Chapter 2

One-Dimensional Kinematics

Answers to Even-numbered Conceptual Questions

2.

10.

12.

14.

16.

18.

20.

22.

An odometer measures the distance traveled by a car. You can tell this by the fact that an
odometer has a nonzero reading after a round trip.

No. After one complete orbit the astronaut’s displacement is zero. The distance traveled,
however, is roughly 25,000 miles.

A speedometer measures speed, not velocity. For example, if you drive with constant
speed in a circular path your speedometer maintains the same reading, even though your
velocity is constantly changing.

Yes. For example, your friends might have backed out of a parking place at some point in
the trip, giving a negative velocity for a short time.

No. If you throw a ball upward, for example, you might choose the release point to be
y=20. This doesn’t change the fact that the initial upward speed is nonzero.

Bow B gives the greater acceleration. It accelerates the arrow to the same speed as bow
A, but in a shorter distance.

(a) Yes. The object might simply be at rest. (b) Yes. An example would be a ball
thrown straight upward; at the top of its trajectory its velocity is zero, but it has a nonzero
acceleration downward.

Yes. A ball thrown straight upward and caught when it returns to its release point has
zero average velocity, but it has been accelerating the entire time.

When she returns to her original position, her speed is the same as it was initially; that is,
4.5 m/s.

(a) No. Displacement is the change in position, and therefore it is independent of the
location chosen for the origin. (b) Yes. In order to know whether an object’s
displacement is positive or negative, we need to know which direction has been chosen to
be positive.

(i) The balls have the same speed just before they land because they both have the same
downward speed when they are at the level of the roof. Ball B simply starts off with the
speed vy downward. Ball A travels upward initially, but when it returns to the level of the
roof it is moving downward with the speed vy, just like ball B.

Solutions to Problems

1. (a) distance =0.75 mi+0.60 mi+0.60 mi =
(b) Ax=x;—x =0.75mi—0=



Chapter 2: One-Dimensional Kinematics Physics: An Introduction

2. (a) distance = 0.60 mi+0.35 mi+0.35 mi+0.60 mi+0.75 mi =
() Ar=xp-x,=—0.75mi—0=

3. (a) distance=10m+2.5m+2.5m=
(b) Ax=x;-x=10m-0=|10m |

4. (a)
Ax:.Xf_XiZSm_():

(b) |distance =2
Ax:xf—xi:Sm—7m:
30 30
5. (a) distance=— m+100 m+— m=|130m
(@) : S m=[130m
Ax=xp—x =100m-0=100m |
(b) distance =2(130 m)=

AXZXf—xiZO—():@

6. (a) C=2xr

. 1
distance = EC =ar=7(50m) =

Ax=2r=2(50m)=|10m |

(b) [The distance increases. The displacement decreases|

() C=27r=27(50m)=

The displacement is |§| since the child and pony have returned to the same place.

d 200m 10.13 m \( 3600 s 1 mi
7. =—=———=|10.1m/s |= =|22.7 mi’h
sy == SO (M0 s |- (120 26008 ]
d 100 m 1.83m \( 3600 s 1mi
8. =—= =|1.83m/s | = =1 4.09 mi/h
o = = o [ |- 12| 260 )
65 km 1h
9, d=s,.t=| —— [(2 min =|2.2km
st =( 2 min )
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1600 mi ~ 160 mi

10. average speed = a._

t 10 months month
hours in one month = 365 days )24 h =730 h
12 months )\ day month
seconds in one month = 730 h 160 min 60_ 5= 2,628,000
month h min month
mi 160 mi \( 1 month
average speed in — = =|0.22 mi/h
verage sp h [monthj( 730 h j
m 160 mi 1month 1609 m
average speed in — = =10.098 m/s
Verage sp S (monthj[2,628,000s]( mi j

1. t:i 2(239><10 ml)_m

Sav  1.86x10° mi

340 m
12, d=s,,t= (Tj(&S s)=|1200 m
13. An arm is approximately 1 m in length.

pod _1m 5 s=[10ms |

Sav 102 ™M
s

14. Assume that hair grows 1 ft per year.

ﬂ( I mi j( ly )[ldj: 2x107% mi/h
y )\ 5280 ft )\ 365d )\ 24 h

15. d= (0.060 9}(2.0 min)[69 J (12 —j(z 0 mi n)( j_ 14472 m
S min mm

t (4 mm)( o

16. Find the total time traveled.
d 10.0mi 10

DT T

Find the time driven.

10 [ 3mi) 10, 5, 60, 55, 5,
11 6 4t

11 6 66 66 66
The average speed driven is

=42 [ ]

! 66
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17. Each owner will travel 5 m in time
t_i_S.OOm_S.OO s
Sy 1.3 % 1.3

The dog will travel during this time

m ( 5.00
d =Savt = (30 ?j(?Sj =

Physics: An Introduction

18. (a) Because you drive an equal period of time at each speed, the average speed is the average of the two speeds.
25.0 m/s.

Your average speed is

(b) dyy = (20.0 Ej (10.0 min)(ﬂ.s
S min
0s

min

jle,OOOm

dyo = (30.0 Ejao.o min)[6—_j =18,000 m
S

¢ d (12,000 m+18,000 mj(
oAt 20.0 min
19. (a) [x(km)
30 (20, 30)
20 |-
ol (10, 12)
1 1 1 Lt (mm)
o) 5 10 15 20

d 12,000 m +9,000 m
o [ Eam e

:E 15 min

1 min
e RESITS

1 min
=|23.3m/s
ain |- [53m]

20. (a) Because you must drive for a longer time at the lower speed to travel the same distance, your average speed

is [less than 25.0 m/s)

10.0 mi lh 1609 m
(b) Anyy = j -
20.0 % 3600 s mi

10.0 mi ( 1h j[1609m
At30 = .
30.0 % 3600 s mi

j =0.2235h

]= 0.1490 h

1609 m

i _i_( 20 mi J( 1h )X[
™ At 102235h+0.1490 h J{ 3600 s
21. (a) A B C D
+ 0 -

mi

10

J-[220 w7 ]



Physics: An Introduction Chapter 2: One-Dimensional Kinematics

(b) vy = =[2mss, +

Ve = =|1m/s, +
3s-2s ls
e T
= = =|-1.5m/s, —
= Ty SIS ms -
22. (a) x(m)
2,
(e} . Lt
1 5 (9
-1 +
-2 +
_3 L

(b) x(t=0 s)=(—5.5 ?)(0){3.5 22)(0)2 ~0m
S

x(t=1s)= (—5.5 2j(l s)+(3.5 %}(l s} =-55m+35m=-2m
S S

Ax -2mO0Om -2m
vaVZXt: 1s-0s - 1s :

_d_2m_

© sy ="="=[2mis
23. (a) x(m)
5|
4+
3,
2,
1
o 1 2 '©

(b) x(t=0 s)=[6 ?}(o s)+[—2 Ezj(o 92 =0m

S

x(t=1 s)=(6 2j(l s)+(—2 22)(1 $2=6m-2m=4m
S S

(€) spy=—=|4m/s

11
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24. (a) B
Im-3m| |-2m|
= = =1
®) sa =0 |7 2s |
3m-1m 2m
B v B RERT
2m-3m —1m
e 55s-3s :‘ 2s :
Sg > SA > S¢

25. The distance traveled for the first 15 min is:

mi | 1 5 .
d = s,yt =(5 TJ(Zh] = mi

The distance left to travel is

.5 . 40 . 5 . 35 .
I0mi—-——mi=— mi—— mi=— mi
4 4 4

The average speed needed is
35 .

d 3 mi :
Sav == %h =|35 mi/h
26. (a) x (m)
1
:‘L t (s)
1

S2

(b) x(t=0455)= (2.0 9}(0.45 s)+[3.0 2) (0.45 s)* = 0.2925 m
S

X(t=0.555)= (2.0 2j(o.ss s)+(—3.0 ﬂzj(o.ss $)2 =0.1925 m
S

w2

_Ax0.1925m-0.2925m _—0.10m _

—-1.0 m/s
At 0.55-0.45s 0.10s

av

(©) x(t=0.495s)= (2.0 Ej(o.49 s)+(—3.0 Ezj(o.w s)> =0.2597 m
S

w

X(t=0515s)= (2.0 Ej(0.51 s)+(—3.0 22)(0.51 $)2 =0.2397 m
S S

Ax  0.2397m-0.2597m -0.02m
Vay =— = = =| -1 m/s
At 0.51s-0.49s 0.02s

12
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27. (@) [ x(m)
Al

(0] t(s)

-1+

(b) x(t=0.155)= —[2.0 2j(o.ls s)+(3.0 22)(0.15 s)2 =-0.2325m
S S

X(t=0255)= [—2.0 9) (0.25 s) +(3.o 22)(0.25 s =—03125m
S S

Ax  —0.3125 m—~(—0.2325 m)
Voyy =— = =| -0.80 m/s
Y 0.25s0.15s

() x(t=0.19s)= —(2.0 2J(0.19 s)+(3.0 %)(0.19 )2 = 02717 m
S S

X(t=0215s)= —(2.0 Ej (0.21s) +(3.o %)(0.21 s)? =-0.2877 m
S S

Ax 02717 m—(~0.2877) m
A T T 019s-021s =[-08 mys |

2 o A _ve-wi_[17 “ﬁi—O( 1h j(1609mj
S OOAr -1 | 3525-0 \3600s ) mi
29. (a) Att=2.0 s the runner is still accelerating.

s(t=2.05)=at= (1.9 gj(z.o 5) =

(b) The runner’s speed at the end of the race is the same as that at r=2.2 s.

s(t=2258)=at = (1.9 Sﬂz)(z.z 5) =

30. Choose east as the direction of positive acceleration.
m_ m

Av _ 0 . 115 .

At 13.0s-0s

The negative sign indicates acceleration in the western direction, so |a,, = 8.85 m/s?, due west.

220 m/s?

=-8.85 m/s2

gy =

31. Choose north as the positive direction.

(@) v=207 9+(1.60 %)(7.50 5)=32.7 = =[32.7 m/s north |
S S S

13
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(b) v=207 2+(—1.95 %J(ISO 5)=6.08 - =[ 6.08 m/s north |
S S S

m _
32. a, :ﬂ:u: 2 m/s>
At 5s5-0

10 —j0
ag ZQZL:@
15s-5s 10°s

sm_jom _s5m 2
ac =—> S =— 5 = —O.Sm/s
25s-15s 10s

33. Segment A:
_v ﬂ =02
A 10s

le B

1 - 1 2
—xg=vpt+—at"=0+—| 02 — |(10s)" =[10m
o=y 04102 2 (10s)

Segment B:
6L_2m
:Av:—:O.8
At S5s 52
2
x-— xo—vot—i- at —( SJ (OS—zJ( s)”=]20m
Segment C:
_Av 2%_6 ?_ m
=——=-04 —
At 10s 52

X=X :v0t+%a12 :(6 ?j(lo s)+%(—0.4 522](10 s)>=[40m

Ay 65m_]]m

34. At:—:#:

Gy -1817%

35. (a) Because it is assumed that the car decelerates at a constant rate, doubling the driving speed will increase the

time to stop by |a factor of two|.

Av 077163
(b) Ane=2Y-"5s s —[38s
S
Ay 0Mm_32m
Atyg=—=—3——3 =176s
N
At30_7.6s_
Atls 3.8s

The time to stop is doubled.

14
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36. (a) Assuming constant acceleration,
V2 - v02 =2alAx
0- voz =2alAx
v02 =2alAx
It can be seen from this equation that if the speed is doubled, the braking distance fincreases by a factor of 4.

2 (16 m
(b) Axg :VL:Q_
2a 7_(4.7_m2
S

52
— S
50s

m m
V= A =524 1.045—2J(6.0 s)=[11.4 m/s

=1.04

av

37. a =5
t

m m m m
38, v =vp —aavAt:9.31?—(6.24 S—ZJ(osoo =931 —-187 ==[744 ms

39. The velocities and positions are given. To find the acceleration use

Vv = v02 +2a(x—xg)

oy (om) ~(s19m)]

- = =-3.53 m/s?
2(x-xp)  2(949 m—0m)

The negative sign indicates acceleration in the opposite direction of the velocity. So | a =3.53 m/s2, due north |.

40. Assuming constant deceleration, the average velocity is simply the average of the initial and final velocities.

12 M40 M
:¥:| 6.0 m/s, due west

V.
av
2

41. v, =60 =
S

Ax 35m
Af=—=6—m:

V.
av s

412 40 %

42. (@) Vay =+= 2.06 m/s
m
(b) Ax=v, A= (2.06 ?j (4.77 s) =

15
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43. (a) x—x :%(vo +v)t:%[0 ?+25.o ?)(6.22 s) =

(b) Constant acceleration implies equal changes in velocity in equal time intervals. Since 3.11 s is half the 6.22 s
time interval, the cheetah’s speed increases to one-half its final speed. So its speed is [12.5 m/s|.

0+12.5m/s
————— =] 6.25 m/s | assuming constant acceleration
- =[625mis e

second 3.11 s: s5,, = 125 m/sJ;ZS.O s =18.75 m/s =| 18.8 m/s

(d) d =s,t
first 3.11 s: d = (6.25 m/s)(3.11 s) =
second 3.11 s: d = (18.75 m/s)(3.11 s) =

1
44. x—Xx, :v0t+5at

(c) first3.11s: s,, =

[\

0 E)(1.0 s)+%(1 5 32)(1 05)? =

(@ x-xy=

() x—x9=

(b) x—xoz(O E)(2.0 s)+%(l 5 22](205)
S
( 15 3 o0 -

45, v:(45mlj( lh j(1609.mj:20.12
h 3600 s 1 mi S

Av 20.1 %—0 %
At 22s-0s

=19.1 m/s2

aav

46. Assume that the surface of the bag moves 0.3 m in 10 ms with constant acceleration.

1 -
X =X +v0t+5at
0.3 m =0+ (0)(0.01s) +%a(0.01 s)?
_2(03m) m
=202~ 6000 2" 612g

(0.01s)?
47. Choose east as the positive direction.

=[20.0 Ejm(l.zs 32}2
N S

X, =1000 m+(—30.0 E)H(l.éo 22}2
S S

16
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|V v | ‘(0 m)z—(sso m)z‘
= s s/ =1 6.9x10° m/s?
|2(x— x0| ‘ 2(0.22 m—0m) ‘

48. |d=

2(x xo) 2(80.0 m—0 m)
£ (3.05)

49. (a) a =18 m/s?

m m
(b) v=vy+at=0 ?4{17.8 S—zJ(s.o 5) =

2 2
50. (a) x_x0:v22—v02 :(0 ?) "(12'0 ?) :
‘ )

(b) Your speed is greater than 6.0 m/s.

V2 = vo2 +2a(x—xg)

2
=(12.o Ej +2(—3.5 %)(10.3 m)
N S

2

m
=719 2
SZ
2
m
79~ =[85 ms|
. 0m_j20m
51. (a) r=—_0_ s s _[345
a

-3.5 sz

(b) Your speed is 6.0 m/s.

v=vy+at=12.0 ?{—3.5 Ezj(l.ﬂs 5) =
S

2(x—xp) _ 2(0.16 m-0 m)

_ 2
3 T = 32 m/s
t (0.10s)

52. (a) a=

(b) The tongue extends .
X—xp :1(32 3) (0.050 5)* = 4.0 cm
2 2

53. Choose west as the positive direction.

V2 2 (6~5 m)z —(8.0 m)z
ST .15 =
2(x=xp) 2(7.2 m—0 m) P

1.5 m/sz, due east

o)
Il

17
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54. Your speed decreases by [more than 1.5 m/s|.

Vv = vo2 +2a(x—xg)

2
:(7.0 Ej +2(—1.51 %)(7.2 m—0 m)
S S

2
-27.26 m—2
S
2
v= /27.26 m—2:5.2 o
S S
708 5o Mg Moy
S S S S

55, (= 2(x—x0) _ 2(100 m-0 m) _

Vo +Vv 2.2 %"1‘16 %

56. (a) ‘= 2(x—x0) _ 2(32 m—Om) _

vo+v O%+26.0%

oy _260m-0m
t 0.246 s

() a= =110 m/s?

1 2 m 1 m 2
=yg+vpt+—at"=0m+| 0 — [(0.10 s)+—| 105.6 — [(0.10 s)" =| 0.53 m
© »=voriit (0™ 010943 1056 3 o109
m
v=at=(105.6 —zj(o.lo s) =

S

57. a= =S s 501
(@) ‘ 125 2

5.0 m/ s?, toward third base

-2
Il

1 1 m m
b —xg=—0Wy+v)t=—|60 —+0 —|(1.2s)=|3.6m
(B) x—xp=—(v+) 2( - Sj( )=[3.6m|

58. (a) Let x; be the position of the bicyclist with the flat tire and x, be the position of his friend.

1 2
X =X +v0t+5at

X :1(2.4 Ezjtz :(1.2 ﬂzjtz
2 s s

Xy =(7 m)+(3.5 Ejz
S

Set X =Xp.

18
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(1.2 %jtz :(3.5 Ejz+(7 m)
S S

0:(1.2 22}2 —(3.5 2jt—(7 m)
S S

Use the quadratic formula to solve.

(35 I;‘)J_r\/<—3.5 %)2—4(1.2 smz)(—7 m (3.5 m)+(6.77 m)
(2)(1.2 smz) ) (2.4 sz)
Time must be positive, so ¢ = .

1 2 1 m 2
b) x—xp=—at"=—|24 — |(428s)" =| 22 m
) xs=gar =324 s

_ m

146 24080
S S

() v=ai= (2.4 Sﬂzjm.zs 5) =

59. Assume that the cart starts from rest.

2(x—x
@) a= ( _ 0)
t
a :—2(100 m—(;m) =[1.71 m/52
(1.08 s)
ary =200 _[337 /g2
2
(0.770 s)
2.
as =Ln12= 4.88 m/52
(0.640 s)

®) @ =(9.81 %)sin10.0°= 1.70 m/s?
S

ang =(9.81 %Jsin20.0°= 3.36 m/s>
S

as :(9.81 Ezjsmo.ooz 491 m/s?
S

60. Assume the apple falls 2 m.

V2 = vy’ —2g(x—x))

2
V2 =(0 E) —2(9.81 Ezj(o m—2m)
S S

2
3924 1
S2

2
v=[39.24 I:—zg

19
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o1, 60 mi 1h 1609'm —968 m
h 3600 s mi S

:£:26.8 -0 %:2‘78
g 9.81
S

A falling car will achieve 60 mi/h in about 2.7 s. [The statement is accurate.

At

62. 30 o134

h s

134 m_om

At:£:%: 14s
g 9.81 13

63. vg =2 +2g(x—xp)

2
“fo™] +2[081 ™48 in—0in) — T
s 2 39.37 in.

64. 2 =2gAx
v=,2gAx

S
-[17 7]

65. (a) v=vy—gt

22}

4 m/s, 3.4 m/g

(b) v=[23 2J—(9.81 22)(3.0 s)=-64 2
S S S

, —6.4 m/s|

9.81 2 12.0s)=34 2
52 S

7/ N\

[O8)

:

6.

66. 0=vy> —2a(x—xp)

T

Vo =+/2a(x—xp)

_

2(1.80 Ezj(z.00x105 m)
S

=| 849 m/s

20
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67.

68.

69.

70.

71.

72.

73.

2 2x-x)
g

2(0.052 m)
t= 2222 o005
| oarm ~[0105]
S

xg =(3.0m) —%gt2

t

xp = (1.0 m)+(4.2 Ejt—%gtz
S

2

1
XB ZEgt

xp = (2.0 m)+(—4.2 E)H—%gtz
S

. _ 1 2 1 m 2 _
@) height = gr —5(9.81 S—zj(l.s 7 =[11m]
(b) Down is positive.

v = +gt:[0 ?)+[9.81 Ezj(l.s 5) =
S

(a) The shell is moving more than half as fast.

() v =17 m/s

Ve =~[2gAx :\/2(9.81 S%J(m m) =12 m/s

(a) The time the ball takes to go up is the same as it takes to come down.

Vo = gt = (9.81 Ezj(z.zs s)=[22.1 m/s
S

(b) |2.25 s after it was hid
Assuming no air resistance, the time it takes to go up is the same as it takes to come down.

1 2 1 m 2
() h=—gt :—(9.81 —J(z.zs s)* =|24.8m

1m
3.281 ft

vp =2gAx :\/2[9.81 Ezj(170.7 m) =
S

(a) (560 ft)[ j =170.7 m

21
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m
S

57.9
(b) t:‘i?ozg.gl m :

S2

74. The time to drop from the greatest height to the floor is

255 195

. 1 2 1 m 2
height =— gt =—| 9.81 — |(1.25s)" =| 7.7 m
L L (2

75. (a) It takes the same amount of time for the glove to go up as down, so
2060 7)

g 9.81 4
S
b)) v= Vo — &t
v =0 at the maximum height, so
6.0 ™
Yo s
t=—=—"-—-=10.61s
ryIE
S

76. (a) [The first ball has a greater increase in speed because it is acted upon longer by the force of gravity.

2 2
(b) ™ =vy” +2g(x—xp)

2
- (o 9) +2(9.81 22)(32.5 m)

S S
2
—6377 2
82

2
v =,]637.7 2 =253 m/s
S2

[The speed of the first ball increased by 25.3 m/s]
2_ 2
V2" = v +28(x—xp)

2
:(11.0 3) +2(9.81 %)(32.5 m)
S

S

2
—758.7 m—2
S

2
vy = [758.7 =275 m/s
S

[The speed of the second ball increased by 16.5 m/s]

22
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1
77. x—x9= vot—Egt2

x—xg 1
Vo = +5gt

t

30.0 m 1 m
:( s j+(zj(9.81 S—zj(Zs)
SEITT

78. Both the elevator and the book move initially with the same constant speed, therefore it can be ignored in part (a).

1 5 | )
a) x—x)=vyl——gt" =——gt
(a) 0=l & 58

2 _ 2% =X)
g
2(xp —x)
g

_ Pd2m-0m)
9.81 11

-[555]

m m
(b) v=vy+gt=3.0 ?+(9.81 S—z)(o.4946 5) =

t

79. (a) x—xy= vot—% at?
Ozégt2 —vot+(x—xp)

Lgg ™ tz—(—Z.O Ejwr(o m — 45 m)
2 52 S

=14.905 2|2+ 2.0 2 |/—45m)
s2 S

Solve for ¢ using the quadratic formula.
(-2 %)i\/(Z %)—(4)(4.905 3)(745 m)

2(4.905 mz)
S

=-02045+3.0365=[ 285

The positive sign was chosen because time cannot be negative.

(b) v=vo—gt :(—2.0 ?)(9.81 522)(2'83 5) =

23
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80. (a) The separation is more than 2 m.

(b) Determine how long it takes for your friend to fall 2 m.
1 1
x—xo = Vot—zgtz = ——gtz

2 - 20 =)
g
\/2(x0 -x)_ [2(2.0 m)
t= =
g \/ 9.81 1

=0.639 s

You fall for 1.6 s — 0.639 s = 0.961 s before your friend hits the water. In this time, you fall

1 2 1 m 2
—gt* =—| 9.81 — [(0.961 5)* =4.53 m.
2" 2( 82]( :

The distance to the water is

1 2 1 m 2
—gt"=—=1981 — |1.6 5)" =12.6 m.
58 2( Szj( )

[The separation is 12.6 m—4.53 m~8 m>2 m|

81. The time it takes for the first chestnut to reach the ground is
1L o 1 »
X—Xg =Vl ——gt" =——gt
0 0 > 8 5 &
2 2(xp —x) _ 2(10.0 m—0 m)
g 9.81 %
N

t=+2.039 s> =1.428 s

The time for it to fall 2.5 m is
o [Po-x) [2(10.0 m-7.5 m)
g \/ 9.8] m
S

=2.039s?

=0.714 s

The time to fall from 7.5 m to the ground is
1.428 s—0.714s=0.714s.

The second chestnut must reach the ground in 0.714 s. The initial velocity needed is

X—Xg =Vl 1gl‘2
—Xp =Vt ——
2

i2

:(Mj+ 1 9381 m (0.714 s)
0.714 s 2 §2
-z

s

The initial speed needed is [11 m/s|.

82. The circumference of the earth is approximately 4 x 107 m.

Ax [4x10" m)(1day)( 1h
V=—= = 5.8 m/S
At { 80 days ]( 24hj[3600 s)
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83. V2 =12 +2a(x—xg)

:(o 2)+2(1.62 EZJ(O m—0.95 m)

S S
2
~3.078 m—2
S

2
v=[3.078 “:—2:

84. Just before you reach the ground, your speed will be /2gh. To estimate your deceleration, use V2= vg +2aAx,

where v=20, vy = \/@ , and Ax =0.5 m, which is an estimate of the distance your legs will bend to soften your
landing.
0=2gh+2aAx
_2gh
2Ax
__ g
C Ax
B 2.0m
(i)

=—4g

[Your deceleration will be about 4g]

85. (a) The youngster’s time in the air doubles.
(b) The youngster’s maximum height quadruples.

©) v=vy—gt=0

m
2t2:2ﬁ:M:O.4ls
9.81%
2(4.0 m
2, =220 ( S)=O.82s
g 9.81

V2 :v02 -2g(x=x9)=0

(on) (+07)

Yo
X — X =—= =
(x=x0)2 29 22 22
2 2
2 m 16 m—)
(x—x0)g = 2= <4'0 s ) - ( s’
2g 2g 2g

[ (x=x0)g =4(x—x); |
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86. (a) Determine the acceleration.
V2 = v02 +2a(x—xp) =0
~(1.57 m)2
= 0289 -
2(14.0 ft—0 ft)(m) s
3.28 ft

Find the initial speed.

__ % _
2(x—xp)

v02 =2a(xy—x)
=/2a(xg —x)

2 0289—(0ft 20,0 ft)[ 0
328 ft

=|1.88 m/s

m 1 m
= 12| -0.289 — |(0 ft—6.00 ft
() v ( SZJ( )(3.28 ﬂj

=|1.03 m/s

87. (a) | x(m)
600
500 |
400 |
300
200 rider 2
100 -

(40, 600)

rider 1

0] 10 20 30

(b) x1 :Vlt 2[150 Ejt
S
Xy =V21+b

X :(20.0 m)mb
S

xz(t:IO):(Z0.0 2j(lo $)+b=0
S
h=-200m
X :[20.0 Ejt—zoOm
S

Set X =Xp.

(15.0 Ejt - (20.0 E)t—zoo m
S S

(5.0 Ejt —200 m
S
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m
© x-= (15.0 ?j(40 s)=

88. x =565m= (15.0 Ejt
S

,_565m _113

150 ™m0 3
Xy =vt—=200m
Substitute for # and x,.

565 m :v(% SJ—200 m

565 m+200 m

113
3 S

SEET

89. (a) Find the time to fall 28.0 ft, starting from rest. Let down be positive.
Ax = vyt + % gt2
2 =24

g
2Ax

g
_ \/2(28.0 ft)(1 m/3.28 ft)

t
t

9.81 m/s>

=1.740 s>
=1.319s

total time in air = 2¢ =
(b) Time spent above 14.0 ft is than time spent below 14.0 ft.

(¢) Find the time to fall 14.0 ft, starting from rest.
[ 2(14.0 ft)(1 m/3.28 ft)
9.81 1
S

=+/0.8702 52

=0.933s
total time in air while above 14.0 ft=2¢=1.87 s
total time in air while below 14.0 ft=2.64s—1.87s=0.77 s

1.875s>0.77 s

90. Assume the second rock is dropped at £ = 0. Down is the positive direction.
x; = position of first rock

X, = position of second rock
Att=0, xy =4m and x, =0.
The speed of the first rock at t =0 is
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91.

vio = /28410 :\/2[9.81 Ezjm m) =8.86 —
S S
Att=1.0s,

)
xX=Xxg+vpt+—at
2
x =4 m+[8.86 Ej(l.o 9++9.81 ™ 110521777 m
S 2 2
Xy =0 m+(0 EJ(l.o s)+%(9.81 %J(l.o )2 =4.91m
s S

Xy—x =17.77m-491 m=
Att=20s,

x =4 m+(8.86 2j(z.o s)+%(9.81 %)(2.0 s> =4134m
S S
X :%(9.81 32)(2.0 $)? =19.62 m
S

X —x; =41.34m-19.62m=
Att=30s,

x =4 m+(8.86 Ej(s.o s)+%(9.81 Ezj(&o s)2 =74.73 m
S S

2

X =l(9.81 2j(3.0 s)2 =44.15m
2 S

X —xy=7473m-44.15m=

The separation increases linearly with time according to (approximately)

(a) Just after release, the only acceleration is due to gravity.
9.81 rn/sz, downward|

(b) At the maximum height, v = 0.
V2= v02 -2g(x-x9)=0

(520 m)2

S

2
x:x0+‘;L:12.5 m+—):

g 2(9.81 m
N

28
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1
© x=x —Egt2

2 _ 2% —X)
g

;o [P —x)
g

[2(13.9 m-12.5 m)
9.81 13

=0.53s
The shell goes up and down.

26=2(0.538) =
(d) The speed is .

92. (a) It will take the liquid equal times to go up and down.

t

v=vy—gt=0

5o
(=0 " s _0153s

g 981 1%

S

26=2(0.1535) =[0.31§

(b) The velocity is zero at maximum height.

0= v02 —2g(x—xp)

Vo2 (1'5%)2

2g 2(9.81 m
S

93. (a) Set the origin at the maximum height of the water and let # = 0 when the water reaches this height.

1 2 1 2 1 m 2
=xg+vpi+—at” =0+(0)+-gt"=—| 9.81 — |(1.65s)" =|13.4m
*=%0 T 2a ©) zg 2( SZJ( )
m
(b) vozgt=(9.8l s—zj(ms s)=[16.2 m/s

94. (a) [ x
h | ball 1 ball 2
3
ah
1
2n -
1
Zh
1
O v % 3%
9 9 9

(b) The balls cross paths [above //2.
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(¢) x; = position of first ball
X, = position of second ball

X :h—%gt2

X —vt—l 12
2=% 2g
Set X =Xp.
1 » 1 »
h——gt” =vyt——gt
2g 0 2g
h
/’l:VOt,tZ—
Yo
Find v, in terms of g and 4.

Vv = vg —2gh =0 at maximum height

Vo =+/2gh

Find the height at which the balls meet.

height = vy —% gt’

ERCARNEA
OVO 2gV0

95. x, = height of the passenger

X, = height of the camera

X

. =x0+vt=2.5m+(2.0 Ejt

S

x, = vol 1 gt =[10.0 Ejz—l 9.81 = |2 =[1o.o Ejz— 4905 = |/
2 S 2 52 S sz

Set x;, = x. and solve for 7 using the quadratic equation.

2.5 m+(2.0 2jz=(1o.o 3}—(4.905 %)zz
S S S

0=14905 221802 |i+25m
s2 S
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96.

97.

(80 ™)+ \/(—8.0 ?)2 —4(4.905 S%)(z.s m)

2(4.905 mz)
S

=

Chapter 2: One-Dimensional Kinematics

=0.8165s10.3945=0421s

The choice of the shorter time is arbitrary and corresponds to the camera reaching the passenger on its way up.

Find the height of the passenger.

m
X, =25 m+[2.0 ?j(o.421 5) =

xp =height of passenger
X, = height of camera
Xp = Xo tVI

1 o
Xe =Vol — E gt

Set x¢ =xp.

1 2
vot—Egt =X+ Vvt

1
O=Egt2—v0t+vt+x0

22— +2ﬂ

g g
Solve for ¢ using the quadratic equation.

2—) [_ 2(v07v)}2 _4(1)(2ﬂ)
g g g

2(1)

0=t

=

The term inside the square root must be greater than or equal to zero for this solution to be valid.

4("0;")2 8w,
g 4
4(v —v)2 -8gxy 20
v —v)? —2gxy 20
(v —v)* = 2gx,
vo—vzm
Vo 2\/%+v
Vo = \/2(9.81 Ezj(z.s m) +2.0 ?

S

~[50 w5

Determine the speed at impact for each weight.

2 2
Vi =" —2g(x—xp) =28 (xp —x)

v=2g(x —x)
vi =+J2gh, vy =J2g(h+20.0 cm)

Find the times.
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=gt =+/2gh

Vi
H= /%, and similarly ¢, = /M
g g

Now, t, =21, so

) /%_ /2(h+20.0 cm)
h+2000m
2

2h h+2000m

¢ 2
2h :%h+10.0 cm

Eh =10.0 cm
2

h= %(10.0 cm)

SGEn

[
98. x=1xp +v0t—5gt

h = total height
t;, = time to fall A

# = time to fall the first %h
. 3

t, = time to fall the final Zh =1s
I 1 »

vo =0, so xg—x=—gt" gives h=—gtj,
2 2

1 1

—h=—gt

PR

h=2gy’ =%gfh2

46% =1,
2t =ty
th=ti+tp =24, s0 y =1s,t, =25

1
(a) h:Egth2—2[98l ](25) 19.6 m

M) t,=2(1s)=
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99.

100.

101.

Find the time it takes for the first drop to reach the pool.

1 >
X =X +VOI—§gt

L 5
Xg—X=—gt
0 2g
[ 2(x0—x): 2(4.0m)20'903S
g 9.81
S
0.903 s

So, a drop falls every =0.4515s.

(@ x—-xy= —%gl‘2

1 2 1 m 2
~x=—gt’ =—|9.81 2. |(045155)* =[1.0m
e gar =3 ot fosiss
v:gt:[9.81 %J(o.4515 5)=[4.4 m/s |
S

(b) [ﬂ}(@] =1 130 drops/min
0.4515 s )\ min

@ v =v2 —2g(x—xp)

V= \/voz +2g(xg —x)

2
(0 Ej +2gh
S
=| \/2gh

(b) Let down be positive.

Vo =A+/28h, v=0, xy =0, x=d

v :vg +2a(x—xg)

2
pood () agh
C2(x-xy) 2d-0m) 2d d

Chapter 2: One-Dimensional Kinematics

magnitude of a = %; the negative sign shows that the direction is upward.

The time it takes for the ball to reach its maximum height is 0.75 s+

The final speed is v =vy — gt =0 at maximum height.

vo = gt =(9.81 Ezj(l.lzs s) =
S

Find the height of the power line.

(1.5s-0.75s)

=1.125s.

. 1 2 m 1 m 2
height = vyt ——gt” =| 11 — [(0.75s)——=| 9.81 — [(0.75s)" =[5.5m
ght=vpr g ( Sj( ) 2( SJ( )
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102. The positive direction is down.
x; = position of first rock
X, = position of second rock

The speed of the first rock at height 4 and # =0 is

v12 = v02 +2g(x—x9)=2gh

Vig =+/28h
1
X = h+V1()l+Egt2

[
Xy, =—gt
22g

S:.Xl—)(fz =h+V10t=h+t 2g/’l

103. (a) Relative to the block, the arrow’s acceleration is @ = —1550 22— 450 22 =-2000 22
S S s

v=yy+at=0
m
_ v _ —20.0 ¥

t= —— =10 ms
a —2000%

(b) v:at:(450 SEZJ(10><103 5) =

(© +*= vo2 +2a(x—xgp)

2 2
X—xp = v? ;:02 _ (0 %) _(20'0 %) :

2(—2000 mz)
S

104. (a) The ball must travel 0.45 m to its maximum height and return the same distance before it reappears.
X—Xg = vot—lgt2 = —lgt2
2 2
2 _ 20 —x)
g
. \/2(x0 -x) _ [2(0.451 m)
g \/ 9.81 1
The time is twice this or 2¢ = 2(0.303 s) = 0.61 §|.

=0.303s

(b) Find the initial velocity.
)
X =X +v0t—5gt

yp ==X L 10Sm 10001 M) 0056 =5426 2
t 2 025s 2 2 s
Find the greatest height above the bottom of the window.

Vv = vg —2g(x—xp) =0 at maximum height.
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105. (a)

(b)

©

—xp =
g 2(9.81 mz)
N

Chapter 2: One-Dimensional Kinematics

The greatest height of the ball above the top of the window is 1.501 m — 1.05 m =0.45 m|.

2

V= i\[vg —2ax

v=vy+at

t_V—VO _ Vo +V
a 2

) i\[vg —2ax

t=
a
1 2
X=Xy +v0t+5at =0

1
Eatz +V0t+X0 =0

Using the quadratic formula:

-V * vg —4(%a)(x0)
=

v :vg +2a(x—xgy) :vg —2axy whenx =0
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