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CHAPTER 1

ANSWERS TO QUESTIONS

Density varies with temperature and pressure. It would be necessary to measure both mass and
volume very accurately in order to use the density of water as a standard.

Atomic clocks are based on electromagnetic waves which atoms emit. Also, pulsars are highly regular
astronomical clocks.

People have different size hands.

(a) 0.3 millimeters (b) 50 microseconds (c) 7.2kilograms
Different elements have different crystal structures because of differences in electron configurations.
(b) and (d). You cannot add or subtract quantities of different dimension.

Zero digits. An order-of-magnitude calculation is accurate only within a factor of 10.

If I were a runner, I might walk or run 10" miles per day. Since I am a college professor, I walk about

10° miles per day. I drive about 40 miles per day on workdays and up to 200 miles per day on
vacation.

On February 7, 2001, I am 55 years and 39 days old.

55 yr{365'25 d] +39 d=20128 d( 564005
1yr
Many college students are just approaching 1 Gs.

):1.74><109 s

Force and velocity are vectors. The others are scalars. Height would be a vector if we defined it to
have an upward direction.

If the direction-angle of A is between 180 degrees and 270 degrees, its components are both negative.
If a vector is in the second quadrant or the fourth quadrant, its components have opposite signs.

Vector displacement equals zero. Distance is six meters.

Your first displacement is 110 miles in the direction of decreasing numbers. Your second displacement
is 25 miles in the opposite direction. Your total displacement is 85 miles in the direction of decreasing
numbers, with a magnitude of 85 miles.

They are perpendicular.

Each component of A must be equal to the corresponding component of B.

Addition of a vector to a scalar is not defined. Think of apples and oranges.

Its horizontal displacement component is (135 ft) cos 40° = 103 ft. It attains a height of (135 ft) sin 40°,
or 86.8 ft.

Determining the magnitude and direction of a vector from its components, or vice versa, would be
more difficult. So would working out dot and cross products later in the course. On the other hand,
using unit-vector notation, addition, subtraction, and multiplication by a scalar would not get more
difficult. If you make your own graph paper, drawing vectors would still be easy.

(a) Rotation does not noticeably affect revolution: simplification.
(b) Geometric (c) Structural (d) Simplification
(e) Geometric (f) Simplification (g) Structural
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PROBLEM SOLUTIONS

With V = (base area)(height) V= (ﬂ' rz)h

9 3
and p=m/V, we have m 1kg (10 mm J

P 7(19.5 mm)*(39.0 mm){ 1m?

p:‘ 2.15x10* kg/m? ‘

3(5.64 x10%° k
p=M= M _ ( g)g)=623kg/m3

ViR 47(6.00x10” m)

Let V represent the volume of the model, the same in p=m/V for both.

Then Piron =935 kg /V and Peold = Mgold | V
m 3 3
Next, Pgoid _ Mgold_ Mgolg = 9.35 kg 193 X103 kg/m3 =| 23.0 kg
Piron 935 kg 7.86x10° kg/m

47tp(1’23 - 713)
3

m 4
p= v’ so m=pV= p(3ﬂ')(1’23 —713) =

1kg
10° g

Mass of gold abraded: |Am|=3.80 g—3.35 g =0.45 g =(0.45 g)( ) =45x107 kg

—27
Each atom has mass mg =197 u=197 u(l66><10kg) =3.27x107% kg
u
Now, |Am ‘ = ‘ AN ‘mo, and the number of atoms missing is

_|Am|  45x107 kg
my  327x107 kg

|AN| 1.38x10?! atoms( 1yr )(m)( 1h )(hnin)
At 50 yr 365.25d A\24 h A 60 min A\ 60s

=1.38x10°! atoms

The rate of loss is

|AN]

At

8.72x 10" atoms/s
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Chapter 1

The cross-sectional area is |«15.0 cm—»|
—
A =2(0.150 m)(0.010 m) +(0.340 m)(0.010 m) = 6.40 x 10~ m? 1.00_f | I
cm
The volume of the beam is ?é?no
1.00
V=AL=(6.40x10"> m?)(1.50 m)=9.60x 10~ m’ cm l
v
| I A
Thus, its mass is m = pV = (7.56 x10% kg/m3)(9.60 x107° m3) =| 72.6 kg 4
-27
The mass of one typical atom is mg = (55.9 u){166><10ng =9.28x107%° kg
u
Now m = Nm,, and the number of atoms is N="= 72.6 kg =’ 7.82x10% atoms

my  9.28x1072° kg

Consider one cubic meter of gold. Its mass from Table 1.5 is 19 300 kg.

1.66x10% kg

One atom of gold has mass mgy = (197 u)[ ]
u

J =3.27x107% kg

19300 kg

=———— % =590x10%
327 %107 kg

So, the number of atoms in the cube is

3
The imagined cubical volume of each atomis ~ d° = Lzs =1.69%x10% m?
5.90x10
So d= 257x107" m

This is incorrect |since the units of [ax] are m?/s?, while the units of [v] are m/s.

This is correct |since the units of [y] are m, and cos(kx) is dimensionless if [k] is in m.

The term x has dimensions of L, a has dimensions of LT 2, and ¢ has dimensions of T. Therefore,
the equation x = ka"'t" has dimensions of

L=(LT2)"(T)" or L0 = -2

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

Ll=r" and m=1

Il
N

Likewise, equating terms in T, we see that n — 2m must equal 0. Thus, n

The value of k, a dimensionless constant,| cannot be obtained by dimensional analysis |.
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(a) Circumference has dimensions of L.
(b) Volume has dimensions of L3.
(c) Area has dimensions of L?.

1/2
Expression (i) has dimension L(LZ) =12, so this must be area (c).
Expression (ii) has dimension L, so it is (a).
Expression (iii) has dimension L(Lz) =12, soitis (b). Thus, (a)=ii; (b)=iii, (c)=1i .

One month is 1 mo = (30 day)(24 h/day)(3600 s/h)=2.592 x 10° s
Applying units to the equation, V= (1.50 Mft> / mo)t +(0.00800 Mft* / mo? )¢

Since 1 Mft® =10° ft?, V= (1.50 x10° ft3 /mo)t ¥ (0.00800 x10° ft? /moz)tz

~1.50x10° £t /mo, 0.00800x10° ft* / mo? 2

Converting months to seconds, = % 5
2502107 s/mo (2,592 x10° s/mo)

Thus, ‘ V3] = (0.579 ft3 /s)t + (1.19 %1079 ft3/ sz)tz

Apply the following conversion factors:

lin=254cm, 1d=86400s, 100 cm=1m, and 10° n m=1m

=19.19nm/s

1 (2.54 Cm/in)(lO_2 m/cm)(109 nm/m)
( in/ day)
86400 s/ day

This means the proteins are assembled at a rate of many layers of atoms each second!

300 gal _
420s

7.14x1072 gal/s

(a) Seven minutes is 420 seconds, so the rate is T

3 3
(b) Converting gallons first to liters, then to m3, r= (7.14 %1072 gal) 3786 L |10 " m
S 1 gal 1L

r= 2.70x107* m3/s

2.70x107* m3/s \ 3600

3
(c) At that rate, to fill a 1-m? tank would take t :( I m )( 1h ): 1.03 h
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*1.14 The weight flow rate is 1200 ton(ZOOO b )( ! h_ )(1 mm) = 667 Ib/s
h ton A 60min/\ 60s
*1.15 It is often useful to remember that the 1600-m race at track and field events is approximately 1

mile in length. To be precise, there are 1609 meters in a mile. Thus, 1 acre is equal in area to

2 2
(1 acre)( 1 mi )(1609 m) = 4.05x10° m?

640 acres mi

12 —
*1.16  (a) 6x10" $ ( 1h )(1 day) lyr = 190 years
1000 $/s N\3600s A 24h A365days) L~ |

(b) The circumference of the Earth at the equator is 27(6378 x10% m)=4.01x10" m. The length of

one dollar bill is 0.155 m so that the length of 6 trillion bills is 9.30x 10" m. Thus, the 6 trillion
dollars would encircle the Earth

11
930x10° M _ 5 35 x10* times
4.01x10” m
vV _378x107° m? )
1.17 V=At so t=—="———>—= 151x10" m (or 151 um)
A 25.0m
d 1 _15 300 ft 3
118 (@) dya e = doudl || —Rtom. seale | (5 40 %107 m )| ——————|=6.70x107° ft
nucleus, scale nucleus, rea datom, real ( ) 106 x 10 10 m
OF  drudes scale = (679%107 £t)(304.8 mm /1 ft) =‘ 2.07 mm ‘

3 / 3 3
(b) Vatom _ 4r Tatom 3 _( Tatom ) _( datom ]
= 3 = =
Vnudeus 4T Taudleus / 3 Thucleus dnucleus

3
-10
VVatom _ (;2(6) X 18_15 mJ =| 8.62x10" times as large
40 x m

nucleus

1.19 To balance, mg, =My or PreVEe = Pa1Val
1/3 1/3
4 3 4 3 Pre 7-86) ‘ ‘
Snrg.” = Zlrr Tal = 1 =(2.00 cm)| —— = 2.86 cm
Pre ( 3) Fe = PAl ( 3) ‘Al Al = TFe ( Pal ] ( )( 270
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3

The mass of each sphere is ma1 = paVal = %
4n pFerFe3

and Mpe = PreVre = 3

4 paal” _ AT Prelre
3 3

Setting these masses equal, and TAl = Vpee\’f Pre ! PA1

Model the room as a rectangular solid with dimensions 4 m by 4 m by 3 m, and each ping-pong

ball as a sphere of diameter 0.038 m. The volume of the room is 4 x 4 x 3 = 48 m?, while the
volume of one ball is

4 (0.038 m

3
) =2.87x10"> m3.
3 2

48

Therefore, one can fit about 3
2.87 %10

10° ping-pong balls in the room.

As an aside, the actual number is smaller than this because there will be a lot of space in the room
that cannot be covered by balls. In fact, even in the best arrangement, the so-called "best packing

fraction" is %n\f’Z =0.74 so that at least 26% of the space will be empty. Therefore, the above

estimate reduces to 1.67 x 10° x 0.740 ~ 10°.

A reasonable guess for the diameter of a tire might be 2.5 ft, with a circumference of about 8 ft.
Thus, the tire would make (50000 mi)(5280 ft/mi)(1 rev/8 ft)=3x107 rev ~‘ 107 rev

Assume the tub measures 1.3 m by 0.5 m by 0.3 m. One-half of its volume is then
V =(0.5)(1.3 m)(0.5 m)(0.3 m) = 0.10 m®

The mass of this volume of water is

m V =(1000 kg/m’)(0.10 m*} =100 kg | ~10> kg

water = Pwater

Pennies are now mostly zinc, but consider copper pennies filling 50% of the volume of the tub.
The mass of copper required is

m V =(8930 kg/m’)(0.10 m*) =893 kg | ~10° kg

copper = Pcopper




1.24
1.25 (a)
(b)
(c)
*1.26
1.27 (a)
1.28

Chapter 1

The typical person probably drinks 2 to 3 soft drinks daily. Perhaps half of these were in
aluminum cans. Thus, we will estimate 1 aluminum can disposal per person per day. In the U.S.
there are ~250 million people, and 365 days in a year,

SO (250 x10° cans/ day)(365 days/year) =10' cans

are thrown away or recycled each year. Guessing that each can weighs around 1/10 of an ounce,
we estimate this represents

(1010 cans)(O.l 0z /can)(11b/16 0z)(1 ton/2000 Ib) = 3.1x 10° tons/ year. ‘ ~10° tons ‘

756.7?
37.2?
0.83
+2.5?

796.%53 = 797

0.0032 (2s.£) x 356.3 (4s£) = 1.14016 = (2s£) | 1.1

5.620 (45£) X 7 (> 45£) = 17.656 = (45£) ‘ 17.66 ‘

We work to nine significant digits:

[365.242199 d](24 h)(60 min)( 60 s
lyr=1yr -
1 min

H 31556926.0 5
lyr 1d 1h

B3 e @[3 @2

r=(6.50%0.20) cm = (6.50 £ 0.20) x 10> m m=(1.85+0.02) kg
p=4L also, 5—p=@+@
(B T

In other words, the percentages of uncertainty are cumulative.

% _ 002 3(020)

Therefore, =
p 185 650

=0.103

P=77 - ~= 1.61x10° kg/m’ and  ptp= (161£0.17)x10’ kg/m’
(3)n(6.5x10—2 m)
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V=2V, 42V, =2(V; + V) |

19.0 m —»

%
V; =(17.0 m+1.0 m +1.0 m)(1.0 m)(0.09 m) = 1.70 m® /

V, = (10.0 m)(1.0 m)(0.090 m) = 0.900 m°

V= 2(1.70 m? +0.900 m3) = 52md

ob _012m _ 0063

dwy _00Im _ 601008V _0.006+0.010+0.011 = 0.027 :\ 2.7%
wq 1.0m 14

% _ 0.1 cm 0011
2] 9.0 cm

x =7 cos 0= (550 m) cos 240° = (5.50 m)(-0.5) =| —2.75 m

y =rsin 6= (550 m) sin 240° = (5.50 m)(~0.866) = —4.76 m

The x distance out to the fly is 2.00 m and the y distance up to the fly is 1.00 m.

We can use the Pythagorean theorem to find the distance from the origin to the fly.

distance = /x2 + y% = (2,00 m)? +(1.00 m)? =500 m® = 224 m

0= tan’l(%) =26.6° r :‘ 2.24 m, 26.6°

d=1(x2 %1% +(y2 - 11)* = (2:00 - [-3.00))* +(~4.00 - 3.00)°

d=+25.0+49.0= 8.60m

n= (2000 +(~4.00)* =200 = 447 m 6, = tan‘l(—‘;'gg) = -63.4°
= \;5(—3.00)2 +(3.00)* =\18.0 =‘ 424 m 0, =/ 135° ‘ measured from the +x axis.
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(a)

(c)

(a)

(c)

(d)

(b)

(c)

We have r = \xz +1?

The radius for this new point is \/(—x)z + yz = \/x2 + yz :l

and its angle is

Je2x? w2y < 2r

Chapter 1

and 0= tan’l(y / x)

tan_l(yj = 180°—0

This point is in the third quadrant if (x, y) is in the first quadrant or in

the fourth quadrant if (x, y) is in the second quadrant. It is at an angle of‘ 180°+6 ‘

JGx? +(=3y2 = 3r

the third quadrant if (x,

To find these vector expressions
graphically, we draw each set of
vectors. Measurements of the results
are taken using a ruler and protractor.

(Scale: 1unit=0.5m)

A + B =5.2m at 60°

A -B=3.0m at 330°

B - A =3.0m at 150°

A - 2B =5.2 m at 300°.

. This point is in the fourth quadrant if (x, y) is in the first quadrant or in

y) is in the second quadrant. Itis at an angle of -6 |

|d|=|-10.0i|]= 10.0m

since the displacement is in a straight line

from point A to point B.

The actual distance skated is not equal to the straight-line displacement.
The distance follows the curved path of the semi-circle (ACB).

s=(2nr)=5z= 157 m

If the circle is complete, d begins and ends at point A. Hence,

d|= 0
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bodbod oot
—R=| 310 km at57° S of W L
h-+-<Bast .
(Scale: 1 unit=20km) s St Sl sl
F-t-+-+-_R /£~
(RN +
e -+
Pt -+
Fod -4
Fot -+ +- -
oottt +
At + -4-
I - A ok Tt R
el i T L IR I SRR
R XIS U S S O
The scale drawing for the graphical [ 7 7 7 7 7 7 7 777 H
solution should be similar to the figure [T T T -t T ittt I
to the right. The magnitude and [ T 7 7 7 77 7777 T
. . . P D Y R e e e [ - -
direction of the final displacement from T 008 T 4
the starting point are obtained by T — e\
. . R Tk ok S SRR NSRS N SR ARANY Wpuprpaprmpepenpp. S E S
measuring d and 6 on the drawing and R D
. . . F-d-d-t-d-dob-d-t-dt-t-t-t-AGr-+-F-F-F-F+-+-4
applying the scale factor used in making | « T

the drawing. The results should be

d=420ft and 6=-3°

Coordinates of the super-hero are:

x = (100 m)cos(-30.0°) = 86.6 m

¥ =(100 m)sin(-30.0°) =| -50.0 m

A, =-250 A, =400

A= A2 +A}2 = (-25.0)* +(40.0)° = 47.2 units

We observe that  tan¢ = ‘ A, ‘ / A, |

A
So ¢=tan'| L |= tan@ = tan"1(1.60) = 58.0°
|A, | 25.0

The diagram shows that the angle from the
+x axis can be found by subtracting from 180°:

(Scale: 1 unit =20 ft)

0 =180°-58°=| 122°
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(a) See figure to the right.

(b) C=A+B=2.00i+6.00j+ 3.00i—2.00j =
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5.00i + 4.00j

C=+/25.0+16.0 at tan_l(:] = 6.40 at 38.7°

D=A-B=2.00i+6.00j—3.00i +2.00j =

at tan_l( 8.00 )

D = /(~1.00)° +(8.00)

~1.00i + 8.00j

-1.00

D=806at (180°-829°)= 8.06 at 97.2°

dl = 100i dz

= -300j

d; = —150c0s(30.0°)i — 150sin(30.0°)j = ~130i — 75.0j

d, =—200c0s(60.0°)i + 200sin(60.0°)j = ~100i + 173j

R:d1+d2+d3+d4=

|R|=+/(-130)* +(-202)* =/ 240 m

0= tan‘l(igé) =57.2°

A =-8.70i+15.0j

A-B+3C=0:

or

(-130i-202j) m

and

(@) R,=40.0cos45.0°+30.0c0s45.0°=49.5

B=13.2i-6.60j

ToT-oT oA
' I |

>

‘
I ) AN

R e e e - - i

rTToToToToT O
|

0=180+¢=

3C=B-A=219i-21.6j

C=7.30i-7.20j

C

X

R, =40.0sin45.0°—-30.0sin45.0°+20.0 = 27.1

R= 49.5i+27.1j ‘

(b) |R|=1(4957 +(27.1)% = 564

6= tanl(m) = 28.7°
495

7.30 cm

; C

Y

-7.20 cm

237°

45°

[E R,

45°

11
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D=A+B+C=2i+4j

ID|=+22+42 = 447m at 0=634°

E=-A-B+C=—6i+6j

E|=62+6% = 849m at 6=135°

(A+B)=(3i-2j)+(-i—4j)= 2i-6j

(A-B)=(3i-2j)—(-i—4j)= 4i+2j

|A+B|=122+6% = 632

|A-B|=v4%+2% = 447

BB = tan‘l(—g) =-71.6°= 288°

9\ A-B = tanl(i) = 26.6°

F = 1200s(60.0°)i +120in(60.0°)j — 80.0 cos(75.0°)i + 80.0sin(75.0°)

F=60.0i+104j-20.7i+77.3j=(39.3i+181j) N

|F|=139.32+181> = 185N

F;=-F= (-39.3i-181j) N

A=3.00m, 6, =30.0°

A, =Acos8, =3.00c0s30.0°=2.60 m

B, =0, B,=3.00m SO

6= tan_l(m) = 77.8°
39.3

B=3.00m, 6z=90.0°
A, = Asin8, =3.00sin30.0°=1.50 m
A=Ai+A,j=(2.60i+1.50j) m

B=3.00j m

A +B=(2.60i+1.50j)+3.00j= (2.60i+4.50j) m
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(a)

(c)

Wehave B=R-A:

Therefore,

A= 800i+12.0j—4.00k

Chapter 1

A, =150 c0s120°=-75.0 cm

Ay =150sin120° =130 cm

R, =140c0s35.0°=115 cm

R, =140sin35.0° = 80.3 cm

B=[115—(-75)]i +[80.3—130]j = (190i — 49.7j) cm

|B|=1190% +49.7% =

6= tan_l(—49'7) =
190

B=A/4= 2.00i+3.00j—1.00k

C=-3A= -24.0i-36.0j+12.0k

196 cm

-14.7°

Let the positive x-direction be eastward, the positive y-direction be vertically upward, and the

positive z-direction be southward. The total displacement is then

d =(4.80i +4.80j) cm +(3.70j—3.70k) cm = (4.80i +8.50j—3.70k) cm

The magnitude is d =+ (4.80)° +(8.50) +(-3.70)> cm = 10.4 cm

Its angle with the y-axis follows from cosf = %, giving ’ 60 =35.5°

B=B,i+B,j+B,k=400i+600j+3.00k

| B|=~4.00% +6.00% +3.00% =

_1(4.00
o = COS

7.81) -

59.2°

7.81

39.8°

67.4°

13
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Taking components along i and j, we get two equations:

6.00a —8.000 +26.0 =0 —8.00a+3.000+19.0=0

Solving simultaneously, a=5.00, b=7.00

Therefore, 5.00A+7.00B+C=0

Since A +B=6.00j, y

wehave (A, +B,)i+(A, +B,)j=0i+6.00j

giving A +B, =0 or A, =-B, [1]

X

and A, +B,=6.00 [2]

Since both vectors have a magnitude of 5.00, we also have

A2 +A” =B +B,* =500

From A, =-B,, itis seen that A2 =B>?
Therefore, A, + Ay2 =B + By2 gives Ay2 = By2
Then, A, =B, and Eq. [2] gives A, =B, =3.00

Defining 6 as the angle between either A or B and the y axis, it is seen that

A, B
7y=7y=@=o,6oo and 6=53.1°
A B

cosf = .
5.00

The angle between A and B is then | ¢ =26 =106°

tan35.0° = ad
100 m
- X
X = (100 m) tan35.0°=| 70.0 m 35.0°

100 m

From the figure, we may see that the spacing between diagonal planes is half the distance
between diagonally adjacent atoms on a flat plane. This diagonal distance may be obtained from

the Pythagorean theorem, Lgj,, =+\I?+I?. Thus, since the atoms are separated by a distance

L =0.200 nm, the diagonal planes are separated by %\/ [? +1% = 0.141 nm




Chapter 1

*1.56 It is desired to find the distance x such that x __1000m
100 m x
(i.e., such that x is the same multiple
of 100m as the multiple that 1000 m is of x)
Thus, it is seen that x? =(100 m)(1000 m) =1.00 x 10° m?
and therefore x=v1.00x10° m? = 316m
— _[ Viota _| _Viotar 2
1.57 Atotal - (N)(AdrOp) - (Vdrop (Adrop) - 4”73 /3 (471'1’ )
A= (SVtotal)_ o 300x10°m® ) _[7, o 2
ey 2.00x10° m :
*1.58
o' (deg) | o (rad) | tan(o) sin(c) difference
15.0 0.262 0.268 0.259 3.47%
20.0 0.349 0.364 0.342 6.43%
25.0 0.436 0.466 0.423 10.2%
24.0 0.419 0.445 0.407 9.34%
24.4 0.426 0.454 0.413 9.81%
24.5 0.428 0.456 0.415 9.87%
24.6 0.429 0.458 0.416 9.98% 1 246° |
24.7 0.431 0.460 0.418 10.1%
1.59 The actual number of seconds in a year is (86400 s/day)(365.25 day/yr) = 31557600 s/ yr

The percent error in the approximation is

(w107 s/yr) - (31557600 s/ yr)

x100% = 0.449%
31557600 s/yr e ’

. (Vol rate of flow)  16.5 cm®/s

= L= 5—= 0529 cm/s
(Area: wD~/4) (630 cm)~/4

*1.60 (a) The speed of flow may be found from

16.5 cm?® /s

v=———————= 11.5cm/s
n(1.35 cm)” /4

(b) Likewise, at a 1.35 cm diameter,
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2
1.61 The volume of the galaxy is nr’t= 77:(1021 m) (1019 m) ~10%! m?

016

If the distance between stars is 4x10"° m, then there is one star in a volume on the order of

(4><1016 m)3 ~10% m?

10! m?

—— 0 10" stars
10% m3/star

The number of stars is about

1.62 The position vector from the ground under the controller of the first airplane is
r, = (19.2 km)(c0s25°)i +(19.2 km)(sin25°)j + (0.8 km)k = (17.4i + 8.11j+0.8k) km
The second is at
r, = (17.6 km)(cos 20°)i +(17.6 km)(sin20°)j+ (1.1 km)k = (16.5i +6.02j+ 1.1k) km
Now the displacement from the first plane to the second is

1, -1 =(-0.863i—2.09j+0.3k) km

with magnitude  (0.863)% +(2.09)> +(0.3)> = 229 km

*1.63 Let 6 represent the angle between the directions of A and B.
Since A and B have the same magnitudes, A, B, and R=A+B
form an isosceles triangle in which the angles are 180°-0,
6/2,and 6/2.

The magnitude of R is then R=2Acos(6/2)
[Hint: apply the law of cosines to the isosceles triangle and use
the fact that B= A. ] 0
D -B

Again, A, -B, and D = A - B form an isosceles triangle with
apex angle 6.

Applying the law of cosines
and the identity (1-cos8) = 2sin?(6/2)

gives the magnitude of D as D =2Asin(6/2)

The problem requires that R=nD
or cos(6/2)=nsin(6/2)
giving 6 =2tan"'(1/n)

16



*1.64

(a)

Chapter 1

You start at point A: r =14 =(30.0i-20.0j) m

The displacement to B is rg — 1, =60.0i+80.0j—30.0i+20.0j=30.0i +100j
You cover half of this, (15.0i +50.0j)

to move to r, =30.0i —20.0j+15.0i+50.0j=45.0i+ 30.0j

Now the displacement from your current position to C is

rc —1, =—10.0i —10.0j—45.0i — 30.0j = -55.0i — 40.0j
You cover one-third, moving to

I3 =1, + Ary; =45.0i+30.0j+ %(—55.0i —40.0j)=26.7i+16.7]
The displacement from where you are to D is

rp — 13 =40.0i-30.0j-26.7i-16.7j=13.31 - 46.7j
You traverse one-quarter of it, moving to

1 =13+ (tp —13) =267 +16.7j+ (1331 - 46.7j) = 30.0i + 5.00j
The displacement from your new location to E is

rg —1, =—70.0i+60.0j—30.0i — 5.00j = -100i + 55.0j
of which you cover one-fifth the distance, —20.0i +11.0j, moving to

1y + Arys = 30.0i+5.00j— 20.0i +11.0j = 10.0i +16.0j

The treasure is at ‘ (10.0 m, 16.0 m)

Following the directions brings you to the average position of the trees. The steps we took
numerically in part (a) bring you to

1 +
nee=(3")
thento (rA+rB)+rC_(rA+rB)/2:rA+rB+rC
2 3 3
then to (rA+rB+rC)+rD_(rA+rB+rC)/3:rA+l'B+rc+rD
3 4 4

Ty +Ig+ro+T rp—(ry+rg+1o+1p)/4 r +rR+r-+1H+T
and last to (s B4C D)+E (ra 35C D) _Ipt1p 5(,: D tIg

This center of mass of the tree distribution is the same location whatever order we take the trees
in.
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*1.65

1.66

18

(a)

(a)

(b)

Chapter 1

Let T represent the force exerted by each child. y
The x-component of the resultant force is .

T cos0+ T cos120° + T cos240° = T(1) + T(-0.5) + T(-0.5) = 0 T o
The y-component is T

Tsin0+Tsin120+ T'sin240 =0+ 0.866T —0.866T =0
Thus, XF=0

If the total force is not zero, it must point in some direction. When each child moves one space
clockwise, the total must turn clockwise by that angle, 360°/N . Since each child exerts the same
force, the new situation is identical to the old and the net force on the tire must still point in the
original direction. The contradiction indicates that we were wrong in supposing that the total
force is not zero. The total force must be zero.

From the picture, Ry =ai+bj and ‘Rl ‘ =\a? + 1

R, =ai+bj+ck;

. . .y 12 /
its magnitude is \;‘Rl‘ +c? =~Na* +b* +c?
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ANSWERS TO EVEN NUMBERED PROBLEMS

623 kg/m?®

4r p(r23 — r13)

3
(@) 72.6kg (b)
(b) only

(a) ii (b)
9.19 nm/s

667 1b/s

(@) 190yr (b)
(@) 2.07 mm (b)

Tal = TFe3\5PFe ! Pai

~107 or 10® rev

~10% cans; ~ 10° tons
31556 926.0 s

(1.61 £0.17) x10° kg/m?
(-2.75, -4.76) m

(a) 8.60m

(a) 5.2mat60°

(c) 3.0mat150° (d)

7.82 x10%° atoms

iii (c) i

2.32x10* times

8.62x 10" times as large

(b) 4.47 m,-63.4°,4.24 m, 135°

(b) 3.0m at 330°

5.2 m at 300°
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60.

62.

64.

66.
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310 km at57°S of W
86.6 m, -50.0 m
(a) See the solution. (b) 5.00i+ 4.00j, 6.40 at 38.7°,-1.00i + 8.00j, 8.06 at 97.2°

C, =7.30cm, Cy =-720cm

(a) 4.47 m at 63.4° (b) 8.49 m at 135°
(a) 185N at77.8° from the +x axis (b) (-39.3i-181j)N
196 cm at-14.7°

(a) 104 cm (b) 35.5°
a=>5.00,b="7.00

70.0 m

316 m

24.6°

(a) 0.529 cm/s (b) 11.5cm/s

2.29 km

(10.0 m, 16.0 m)

(@) Ry=ai+bj; Ry=va’+b> (b)) R,=ai+bj+ck; Ry="a®+b>+c?



