically meaningful. Answers (a),
(b), and (c) must be meaningless since quantities can be added or

subtracted only if they have the same dimensions.

1.14  The correct answer is (a). The second measurement is more precise
but, given the number of reported significant figures, each

measurement is consistent with the other.

116  The components of a vector will be equal in magnitude if the vector

lies at a 45° angle with the two axes along which the components lie.

ANSWERS TO EVEN NUMBERED PROBLEMS

1.2 @ L/T ) L

14 All three equations are dimensionally incorrect.
1.6 (a) kg-m/s (b) Ft=p

1.8 132 m’

110  3.09 cm/s

112 (@) 237x107cm
(b) 9.790 x 10* cm

(c) 8.8499 km
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1.14

1.16

1.18

1.20

1.22

1.24

1.26

1.28

1.30

1.32

1.34

1.36

1.38

1.40

1.42

1.44

(d) 6.0088 km

10.6 km/L

9.2 nm/s

29x10°m*=2.9 x 10° cm®

2.57 x 10° m’

(@ 797 (b) 1.1 (c) 17.66

58

(@ 226 (b) 227 (c) 22.6 is more reliable
@ 3.00 x10°m/s (b) 2.9979 x 10° m/s

(0 2.997 925 x 10° m/s

(@ 346m’+13m’ (b) 66.0m+1.3m

~10° steps

~10° people with colds on any given day

(@ 42x10"m’ ) ~107'm’ () ~10" cells
10 kg

22m

8.1 cm

As = +15 =217, cos(6, - 0,)
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146 2.33m
148 (a) 1.50m (b) 2.60m
1.50 8.60m

152 144 x10°m

1.54 (a) 6.1 units at 8=+113° (b) 15 units at = +23°

1.56 (a) 484 km (b) 18.1° N of W

(c) Because of Earth’s curvature, the plane does not follow straight

lines.

158 R =9.5 units at 57° above the + x-axis

1.60 (a) 134m (b) 199 m

1.62 1.31 km northward, 2.81 km eastward

164 (a) 100m (b) 15.7m () O

1.66 42.7 yards

1.68 225km at83.9°N of E

1.70  (a) 185 N at 77.8° from the x-axis  (b) 185 N at 258° from the x-axis

1.72  (a) 1.609 km/h (b) 88 km/h () 16 km/h
1.74 (@ 7.14x107gal/s (b) 2.70 x 10~ m*/s
(0) 1.03h
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1.76 (@) A,/JA =4 (b) V,/V,=8

1.78 (a) 600 yr (b) 7 x 10" times
1.80 1x10°

PROBLEM SOLUTIONS

1.1  Substituting dimensions into the given equation T =27 /{7/ , and

recognizing that 2zis a dimensionless constant, we have

T]\/i \/L/:TZT

Thus, the ‘dimensions are consistent|.

1.2 (a) From x = Bf, we find that B = x/t*. Thus, B has units of [B] = [x]/[#]]
(b) If x = Asin (27 ft), then [A] = [x]/[sin 27 ft)]
But the sine of an angle is a dimensionless ratio.

Therefore, [A] = [x] = @

1.3 (a) The units of volume, area, and height are: [V] = L} [A]=L% and

[h] =L.

We then observe that L’ = L’L or [V] = [A][k]. Thus, the equation V
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Topic 1 7

=Ahis ‘dimensionally correcd.

(B) Ve = 7R =(7R* )= Ah, where [A = 7R?].

= twh=(fw)h= Ah, where |A=fw=length x width|-

rectangular box

14 (a) Intheequation imv’ =1mv]+/mgh,

1
LY ML 2
[mv2]=[mU§]=M(¥) =?while [Jm h]z M(%}L:MTL.

Thus, the equation is ‘dimensionally incorrect|.

L
®) Inv=09,+ar [v]=[v,]=7 but [atz]z[a][tz]:(%](Tz):L.

Hence, this equation is |dimensionally incorrect|.

() In the equation ma =v°, we see that [ma]=[m][a]= M(%j = %,

Lo (LY _L : o
while [0°]= T ZF. Therefore, this equation is also

|dimensionally incorrect|.

1.5  From the universal gravitation law, the constant G is G = F/Mm. Tts

units are then

o] L]y )m?) o

[Mm]" kgkg [kges

1.6 (a) Solving KE = p?/2m for the momentum, p, gives p =, IZm(KE)
where the numeral 2 is a dimensionless constant. Dimensional
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analysis gives the units of momentum as:

[p]=\[m][KE] = |M(M -2/ T2) = \M* -1}/ T* = M(L/ T)
Therefore, in the SI system, the units of momentum are

kg - (m/s)

(b) Note that the units of force are kg - m/s” or [F] = ML/T". Then,
observe that
[F][t] = ML/T)T = M(L/T) = [p]

From this, it follows that force multiplied by time is proportional
to momentum: . (See the impulse-momentum theorem in
Topic 6, which says that a constant force F multiplied by a

duration of time Af equals the change in momentum, Ap.)

1.7 Use the conversion factor 1 cubitus = 0.445 m to find the basketball

player’s height:

2.00 m = 2.00 m[LbltuSJ —[4.49 cubiti

0.445 m

1.8 Use the conversion factor 1 m = 3.281 ft to find

Im z
2 _ _ 2
1420 f2 = 1420 £t <3.281 ft> 132 m
280 ft\ /1 fath
19 d= (250000 mi) [ 2220 AT ) = |2 x 108 fathoms
1 mi 6 ft
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Topic 1 9
The answer is limited to one significant figure because of the accuracy

to which the conversion from fathoms to feet is given.

1.10

s R s

giving v=

. . [ 9 gal (3786 L |[10%em’ 1m’
111 6.00ﬁrkms=6.0()ﬁﬁcm&(l _ J[ J{ J( ]

firkin )| 1 gaf 1k 10° em’
-foa0i ]

’1.12‘ Use the conversion factors 1 km =10°m, 1 m = 102 cm, 1 mi = 1.609 km Commented [TE1]: CPM: The answer for question 1.12 is
given in 1.22 in the Restore PDF. We have matched the
question and its number with Edited MS and set as 1.12.

=1000m, 12 in. =1 ft, and 1 in. = 2.54 cm to find: Hope this is correct.
@ 1.609 km
147 mi =147 mi| ————2 |=[237 km|~| 2.37x10° m|~| 2.37x107 cm|
mi
(b)
3212 ft = 3212 fi| 2 ={9790 m|={0.9790 km|=9.790x10* cm
3.281ft
(c)
121in. |( 2.54 cm 5 3
29035 ft=29035 fi| == | === | [8.8499x10° cm|~{8.8499x 10" m[-[8.8499 km
mn.
(d)
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1t lin.

19714 ft =19714 ﬁ(lz ’“‘](2'54 CmJ =16.0088x10° cm|~|6.0088x 10° m|~{6.0088 km

In (a), the answer is limited to three significant figures because of the
accuracy of the original data value, 348 miles. In (b), (c), and (d), the
answers are limited to four significant figures because of the accuracy

to which the kilometers-to-feet conversion factor is given.

’1.13‘ Use the conversion factors 1.00 league = 3.00 mi, 1 mile = 1609 m, and 1

hr =3600 s to find

30.0 m/s=30.0 9[ 1 mi J(l 163@6)[3??10 S] = [22.4 leagues/ hr
T

s | 1609 m )\ 3.00 mi

o [ 1km 1 gal
1.14 jency =250<— =[10.6 km/L
eficiency 2al\ 0621 mii )| 3786 L 166

e diameter _ 5.36 in( 2.54 cm
2 2 { tin

1.15 (a) ]: 6.81 cm

(b) A=477=4x(6.81 cm)’=/5.83 x 10” em’
(© V= %nﬂ =%ﬂ:(6.81 em)’ =(1.32%10° cm’®
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(1 e Y(1day ) 1K \(254 & \(10°nm |
116 mre_(szaa,x][ 24K J(z. 600 s]( 1.00 in J(mz MJ_

This means that the proteins are assembled at a rate of many layers of

atoms each second!

117 c=[300x10 2 | 3600+ 11«6 Lmi__)_(671x10° mi/m
s 1h  ){10° i ){ 1.609 kit

1.18 Volume of house = (50.0 ft)(26 ft)(8.0 ft)[ o

3
=[29x10* m*|=29x10’ mB)(l‘:‘);“J
e

im (43560 %' ) 1m Y
119 Volume =(25.0 aere
olume = if)(s.zsu()ﬂ 1 aere J[&zsﬁgﬂ
=[308x10° m’

2.832x1072 m-’J

1.20 Volume of pyramid = %(area of base)(height)

= %[(13.0 acres)(43560 ft* / acre)](481 ft) =9.08 x 107 ft’

-2 3
=(9.08x10° ft‘)(%}: 2.57%10° m’

1.21  Volume of cube = L’ = 1 quart (Where L = length of one side of the

cube.)
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Thus, L'= (1 gnﬁ)[igﬂ‘ﬂe:,l 3'1786 MJ(I?O{)“ZEP)= 947 ¢cm’

and L=3/947 cm’=[9.82cm]| .

1.22 (a) The sum is rounded to because 756 in the terms to be added

has no positions beyond the decimal.

(b) 0.003 2 x 356.3 = (3.2 x 10~°) x 356.3 = 1.140 16 must be rounded to

because 3.2 x 10~ has only two significant figures.

(c) 5.620 x zmust be rounded to [17.66| because 5.620 has only four

significant figures.

1.23 The rectangular airstrip’s area is its length times its width. The width
contains four significant figures while the length contains two.

Therefore the answer should be rounded to two significant figures:

A=LW=(210 m)(32.30 m)
A=6.8x10° m*| (rounded to two significant figures)

1.24 The number 15 contains no significant figures after the decimal, so the

sum should be rounded to no digits after the decimal:

21.4+15+17.17 +4.003 =
(rounded to no digits past the decimal)

1.25 The area A of the rectangular room is A = LW =(9.72 m)(5.3 m) = .
3
1.26 (a) Computing (\/g ) without rounding the intermediate result
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Topic 1 13
yields (\/g )3 =|22.6| to three significant figures.

(b) Rounding the intermediate result to three significant figures
yields V8 =2.8284 > 2.83. Then, we obtain (V§)'=(2.83)' =

to three significant figures.

(0) 'The answer 22.6 is more reliable because rounding in part (b) was

carried out too soon.

1.27 (a) 78.9+0.2has ‘3 significant figures| with the uncertainty in the

tenths position.

(b) 3.788 x 10°has 4 significant figures |4 significant figures

(c) 246 x 10°° has |3 significant figures|

(d) 0.0032=3.2x10" has |2 significant figures|. The two zeros were

originally included only to position the decimal.

128 ¢=2.997924 58 x 10° m/s

(@) Rounded to 3 significant figures: ¢ =3.00 x 10° m/s
(b) Rounded to 5 significant figures: c =[2.997 9 x 10° m/s

(c) Rounded to 7 significant figures: c = L2.997 925 x 10° m/s‘

1.29 For alength of L = (2.0 £ 0.2) m and a width of W= (1.5+0.1) m:

© 2025 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to
a publicly accessible website, in whole or in part.

College Physics Global Edition 12th edition Serway Solutions Manual


https://ravanbooks.com/books/9798214046679-solutions

Topic 1 14
(a) The maximum value for the area, A = LW, is found using the
maximum values of L and W:
A = (2.2 m)(1.6 m) = 3.52 m*
The minimum area is found using the minimum values of L and
W:
Apin = (1.8 m)(1.4 m) = 2.52 m’
The area using numbers in the middle of the uncertainty range is
Apiaae =LW= (2.0 m)(1.5 m) =3.0 m*

An uncertainty of about + 0.5 m? is needed to cover the range from

Apax t0 A s0 that A= (3.0 irO.5) m?|.

(b) The perimeter of a rectangle is P =2L + 2W =2(L + W). As before,
the maximum, minimum, and middle values are:
Prx=222m+1.6m)=7.6m
Prw=2(18m+14m)=64m

Priage=220m+1.5m)=7.0m
An uncertainty of +0.6 is needed to cover the range from P, to

Pyin 50 that P=|(7.0£0.6) m|,

130 (@ A=z7=7(105m+0.2m) = z[(10.5m)*+2(10.5 m)(0.2 m) +
(0.2 m)’]. Recognize that the last term in the brackets is

insignificant in comparison to the other two. Thus, we have
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A=7z[110m*+ 42 m*]=346 m*+ 13 m’
(b) C=2wr=27(105m=02m)=66.0m=*1.3m

1.31  The least accurate dimension of the box has two significant figures.
Thus, the volume (product of the three dimensions) will contain only

two significant figures.

V=0-w-h=(29 cm)(17.8 cm)(11.4 om)=

1.32  We estimate that the length of a step for an average person is about 18

inches, or roughly 0.5 m.

Then, an estimate for the number of steps required to travel a distance

equal to the circumference of the Earth would be

_ Circumference  27R,  27(6.38x10° m)
Step Length ~ Step Length 0.5 m/step

or  IN-10"steps

1.33  We assume an average respiration rate of about 10 breaths/minute and

~8x107 steps

a typical life span of 70 years. Then, an estimate of the number of

breaths an average person would take in a lifetime is

=4 x10°® breaths

breaths (3156 x107 % )( 1 pmift )
”:[10 miﬁj(m)'{)\ I ey )

or n ~ 10°® breaths
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1.34  We assume that the average person catches a cold twice a year and is
sick an average of 7 days (or 1 week) each time. Thus, on average, each
person is sick for 2 weeks out of each year (52 weeks). The probability
that a particular person will be sick at any given time equals the

percentage of time that person is sick, or

2 weeks 1

babili ickness = ———=—
probability of sickness 52 weeks 26

The population of the Earth is approximately 7 billion. The number of

people expected to have a cold on any given day is then

- . - . _ oo 1) _ 8 5
Number sick = (population)(probability of sickness)= (7 x 10 )(2—6 =3x10° or

1.35 Earth’s current population is about 7.3 billion people. If six people can

stand within a 1-m? area, the total area required to fit all 7.3 billion
people is:

2
A .=73%x10 people[li\
6 pe

=1.2x10° m?
people Ople J

The required percentage of the habitable part of Earth’s surface is:

9 2
Occupied percent = (%} 100% =

136 (a) Vo =%mﬂ3 =§7Z’(1.0 x10° m)’ ={4.2x10" m’

(b) Consider your body to be a cylinder having a radius of about 6
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inches (or 0.15 m) and a height of about 1.5 meters. Then, its

volume is

Viosy = Al = (771 = 7(0.15 m)* (15 m) = 011 m’ or

(c) The estimate of the number of cells in the body is then

v 3
j — Lbody _Lmszszlom or

V. 42x10"%m

cell

1.37 A reasonable guess for the diameter of a tire might be 3 ft, with a
circumference (C =27z = zD = distance traveled per revolution) of

about 9 ft. Thus, the total number of revolutions the tire might make is

total distance traveled (50000 mi)(5 280 ft/mi) ; 7
= = =3x10" rev, or|~10" re
" > rew v

distance per revolution

1.38 An average body mass is about 70 kg and, taking the center of the
given range, approximately 2% or 1.4 kg of this mass is made of
microorganisms. If there are 100 trillion microorganisms in a human

body, the average mass of a microorganism is about

14 kg =Y
m_. Lm ~|1x107" k
i 100 x 10™ microorganisms

1.39  The x coordinate is found as x =7 cos €= (2.5 m)cos 35° =

and the y coordinate y = sin §= (2.5 m)sin 35° = m

1.40 The x distance out to the fly is 2.0 m and the y distance up to the fly is
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1.0 m. Thus, we can use the Pythagorean theorem to find the distance

from the origin to the fly as

d=yx+)* =/2.0m)* +(1.0 m)’ =

1.41 The distance from the origin to the fly is r in polar coordinates, and this
was found to be 2.2 m in Problem 40. The angle @is the angle between r
and the horizontal reference line (the x axis in this case). Thus, the

angle can be found as

tanf =2 = 10m _ 050 and &= tan™' (0.50) = 27°

x 20m

The polar coordinates are r =2.2 m and 8= 279

1.42 The x distance between the two pointsis |Ax| = lx,— x| = 1-3.0 cm —
5.0 cm |=8.0 cm and the y distance between them is |Ay| = ly,—y;| = |
—-3.0cm — 4.0 cm| = 1.0 cm. The distance between them is found from

the Pythagorean theorem:

d=\|Ad" +|Af° = /(8.0 cm)? +(1.0 cm)? = /65 cm?® =

1.43 Refer to the Figure given in the solution to Problem 1.44 below. The

Cartesian coordinates for the two given points are:
x; =71, cos 6, =(2.00 m) cos 50.0°=1.29 m

Y1 =1y sin 6 = (2.00 m) sin 50.0° =1.53 m
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X, =71, cos 6,=(5.00 m) cos (-50.0°) =3.21 m

Y2 =1, sin 6 = (5.00 m) sin (=50.0°) = 3.83 m

The distance between the two points is then:

As=J(Ax} +(Ay) ={/(129 m=321 m)* +(1.53 m+3.83 m)’ =

1.44 Consider the Figure shown below. The Cartesian coordinates for the

two points are:

X1 =11 COS 6 X, =1, C0S 6
Yy =1y 8in 6 Yo =1, sin 6,
1, 1)
.\‘ 1
Ill
Fal
£
n /’ :
Asg 1Ay=y—»;
[ ]
1 I
(7, .\w)/’ :
r -
4 o, Ax=x;—xp
X

The distance between the two points is the length of the hypotenuse of

the shaded triangle and is given by

As=\(AXY +(Ay) =(x,—x,F + (3 -3,

or

As= \/(r]2 cos’ @, + 1} cos® 8, — 2, cos 6, cos B, ) + (17 sin® O, + 17 sin” @, — 2.7, sin @, sin B,

= \/rlz (cos® @, +sin” 6))+ 17 (cos® @, +sin” @,) — 27, (cos 6, cos &, +sin @, sin ,)
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Applying the identities cos® @ + sin” §=1 and cos 6, cos 6+ sin 6, sin 6,

= cos(6,— &), this reduces to

As =[R? +17 = 2575(c086, c0s 6, +sin 6, sin6, ) | = |\[1 + 2 = 211, cos(6, —6,)

145 (a) Witha=6.00m and b being two sides of this right triangle having

hypotenuse ¢ =9.00 m, the Pythagorean theorem gives the

unknown side as b=+’ —a’ =4/(9.00 my* (6.00 m)? =[6.71 m|.

1.46 From the diagram, cos(75.0°) = d/L

Thus, d = L c0s(75.0°) = (9.00 m) cos(75.0°) =
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1.47  The circumference of the fountain is C =21, so the radius is

C =15'0m:2.39m

r=—
2z 2z

Thus, tan(55.0°)= oM ik gives
r 239m

h = (2.39 m) tan (55.0°) = B.41 m|

148 (a) sinf= opposite side so, opposite side = (3.00 m) sin (30.0°) =
hypotenuse

(b) cosg= 2diacent side (. fiacent side = (3.00 m) cos (30.0°) =
hypotenuse

149 (a) The side opposite 0= (b) The side adjacent to ¢=

©  cosh= % ~[0.800 @ g % ~[0.800

(e) 4.00
tang =2 _[1.33]
ang =300

1.50  Using the diagram below, the Pythagorean theorem yields

¢=1(5.00 m)* +(7.00 my’* =
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5.00m

7.00 m

1.51  From the diagram given in Problem 1.50 above, it is seen that

tanf = % =0.714 and O=tan™ (0.714) =35.5

1.52  Use the diagram below to equate two expressions for the mountain’s

height (units and significant digits have been suppressed for clarity):

12.0° 14.0°

[<——1.00 km—>

]
I x >

y = (x — I)tan(14.0) = (x)tan(12.0°)
Solve for the unknown distance x to find

(x-1)tan(14.0°) = xtan(12.0°)
x(tan14° - tan12°) =tan14°

tan14°

x=———=6.78 km
tan14°—tan12°

Substitute the known value of x into y = (x)tan(12.0°) to find the

mountain’s height:

y=xtan(12°)=(6.78 km)tan(12°)

=144 km =

1.53  Using the sketch below:

© 2025 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to
a publicly accessible website, in whole or in part.

College Physics Global Edition 12th edition Serway Solutions Manual


https://ravanbooks.com/books/9798214046679-solutions

Topic 1 23

¥ Tree

River

100 m

10% = tan 35.0°, or w = (100 m)tan 35.0° =
m

154 (a) Using graphical methods, place the tail of vector B at the head of

vector A . The new vector A +B has a magnitude of 6.1 units at

from the positive x-axis.

A
@l
|

=

>l
+
@l
)
)
[
@l

(b) The vector difference A—B= A+ (-B) is found by placing the
negative of vector B (a vector of the same magnitude as B, but

opposite direction) at the head of vector A . The resultant vector

A — B has magnitude [L5 units at 239 from the positive x-axis.

1.55 We are given that R = A +B. When two vectors are added graphically,
the second vector is positioned with its tail at the tip of the first vector.
The resultant then runs from the tail of the first vector to the tip of the
second vector. In this case, vector A will be positioned with its tail at

the origin and its tip at the point (0, 29). The resultant is then drawn,
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starting at the origin (tail of first vector) and going 14 units in the
negative y-direction to the point (0, —14). The second vector, B, must
then start from the tip of A at point (0, 29) and end on the tip of R at

point (0, —14) as shown in the sketch below. From this, it is seen that

g0, 24)

10,0)=f

=1

Y (0,—14)

B is 43 units in the negative y—direction‘

1.56 (a) The distance d from A to Cis d=4/x*+3° where x =200 km + (300

km)cos 30.0° =460 km and y = 0 + (300 km)sin 30.0° = 150 km.

< d=1J(460 km)? +(150 km)* =

300&0)

B 200km A

o aY 4 150km |} =
(b) ¢=tan x—tan (7460km =|18.1° N of W

(0 TBecause of the curvature of the Earth, the plane doesn't travel
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|along straight lines.| Thus, the answer computed above is only

approximately correct.

1.57 (a) Inyour vector diagram, place the tail of vector B at the tip of
vector A . The vector sum, A + B, is then found as shown in the

vector diagram and should be

A +B=5.0 units at —53°

(b) To find the vector difference A—B=A + (—]§), form the vector —B
(same magnitude as B, opposite direction) and add it to vector A

as shown in the diagram. You should find that

A -B=5.0 units at +53°

158  Find the resultant R = F, +F, graphically by placing the tail of F, at the
head of Fl in a scale drawing as shown below. The resultant is the

vector drawn from the tail of E to the head of Fz to close up the

triangle. Measuring the length and orientation of this vector shows
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that R ={9.5 units at 57° above the + x-axis|.

5.00 units

1.59  Your sketch should be drawn to scale, and be similar to that pictured
below. The length of R and the angle € can be measured to find,
with use of your scale factor, the magnitude and direction of

the resultant displacement. The result should be

approximately 421 ft 3° below the horizonta1|.

Vertical

X /40°
200 ft w7 A
s \30° v Horizontal
>
‘ =
R

1.60 (a) The x-component is x = (24.0 m)cos(56.0°) = .

(b) The y-component is y = (24.0 m)sin(56.0°) = .

1.61 (a) The vector’s magnitude is
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S
o
>

< N

Il
=

(-5.00 m)* +(9.00 m)’

I
[
e
@
8

(b) The vector is in the second quadrant so its direction is

9.00 m )+1800

—J. m

f=tan™’ {ﬁ\ +180° = tan'l[
A
=

1.62  The person undergoes a displacement
A =3.10 km at 25.0° north of east. Choose a coordinate system with

origin at the starting point, positive x-direction oriented eastward, and

positive y-direction oriented northward.

Then the components of her displacement are

A, = A cos 0= (3.10 km)cos 25.0° =[2.81 km eastward|

and A,= A sin 6= (3.10 km)sin 25.0° =[1.31 km northward|

1.63  The x- and y-components of vector A areits projections on lines
parallel to the x- and y-axes, respectively, as shown in the sketch. The
magnitude of these components can be computed using the sine and
cosine functions as shown below:
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A, =|A|cos325° = +A|cos 35° = (35.0)c0s 35° =

and

A, =|A|sin325° = —|A|sin 35° = ~(35.0)sin 35° =

1.64 (a) The skater’s displacement vector, d, extends in a straight line
from her starting point A to the end point B. When she has
coasted half way around a circular path as shown in the sketch

below, the displacement vector coincides with the diameter of the

circle and has magnitude ‘a‘ =2r=2(5.00m)= .

r=5.00m

(b) The actual distance skated, s, is one half the circumference of the
. . 1
circular path of radius r. Thus g= E(27r r)=m(5.00 m)= .

() When the skater skates all the way around the circular path, her
end point, B, coincides with the start point, A. Thus, the

displacement vector has zero length, or ‘a‘ = @
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1.65 (a) Her net x (east-west) displacement is —3.00 + 0 + 6.00 = +3.00
blocks, while her net y (north-south) displacement is 0 +4.00 + 0 =

+4.00 blocks. The magnitude of the resultant displacement is

R=/(Zx) +(Zy)* = /(3.00)* +(4.00)* = 5.00 blocks

and the angle the resultant makes with the x-axis (eastward

direction) is

6 =tan™ (%) = tan™ (%) = tan™'(1.33) = 53.1°
X R

The resultant displacement is then |5.00 blocks at 53.1° N of E|

(b) The total distance traveled is 3.00 + 4.00 + 6.00 =[13.0 blocks|.

1.66  Let the positive x-direction be upfield. After the dribble, sideways run,
and upfield pass, the football’s change in position, Ar, has

components

AX = AxX e + Agenays T Apee =—10.0 yd +0 yd +50.0 yd = 40.0 yd

and

Ay = Aydribblc + Aysidcways + Aypass = 0 yd +15 yd + 0 yd = 150 yd

The football’s distance from its original location is then

Ar = J(Ax) +(Av)’ =/(40.0 yd)’ +(15.0 yd)’ =[42.7 yd

1.67 A, =-250 A,=40.0
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A=A+ A? = [(-25.0)" +(40.0)" = 47.2 units

From the triangle, we find that

A 40.
¢p=tan™’ [A_y] =tan™ (%) =58.0°, so =180° — ¢=122°

A,

Thus, |A = 47.2 units at 122° counterclockwise from the +x-axis

-25.0 ‘

1.68  The displacement from Gwanju to Seoul (A;Gs) equals the vector sum

of the other two displacements: Args = Arap + Arps where Argp is the

displacement from Gwanju to Daegu and Ay is the displacement

from Daegu to Seoul. Taking the positive x- and y-directions to the

right and up as usual, the components of Args are

Axgs = Axgp + Axpg = (155 km) cos 22.5° + (203 km) cos (90°+36.0°) = 23.9 km

and
AVes = Avep + Avps = (155 km)sin 22.5°+(203 km)sin (90° + 36.0°) = 224 km

Therefore, the displacement from Gwanju to Seoul has a magnitude of

© 2025 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to
a publicly accessible website, in whole or in part.

College Physics Global Edition 12th edition Serway Solutions Manual


https://ravanbooks.com/books/9798214046679-solutions

Topic 1 31

Argg = \/(AxGS )Y +(Avgs) = \/(23.9 km)’ +(224 km)® =225 km|

in the direction

0= tant| 2os | = an [ 22 KM | 839N of E
Avgg 23.9km

1.69  After 3.00 h moving at 41.0 km/h, the hurricane is 123 km at 60.0° N of
W from the island. In the next 1.50 h, it travels 37.5 km due north. The

components of these two displacements are:

Displacement | x-component (eastward) | y-component (northward)

123 km —61.5 km +107 km
37.5 km 0 +37.5 km
Resultant —61.5 km 144 km

Therefore, the eye of the hurricane is now

R= \/(—61.5 km)2 +(144 1<m)2 = |157 km from the island

1.70 (@ F=120N

Fy, = (120 N)cos 60.0° = 60.0 N

F,, = (120 N)sin 60.0° = 104 N
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F,=80.0N

F,. = —(80 N)cos 75.0° = —20.7 N

F,,=(80.0 N)sin 75.0° = 77.3 N

Fo=(SE) +(ZFE) =393 N)*+ (181 N)’ =185 N

181N

= tan™(4.61)=77.8°
393N

and 0= tan™ [

The resultant force is F, = ‘185 N at 77.8° from the x-axis

(b) To have zero net force on the mule, the resultant above must be

cancelled by a force equal in magnitude and oppositely directed.

Thus, the required force is 185 N at 258° from the x-axis

1.71  The components of the displacements a, b, and ¢ are
a, = a-cos 30.0° = +152 km
b, =b-cos 110° = -51.3 km
¢, = c-cos 180° = -190 km
and 4, = a-sin 30.0° = +87.5 km
b, = b-sin 110° = +141 km
c,=c-sin180°=0

Thus, R, =a,+ b, +c,=-89.3 km, and R, = a,+ b,+ c, = 229 km
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S0 R=,/Rf+Ry2 =246 km, and

6=tan” (IR, |/R,)=tan™(0.390)=213°

City Cis ‘246 km at 21.3° W of N‘ from the starting point.

¥ (north)

C
\ 20.0°
) L 110°
B .
U a
30.0°
x (east)
172 (@) mi :(1 &i) (1.609 km)) _ 1.609 XM
h h 1 mi ' h

® :55E:(55Ej 1.609.km/h _ 88k—m
h h I mi/h h

© v, =65 =55 E=(1oﬂj 1609 kinh ) |6 kin
h 7 U b\ Tmim

1.73  The term s has dimensions of L, 4 has dimensions of LT, and f has
dimensions of T. Therefore, the equation, s = ka” t" with k being

dimensionless, has dimensions of
L — (LT_Z)m (T)n or LlTO — Lm Tn_Zm

The powers of L and T must be the same on each side of the equation.

Therefore, L' = L" and
Likewise, equating powers of T, we see that n —2m =0, or
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rDimensional analysis cannot determine the value of H, a dimensionless

constant.

1.74 (a) The rate of filling in gallons per second is

rate= M(l min =|7. 14 x107 gal/s
7.00 mm 60s

1L
} =10’ L. Thus,

(b) Note that 1 m’ =(10° cm)’ = (10° cm )L

3
rate="7.14 x 102g‘7‘1(3786 L) 1m ]— 270 %10 m*/s
s \ lgal )LIO L

(c) Vﬁlleul 1.00 m* 5 lh
=11 =370%x10"s =(1.03
rate  2.70 x 1041 L ) -

1.75  The volume of paint used is given by V = Ah, where A is the area

covered and / is the thickness of the layer. Thus,

Vo 379%x107° m’ u i
hZZ:WII.SZXH) 1’1’1—152><10 m= 152,um

1.76  (a) For asphere, A= 47R%. In this case, the radius of the second

sphere is twice that of the first, or R, =2R,.

2 2 2
Hence, 4, _ 4;;R22 _ R22 e Rzl) _4
A 4zR> R* R

(b) For a sphere, the volumeis J/ = % R}
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Thus, ﬁ:M:R_;: (ZRJ3 :
V, (4/3zR R R

1.77  Assume N cars each drive an average of D km/yr with a fuel
consumption of C L/(100 km). The total fuel consumed each year is
then F = NDC and the change in F due to a change in average fuel
consumption is AF = ND(AC). The fuel savings per year is the

magnitude of AF so that

fuel saved =|AF|-(1 yr)

= |ND(aC) =
S

1.79 (a) The Sun’s radius is about 6.96 x 10°> km and Earth’s radius is about

(250x10° cars)| 15000 || #3L=6L 4 o)
yr-car 100 km

6.38 x 10° km. The number of Earths that could fit inside the Sun,

Nig, is approximately equal to the ratio of the Sun’s volume to

Earth’s volume:

N = & = % ~

Ve 3 TReaen
The Sun’s radius is about 10” times Earth’s radius, so its volume
(which scales as radius cubed) is about 10° times Earth’s volume.
Approximately a million Earths could fit inside the Sun.

(b) Similarly, the Moon’s radius is about 1.74 x 10° km so that Ny,
the number of Moons that could fit inside the Earth, is
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4 3
N — VEarth _ 3 ”REarth ~
ME — Ty 3 ~
V, 3 7R

Moon Moon

Approximately 50 Moons could fit inside the Earth.

1.80 Assume a sneeze lasts about 3 seconds. One day equals 8.64 x 10* s
which can be divided into 8.64/3 x 10* = 2.88 x 10* 3-second intervals. If
each of Earth’s 7.3 billion people sneezes 3 times per day, then 3(7.3
billion) = 21.9 billion sneezes occur each day. The number of sneezes
occurring during any particular 3-second interval is then (rounded to 1

significant figure):

21.9x10” sneezes/ day
2.88 x10* (3-sec intervals)/ day

~ ‘1 x10° sneezes/ (3-sec interval)‘

During any given 3-second interval, approximately one million people

from around the world will sneeze.
1.81  The volume of the Milky Way galaxy is roughly

2
v, :At:[%]tzg(loz' m)*(10” m) or V, ~10° m’

If, within the Milky Way galaxy, there is typically one neutron star in

a spherical volume of radius r =3 x 10"® m, then the galactic volume

per neutron star is
4 3 4 18 3 56 3 56 .3
V,=§7rr =§7Z'(3><10 m) =1x10" m” or /,~10"m

The order of magnitude of the number of neutron stars in the Milky
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Way is then
V, 10°m’
n= VG ~ 0% = or [n~10°neutron stars
o
1
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