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1
Introduction

ANSWERS TO WARM-UP EXERCISES

1.

4.

(a) The number given, 568 017, has six significant figures, which we will retain in converting the number to scientific nota-

tion. Moving the decimal five spaces to the left gives us the answer,|5.680 17 x 10].

(b) The number given, 0.000 309, has three significant figures, which we will retain in converting the number to scientific
notation. Moving the decimal four spaces to the right gives us the answer,[3.09 x 10 il

We first collect terms, then simplify:

MILLF [T MILPITP _ g
TP [ [TPIL] [T]

As we will see in Chapter 6, these are the units for momentum.

Examining the expression shows that the units of meters and seconds squared (s?) appear in both the numerator and the de-
nominator, and therefore cancel out. We combine the numbers and units separately, squaring the last term before doing so:

&  Me&100kme &600se.

«_1.00 0$M0*¥‘$k_m0*ﬁ/’

=(7.00 N PR A

( )‘v1.00x103'¢’v1.00'¢’.§/¢‘m7¢, mi’ .,
_[25.2 K™
min?

The required conversion can be carried out in one step:

% 1.00 cubitus®
h=(200m) ——— " =4.49 cubiti

5 The area of the house in square feet (1 420 ft?) contains 3 significant figures. Our answer will therefore also contain three

significant figures. Also note that the conversion from feet to meters is squared to account for the t units in which the area
is originally given.
«100me?

A= (1 420 ﬁz)’ =131.909 m2 =

3.281ft7#

Using a calculator to multiply the length by the width gives a raw answer of 6 783 m?. This answer must be rounded to con-
tain the same number of significant figures as the least accurate factor in the product. The least accurate factor is the length,
which contains 2 significant figures, since the trailing zero is not significant (see Section 1.6). The correct answer for the

area of the airstrip is|6.80 x 10° m?

Adding the three numbers with a calculator gives 21.4 + 15 + 17.17 + 4.003 = 57.573. However, this answer must be
rounded to contain the same number of significant figures as the least accurate number in the sum, which is 15, with two
significant figures. The correct answer is thereforeé

The given Cartesian coordinates are x = -5.00 and y = 12.00. The least accurate of these coordinates contains 3 significant
figures, so we will express our answer in three significant figures. The specified point, (-5.00, 12.00), is in the second quad-

rant since x < 0 and y > 0. To find the polar coordinates (r, 0 ) of this point, we use

r=yx2+y? =/(5.00)? +(12.00)2 =13.0

and



> y ° n_l - 12.00 e

0 =tan? =ta =-67.3°

(P ¥ 5.00%

Since the point is in the second quadrant, we add 180° to this angle to obtain 6 = —67.3° + 180° = 113°. The polar coordi-

nates of the point are therefore [(13.0, 113°).

9.  Referto ANS. FIG 9. The height of the tree is described by the tangent of the 26° angle, or

tan 26°= h
45 m

from which we obtain

h =(45 m) tan 26°= l'"""l""'f;'_;"'l;""'“";
ANS.FIG9

ANSWERS TO EVEN NUMBERED CONCEPTUAL QUESTIONS

2. Atomic clocks are based on the electromagnetic waves that atoms emit. Also, pulsars are highly regular astronomical clocks.
4. (@) ~05Ih=025kgor~I0" kg
(b) =4lh=2kgor-10" kg
©  =4000 Ib= 2000 kg or <10" kg
6. Let us assume the atoms are solid spheres of diameter 107'° m. Then, the volume of each atom is of the order of 107%° m®,
(More precisely, volume = 47+ /3 = md’/5.) Therefore, since 1 em™ = 107 m”, the number of atoms in the 1 cm®solid is on
the order of 10~ /10~ =1(** 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.

8. Realistically, the only lengths you might be able to verify are the length of a football field and the length of a housefly. The
only time intervals subject to verification would be the length of a day and the time between normal heartbeats.

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

12. 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.

ANSWERS TO EVEN NUMBERED PROBLEMS

2. (a) LT (b) L

4, All three equations are dimensionally incorrect.

6. (a) kgmfs (b) Ft=p

8. (a) 226 (b) 227 () 22.6 is more reliable
10. (a) 300%10° mfs B 2.9979%10° ms (c) 2.997925x10" m/s
12. (@) 346m'+1im’ (b) HEOmELIm

14. (a) 797 () 11 () 17.66

16. 3w cmys

18 @ 560x10° km=5.60%10° m =5.60x107 cm

(b)

049N 2km=4912m=4912x10" cm



20.

22.

24.

26.

28.

30.

32.

34.

36.

38.

40.

42.

44,

46.

48.

50.

52.

54.

56.

58.

60.

62.

(©)  6.192km=6.192%10" m=6.192x10" ¢cm

(d)  2.499km=2.499%10" m =2.499x10" ¢m

106 km/L

9.2 nmy's

29%10° m" =2.9%10" cm’

2.57x10° m’

~10" sleps

~10" people with colds on any given day

@ d42=1i0"m'b) 0 m ) ~10" cells

(@ ~10" prokaryotes (b) =10 kg

(c)  The very large mass of prokaryotes implies they are important to the biosphere. They are responsible for fixing car-
bon, producing oxygen, and breaking up pollutants, among many other biological roles. Humans depend on them!

22m

8.1cm

Ac:Jr" +, —=2nrcos(6,—6.)
233 m

(& 1.50m (b) 2.60 m
8.60 m

(a) and (b)

e 1.00 km—>1

. |
[ x >

() Ya=tanl2.0° y/(x=100 km)=tan14.0° (d) 144x10" m

i d-tan@ tan ¢

_t:m ¢—tané
(@ 1609 km/h (o) &% km/h (c) 16 km/h

Assumes population of 300 million, average of 1 can/week per person, and 0.5 oz per can.

(@ ~10" cansjyr (b)  ~I07 tonsfyr

(@ T.4x107 galfs (b)) 2.70x107 m'fs () 1.03h
(@) AJA =4 (o) ¥ f¥ =%

(@) 500yr (b) 6.6 x 10* times

~10" balls/yr. Assumes 1 lost ball per hitter, 10 hitters per inning, 9 innings per game, and 81 games per year.



PROBLEM SOLUTIONS

Substituting dimensions into the given equation 7' = 2,/ .and recognizing that 27 is a dimensionless constant, we have

Ml . [L sifra
[T]:ﬂj% o T’\(L,»"r’ ¥T=1

Thus, the[ dimensions are consistent ]

X
(@)  Fromx =Bt we find that # = 7. Thus, B has units of

x| L]
[B] 1| T

(b) Ifx=Asin(2mfi), then [A]=[4]/[sin{2x /)]
But the sine of an angle is a dimensionless ratio.

Therefore, LA]=1x]=

(a) The units of volume, area, and height are:

[V]=L'[A]=L" andlh]=L

We then observe thatl* = 1°1. or[V[=[AllA]

ThUS, the equation V=dAklis [(lilllkfllﬁi()llil”y correct I

(0)  Vigiugee = TR A= (TR }h = Ak, where

Voimgaber = £Wh = (fw)h = Ah, where | A = fw = length > width |

. . " . FEY
@  Intheequation =m®" = +mu; + fmeh, [me*|=[mui]=M| T l =5
\ /

While[\/"i.é_’; ]= \JM[ %— ] = E!r—l Thus, the equation is [ dimensionally incorrect |,

. . T O3 F I
(b) Inur=w, +at” [t'|=|E=”|=I—1: putlar I=1alle"] =| T ]( T ] =L, Hence, this equation is[dimcn.\i(_umlly mncomrect |,
\ /
_ X R A o I VR . B _ _
(c) Inthe equation ma =", we see that [7a|=[mlla]= M] ™I ™ while [77]= T ] =T Therefore, this equation

is also[ dimensionally incormrect |,

From the universal gravitation law, the constant G is G = " /M. Its units are then

X ll‘]_rJ | (R -m/s’ }(nﬁ) | m?

IG]=

[M][m] hgokg kg5




3 =
(@) Solving KE = ﬁ for the momentum, p, gives 2 =21 { K} where the numeral 2 is a dimensionless constant. Di-

mensional analysis gives the units of momentum as:
[r]= ‘f[m][k'l-.' :JM( M-LYT) = JM" LT =M(LYT)

Therefore, in the Sl system, the units of momentum are | k& - {mjs)|,

(b)  Note that the units of force are kg m/s* or[ £]=M-1/T* Then, observethat
[Fle]=(M-L/T*). T=M(1/T)=[p]
From this, it follows that force multiplied by time is proportional to momentum: |FI = /. (See the impulse—momentum

theorem in Chapter 6, - &t = Ap, which says that a constant force F multiplied by a duration of time At equals the
change in momentum, Ap.)

Area=(length)x (width) = (9.72 m)(5.3 m) =

(@  Computing (& | without rounding the intermediate result yields

(&) =[22.6]to three significant figures.

(b) Rounding the intermediate result to three significant figures yields
JE=28284 — 283

Then, we obtain | ﬁ:]l =(2.83)" =[22.7] to three significant figures.

(c) Ihe answer 22.6 is more reliable] because rounding in part (b) was carried out toosoon.

(@ 789102 has| 3 significant figures | with the uncertainty in the tenths position.

(b) 3. TEE=10" has [ 4 significant I'xgurc.\rl

(€) 246107 has| 3 significant figures |

(d) 0.0032=32%10" has| 2 significant figures | The two zeros were originally included only to position the decimal.
£=2.997 924 58%10° m/s
(8 Rounded to 3 significant figures: ¢ =| 3.00x 10" m/s

(b))  Rounded to 5 significant figures: ¢ =| 2.997 9x 10" m/s

(c) Rounded to 7 significant figures: ¢ =| 2.997 925x10" m/s ]

Observe that the length {= 5.62 cm. the width 7 = #.35 cm, and the height # = 2.74 em all contain 3 significantfigures.
Thus, any product of these quantities should contain 3 significant figures.

@  fw=(5.62cm)(6.35 cm)=[35.7 cm’]
(b) V={(fw)h=(357cm’}(2.78 cm)=[99.2 cm’

(© wh=(635em)(2.78 cm)=



= (wh)£=(17.7 em® }(5.62 cm) =

(d) In the rounding process, small amounts are either added to or subtracted from an answer to satisfy the rules of signify
cant figures. For a given rounding, different small adjustments are made, introducing a certain amount of randomness
in the last significant digit of the final answer.

112 (1) A=m=r(l05m£02m) =a[(105m)’ £2(105m)(0.2m)+(0.2m)’|
Recognize that the last term in the brackets is insignificant in comparison to the other two. Thus, we have
A =z[l 10m’ +4.2 m]:W‘
(by C=2mr= 2r(105m£0.2 m) =m

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={fow-h=({29cm)(17.8 em)(11.4 cm) =

(@) The sum is rounded to because 756 in the terms to be added has no positions beyond the decimal.

(b) 0.0032x3563=(3.2x10 *)%356.3 = 114016 must be rounded to because 3.2x10" has only twosignificant
figures.

(c) 5.620x x must be roundedto because 5.620 has only four significant figures.

5280 ft \( 1 f;
d = (250 000 ml)[ : ” AL

" ]='Zzl(l .nhulns
LOOmi JL 6f |

The answer is limited to one significant figure because of the accuracy to which the conversion from fathoms to feet is
given.

{186 —Fua%en-gﬁ-[l-rﬂtﬁ-igh[

5 3 ] 0 cm
Tt 1 Tommight | 14 days 1 854><m“ \1%@-;[1 1 32
L ; |

b
vng  o=[F07 7]

{ 4y
6.00 firkins = 6.00 M ),af

(37 (10" emt ) A W -rwy
86 h { | ‘ l h ‘ !:“(),Z(M m'|
| 8 BN J\ 10" em [ X

o 1609 km 3
£=(34% mi [—]= 5.60%10° km |=|5.60x10° m |=| 5.60=107 cm
118 (@) = (348mi) T |=| =] = |

1.609 km

\
(b) /':(“"13“)\ Rmuuj ()49|’km]—l49l"m|—‘-l.‘)I2><l()"c|n

(1609 km | —s— 7 ;
© Hh=(203201) 'T’:h—“l'—" ]: 6.192 km |=| 6.192x10" m |=[6.192x10° cm |
| 528

. 609 )
@ (I=(32(K)u)’ '“M:‘"" 2499 km |=| 2.499x10° m |=[2.499x10° cm |

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 con-
version factor is given.



- (1 ke I mi 3600 £ ) .
1.19 2_38'0/[10'\0(][1.6094&%][ ih ]—85.()m|/h

IYc.\. the driver is exceeding the speed limit by 10.0 mi/h],

< af ([ Tkm ) ) 2wl
officiency = 25.0 — =110.6 >
120 Kpseon) D 0621 ol J 3786l | L6 km/l

ster 53 254 ¢
121(a) r= dum;ur :nn[ ?gm ]= :]ﬁ.xl =
2 in

() A=dmr =4x(681cm) =
© V=g =gnlosian)’ <[00 o]

1.22 rate =

{1 day 15 v
L +Hr b&)\ I){ -..4.M ")' nm Wzm
32 Wy || 244 | 3600s )| 1.004w )| 107 Pag |
This means that the proteins are assembled at a rate of many layers of atoms each second!

s MC)(3600-5 Y 1 ket I mi o
2 [WOX“) ~]{ I'h ][u)‘m](l.m:'ln{]=

2832107
1.24 Volume of house = (50.0 ft){26 t){8.0 f:}[w]

1 il

=[29x107w" |=(2.9x10° f][much_ 2.9%10° cm’®
m
43560 T g
1.25 Vulumc:(lS.Ow,ff)( AL ]H }\}[ L ]]:53.0xx|o‘m

U

3281 A | fere 3281 R

1.26 volume of pyramid =

| —

(area of bﬂse]{height]

._,,|._

12.0 acres)[43 560 ft*/acre | |(481 ft)= 0.08=10" f
-t I *facre)]

. ) -2 3
—{9.08107 f:-"][%} 2.57%10° ut
: ; ,

1.27 Volume of cube = L =1 quart (Where L = length of one side of thecube.)

s, 0/=(1 g L2 || A28 | 1000 ) gy

and  L=4947 cm’ =982 cm
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 o Cicumference 2R, 27(6.38%10" m)
Step Length Sup Length 0.5 m/step

=8x107 steps



1.32 (@) V=

or N =10 steps

We assume an average respiration rate of about 10 breaths/minute and a typical life span of 70 years. Then, an estimate of
the number of breaths an average person would take in a lifetimeis

{ .. breaths )
n;ll() Ry

f Y -\
Al 3.156x10 1 | ‘
{70 yf )| N |4 i l— 410" breaths

L 1y JL e
or # — 10" breaths

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

] g
- - 2 weeks |
probability of sickneys = =

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

Number sick =( population)( probability of sickness)={(7=10" ’,v ‘Ih =3x10" or| 10°]
(@) Assume that a typical intestinal tract has a length of about 7 m and average diameter of 4 cm. The estimated total in-
testinal volume is then

V= Af =| % |{=Mw m) =0.009 m’

The approximate volume occupied by a single bacterium is
'L.-’

i — (fypical length scale)’ = (107 m ]3 =107% m’

If it is assumed that bacteria occupy one hundredth of the total intestinal volume, the estimate of the number of microorgan-
isms in the human intestinal tract is

roo [ 3
_Vig/100_ (0009’ 100

o o =9x10% or
bacieria

(b) The large value of the number of bacteria estimated to exist in the intestinal tract means that they are probably not

dangerous. Intestinal bacteria help digest food and provide important nutrients. Humans and bacteria enjoy a mutually bene-
ficial symbiotic relationship.

' =

w | 4

o | e

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

Viogy = Al = (e Jh=m(0.15 m)*(1.5m)=0.11m" or

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

o Vo _ 0.11m’

=2.6x10" or |~10%]
A2kl or [2107]

el

A reasonable guess for the diameter of a tire might be 3 ft, with a circumference (¢ = 27r = 13 = distance travels per revo-



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

total distance traveled (50 000 mi )(5 280 ft/mi) . - 1
ng——mm e 7mm —— 11— = — =310 rev, or|~10" rey

distance per revolution 9 fi/rev

Answers to this problem will vary, dependent on the assumptions one makes. This solution assumes that bacteria and other
prokaryotes occupy approximately one ten-millionth (10-7) of the Earth’s volume, and that the density of a prokaryote, like
the density of the human body, is approximately equal to that of water (103kg/m3).

; 107 |y, (1077 R (107 )(10° m)'  —

(@) estimated number =n= V‘rm’ --{ v . R e —— ) - [10™
ingle ingle (length scale ) (107 m)
pec oz [ i - :

_ y g ke om0 -
b m,_ = density | total volume ) - p, V. =107 == |[10% (107 m] - |10" kg
®) wal 2 €7 P | prch:ryuu J | m | ' [ ]

(c) The very large mass of prokaryotes implies they are important to the biosphere. They are responsible for fixing car-
bon, producing oxygen, and breaking up pollutants, among many other biological roles. Humans depend on them!

The x coordinate is foundas ¥ =rcosf=(25mJcos35°= 20m

and they coordinate y=rsnf=(2.5m)sin35°= 14 m

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

d=,/ L4y = \}[2.“111); [ |?l,l)m.): =

The distance from the origin to the fly is r in polar coordinates, and this was found to be 2.2 m in Problem 36. The angle 0 is
the angle between r and the horizontal reference line (the x axis in this case). Thus, the angle can be found as
y  1.0m

tanf === - =0.50 and #=1an"' (0.50)=27"
r 2.0m

The polar coordinatesare| r=2.2m and #=27"

The x distance between the twopoints is  |Ax|=|x, —x,|=|-3.0 em — 5.0 cm|=%.0 cm and the y distance between them is
|Av|=]v; = | =30 em — 4.0 em|=1.0} cm. The distance between them is found from the Pythagorean theorem:

d= Axf -|.-i_1|: =..|':[H.[P cm) +(1.0em)” = J65em’ =
Refer to the Figure given in Problem 1.40 below. The Cartesian coordinates for the two given points are:

x=rgcost =(2.00 m)cos50.0°=1.29 m X, =rcost, =({5.00 mjcos(—500%=3.21 m

¥ = gfsing =200 m)sin50.0°=1.53 m ¥y, =rsing, = (500 m)sin(-50.0)=-3.83 m

The distance between the two points is then:

As = V(( Ax) +{Ay) = J( .29 m=321m) +(1.53 m+3.83 m) = ;5.6‘) m}
Consider the Figure shown at the right. The Cartesian coordinates for the two points are:

X, =1 cos6, X, = 1. cosh,

¥, =1 sind, ¥, = r5in 6.



P L

|
|
I
r |
N
A.\, |_Ay =}vl _.‘.2

! I

! |
/ |
(x2,32) ¢ |

=5 el

gl ? _/___’-‘ |

b- Ax=x;—x3

X

The distance between the two points is the length of the hypotenuse of the shaded triangle and is given by

As= f(A\‘)" +[A.\']: = \ﬁ.l', =X ): +(3 =% )

or

As= ...‘I'I[rl: cos” 8 + rf cos’ 8,—25r cos#, cosé, |+ I{rl: sin’ 8+ nf sin’ 8, —25p siné, siné, |

= u'l"l': ['ccus: 8 + sin® 8 }l + r; {cosz a,+ sin® 8, }l — 255y (cos8, cosB, +sin6 siné, |

Applying the identities cos® @+ sin” @ = 1 and cos 8, cos 8, +sin 6, sinb. =cos (8, -8, ), this reduces to

s s 1 = =
As =" 41 =257, (cos 6, cos6, +5in6, sin, )= Ji 45 =255 cos(6,-0,)

(@ With ;= &0 m and b being two sides of this right triangle having hypotenuse . =4 (i1 m, the Pythagorean theorem
gives the unknown side as

b=V —a* = \J(9.00 m)’ =(6.00 m)’ =[671m

b

a=6.00m
c=9.00m

6,00 m

a . b 671m
AR @ =—= = -().g().»; sing=-—= =|0.746
(b) fan b 6.71m © Ay ¢ 900m

From the diagram, cos{75.0°) = /1.

Thus, d = L cos{73.0°)=(9.00 m) cos(75.0%)= | 233 m

10



The circumference of thefountain is ¢’ = 2sr, so the radius is

- 15
r:(—: 150 m =239 m

2n 2

h h
tan{S5.0°%)=—= - i i
Thus, tan{ ) =330, Whichgives

h=(2.39 m)an(55.0°) 5 341 m

opposite side

sinf = site side =(3. )sin(30.0%)= | 1.5
(@) SO emie SO OPposite side (3.00 m)sin(30.0")
adjacent side . : .
cosll=——— jacent side =(3. cos{30.0%) = | 2.
(b) <os e > adjacent side =(3.00 m)cos{30.0°)
1.45 (a) The side opposite e: (b) The side adjacent to ¢=
4.00 ; 4.00
Coslf=——= | (LRI sing = = | (LB
© =500 @ P50
4,00
(€ Wn=300"
Using the diagram at the right, the Pythagorean theorem yields
(R \['(5.0() m) +(7.00 m)’ = |1'i-'f"U m | 5.00m =

From the diagram given in Problem 1.46 above, it is seen th -

au

[5007] s vy e -
anf = e =0714 and O=tan” (0.714)=[355"]

(@) and (b) See the Figure given at the right.

(c)  Applying the definition of the tangent function to the large right triangle containing the 12.0° angle gives:

T
W

120° e[|

e 1.00 km—>{

X

o

Also, applying the definition of the tangent function to the smaller right triangle containing the 14.0° angle gives:

L =ran14.0° 2]
x—1.00 km

11



(d) From Equation [1] above, observe that & = v/tan12.0"

Substituting this result into Equation [2] gives

yetan 12.0°
v—(1.00 km ) tan 12.0°

=tanl4.0y’

Then, solving for the height of the mountain, y, yields

LX) an12.0°u R —
v= (1.00 km)t '.",I ) l_"_‘!f‘ L 1.44 km =IL|.-H:-:I() =
tan 14.0° = tan 1 2.0° AR 0

Using the sketch at the right:

w
100 m

= L0 m ) tan 3507 = TOL0 m

The figure at the right shows the situation described in the
problem statement.

=tan35.0°, or

1M m

Applying the definition of the tangent function to the large right triangle containing the angle © in the Figure, one obtains

y
[ i |4

I x i

vix=tand [1]

Also, applying the definition of the tangent function to the small right triangle containing the angle ¢ gives

Jlid =lang [2]

Solving Equation [1] for x and substituting the result into Equation [2] yields

y v tan@
= 1an @ or — ~=1an¢

\3-‘lun.é) -d y—d-tanB

The last resultsimplifies to yvetanf= vy tang—d-tanf-tang

Solving for y: y(tan @~ tan @) = ~d -tan@ tand  or

__d-tanB-lang _|d-tan - tang
tanB—tang tand—tan @

@) Given that ¢ = £/, we have I7 == mer. Therefore, the units of force are those ofma,

[Fl=Ima)=[mlla)=M(L/T"}=| MLT" |

(b) “..I:M[.%,lz% S0 ncwmn=iJ
mi omi L6059 km Yy km
Il —=|1 — || ———
152 (@) 1 | h }[ T
mi(__ mi\ 1.609 km/h km
Vo =35 = =55 ==
(6) Du=55 =35 5 ( =T B




mi mi mi
Av, =65 —-55 —=|10 —
(©) A, =657 5 ( e ]

1.60% km/h km
— = |16 —
I mi/h h

(@  Sincelm=10" em, thenlm'=(1m) =(10° cm) =(10°)" em' =10 em’, giving

10%107" kg

1.0¢em’

10° em’ ) 3
‘.'." [={1.0x10" kg
n‘ J

As a rough calculation, treat each of the following objects as if they were 100% water.

mass = density )( \ulumc)=[

](m m')

g {
:[I.()xl(l v kg ](l() m']l
em’ \

————— |

. ke\d ~ s
(b) Ce||:mu\s=dcnxi|y:<mluuu::3\l() :}]i}r(().b()xlﬂ m) =L5,2xl(l l\;_.

&,
(©)  kidney: mass = density < volume = p( -Tr W:[ 10 k% m(4.0x107 m) = () 27 kg |
) L3 ] m )3

mass = density x volume = {density ) (zrit)

(d) fly:

=[|n‘ “. ]x(m/u) m) (4.0%10” m)=[13%10" ke |

Assume an average of 1 can per person each week and a population of 300 million.

number cans/ person

]I:popu]ﬂlicun:l (weeks/ vear)

A

number cans/vear = (
@ ¥ . week

= [] Canperson ](E-XIDS people}l[SZ weeks/vr)
| week

=2x10'" Cans/yr, or ~10" cans;yr
(b)  number of tons = (weight/can ) (number cans /year)
UDR oz ” I b ” I ton mzxmm ﬂw
| can [\, léozj\EGDD]bf 5 yr
=3x10" ton/yr, or

Assumes an average weight of 0.5 oz of aluminum per can.

The term s has dimensions of L, a has dimensions of LT—2, and t has dimensions of T. Therefore, the equation, &= ka"¢"
with k being dimensionless, has dimensions of

& "[LT-: ‘]m('l‘)" or |_|T" =™ T-.l.-lu.-

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, wesee that ,; _ 5, =, OF

I Dimensional analysis cannot determine the value of & ] a dimensionless constant.
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(@) The rate of filling in gallons per second is

_ 300 gal {'I min

= ={7.14%107 gal/s
T e

(b) Note that Note that I m* :(]02 cm)3 z(l()ﬁ mng)(l()jiL_q]: 107 L. Thus,

rate
\

T cm
sl [ 3786 L ) 1m® ) ,
rite=T.045%107 24 37861 o |= 2.70x10™ m'/s
s{ lgal JI10°L )

V, 00 m’ . )
(o) =2 =--'—~1'—T:=.1.71)x1(t s( : 1 J=|1:Q~Lh_

rate  2.70x107 m'/s L3600 s

The volume of paint used is given by V = Ah, where A is the area covered and h is the thickness of the layer. Thus,

Voo 379x107 m” " '
h=—== = 1.52%107" m=152%10" m=|152 um
A 250 m°

(@) Forasphere, 4 =4x&" Inthis case, the radius of the second sphere is twice that of the first, or ¥. =2 £,

Hence, - = =

A, amR: RP (2R)
- = [4
A 4mR; R r‘

4
(b)  For a sphere, thevolume is V= ;IR
V. (43)zR: R} (2R)
Thus, - = TE oy =y = |¥
V, (43)zR] R R]
The estimate of the total distance cars are driven each year is

d = (cars in use ) (distance traveled per car) = (100x10° cars)(10* mi/cur) =1%10" mi

At a rate of 20 mi/gal, the fuel used per year would be

d_1x10" mi _

V= =5x10" gal

' rate, 20 mi/gal
If the rate increasedto 25 mi/gal, the annual fuel consumption would be

% 10" mi 0
L) L L N
rate;, 25 mi/gal

and the fuel savings each year would be
savings =V, =V, =5x10" gal =4x10" gal ={1%10" gal|

(@ Thetime interval required to repay the debt will be calculated by dividing the total debt by the rate at which it is re-
paid.

S17 trillion 516 x 10"

- =
SH0OTS (S 10007533156 % 107 Syr)

5349 yr - SIHF yr

(b)  The number of times $17 trillion in bills encircles the Earth is given by 17 trillion times the length of one dollar bill
divided by the circumference of the Earth (C = 24R,).

14



_n- (17x10?)(0.155 m)

_16.6 x10* times

N'=2nRe = 2r (6378 x10° m)

1.61(a)

o[ 365.2 days |[8.64x10" s )
Lye=(1 W " 6 th:i_&‘v H BO4<10° s l<[316%10" =
Py | ey

(b) Consider a segment of the surface of the Moon which has an area of 1 m2 and a depth of 1 m. When filled with mete-
orites, each having a diameter 10-® m, the number of meteorites along each edge of this box is

e lengthofanedge  Im G

meEorite diameter B 107 m
The total number of meteorites in the filled box is then
N=n'=(10°)'=10"

At the rate of 1 meteorite per second, the time to fill the box is

" u Al ly \ "
t=10" s=(10" ¢ e = 3% 10" yr, OF [ o
( }._ 116%107 s ) - [ 107 yr

We will assume that, on average, 1 ball will be lost per hitter, that there will be about 10 hitters per inning, a game has 9
innings, and the team plays 81 home games per season. Our estimate of the number of game balls needed per season is then

number of balls needed = (number lost per hitter | | number hitters/game | {home games/year )

i J '1[‘:. ..‘_‘ W - . - £ i ;. -\..‘.‘ Y
(1 ball per hjucrj|:| 1o e ” g 1nning :|| g Eame

inning game ||| year
balls balls
=T300 or | ~10%
vear year

The volume of the Milky Way galaxy is roughly
VC=A!=| xd !==£|'J'3I21 m) (10" m| or V. 108
| _1 ] _I_ L1 Y )

If, within the Milky Way galaxy, there is typically one neutron star in a spherical volume of radius = 3 1{1'* m, then the
galactic volume per neutron star is

4 4 :
V, =T.frr3=T.’r|_?-><l(]ls mf=1><lr;:5" m®  or  V, -10% m’

The order of magnitude of the number of neutron stars in the Milky Way is then

V. 0w’

-— or |J'i' — 107 neutron ::t;uul
Vo107 m
1

i

15



2
Motion in One Dimension

QUICK QUIZZES

1.

(@ 200yd (o) O (cc O
(a) False. The car may be slowing down, so that the direction of its acceleration is opposite the direction of itsvelocity.
(b) True. If the velocity is in the direction chosen as negative, a positive acceleration causes a decrease in speed.

() True. For an accelerating particle to stop at all, the velocity and acceleration must have opposite signs, so that the
speed is decreasing. If this is the case, the particle will eventually come to rest. If the acceleration remains constant,
however, the particle must begin to move again, opposite to the direction of its original velocity. If the particle comes
to rest and then stays at rest, the acceleration has become zero at the moment the motion stops. This is the case for a
braking car—the acceleration is negative and goes to zero as the car comes to rest.

The velocity-vs.-time graph (a) has a constant slope, indicating a constant acceleration, which is represented by the accelera-
tion-vs.-time graph (e).

Graph (b) represents an object whose speed always increases, and does so at an ever increasing rate. Thus, the acceleration
must be increasing, and the acceleration-vs.-time graph that best indicates this behavior is (d).

Graph (c) depicts an object which first has a velocity that increases at a constant rate, which means that the object’s accel-
eration is constant. The motion then changes to one at constant speed, indicating that the acceleration of the object becomes
zero. Thus, the best match to this situation is graph (f).

Choice (b). According to graph b, there are some instants in time when the object is simultaneously at two different x-
coordinates. This is physically impossible.

(a) The blue graph of Figure 2.14b best shows the puck’s position as a function of time. As seen in Figure 2.14a, the dis-
tance the puck has traveled grows at an increasing rate for approximately three time intervals, grows at a steady rate for
about four time intervals, and then grows at a diminishing rate for the last two intervals.

(b) The red graph of Figure 2.14c best illustrates the speed (distance traveled per time interval) of the puck as a function of
time. It shows the puck gaining speed for approximately three time intervals, moving at constant speed for about four
time intervals, then slowing to rest during the last two intervals.

(c) The green graph of Figure 2.14d best shows the puck’s acceleration as a function of time. The puck gains velocity
(positive acceleration) for approximately three time intervals, moves at constant velocity (zero acceleration) for about
four time intervals, and then loses velocity (negative acceleration) for roughly the last two time intervals.

Choice (e). The acceleration of the ball remains constant while it is in the air. The magnitude of its acceleration is the free-
fall acceleration, g = 9.80 m/s?.

Choice (c). As it travels upward, its speed decreases by 9.80 m/s during each second of its motion. When it reaches the peak
of its motion, its speed becomes zero. As the ball moves downward, its speed increases by 9.80 m/s each second.

Choices (a) and (f). The first jumper will always be moving with a higher velocity than the second. Thus, in a given time
interval, the first jumper covers more distance than the second, and the separation distance between them increases. At any
given instant of time, the velocities of the jumpers are definitely different, because one had a head start. In a time interval af-
ter this instant, however, each jumper increases his or her velocity by the same amount, because they have the same accel-
eration. Thus, the difference in velocities stays the same.
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ANSWERS TO WARM-UP EXERCISES

1. For a quadratic equation in the form of ax? + bx + ¢ =0, the quadratic formula gives the answer for x as
x= b 42 — 4ac
2a
The quadratic equation given has a = 2.00, b =-6.00, and ¢ = —9.00. Substituting into the quadratic formula gives two solu-
tions for t:
600 +/(-6.00)" —4(2.00)(-9.00) _ 6.004108
2(2.00) 4.00
which gives t = ort=
2. (@ Solving the first equation for the time t (assuming Sl units):

-98t+49=0 —» -98t=-49 — t=|50s
(b)  Substituting the value of t from above into the equation for x:

X = —4.9t% + 49t +16 = —4.9(5.00 5)° +49(5.00 5) +16

=138.5 m =|140 m|

3. (a) Setting the two equations for x equal to one another, we obtain
3.00t2=24.0t+72.0
Rearranging gives us a quadratic equation,
3.00t2-24.0t-72.0=0
Dividing out a factor of 3.00,
t2-8.00t-24.0=0

Substituting into the quadratic formula gives

,_ 800 +/(-8.00)" ~4(1.00)(-24.00) _ 8.004160
2(1.00) 2.00

= or —2.32s

Where we have chosen the positive root for the time t.

(b) Substituting the value of t from above into the first equation for x:

X =3.00t2=3.00 (10.35)

Where the answer has been expressed in three significant figures.
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(@) The football player covers a total of 150 yards in 18.0 s. His average speed is

elapsed time 18.0° s

(b) The football player’s average velocity is his total displacement divided by the elapsed time. His displacement at the
end of the run is 50.0 yards, since he has returned to the fifty-yard line.

Ax 50.0yd
V=" = =
At 180 2.78 yd/s

At ground level, the displacement of the rock from its launch point is Ay = —h, where h is the height of the tower and up-
ward has been chosen as the positive direction. From Equation 2.10,

L’= U5t 2aAy
we obtain (with a = —g),
ol Vo2 (i)
- ‘i\/(12.0 m/s)” +2(-9.80 m/s?)(~40.0 m) ‘ =

Once the arrow has left the bow, it has a constant downward acceleration equal to the free-fall acceleration, g. Taking up-
ward as the positive direction, the elapsed time required for the velocity to change from an initial value of 15.0 m/s upward

(Vo=+15.0m/s) to a value of 8.00 m/s downward (L ;= —8.00 m/s) is givenby

Ao AL _ V=V -8.00m/s— (+15.0mfs) _
a -g -9.80 m/s?

We set the initial position of the blue ball, at a height of 10.0 m, as the origin and take upward as the positive direction. The
initial position of the blue ball is then 0, and the initial position of the red ball is 10.0 m — 6.00 m = 4.00 m below the blue
ball, or at y = —4.00 m. At the instant that the blue ball catches up to the red ball, the y coordinate of both balls will be equal.
The displacement of the red ball is given by

Ay =y-y =v t+1at2

red 0,red 0,red E
Since the initial velocity of the red ball is zero,

— t2
yred = yO,red E g
The displacement of the blue ball is given by

Ay =y -y =v t+1at2

blue blue 0,blue 0,blue E
or

1
t—"gt?

Yoe= Loppiue

Setting the two equations equal and substituting a = —g gives
18



Slgtroo -lge
yO,red 2 0,blue 2
Simplifying,

UO.quet = Yored

or

t: yo,red :m:

Vo biue —-4.00 m/s

ANSWERS TO EVEN NUMBERED CONCEPTUAL QUESTIONS

2.

10.

12.

Yes. The particle may stop at some instant, but still have an acceleration, as when a ball thrown straight up reaches its
maximum height.

(@) No. They can be used only when the acceleration is constant.

(b) Yes. Zero is a constant.

(a) In Figure (c), the images are farther apart for each successive time interval. The object is moving toward the right and
speeding up. This means that the acceleration is positive in Figure (c).

(b) In Figure (a), the first four images show an increasing distance traveled each time interval and therefore a positive ac-
celeration. However, after the fourth image, the spacing is decreasing, showing that the object is now slowing down (or
has negative acceleration).

(c) InFigure (b), the images are equally spaced, showing that the object moved the same distance in each time interval.
Hence, the velocity is constant in Figure (b).

(a) At the maximum height, the ball is momentarily at rest (i.e., has zero velocity). The acceleration remains constant, with
magnitude equal to the free-fall acceleration g and directed downward. Thus, even though the velocity is momentarily
zero, it continues to change, and the ball will begin to gain speed in the downwarddirection.

(b) The acceleration of the ball remains constant in magnitude and direction throughout the ball’s free flight, from the in-
stant it leaves the hand until the instant just before it strikes the ground. The acceleration is directed downward and has
a magnitude equal to the freefall acceleration g.

(a) Successive images on the film will be separated by a constant distance if the ball has constant velocity.

(b) Starting at the right-most image, the images will be getting closer together as one moves toward the left.

(c) Starting at the right-most image, the images will be getting farther apart as one moves toward the left.

(d) Asone moves from left to right, the balls will first get farther apart in each successive image, then closer together when
the ball begins to slow down.

Once the ball has left the thrower’s hand, it is a freely falling body with a constant, nonzero, acceleration of a = ig.

Since the acceleration of the ball is not zero at any point on its trajectory, choices (a) through (d) are all false and the cor-
rect response is (e).
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14,

The initial velocity of the car is L= 0 and the velocity at time t is L . The constant acceleration is therefore given by

and the average velocity of the car is

B:(LZ%,):@_;O):Q

2

The distance traveled in time t is Ax = vt = Lt/2. In the special case where a = 0 (and hence L = V,= 0), we see that
statements (a), (b), (c), and (d) are all correct. However, in the general case (a * 0, and hence
L = 0) only statements (b) and (c) are true. Statement (e) is not true in either case.

ANSWERS TO EVEN NUMBERED PROBLEMS

2.

4.

10.

12.

14.

16.

18.

20.

22.

(@)
(@)
@)
(d)
@)
(d)
(@)
@)
(d)
(@)

2510 mi (b) Arf2R =24

10,04 my's (b) TM2 mfs

3.000 mfs (b) 1.25 mfs (c) =250 m/fs
=333 m/s e O

+40 m/fs (b) —0.50 m/s () =1.0 m/s
0

2.3 min (b) 64 mi

Lit (by Lt (c0 O

2Lf(1, +1,)

1.3%10° s (b) 13m

() The trailing runner’s speed must be greater than that of the leader, and the leader’s distance from the finish line must be
great enough to give the trailing runner time to make up the deficient distance.

(b) =df(z,—v,) ) d=vdf(v,-v)

(a) Some data points that can be used to plot the graph are as given below:
X (m) 5.75 16.0 35.3 68.0 119 192
t(s) 1.00 2.00 3.00 4.00 5.00 6.00

(b) 410 m/s, 41.0 m/s, 41.0 m/fs

(c) 17.0 m/s, much smaller than the instantancous velocity at 1 =4.00 s

(@ 20.0 m/s, 5.00 m/s (b) 263m

0.391s
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24, (i) @ O (b) 1.6 m/s’ (c) 0.80 m/s’

(i) @ O (b) 1.6 m/s’ (co 0
26. The curves intersect at ; = 16,4 s,

500+

1

E

=t car
250+ police

officer
U | | | |

1
0 4.00 8.00 12.0 16.0 20,0 {(s}—

28. a=274x10" m/s* =(2.79%10" )¢
. vy
— —_—
0. (@ = — x (m)
| |
0 2.00%10° m
(b) o =0 +2a(Ax) © a=(7;-v])/2(a) (d) 125 m/s’
(e) 8.00s
32. (@ 135m (b) 135m (¢) 135m
(d) 225m
34. (a) 20.0s (b) No, it cannot land safely on the 0.800 km runway.
36. (@ 5.51km (b) 20.8 mfs, 41.6 m/s. 20.8 m/s, 387 m/s
38. (@ 107m (b) 1.49 m/s’
40. (@ v=af (b) Av=idar
(©) Ax,, =4at] +as, ++a,tl
42. 95 m
44, 29.1s
46. 1.79s
48. (a) Yes. (b) Ty =369 m/s (C)|‘\'.',..-. e =2:39 m/s

(d) No, |A""3._w.- =371 m/s The two rocks have the same acceleration, but the rock thrown downward has a higher aver-
age speed between the two levels, and is accelerated over a smaller time interval.

50. (@ 2.1 m/s (b) 19.6m (c) 181 m/s, 19.6m
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52. @ v=|uv,—gl|=lo,+gt| () d=4ig’
(c) v=lv,—gt|.d=4gr
54, (@ 294 m/s (b) 441m
56. (@) =202 m/s’ (b) 198m
58. (@ 4.53s (b) 141 mfs
60. (@) ©=hir+gt)2 (b)y T=hit—gf2
62. See Solutions Section for Motion Diagrams.
64. Yes. The minimum acceleration needed to complete the 1 mile distance in the allotted time is «, = {1032 m/s®, considera-
bly less than what she is capable of producing.
66. (@) n=h-og-4gt’. y,=h+vg—4g’ (b) t-t=20,/¢
¢ wv,=v, =- {-‘f;:vZ.ﬁel.: (d) ».—w =2 as long as both balls are still in the air.
68. 310 mys
70. (@) 3.00s (b) @:=-152 m/s

() »=-314 m/fs, 2, =—34.8 m/s
72. (@ 22s (b) -21m/s
74. (@) onlyifacceleration=0 (b) Yes, for all initial velocities and accelerations.

PROBLEM SOLUTIONS

We assume that you are approximately 2 m tall and that the nerve impulse travels at uniform speed. The elapsed time is then

Ax 2m ; -
A = = e = 2% 107 5 =(0.02 s

v 100 m/s
@) At constant speed, ¢ = 3= 10" mys, the distance light travels in 0.1 sis

Av=c(Ar)=(3x10" m/s)(0.15)

=(3x (1 mi I | B
=(3x10 )ﬂ/){\ 1,609 T }[ T ]-—[_z\l() mi |

(o) Comparing the result of part (a) to the diameter of the Earth, De, we find

Ax  Ax  3.0x107 a4

D, 2R, 2(638x10" af)

=124] (with R, = Earth’s radius)

Distances traveled between pairs of cities are
Ax, = o, (A, ) =(80.0 km/h)(0.500 h)=40.0 km
Ax, =, (AL )=(100 km/h)(0.200 h) =20.0 km

Ar, =, (AL )=(40.0 km/h)(0.750 h)=30.0 km
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Thus, the total distance traveled is Ax = (40.00+20.0+ 30.0) km =90.0 km, and the elapsed time is
Ar=0500 h+ 0200 h+0.950 h+0.250 h=1.70 h.

Ar 900 km
) = e—= =[52.9 km/h
T
(b)  Ax=[90.0 km | (see above)

. A 2000¢10° M e
24 p=—=""T "  =110.04 m/s
@ At 19.92 5 [10.04 mys|

5_&_1.000?:1'1_609%) 10°m \_
) =" 223.5.«[ I ini, }[I}m{ E

(@)

@) Boat A requires 1.0 h to cross the lake and 1.0 h to return, total time 2.0 h. Boat B requires 2.0 h to cross the lake at
which time the race is over. | Boat A wins, being 60 km ahead of B | when the race ends.

(b) Average velocity is the net displacement of the boat divided by the total elapsed time. The winning boat is back where
it started, its displacement thus being zero, yielding an average velocity of | #&ri |

The average velocity over any time interval is

—  Ax X
V==
At
— Ax 10.0m-0
T o s e e 52 _5.()() m/s
N vinte v~ ur ya EXL T
~_Ax_500m-0 _

5 =270 . [T25 mis
® =T 300s-0
Ay 500m-=100m
D) = e £ ettt 22 | P25 (} S
©F = T aM0s—2.00s
— Ar =300m-=5.00m
V== =|=3.33 m/s
@)= X = 700s—2.00s

- Ar x-x -0
T o . == el = =10
@ A T =, 8.00s-0 (o]

x(m)
10 j"

B

AT

4 £ b

Wi \

_: 1 2 3 4 5 7 s
“ Vi

i -

P UL e G et ; " lh
27 @) Displacement = Ax = (85.0 km/h)(35.0 mm)[ —(m)—ml—n

+130 km =180 km |

f
(b) The total elapsed time is Ar =(35.0 min+15.0 min)| - l"] — +200h=283h
60.0 min

23



2.8

(@)

_ Ax IR0 km ]
S0, D=——= —=|63.6 km/h :
At 2.84 h l—/

The average velocity over any time interval is

:_At_.vt—.t,
CTA -,

~

— Ax 0-0 -

V= —= =0
(d) At 5.0s-0 -
| A O |
N | A 3 4/5
21

\ _ 2 . . . .
The plane starts from rest (%, =0) and maintains a constantacceleration of 4= +1.3 m/s” Thus, we find the distance it will
travel before reaching the required takeoff speed (=73 m/s), from ¥" =? + 2a(Ax ), as

is)

=2 % ”—Smj-“ =22x10' m=22km
2a 2(1.3 m/s%)

Since this distance is less than the length of therunway, |the plane takes off safely.|

Ax
The time for a car to make the trip is ! = o Thus, the difference in the times for the two cars to complete the same 10 mile
L
trip is

_Ax A.\'_[ 10 mi 10 mi ][60111in

At=t,—t,=—-"= - 23 mi
b 55 mi/h 70 mi/h 1h )

v, 0,
(b) When the faster car has a 15.0 min lead, it is ahead by a distance equal to that traveled by the slower car in a time of
15.0 min. This distance is given by Ax, = ¢, (At) =(55 mi/h)(15 min),

The faster car pulls ahead of the slower car at a rate of

t =70 mi/h — 55 mif/h = 15 mi/

Thus, the time required for it to get distance 4, aheadis

Ax, _ (55 mi/h)(15 min)
1 15.0 mi/h

)
Urelative

A = =55 min

Finally, the distance the faster car has traveled during this time is

24



, lh
Ay, =0, (A1) = } mi 55 S— i |
Ay, =0, (Ar)= (70 mifh)(5 mm)[ T ] 64 mi

@  From?, =7 +2a(Ax) with 7, =0, @, =72 km/h ang Ax = 45 m, the acceleration of the cheetah is found tobe

l:[ 7 Ry ][ 10" m
v -] T X 1 R

[ 7 IVVX ]]. _0

3600 s pmee——
= - 44 S
2(Ax) 2(45 m) [L/\‘

(b)  The cheetah’s displacement 3.5 s after starting from rest is

a=

Ax= v,l+%m: =()+%(4.4 m/s*)(3.5 s) =|27 m

212 (a) B=——t=—=[+L1,

- (Ax), -L
® B=pnt=_—=[L]

_(Av),, _(Ax) +(Ax), _+L-L _ 0

)Vt = T = s — ==
() (A1), to+t, L+t 4t
total distance traveled ( Ax), | + I( Ax), I |+L|+|-L| 2L
(d)(ave. speed) = = = =
(A), ., 1+ o+, I+t

(@) The total time for the trip is 7, =1, +22.0 min =, +0.367 h, where t; is the time spent traveling at , = #%.5 km/h,
Thus, the distance traveled is Ax = ©, 1, = o1, which gives

(89.5 km/h)t, =(77.8 km/h)(t, +0.367 h)=(77.8 km/h)r, +28.5 km
or, (89.5 km/h—77.8 km/h)t, =28.5 km
From which, ; =244 h for a total time of £, =/ +0.367 h= Im
(b)  The distance traveled during the trip is & =7, t, =T, giving
AX=T0,,=(77.8 km/h)(2.81 h)=[219km |
@) At the end of the race, the tortoise has been moving for time t and the hare for a time f=2.0 min=1¢-120s. The speed
of the tortoise is z, =0.100) m/s and the speed of the hare is ¥, =20, = 2.0 m/s, The tortoise travels distance xi,

which is 0.20 m larger than the distance x, traveled by the hare. Hence,

x, =x, +020m

which becomes ¢, 7=, (r =120 5)+0.20 m

or (0,100 m/s)r=(2.0 m/s)(r=120s)4+0.20 m

This gives the time of the race as r =| 1.3x10)" 5
(b) x =2,t=(0.100 m/s)(1.3x10° s)=[13m]|
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(@)

The maximum allowed time to complete the trip is

5 total distance 1600 m | km/h 530
= = =23.0S8
"4 required average speed 250 km/h| 0.278 mys
The time spent in the first half of the trip is
half distance 800m [ 1 km/h
= - = =12.5s
v 230 km/h| 0.278 m/s |

Thus, the maximum time that can be spent on the second half of the trip is

=l =1 =2305-1255=1055

and the required average speed on the second half is

half distance 800 m (1 km/h ) ‘
3, = = = 762 m/s| ——_ L5374 km/h |
g [ 1055 / ([ 0.278 m/s | lj

In order for the trailing athlete to be able to catch the leader, his speed (v1) must be greater than that of the leading ath- lete

(b)

(©

(u2), and the distance between the leading athlete and the finish line must be great enough to give the trailing ath- lete
sufficient time to make up the deficient distance, d.

During a time t the leading athlete will travel a distance > = . and the trailing athlete will travel a distance ¢, = 7,1,
Only when ¢, =, +4 (where d is the initial distance the trailing athlete was behind the leader) will the trailing athlete
have caught the leader. Requiring that this condition be satisfied gives the elapsed time required for the second athlete
to overtake the first:

di=dy+d or ot=v,0+d

giving v —v,t =d or r='d/(vl—-t".)

In order for the trailing athlete to be able to at least tie for first place, the initial distance D between the leader and the
finish line must be greater than or equal to the distance the leader can travel in the time t calculated above (i.e., the time
required to overtake the leader). That is, we must require that

d

Dzd, =vt=v,[df(v,-v,)] o |PZ

¥
L B

The instantaneous velocity at any time is the slope of the x vs. t graph at that time. We compute this slope by using two
points on a straight segment of the curve, one point on each side of the point of interest.

(@)

(b)

(©)

:M :W
2008—-0 ‘“——— g

_(5.00-10.0) m _
©(4.00-2.00) s

_(5.00-500) m _
T(500-400)s

it

(d)(d) 0—(=5.00 m)
Vii =S om——— =1 200/ m/8

(8.00-7.00) s
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g

L [i]
MW,
MV
4 i =,
alf \
_:14&4,; ) e
4 \/
i
@) A few typical values are
ts) X (m)
1.00 5.75
2.00 16.0
3.00 35.3
4.00 68.0
5.00 119
6.00 192
00 X
180 /
160 i
140 f
120
100
§ o 7
&0 A 4
40 _'!f"
20 '-"""TF
Na- " t
003 100 200 300 400 500 &00
Hs)
(b) We will use a 0.400 s interval centered at t =400 s. We findatt=3.80s,x=60.2mand att=4.20s, x =76.6 m.

Therefore,

Ay 164 m
e 2F {210 mfs
T A 0400 mjs

Using a time interval of 0.200 s, we find the corresponding values to be: att=3.90s,x =64.0mandatt=4.10s, x =
72.2 m. Thus,

Ay 8.20m
P = = 41.0 m/s
“TA 02008 [0 s ]

For a time interval of 0.100 s, the values are: att=3.95s, x=66.0 m, and at t = 4.05 s, x = 70.1 m. Therefore,

Ay 4.10m
-,:_:____:-H.(l m/s
“TA 0100 ERETD

(c) Att=4.00s, x=68.0m. Thus, for the first 4.00s,

_Ax_680m-0

=———=[17.0 m/s
A 40050
This value is than the instantaneous velocity att = 4.00 s.

)

~
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Choose a coordinate axis with the origin at the flagpole and east as the positive direction. Then, using x = x,, + o1+ ar”
with a = 0 for each runner, the x-coordinate of each runner at time tis

X, ==40mi+(6.0 mi/h)r and x, =3.0 mi+(=5.0 mi/h)t

When the runners meet, -, =1y
giving —4.0 mi+(6.0 mi/h}r =30 mi+(-=5.0 mi/h)t
or (6.0 mi/h+5.0 mi/h)r=3.0 mi+4.0 mi

This gives the elapsed time when they meet as # =(7.0 mi}/(11.0 mi/h)=0.64 h. At thistime,

x, = x, =—0.18 mi, Thus, they meet [ 0.18 mi west of the flagpole |,

From the figure at the right, observe that the motion of this particle can be broken into three distinct time intervals, during
each of which the particle has a constant acceleration. These intervals and the associated accelerations are

0<1<100s. a=a, =+2.00 m/fs’

1001 <1508, a=a, =0

dylm /8%)

2

1L

0 | — 1 t(5)
10 15 20

_1_

—2L

_3‘_

and 150<€1<200s, a=a,==3.00 m/s’

(@ Applying ¥, =, +alAr) to each of the three time intervals gives

forfi=s<10.0 s, v, =0, +a (A1 )=0+(2.00 m/s*)(10.0 §)=[20.0 m/s

for10.0s€1r<150s, v:=7, +a, (A, ) =200 m/s+0=20.0 m/s

for 15.0 s <1< 200 5, Uy, = Uy +a, (A1;) =20.0 m/s+(-3.00 m/s*)(5.00 5)=

()  Applying Av =1, (At)+a(Ar)’ to each of the time intervals gives

foro=s<100s,
l 2 I 2 . p 2
Ax, =0, A +—a, (A1) =0+ —(2.00 m/s”)(10.05)" =1.00x10° m
for10.0s<t <1505,
Ax, = AL, + -_I’-u: (./.\!: )" =(20.0 m/s)(5.00 5)+0=1.00x 1 m

forisns<r<200s
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Ax, =0, Al + —:—u] (:\l, ):
=(20.0 m/s)(5.00 .\)+%(—3.00 m/s*)(5.00 s) =62.5m

Thus, the total distance traveled in the first 20.0 s is

Ax,,, =Ax, +Ax, +Ax, =100 m+100 m+62.5 m =[263 m]

We choose the positive direction to point away from the wall. Then, the initial velocity of the ball is », =-25.0 m/s and the
final velocity is ¥, =+22.0' m/S_|f this change in velocity occurs over a time interval of A7 = 3.50 ms (i.€., the interval dur-
ing which the ball is in contact with the wall), the average acceleration is
Av U, -7 22.0 m/s—(=25.0 m/s) e
i= “\‘ _ O T XesU MYS ..(.-:,‘ ) ','_],’_7) =1.34%10" ",/.\«J
Ar Ar 350x107 s : -

From « = Az/As, the required time is

Av i/h—0 . (0. /s )
= A :‘ 60.0 mi/h—( Ig _ ’ ()4—!7.m 5 =[()39| m
a | Tg 9.80 m/s” || 1 mi/h —
Ap Av  (60-55) mi/h( 0.447 m/s
— A== = 3.7s
From &="3r, we have a 060 m/s’ | 1 mih

(i) (@Fromt=0tot=5.0s,

z— = — =

t,—1, 50s-0

v, —v,  —8.0 m/s—(-8.0 m/s) [_‘
J =10

(b) Fromt=5.0stot=15s,

8.0 m/s—(-R.0 m/s) | 2
gt m/s—( "‘-”]zm

I5s=50+s

(¢ Fromt=0tot=20s,

_ 80 m/s—(-8.0 m/s) 18 porTrrEey
a= T =1 0.80 m/s

wm,/5)

B

T
I

| |
5 2 Hs)

e O e

(i)  Atany instant, the instantaneous acceleration equals the slope of the line tangent to the v vs. t graph at that point in
time.

(@ Att=2.0s, the slope of the tangent line to the curve is .
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(b) Att=10s, the slope of the tangent line is .

(c) Att=18s, the slope of the tangent line is.
— Av 175mifh-0 e
2.25 (a) U'—E—T— 70.0 ml/h'.\
W (1609 m Y 1A ) o :
70.0 ‘ =313
K-s ) T (36005 | (313 w/s’]

Alternatively,

or =

=|3.19g |

u—| Y B “li |

9.80 m/s’
b ! - Y
(b) If the acceleration is constant, Av =0, +bar

Ke0d (" 35 ](2.50 s) =[97.8m
281 fi
Arv={978 m) =2 -321 ]
or { ] ( Im )

As in the algebraic solution to Example 2.5, we let t represent the time the trooper has been moving.

police
officer

0+ T 1 T T T
0 4.00 800 12.0 16.0 20.0 ¢ (s)—
We graph

o = 240 m +(24_0 m/sjr

and

=(1.50 m/s’)r’

h e
The curves intersectat # =|16.4 s

Apply Ax =0, ++at® to the 2.00-second time interval during which the object moves from , = 3.00 ¢in g, =—5.00 cm
With @, = 12.0 cm/s| this yields an acceleration of

3[(&,—-1',)-\'1] 2[(=5.00~3.00) em=(12.0 cm/s)(2.005) ]

0= ——— ——

s (’(xn)

or a=|[-16.0 cm/s’
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2.30

From ot = [)': +2u(Ax ], we have( 10.97x10° m/s) = 0+2a(220 m'] so that

g 10.0710" m/'s) =0 3
oy i T =( . ) =l 27410 mfy’
2(Ax) 2{2N m)

|=, 279107 times g!]
080 m/ )

={2.74x1 ' mfs |1

() Ax=0(Ar)= [(1'+t'u )/2]A1 becomes

2.80m/ S+,

400 m=

‘(3 50s)

(4().0 m)=2.80m/s=|6.61 m/s
) -0, 2.80 (‘)(
b) a=- A‘ "'x“s” o /S [Z0.448 m/s’
Y S

2
which yields @, = S5

i vy
—_— —_—
@) ——= — A (m]
| I
0 2,00 x10° m

(b) The known quantities are initial velocity, final velocity, and displacement. The kinematics equation that relates these
quantities to acceleration is [1"; =] +2a(Ax)

- 2
v, —0;

2{Ax)

vy =0 (300 m/s)' —(20.0 m/s)’ :
u= = re) - . =i .25 Y
@ 2(Ax) 2(2.00x10° m) ’I‘

Av _©,-0, 300 m/s—20.0 m/s

- = A=y H m = ————= ~ = 8.0() b l
(e) Using @ =Av/Af we find that 3 % 1.25 m/s: (8:00 s}

@ a=

(@ Withv=120 km/h, o= + 2a(Ax) yields
s [(120 km/h)* -0]( 0278 mys ¥ = e
232 m/s”
" 2(Ay) 2(240 m) 1 km/h

b Th ired ti B At = V-0, _ (IZ() kln‘/‘h—()) 0278 m,-"S ):
() € required time 15 a 2.32 m/s’ I km/h | —

@ From?, =0 +2a(Ax) with ©, =6.00 m/s and v, =12.0 m/s e find

v -t‘,“ (12.0 m/s)’ —(6.00 m;’s): -
Ar =~ == ’ o ={13.5m
2a 2(4.00 m/s*)

(b) In this case, the object moves in the same direction for the entire time interval and the total distance traveled is simply

the magnitude or absolute value of the displacement. That s,

d=|Ax|=
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2.33

(c) Here, ¥, =—6.00 m/s and v, =12.0 m/s and we find

2
-y
i

Ay =

)
(e

——=[13.5m/| [the same as in part (a)]
Za

(d) Inthis case, the object initially slows down as it travels in the negative x-direction, stops momentarily, and then gains
speed as it begins traveling in the positive x-direction. We find the total distance traveled by first finding the displace-
ment during each phase of this motion.

While coming to rest{z, =—6.00 m/s. v, =0),

v - (0) —(-6.00 m/s)

— =—4.50m
2a 2(4.00 m/s”)

Arx, =

After reversing direction (¢, =0, v, =12.0 m/s),

v - (12.0 m/s)’ —(0)

= . ———=18.0m
2a 2(4.()(' m/s )

Axv, =

Note that the net displacement is Ar = Ay, +Ax, =—4.50 m+18.0 m =13.5 m  as found in part (c) above. However, the
total distance traveled in this case is

d =|Ax |+ |Av,|=|-4.50 m[+]18.0 m|=[22.5 m]
=0, _ 24.0 m/s* =0 e |
(@ a= B des 8.14 m/s

0, =0, 200 m/s—=10.0 m/s _
(b) Froma=Au/Ar the required time is & = SRl WY B

(c) For uniform acceleration, the change in velocity Av generated in time At is given by A7 =a(At), From this, it

is seen that doubling the length of the time interval At will always double the change in velocity Av. A more precise
way of stating this is: “When acceleration is constant, velocity is a linear function of time.”

. . ) v—0, 0-100 m/s
t= = = 20.0 5
(@) The time required to stop the plane is = 2500 mls

(b)  The minimum distance needed to stop is

Ax=0t=
9

z P

g ( 2% ) = ((H '0? L ](20.0 $)=1000 m =1.00 km

Thus, the plane requires a minimumrunway length of 1.00 km. | It cannot land safely on a 0.800 km runway. |

We choose . =) and ¢ =) at the location of Sue’s car when she first spots the van and applies the brakes. Then, the initial
conditions for Sue’s car are x,; = 0 and 7, = 30.0 m/s, Her constant acceleration for + >0 is a; =—2.00 m/s*. The initial
conditions for the van are x,, =155 m, 7, =5.00 m/s, and its constant acceleration is «, = 0. We then use

Av=ux—x, =v+4ar” to write an equation for the x-coordinate of each vehicle for r = 0. This gives

I ionss : e
Sue’s Car: X5 =0=(30.0 m/s)t+—(=2.00 m/s*)r* or x;=(30.0 m/s)r—(1.00 m/s* )¢’

Van: I ;
X, =155 m=(5.00 m/s)r+ _,(H)I' or X, =155 m+(5.00 m/s)¢
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In order for a collision to occur, the two vehicles must be at the same location {i.e.. x; = x, . Thus, we test for a collision by
equating the two equations for the x-coordinates and see if the resulting equation has any real solutions.

= = (30.0 m/s)r—(1.00 m/s*)r’ =155 m+(5.00 m/s)r
or (100 m/s )" —(25.00 mfs)+155 m=0

Using the quadratic formula yields

~(~25.00 m/s ;:J(—zs.m m/s)’ —4(1.00 m/s*)(155 m)

= o
2(1.00 m/s™)

=13.6s or |[11.45]

The solutions are real, not imaginary, so |a collision will occur|. The smaller of the two solutions is the collision time. (The
larger solution tells when the van would pull ahead of the car again if the vehicles could pass harmlessly through each
other.) The x-coordinate where the collision occurs is given by

Kestion =Xy 0 s =X b0, =155 m+(5.00 m/s)(11.4 s)=[212 m]
The velocity at the end of the first interval is
o=u,+ar=0+(2.77 m/s}(15.0s)=41.6 m/s

This is also the constant velocity during the second interval and the initial velocity for the third interval. Also, note that the
duration of the second interval isf, = (2.05 min)(60.0 s/l min) =123 s,

| B
(@) FromAv=10,1+ 5 @7, the total displacement is

I’A\').u =(Ax ) +|A|'I; +{ Ax )

-[0 + i|:.7? m/s?)(150 sy I [(41.6 m/s)(123 5]+ 0]

" [(4!.6 mys)1(4.39 5)4 %{-‘),47 m/s’ )(4.39 sl'}

or (Ax), , =312 m+5.12x 10" m+91.4m=552x10'm= |552km

- (A), 312m :
v =- = = 20.8 m/s
6 B 150 L

(Ax)., 5.12x10°m
D= - =

. fy 123 5

= [ 41.6 m/s|

- (AY), 914m 5
) N — — —3 . . /s 1
B 4305 2.8 m/s| and the average velocity for the

(Ax),,, 5.52%10" m

inis ¥ = M = =| 388 ,
total tripis 7, = (150+123+4.39) 5 s ]

bodal
Using the uniformly accelerated motion equation Av =1t ++ar for the full 40 s intervalyields
Av=(20 m/s)(40 5)++(=1.0 m/s" }(40 s)" =0, which is obviously wrong. The source of the error is found by computing
the time required for the train to come to rest. This time is
_v-v, 0-20m/s

t= = — =205
a =1.0 m/s’
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Thus, the train is slowing down for the first 20 s and is at rest for the last 20 s of the 40 s interval.

The acceleration is not constant during the full 40 s. It is, however, constant during the first 20 s as the train slows to rest.
Application of Ax =1+ 4t to this interval gives the stopping distance as

Ax=(20 m/s)(20 s)+%(—l.0 111/32)(20 s)’ ={ 200 m

{ i Y 0. /s )
om0 anid ;| 40,0 BLY ST WS ingimss
S | h )| | mi/h )
(@) To find the distance traveled, we use
(0,40, ) (17,9 m/s+0 )

l:i - }lll.()x):[](l?lh]

|
J \ - J

. v, =7, 179 m/s-0 5
(= — = 1.49 m/s"
(b)  The constant acceleration is ¢ p 2.0 s

At the end of the acceleration period, the velocity is

v=v,+at,, =0+(1.5 m/s’)(505)=T7.5 m/s

This is also the initial velocity for the braking period.

(a) Afterbraking, @, =v+art, . = 7.5 m/s+[—2.() m/s; )(3.0 .\]2

(b) The total distance traveled is

Ax e =(AX)_ .+ (A = (00t (T1) =

Nk 5 [ aoxe
\

7.5 m/s+0 1.5 mis+7.5 m/s

/ — LriCls oy LBl SRy Setilth a £ ) — 2

At = 252 508y ¢ AT 30 9)=[32m]
\ b \ <

For the acceleration period, the parameters for the car are: initial velocity = o, = 0. acceleration = a, = a,,

elapsed time ={At) =1, and final velocity =v . For the braking period, the parameters are:

initial velocity = v,, = final velocity of acceleration period = v, acceleration = a, = a,, and ¢lapsed time = (A7), =1,

(a) To determine the velocity of the car just before the brakes are engaged, we apply ¥, =¥, +a(At] to the acceleration
period and find

v, =0, =0, +a, (A1) =0+at, o v, =

(b) We may use Av =1, (At)+La(At) to determine the distance traveled during the acceleration period (i.e., before the
driver begins to brake). This gives

(Ax) =0, (A1), +4a (A )’ =0+ -l—u,l," or (Ax) =

§o e
5 .. 7“1’1

(c) The displacement occurring during the braking period is

(Ax), =0, (Ar), ++a, (A1 ) =(at, )1, + %u_.l:"
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Thus, the total displacement of the car during the two intervals combined is

;
a,l,

-

(Ax), ., =(Ax) +(Ax), = afll +a ity +

T
(2

The time the Thunderbird spends slowing down is

A _Ar _2(Ax) _ 2(250 m)

9, ?+7, T 0+71.5m/s

=699 s

The time required to regain speed after the pit stop is

Av, 2(Av.)  2(350 m)
U, v+w, 11.5m/s+0

AL, = =079 ¢

Thus, the total elapsed time before the Thunderbird is back up to speedis
At=An+500s+A1. =699 5+5.005+9.795=218s

During this time, the Mercedes has traveled (at constant speed) a distance
Ax,, =0, (A ={71L.5m/s)(21.8s)=1 559 m

and the Thunderbird has fallen behind a distance

d=Ax, —Ax, —Ax, =1 559 m =250 m-350m :

The car is distance d from the dog and has initial velocity vo when the brakes are applied, giving it a constant acceleration a.
Apply &=Av/Ar=(1v, +1, }/3 to the entire trip (for which Ar=d+4.0m, Ar=10s, and v, =0) ) toobtain

d+40m 0O0+w, , d+4.0m
= = Or U, =— [1]

10s 2 ) 53.0s

Then, applying zrf, = aﬁ +2a(Ax) to the entire trip yields 0= E-‘ﬁ +2a(d+4.0 m).

Substitute for v from Equation [1] to find that

2

{+4.0m d+4.0m
D:E——TTJ—+mﬂd+4ﬂnﬂ and a=——- [2]
2557 50s°
Finally, apply Ax =v,1+4 at” to the first 8.0 s of the trip (for which Ay = d).
This gives .
d=1v,(8.0s)+4a(645") 3]

Substitute Equations [1] and [2] into Equation [3] to obtain

d= d+4ﬂn1(&ﬂﬂ+l__d+¢Qm
5.05 2 508"

]{64 s')=0.96d +3.8 m
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which yields d=38m/0.04=|95m

@ Take t = 0 at the time when the player starts to chase his opponent. At this time, the opponent is distance
d= [1 2 []1;'5] (3.0 5'} = 36 m in front of the player. At time t > 0, the displacements of the players from their
initial positions are
Av, . =(v : 22 042(40 m/s?)F
AY e = () =yl = +£|:_ 0 m/s _]r [1]

player

]
I +—a
2

-:rppl:-nenlr

- — | =
and AN = (2 -}DPJI'DE'Dl

=(12 m/s)r+0 [2]

When the players are side-by-side, ﬂl'pmﬁ =Ax opponent T 36 m [3]

Substituting Equations [1] and [2] into Equation [3] gives

J. i ] F -
;H.D 111,.fs‘}r2:{_12 m/s)f+36 m o +(—6.0 s)t+(—185" =0

Applying the quadratic formula to this result gives

~(-605)£/(-6.05) ~4(1)(-18 )

t= L :
2(1)

which has solutions of t = —2.2 s and t = +8.2 s. Since the time must be greater than zero, wemust choose I = 8.2s
as the proper answer.

0)(b) M ppyer = (V) o T+ — g :{}+é['4.(} m/s® }(8.2 s)'=[1.3%10° m

W player 2 pl:r}'e-{

The initial velocity of the trainis 77, = 82.4 km/h and the final velocity is © = 16.4 km/h. The time required for
the 400 m train to pass the crossing is found from Ax =71 = [[1-‘+ 1'0},-'2]! as

29.1s

M A 9 ! ) g :
r:_(l\]: 2(0.400 km) :[E.]Dx]ﬂ“* h) 3600 s \_
v+1v, (82.4+164) km/h "\ 1h

@ From ©° =, +2a(Ay) with v =0, we have

—1:_—1 f}
(Ay) = U —Tp _ _0—-(25.0 [Tl.‘ajl. 319 m
s 2a 2[ 98{] m/s” |

(b)  The time to reach the highest point is

~07% _0-2B0ms 55
a —9.80 m/s

up
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(@)

(@)

(c)  The time required for the ball to fall 31.9 m, starting from rest, is found from

2(Ay)  [2(-31.9m)
| = — =
V a \ —9.80 m/s”

[-J
Lh
Lh
W

] ]
Ay= ({}]r+5ar as =

(d) The velocity of the ball when it returns to the original level (2.55 s after it starts to fall from rest) is

v=1, +at=0+(-9.80 m/s*)(2.555)=|-25.0 m/s

We take upward as the positive y-direction and y = 0 at the point where the ball is released.Then,
Uy =—8.00 m/s, a, =—g=-9.80 m/s”, and Ay =-30.0 m when the ball reaches theground.

From EJS = ‘E-‘ﬁ_‘. +2a, ( Av)., the velocity of the ball just before it hits the ground is

v, = —,u.-'ag_,. +2a, (Ay) = —w.".{_a.m m/s)” +2(=9.80 m/s?)(—30.0 m) =—-25.5 m/s

Then, T, =1, +da,l gives the elapsed timeas

."'I

o=t =255 m/s—(—8.00 m/s
=00 =800 ) g
a, —9.80 m/s”

The velocity of the object when it was 30.0 m above the ground can be determined by applying Av = v,f +3‘--:If: to the
last 1.50 s of the fall. This gives

m
‘\'-.2

-

L/
—3{}.[}111:?,:,[1.5D5}+;[—9.8[} ][1.5{}5} or U, =|—12.7 m/s

(b) The displacement the object must have undergone, starting from rest, to achieve this velocity at a point 30.0 m above
the ground is given by ©° = p +2a (Ay) as

2 o2 _ e
o L,D:( 12.7 m/s) ﬂ:—S.EJm

Ay), = -
M= 2(-9.80 m/s* )

The total distance the object drops during the fall is then

(AY) | =|-8.23 m) + (=30.0m)[=[382 m

Consider the rock’s entire upward flight, for which T, =+7.40 m/s, v, =0,
a=—g=-980 m;" 5%, ¥; = 1.55 m (taking y = 0 at ground level), and V; = A = maximum altitude
reached b. Then applying EJ?, = EJ: +2a I{_ﬂ}'] to this upward flight gives

0=(7.40 m/s)" +2(~9.80 m/s*)(fi, —1.55 m)

Solving for the maximum altitude of the rock gives
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(7.40 m/s)’

- —— =434 m
2(9.80 m/s”

h . =1.55 m+

Since fi,,, >3.65 m (height of the wall), |the rock does reach the top of the wall |.

(b) To find the velocity of the rock when it reaches the top of the wall, we use ‘E!':;. = zrf +2a(Ay) and solve for Ty
when v =3.65 m (Starting with p. =+7.40 m/s at v, =1.55 m). Thisyields

zr_r:h.,.-af +2a(y,— v, :H,u"[:r.fm m/s)’ +2(~9.80 m/s?)(3.65 m—1.55 m) =[3.69 m/s

(c) Arock thrown downward at a speed of 7.40 m/s [E;; =—7.40 m ;5'} from the top of the wall undergoes a displace-
mentof {Ay)=v.— v, =1.55 m—3.65 m=—2.10 m before reaching the level of the attacker. Its velocity
when it reaches the attacker is

v, =—\J0; +2a(Ay) = —,\,I'II[_—?.4D m/s)’ +2 (—9.80 m/s*)(-2.10 m) =—=9.79 m/s

r
4

so the change in speed of this rock as it goes between the 2 points located at the top of the wall and the attacker is given
by

Alspeed),, = |E_r|—|*z-*,.”:||—9.?9 m/s|—}-7.40 m/s||=[2.39 m/s

(d) Observe that the change in speed of the ball thrown upward as it went from the attacker to the top of the wall was

3.69 m/s—7.40 m/s

=371 m/s

Alspeed), =|v; —|E‘_;|

|The two rocks do not undergo the same magnitude speed change.| The rocks have the same accelera-

tion, but the rock thrown downward has a higher average speed between the two levels, and is accelerated over a
smaller time interval.

The velocity of the child’s head just before impact (after falling a distance of 0.40 m, starting from rest) is given by
vT =v; +2a(Av) as

v, =—/U; +2a(Ay) :—,M."I{]+2 (—9.8 m/s”)(—0.40 m) =—2.8 m/s

If, upon impact, the child’s head undergoes anadditional displacement Ay = —} before coming to rest, the acceleration

. . =y — =y fr 29 ' f
impact is found from U= Ty +dlas = Av/a =—1,/ LE,‘J, ..-QF?,:L or t =—2hfv,.

during the impact can be found from v’ = E‘ﬁ +2a(Ay) tobea= ["D— E-‘f j.-“lf (—h)= L‘f /2h.. The duration of the

Applying these results to the two cases yields

-

-1

r 2.8 m/s p
Hardwood Floor (h=2.0%10" m): a=—-= [ — ,} = [2.0x10° m/s’
2 2{2.0x107 m|
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2 —2(2.0x107 m)

and = =14%107 s={ 1.4 ms

v, —-2.8m/s

]

i —2.8m/s) ﬁ
L— { '2] _=[3.9%10° m/s’
o 2{1.0x107" m)

] 2 )
Carpeted Floor (1 =1.0x107" m): a=

[

o —2(1.0x107 m]
and = = [ ’:I:?.]x]{}'H: 7.1 ms
v —2.8m/s

(@) After 2.00 s, the velocity of the mailbag is

Uty = Vg +af =—1.50 m/s+(=9.80 m/s*)(2.00 s)=—21.1 m/s

The negative sign tells us that the bag is moving downward and the magnitude of the velocity gives the speed as
21.1 m/s|.

(b) The displacement of the mailbag after 2.00 sis

v+v —21.1 m/s+(—-1.50 m/s)
MR S

}{.2.{}[} s)=—22.6 m
During this time, the helicopter, moving downward with constant velocity, undergoes a displacement of

= E,:,r+%m3 =(-1.5 m/s)(2.00 s)+0==3.00 m

I: ﬂ"‘l‘ } l:l:lFll.E":f

The distance separating the package and the helicopter at this time is then

ad=

(Ay), - {_ﬂ}')h‘:|—22.6 m—(-3.00 m)|=|-19.6 m| =[19.6 m]

(c) Here, I{.E-‘,:, :}lmg = I[.E-‘,:, ]mpmE =+1.50 m/s and @, =—9.80 [11,-'!5: while @ = O After 2.00 s, the velocity
of the mailbag is

Oy =1.50 £+[—9.3ﬂ @]{z.ﬂﬂ s)=—18.1 — and its speed is |0, |=| 18.1 —

5 8 5

E:itu:ug

In this case, the displacement of the helicopter during the 2.00 s interval is

Ay

,
Y oopter

=(+1.50 m/s)(2.00 s)+0=+3.00 m

Meanwhile, the mailbag has a displacement of

Upae T T —18.1 m/s+1.30 my/: i
(Av), = e TT0 mys+ 700 mys (2.00 s)=-16.6 m
< Mhog 2 2

39



The distance separating the package and the helicopter at this time is then

d=

(Av), - {_ﬁ}']“|:|—16.6 m—(+3.00 m)|=|-19.6 m|=

(@) From the instant the ball leaves the player’s hand until it is caught, the ball is a freely falling body with an acceleration of

a=-g=-9.80 m/s* = ‘9.80 m/s* (downward) ‘

(b) At its maximum height, the ball comes to rest momentarily and then begins to fall back downward. Thus,

E?nmx
hiei ght

(c) Consider the relation Ay = 1,f +-£rﬁ|'i"2 with @ = — &. When the ball is at the thrower’s hand, thedisplacement is
Ay =10, giving
O=v,f—+ot’

This equation has two solutions, t = 0, which corresponds to when the ball was thrown, and = 27, /g, correspond-

[N

ing to when the ball is caught. Therefore, if the ball is caught at t = 2.00 s, the initial velocity must have been

(9.80 m/s” )(2.00 s
Uy = “F'f = l:' - 3 A ) =19.80 m/s

(d) From v’ = E-‘S + 2a(Ay), with v = 0 at the maximum height,

. _ e P
[ﬂ_‘f}'mx: U v, 0—(9.80 m/s) _

2a  2(-9.80 m/s?)

@) Let t = O be the instant the package leaves the helicopter, so the package and the helicopter have a common initial ve-
locity of ¥; =—T'; (choosing upward as positive).

At times t > 0, the velocity of the package (in free-fall with constant acceleration =—=2)is givenby U =T, +al

as Erp =—U,— gl :—[E:-I:I +__[_3i":}l and .S"J'J';_J;_?-_'?' = |E.~P|: U, + 21,

o

(b) After an elapsed time t, the downward displacement of the package from its point of release will be
(Av) ol t—af =—ot ]Qrz | f+l{|=f:}
i =1 —_ —— !-I_I _— ! =—| T —_ [
<P ! 2 P u 2 0 2 ;

and the downward displacement of the helicopter (moving with constant velocity, or acceleration a, = 0) from the re-
lease point at this time is

|
(Ay), = vt +—a,l” =—v,1 +0=—1,t
o 2 - ’
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(©)

The distance separating the package and the helicopter at this time is then

J_ -

1 . . .

If the helicopter and package are moving upward at the instant of release, then the common initial velocity is
U; =+ The accelerations of the helicopter (moving with constant velocity) and the package (a freely falling object)

remain unchanged from the previous case (GP =—ganda, = G}-

v, + ﬂ'pf| =|o, — gt}

In this case, the package speed at time t > Ois |EJP| =

At this time, the displacements from the release point of the package and the helicopter are given by

. I 2 L s 1
(Ay), = “fr+5f?pf Zf’uf—iﬁf and  (Ay), = E-;-r+?aﬁ.r2 = gt + 0= 40,

The distance separating the package and helicopter at time t is now given by

=[5 81| (the same as earlier!)

d=|(4y),—(4v),|=

AP .

@) After its engines stop, the rocket is a freely falling body. It continues upward, slowing under the influence of gravity until

(b)

(©

it comes to rest momentarily at its maximum altitude. Then it falls back to Earth, gaining speed as it falls.

When it reaches a height of 150 m, the speed of the rocket is

z::hfzvg +2a(Ay) =,/(50.0 m/s)’ +2(2.00 m/s?)(150 m) =55.7 m/s

r

]

|
y(
After the engines stop, the rocket continues moving upward with an initial velocity of ¥y = 33.7 m/'s and accelera-

tion @ =—g=-9.80 [11,.-'“52. When the rocket reaches maximum height, v = 0. The displacement of the rocket
above the point where the engines stopped (that is, above the 150 m level) is

v —v;  0-(557 m/s )’

Ay = =— —
' 2a 2(=9.80 m/s"}

=158 m

The maximum height above ground that the rocket reaches is then given by f1,., = 150 m +158 m=

The total time of the upward motion of the rocket is the sum of two intervals. The first is the time for the rocket to go
from ¥, = 50.0 my/s at the ground to a velocity of ¥=33.7 M/S at an altitude of 150 m. This time is given by

r :{.ﬁ‘-ﬁ']l _ (ﬂ,‘f}'_] _ 2(150 n.]}l — 984 g
1 o, (v+7,)/2 (55.7450.0) m/s

The second interval is the time to rise 158 m starting with ¥o = 35.7 m/s and ending with v = 0. This timeis
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(Av), _ 2(158 m)

= e =5.67s
Uy (v+7,)/2 04557 m/s

The total time of the upward flightisthen 1, =1, +1, = (2.84+5.67) s=|8.51s

(d) The time for the rocket to fall 308 m back to the ground, with ¥ = 0 and acceleration @ =—g = —9.80 []1..-"'52. is

|
found from Ay=1v,f+ :arz as

2(Ay) ||'2|[.—3D8 m )

t, = = =7.935s
Y g \-9.80 m/s’

so the total time of the flight is ~ aight = Tup T laowa = (8.51+7.93) s=|16.4 5

() For the upward flight of the ball, we have U; = Ug. Uy = 0, a=-g.and Af =3.00 s. Thus,

v, = ; +alAf) gives the initial velocity as

v,=v,—alAt)=v,+g(Ar) or v, =0+(9.80 m/s*)(3.00 s)=[+29.4 m/s

(b)  The vertical displacement of the ball during this 3.00-s upward flight is

(Av)

_ 0,40, ) . (294 m/s+0 |
:I::*zr[ﬂr]:[ ;f ]{m}:[%][a.ﬂﬂs}:

During the 0.600 s required for the rig to pass completely onto the bridge, the front bumper of the tractor moves a distance
equal to the length of the rig at constant velocity of ¥ = 100 km/h. Therefore the length of the rigis

km [ 0.278 m/s

Ly =vr=|100 -
h I km/h

H{D.GDD 5)=16.7 m

While some part of the rig is on the bridge, the front bumper moves a distance AY = Ly 40, + Ly, =400 m+16.7 m.
With a constant velocity of 7 = 100 km/h. the time for this to occur is

= 15.0 s

Lygage T Ly 400 m+16.7 m[ 1 km/h ]

g
[ 100 km/h | 0.278 m/s |

(@) The acceleration experienced as he came to rest is given by ¥ = Uy + @I as

o eaz ﬂ] {}.44?.111.-'5]
D=0, h /| 1 mi/h

r 1.40 s

=|-202 m/s*
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(b) The distance traveled while stopping is found from

D+(6’%’> ﬂ] 0.447 []1_.-’5]
. h 1 mi/h

J{_l-w s)=[198 m]

_ (v+v
iu-:z:r:[ ”Jr:

2

(@) The acceleration of the bullet is

2 o2 VYo )2
U (300 m/fs)” — (400 m/s) _[2350%10° m/s?

2(Ax) 2(0.100 m)

(b)  The time of contact with the board is

(_P T _ (300—400) m/s

= S =|2.86x107" s
a —-3.50x10" m/s

(@  FromAv=o,f ++ar’, we have
. 1, .
100 m=(30.0 nus]r+5|:_—3.5{} 11‘1,-':x;-_“|ir2

This reduces to 3.507 +(—60.0 s)¢ +(200 s* )= 0. and the quadratic formula gives

—(=60.0 s'}i\f‘(—ﬁ(}.{) s)’ —4(3.50)(200 5%)
= 2(3.50)

The desired time is the smaller solution of ¥ =| 4.53 s |. The larger solution of t = 12.6 s is the time when the boat

would pass the buoy moving backwards, assuming it maintained a constant acceleration.

(b) The velocity of the boat when it first reaches the buoy is

v=1, +ar=30.0 m/s+(—3.50 m/s*)(4.53 5)=

@ The keys have acceleration @ =—g =—9.80 m_f" 52 from the release point until they are caught 1.50 slater. Thus,
ﬂ_"}' =Tl -|--£r§|'i"2 gives

Ay—at*/2  (+4.00 m)—(-9.80 m/s*)(1.50 s)° /2
oy =& _ ) _

=4+10.0 m/s
t 1.50 s

or  w,=|10.0 m/s upward|
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2.62

(@)

(b)

The velocity of the keys just before the catch was

v=1v,+at=10.0 m/s+(-9.80 m/s*}(1.50 s)

or ©v=[470 m/s downward |
(@) The keys, moving freely under the influence of gravity (& =—g ). undergo a vertical displacement of Ay =11 in time
t. Weuse Ay= *z-;.r+%m: to find the initial velocityas
1 , h+et*/2 |h ot
h=ovit+—(-g)t” oivin p,=—"2 1" = 2
g 2 3 -.E:I = g [ r f 2
(b) The velocity of the keys just before they were caught (at time t) is given by o =, +at as
b oot h gt h gt
o=|148 +{—g]r:—+g —gt=|—==
P2 ' ro2 t 2

—4.70 m/s

From ©° = E-‘ﬁ + 2a(Av). the insect’s velocity after straightening its legs is

o= fol +2a(Ay) = [0+2(4 000 m/s*) (2.0x10™ m) =

(b)  The time to reach this velocity is

;=07 % 4.0m/s=0

= 1000 m/<2 =1.0x107 s=| 1.0 ms
a m/'s

(c) The upward displacement of the insect between when its feet leave the ground and it comes to rest momentarily at
maximum altitude is

EE 2

- i o
Ay= — U _ 0-— Uy _{-1-'[} m/s)

=— ——=(0.82 m
2a 2(-g) 2(-9.8m/s")

— = reading order
(@) (e [ [ [

— = yvelocity

—= = acceleration

o O— O~ = [
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(d)(dj—EI *—D 1—D 1-D

() O] ] e ] e ]
— — = =

(f) If the speed did not change at a constant rate, the drawings would have less regularity than those givenabove.

The falling ball moves a distance of (15 m — /i ) before they meet, where h is the height above the ground where they
meet. Apply AV =1 + Lar®, witha= —X to obtain

2

—|{]:’rnm—!r):'[}—l

gt

.

- |
or h=15m-—gi* [l
2
. T S . .
Applying &v =1 +?ﬂ’i'" to the rising ball gives

h=(25 mf&}f—%giz 2]

Combining Equations [1] and [2] gives

5 2T g g N2
(25 m/s)s \%\lg&_lnm X

15m .
=—=|0.60s
or 25 m/s

The constant speed the student has maintained for the first 10 minutes, and hence her initial speed for the final 500 yard
dash, is

_.;\\M_I.()mi—S()H_\‘urds_(523”1’1—!5()0(!)”' Im )

; — =19 m/s
At 10 min 600 s 32811

o

With an initial speed of @, = I.Y m/s, the minimum constant acceleration that would be needed to complete the last 500 yards
{1300 11) in the remaining 2.0 min (120 s) of her allotted time is found from Ax =z ++ar” as

. :]‘»\17;- ] _ 2[(1500 ft)(1 m/3.281 1) ~(1.9 m/s)(120 s)] B
‘ ! (120 8)°

Since this acceleration is considerably smaller than the acceleration of .15 m/s” that she is capable of producing, she
should be able to | €asily meet the requirement | of running 1.0 mile in 12minutes.

Once the gymnast’s feet leave the ground, she is a freely falling body with constant acceleration « =—g = —49.80) m/s’, Start-
ing with an initial upward velocity of 7, = 2.80 m/s, the vertical displacement of the gymnast’s center of mass from its start-
ing point is given as a function of time by Ay=v,t++at".

@ Atr=0100s,  Ay=(2.80 m/s)(0.100 §)=(4.90 m/s*)(0.100 s)* =[0.231 m]
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() Ate=0200s  Ay=(2.80 m/s)(0.200 s)—(4.90 m/s*)(0.200 s)" =[0.364 m]
€ At:r=0300s  Ay=(2.80 m/s)(0.300 s)=(4.90 m/s*)(0.300 s)* =[0.399 m]
d) Atr=0500s Ay=(2.80 m/s)(0.500 s)=(4.90 m/s*)(0.500 s)* =[0.175 m]
(@) While in the air, both ballshave acceleration @ =, =—g (where upward is taken as positive). Ball 1 (thrown down-
ward) has initial velocity @, = =%, while ball 2 (thrown upward) has initial velocity ©.. =+%;. Taking ¥ = (! at ground

level, the initial y-coordinate of each ball is ¥, = ¥.. = +#. Applying Ay =y—y, = o, ++ai’ to each ball gives their y-
coordinates at time tas:

B % 4 .
Ball 1: Y =h==-0,t+ E(-.a',)f’ or _r,:!r—v:,r—%xr‘

| 3 1 .
Ball 2: _\':-—h=-,v,,t+;(—g)r‘ or _1-_,=Fr+v;,r—1gr'

(o) Atground level, ¥ =0, Thus, we equate each of the equations found above to zero and use the quadratic formula to
solve for the times when each ball reaches the ground. This gives:

[ - A
Ball1: O=h-v~—gr; = gty +(20,)r+(=2h)=0

20, %,[(20,)’ —4(g)(-2h) -

2g

so I, =

Using only the positive solution gives

| 3 .
Ball2: O=h+u,. e O I + (=20, )1, +(=2h)=0

—(-20,) £ J(-20,) -4(g)(=2h) o o ¥ 2
and = ( ) J( ) —4{e) =+—1 [~'—]+~—'L

2g g

(c) Realizing that the balls are going downward (@' < () as they near the ground, we use o, =0 +2a(Ay) with Ay =—h to
find the velocity of each ball just before it strikes the ground:

Ball1: o, =-\/i'.", +2a,(=h) =—J(-l’..):+3(—.a')(~h) = —Jl‘f. +2gh

Ball 2: v, =—\Jvd +2a, (=h) =—\J(+3, )’ +2(~g)(=h) =|~\Jv} + 2gh
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(d) While both balls are still in the air, the distance separating them is

( | N/ | \
d:r\‘_,—-r\":{/l+r-‘“l—5,£:l' —}\h—:v,r—?w' =201

J
/

@) The first ball is dropped from rest { , = 0] from the height h of the window. Thus, #; =7, >+ 2a(Ay) gives the speed of this
ball as it reaches the ground (and hence the initial velocity of the second ball)as

|I‘ [—J" i+ n‘(\\ Y =JO0+2(=g )N /,)_m_

When ball 2 is thrown upward at the same time that ball 1 is dropped, their y-coordinates at time t during the flights are
given by ¥—¥, =Tl + tal"as:

Ball 1: v —h=(0)r+4(-g)  or y=h—tg’
Ball 21 y.—-0=(2gh)t+4(-g)F or . =(J2eh)r—Lgr
When the two balls pass, *1 = ¥z, or h—?gzi' (+ f2 l;)r—lﬁv\
L. e S| St 28.7m = 1.‘—“
giving J2gh \{25‘: \2(980 m/s*)
(b)  When the balls meet,
[h L[ o h 3k
= 5 and \.—l—je 2—44 A%

Thus, the distance below the window where this event occurs is
3 h 28
d=h-y, —h-#-f= ;lm: 7.18 m

We do not know either the initial velocity or the final velocity (that is, velocity just before impact) for the truck. What we do
know is that the truck skids 62.4 m in 4.20 s while accelerating at —3.60 m/s".

We have @ =, +ai and A x = [te+o,)/2]. Applied to the motion of the truck, these yield

v-v, =ar=(-560 mfs’)(420s) or

v—o, =—23.5 m/s
[1]
and
Y / "6
A = 2(Ax) = 2(62.4 m) or U4+T, =297 m/fs [2]

t 4.20 8

Adding Equations [1] and [2] gives the velocity just before impact as

20=(-235+297) m/s or uv=|310 m/s

When released from rest{ . =), the bill falls freely with a downward acceleration due to gravity (@ =—g ==9.80 m/s"),
Thus, the magnitude of its downward displacement during David’s 0.2 s reaction time will be

(-
vt +—ar’ =02m=20cm

-

|Ay] =

;3()+—i¢'-q,x() m/s*)(0.2 s)°
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This is over twice the distance from the center of the bill to its top edge (=& cm ), so [David will be unsuccessful|.

48



(@) The velocity with which the first stone hits the water is
m

A on (= m fi - m
v, =—,,a*,,|+..¢:(A\' =— | -2.00 — +2[ -9.80 — |(-50.0m)=-314 —
\ 5

|
S ) \ S

The time for this stone to hit the water is

BTy =[—31.4 m/s—(-2.00 m/s)] :@

a —9.80 m/s’

(b) Since they hit simultaneously, the second stone, which is released 1.00 s later, will hit the water after an flight time of
2.00s. Thus,

Av—at’ /2 =500 m~(-9.80 m/s*)(2.00 sy /2
3 G — S = - - - =

o [ 2.00s

(c) From part (a), the final velocity of the first stone is?’, = .

The final velocity of the second stone is

U, =0y, +at, =—15.2 m/s+(-9.80 m/s*)(2.00 5) :

(a) The sled’s displacement, A, after accelerating at @, =-+40) fi/s” for time ty,is

Ax, =(0)r, +La1] =(20 fi/s’ )t,: or
Ax, =(20 ft/s” )1/ [1]

At the end of time t3, the sled had achieved a velocity of

v=1v,+a1, =0+(40 /s’ )z, or
v=(401/s")r, [2]

The displacement of the sled while moving at constant velocity v for time t; is

Ax, =1, =[( 40 fl/sj )I ]t: or
Ax, =(40 ft/s" )rz, [3]

It is known that Ax, +Ax, =17 500 1t and substitutions from Equations [1] and[3] give
(20 fifs™)e) +(40 ft/s")r,r, =17 500t or
1 +211, =875 87

[4]

Also, it is known that
L+ =408 [5]

Solving Equations [4] and [5] simultaneously yields

1426 (90 s—1,)=875s" ort] +(=180s)r, +875s° =0

—(~180 )£, (~180 s)° =4(1)(875 5’
2(1)

with solutions; =5.00s (and ¢, =90 s-5.05=855) 0T, =175s (and s, =-85 )

The quadratic formulathen gives ¢ =
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Since it is necessary that the valid solutions are| , =5.0 s and 1, =855 |,

£y, =AY

(b) From Equation [2] above, —©=(40fi/s" )z, = (40 fi/s™)(5.05) = 200 fi/s

(c) Thedisplacement Ax, of the sled as it comes to rest (with acceleration «, =—20 ft/s") is
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0-o°  —(200fs) .
Ar, = 92T  A20WE) s
2a,  2(-201t/s7)

Thus, the total displacement for the trip (measured from the starting point) is

Ax,, = (Ax, +Ax, ) +Ax, =17 500 ft+1 000 fi =

(d) The time required to come to rest from velocity v (with acceleration as) is

()—l‘ =2001t/s
t,= = 105
’()II/\ '——J

o,

so the duration of the entire trip is

=0+ 41, =505+85s5+10s=| 100 s

L R
(@) From Ay=1u,1 5 ar with o 0 we have

3 2(Ay)_ (-23m)
= P2 2B o)

(b)  The final velocity is v = 0+(-9.80 m/s")(2.25)=—22 m/s

(c) The time it takes for the sound of the impact to reach the spectator is

At 23
:3-‘—:—--"1——(»wm

4 340 m/s

scoml

so the total elapsed time is 7,,, =2.2 s+6.8x107 s =.

(@) Since the sound has constant velocity, the distance it traveled is

Ax=1v,,,t=(1100 ft/s)(5.0 s)= 5.5x10° ft

(b) The plane travels this distance in atime of 5. ¢+ 111 s =15 =, SO its velocity must be

PR e IR L1 L (O TS
' 15

t

(c) The time the light took to reach the observer was

A 5.5x10° fi I m/s
W o 3:00x10° m/s| 3281 fis

i

]= 56x10"s

| During this time the plane would only travel a distance of 0.002 fi. |

The distance the glider moves during the time ¢, is given by Av =/ =1, (A7, )++a(Ar, ):, where vy is the glider’s velocity
when the flag first enters the photogate and a is the glider’s acceleration. Thus, the average velocityis

{ oA ) +F el ) I ;
UV = :_X,,,'f_,)i'rl,(*'ﬂ!_ =0, + ___”(‘.‘\,II“)
o At 2
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(@) The glider’s velocity when it is halfway through the photogate in space (i.¢., when Av=//2] is found from
o' =) +2a(Ax) as

o, = J‘ +2a(ff2) = \!:": +al = J +u[;'”,(;\!, J:{ = J( +av,(Ar))

Note that this is [nnl equal o, unless a = (ﬂ, in which case ¥ =1, =1,

(b) The speed vawhen the glider is halfway through the photogate in time (i.e., when the elapsed time is £ = At,/2) is
given by 7 =1, +ar as

=0, +al, =0, +alA, /2)=1v,+ ;—u(;\!l,]

which | is equal to ¢ | for all possible values of @, and «,

The time required for the stuntman to fall 3.00 m, starting from rest, is found from Ay = o +iai’ as

2(3.00 m)
9.80 m/s’

| 73
=3.00 m =0+-(-9.80 m/s* )t g0 1= =(.782 s

(@)  With the horse moving with constant velocity of 10.0 m/s, the horizontal distanceis

Av=1, =100 m/s)(0.782 s)=|7.82 m
(o)  The required time is +=| [1.782 s | as calculated above.
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