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Chapter 2

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

time is then

A= A% 2—m=2x10-2s=

V' 100 m/s

At constant speed, ¢ = 3 x 108 m/s the distance light travels in 0.1 s is

B B B 7 1 mi \(1}\31\_ :
Av=ear = 30 s 0rs = €07 ) J{ LI By

Comparing this to the diameter of the Earth, Dy, we find

Ax _ Ax 3.0 x 107 4
= = ~ |2.4 1 — ) :
Dy 2R, 2 6‘38 < 106 y{) - (with R = Earth’s radius)

Distances traveled between pairs of cities are

I

Ax, =V, At, = 80.0 km/h 0.500 h = 40.0 km

20.0 km

Ax, =V, A, = 100 km/h 0.200 h

Ax; =V, At 40.0 km/h 0.750 h = 30.0 km

Thus, the total distance traveled Ax = (40.0 +20.0 + 30.0) km = 90.0 km, and the elapsed time is Az=0.500 h +

0.200 + 0.750 h + 0.250 h=1.70 h).

Ax  90.0 km
V=—=—"-—=1529 km/h
@ V= Tom
(b) Ax:(see above)

Ax _20%( 1m 1y ) —
@ V=N T Gas w3156 1075 = [2107 mjs]
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or in particularly windy times,

Ax _100%( 1m N1y ) —
Ve 1 yf L3281\&JL3156X107 J_

(b) The time required must have been

CAx 3% 10° Wi (1609 g ) 10° me) :
A== o )~ 510

10 sm/yr

(a) 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 .

The average velocity over any time interval is

Ax _ YT

\7 = =
At tr -t
x(m)
_ Ax 100m -0
(a) V:EZZOO =|5.00 m/s 10
8 \
VRN
i e
_ AXx 5.00 m — 0
(b) V=E=400 125m/s 2 \
0 t(s)

<l
Il

& A

Ax  5.00m —10.0
© *_2x—-n = = [22.50 m/s
At 4.00s-2.00s

_ Ax —-5.00m — 5.00 m
@ V== 0054005
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. Ax  x, —x 0-0
vV = — = = =
© At t, -t  8.00s-0 [©]

. . 1h
2.7 (a) Displacement = Ax = 85.0 km/h 35.0 min [W] + 130 km = [180 km
.0 min

(b) The total elapsed time is

L] +200h =284h

60.0 min

At = 35.0 min + 15.0 min [

s0,
Ax 180 km
V=—-= =63.4 km/h
A owih
2.8 The average velocity over any time interval is *(m)
4 -
3 -
A X — X
v=22X_f 2F
At tf -t 1

! |

<
Il

Ax  40m-0
e T T o[+ 40
N " 0s 0

(2)

<l

Ax -20m-0
=—=———=1-0.50
(b) N 4050

<l
Il

Ax  0-4.0m
A 2RI 0 m)s
© Al 50s-10s

Ax 0-0 @
V=—1—=— =
(d) At 50s-0

29 The instantaneous velocity at any time is the slope of the x vs. # graph at that
x(m)
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Chapter 2

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.

T Py _A0m o

Y, =
|0'505 1.0s-0 1.0s

(a)

x| : —x| -6.0m
b _ 2.5s 10s _ . __
®) V|2‘°S 25s—-1.0s 1.5s

B x|4.(>s _x|2.55 0
© v, = 40s-2.5s 15s _@

x| =¥ +2.0m
d — 5.0s 4.0s — _
@ V|4'55 50s—-4.0s 1.0s

. o A . . .
2.10 (a) The time for a car to make the trip is ¢ = Tx .Thus, the difference in the times for the

two cars to complete the same 10 mile trip is

Ax Ax [ 10 mi 10mi ) [60 minj .
At=t, —-t, = — — — = - :-2.3m1n
A |55 mi/h 70 mi/n)\ 1h

(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; = v; (A?) = (55 mi/h) (15 min).
The faster car pulls ahead of the slower car at a rate of

Urelative = 70 mi/h — 55 mi/h = 15 mi/h

Thus, the time required for it to get distance Ax,; ahead is

Ax, 55 mi/h 15 min )
At = = - =55 min
15.0 mi/h

Vrelative

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

) = [ermi]

. . lh
Ax, =v, At = 70 mi/h 55 min (60

min
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2.11 The distance traveled by the space shuttle in one orbit is

2xr = 27 Earth’s radius + 200 miles
27 3963 + 200 mi = 2.61 x 10* mi

Circumference of Orbit

Thus, the required time is

. Circumference _ 2.61 x 10* mi _MT3h

averagespeed 19 800 mi/h

_ +L
R N
1

b) T = AtZZ%:

7 _Axtota]_Ax1+ Ax2_+L—L_ 0 ~
(C) total A - - = =
t total L+ h+1h h+th
_ total distance traveled ‘ Ax ]‘ +‘ Ax 2‘ B |+L| + |—L| | 2L

(d)  ave speed . =
P At L+t L+t L+t

2.13 The total time for the trip is # = ¢, + 22.0 min = ¢, + 0.367 h, where ¢, is the time spent

traveling at p, = 89.5 km/h . Thus, the distance traveled is Ax =V, #; = V ¢ | which gives

Ax = 89.5 km/h t, = 77.8 km/h # +0.367h = 77.8 km/h # +28.5km

or

89.5 km/h — 77.8 km/h ¢, = 28.5 km

From which, #, = 2.44 for a total time of. t = ¢, + 0.367 h =|2.80A

Therefore, Ax = Vt = 77.8 km/h 2.80h =[218km|.

2.14 (a) Atthe end of the race, the tortoise has been moving for time ¢ and the hare for a time # — 2.0 min = ¢ — 120 s.
The speed of the tortoise is v, = 0.100 m/s, and the speed of the hare is v, =20 p,= 2.0 m/s. The tortoise

travels distance x,, which is 0.20 m larger than the distance x,, traveled by the hare. Hence,
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x, =x, +020m
which becomes

V,t =V, t-120s +0.20m
or

0.100 m/s t= 2.0 m/s t-120s +0.20m

This gives the time of the race as # = | 1.3 x 10% s
(b) x, =Vvit= 0100 m/s 1.3x10>s =
The maximum allowed time to complete the trip is

B total distance 1600 m (1 km/h ) 930
required average speed 250 km/h \ 0.278 m/sJ )

t total

The time spent in the first half of the trip is

_ half distance. 800 m (1 km/h )

! v, 230 km/h 0278 m/s )

=12.5s

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

ty =ty —t =2.305—12.5s = 10.55s

and the required average speed on the second half is

_ half distance 800 m 1 km/h )
vV, = = = 76.2 ——— | = 274 km/h |\
2 10.5 s m/s L0278 /J

t

(a) In order for the trailing athlete to be able to catch the leader, his speed (v;) must be greater than that of the
leading athlete (1,), and the distance between the leading athlete and the finish line must be great enough to

give the trailing athlete sufficient time to make up the deficient distance, d.

(b) During a time ¢ the leading athlete will travel a distance d, = v,t and the trailing athlete will travel a distance
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d,= uit. Only when d, = d, + d (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:
d =d,+d or vit=vyt+d

giving

d

Vit —Vyt =d or t=|—
Vi =V,

(c) Inorder 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 ¢ calculated

above (i.e., the time required to overtake the leader). That is, we must require that

d
D2d2=V2t2V2|:ﬁ:| or D =
1 2

The instantaneous velocity at any time is the slope of the x vs. 7 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.
10,0 m -0
@ Vieroos = 5 oo = [3:00 m/s

5.00 -10.0 m

(®) V3005 400 —2.00 s

5.00 —5.00 m
V,_ = =
© Vieasos = 500" 400 s 0]

0- -5.00m

@) Viers0s = g0 700 o - 000 m/s

x(m)

10

Sdhbomvwweoow

t(s)

(a) A few typical values are 140

(s) x(m)

x(m)

)/

)4
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2.19

1.00
2.0

3.00
4.00
5.00
6.00

(b)

(©)

Chapter 2

5.75
16.0
353
68.0
119
192

We will use a 0.400 s interval centered at 1 =4.00 s. We findat r=3.80s,x=60.2mand atr=4.20s, x=
76.6. Therefore,

AXx 16.4 m
V=—= =41.0m/
A = 04005

Using a time interval of 0.200 s, we find the corresponding values to be: at # =3.90 s, x =64.0 m and at t =

4.10 s, x="72.2 m. Thus,

AXx 8.20 m
V=—-= =141.0 m/
A = 02005

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

Therefore,

Ax  4.10m
V=—= =(41.0m/
A T 0100

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

- Ax 680m-0
V=—=———=17.0m/
AT 4005 0

This value is than the instantaneous velocity at # = 4.00 s.

Choose a coordinate axis with the origin at the flagpole and east as the positive direction. Then, using

X =Xy + Vot + % at*> with a = 0 for each runner, the x-coordinate of each runner at time ¢ is

x,=-40mi+ 6.0 mi/h + and x; =3.0mi+ —5.0 mi/h ¢
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When the runners meet, x, = xz, giving —4.0 mi +(6.0 mi/h) = 3.0 mi + (5.0 mi/h)z,

Or(6.0 mi/h + 5.0 mi/h)¢ = 3.0 mi + 4.0 mi. This gives the elapsed time when they meet as

7.0 mi

f= 2™ 64h
11.0 mi/h

At this time, X, = xz = —0.18 mi . Thus, they meet [0.18 mi west of the flagpole].

(a) Using v = p,+ at with an initial velocity of v, = 13.0 m/s and a constant acceleration of @ = —4.00 m/s*, the

velocity after an elapsed time of #=1.00 s is

V=V, +at =130 m/s+ —4.00 m/s> 1.00s =

(b) Atan elapsed time of =2.00s, v = 13.0 m/s + —4.00 m/s2 2.00s =[5.00 m/s

(c) Whent=2.50s, v=13.0 m/s + —4.00 m/s2 2.50s = 3.00 m/s
(d) Att=4.00s, v=13.0 m/s + —4.00 m/s> 4.00s =|-3.00 m/s|.

(e) The graph of velocity versus time for this canister is a straight line passing through 13.0 m/s at £ = 0 and

sloping downward, decreasing by 4.00 m/s for each second thereafter.

(f) If'the canister’s velocity at time ¢ = 0 and the value of its (constant) acceleration are known, one can predict

the velocity of the canister at any later time.

The average speed during a time interval is

distance traveled
At

?/:

During any quarter mile segment, the distance traveled is

_ lmi[5280ft

):1320ft
4

AX -
1 mi

(a) During the first quarter mile segment, Secretariat’s average speed was

Page 2.9



2.22

2.23
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1320 ft
Y = =[52.4 ft
S 5

During the second quarter mile segment,

— 1320 ft
= =|550 ft
%= 520

For the third quarter mile of the race,

v

_ 13201t
2385 _

For the fourth final quarter mile,

1320 ft
v = =156.9 fi/s
%= 32

and during the final quarter mile,

1320 ft
v = =574 ft/s
%= 330%

(b) Assuming that V,,; = Vs and recognizing that y, = 0, the average acceleration for the entire race was

Viinal — Y _ 57.4 ft/S -0

a =

total elapsed time ©252+24.0+23.8423.2+23.0

From a U = AU/At, the required time is seen to be

o2 Av_[60.0 mi/h -0V 1g

1(0.447 m/s)

a g

Av _ 60-55 mi/h(0.447 m/s)

L 9.0 m/szﬂ 1 mi/h )

From a = Au/At, we have At = — =
a

(a) Fromt=0tot=50s,

0.60 m/s?2 L 1 mi/h
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v, —v  —-8.0 m/s - -8.0 m/s @
- 505 -0 -

Fromtor=15s,

_ 80 m/s- -80 m/s

155 -50s =[1.6 m/s*]

and from¢t=0to r=20s,

8.0 m/s — —8.0 m/s

(b) At any instant, the instantaneous acceleration equals the slope of the line tangent to the v vs. ¢ graph at that

point in time. At ¢ = 2.0 s, the slope of the tangent line to the curve is @

At ¢t =10 s, the slope of the tangent line is , and at ¢ = 18 s, the slope of the tangent line is @

Av 175 mi/h - 0

22 =2V _DMAZ0 760 mi/h-s
S @ a=g 255 /

or
( W) (1609m)Y( 1K )

a=170.0 = -_31.3 2

U ) U ) (Ge0o s m/s
Alternatively,

7= (313 D)8 ) - [319g]

2 2 ) 90 ms2) T 28

(b) If the acceleration is constant, Ax = ¢ + %at2 :

1 m 2
Ax = 0+5(31.3 S—zj 2508 " =

or
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3.281 ft
Ax = 97.8m [ j: 321 ft
* 1

m
2.26 We choose eastward as the positive direction so the initial velocity of the car is given by v, = +25.0 m/s.
(a) In this case, the acceleration is @ = +0.750 m/s? and the final velocity will be

v=1 +at =+250 m/s + +0.750 m/s> 8.50s = +31.4 m/s

or

v= |31.4 m/s eastward

(b) When the acceleration is directed westward, a = —0.750 m/s? , the final velocity is

v= 1 +at = +25.0 m/s + —0.750 m/s> 8.50s = +18.6 m/s, or v= |18.6 m/s eastward| .

2.27 Choose the direction of the car’s motion (eastward) as the positive direction. Then, the initial velocity of the car is

v = +40.0 m/s and the final velocity (after an elapsed time of Az = 3.50 s )is v = +25.0 m/s.

(a) The car’s acceleration is

_Av_vo% 250 mys — 40.0 m/s =429 m/s2  or a-= |4.29 m/s? westward
At At 3.50s

(b) The distance traveled during the 3.50 s time interval is

25. 40.
Ax = v, At =[V*‘2"0]Az=( S0 mis + 200 m5) 5505 - (114 m)

2

228  From ¥ = @ +2a Ax ,wehave 10.97 x 10> m/s - = 0 +2a 220 m so that

2
s S 10.97 x10° m/s = -0
° = 0 _ / = [2.74 x 105 m/s? |
2 Ax 2 220 m

( lg 3
= 274 x10° 2 | —=—
g /s L9.80 m/szJ

=[2.79 x 10 times g ! |

2.29 (a) Ax = v, At = v+ v/2 At becomes 40.0 m =

av

2.80
[%j 8.50's
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2
which yields = 40.0 —-2.80 =16.61
; 0= g5 400m ~250m

b ao VoW 280 ms =661 mis T mae s
(b)

v; or

—> —
230 (a g e Lt
| I
0 2.00x10”° m
(b) The known quantities are initial velocity, final velocity, and displacement. The kinematics

equation that relates these quantities to acceleration is V% =V +2a Ax

() a=

V- 300 m/s - 200 m/s
d a= ;A = /s ms . ias m/s?

X 2 2.00 x 102 m

Ve — V. —
()  Using a = A/Al, we find that Ar = 2¥ = =% _ 300 m)s =20.0 mjs _ g
a a 1.25 m/s?

2.31 (a) With v= 120 km/h, v* =  + 2a Ax yields

22 [120 km/hz—O}( o)

- 0.278 m/s

- - - [2.32m/s2
T Ax 2 240 m T kmn )

v, _ 120 km/h -0 (0278 m/s)

b The required time is At = = =|144s]|.
®) au p 232 m/s |1 kmh J 144 ]
2.32 (a) The time for the truck to reach 20 m/s, starting from rest, is found from: v= v, + at :

, :V—VOZZOI’II/S—OZIOS

speed 2
up a 2.0 m/s
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The total time for the trip is fiotal = fspeed + Loonstant + foraking = 108 +20s +5.0s = .

up speed

The distance traveled during the first 10 s is

- v+ Y 20 m/s + 0
Ax speed = vspccd tspccd = [Toj tspccd = [f] 10s =100 m
up up up up

The distance traveled during the next 20 s (with a = 0) is

AX constant = V- fogngiant = 20 m/s 20s =400 m
speed speed

The distance traveled in the last 5.0 s is

(v, + v) 0+ 20
_ 5 Y _(0+20 m/s _
Ax braking Vbrakingtbmking - L 2 thraking - [ 2 j 5.0s =50m
The total displacement is then
Ax = AX speed + AX constant + AX =100m +400m + 50 m = 550 m

total braking

up speed

and the average velocity for the entire trip is

Ax 550 m
- _ total __ _
Viip = T 16 m/s

ttotal

v—1v 240 m/s? -0 3
= = = 8.14
a=— o5t

Ve — V2 —
From a = Av/At the required time is A¢ = A ~ = 20.0 ;nﬁ 1/0'20 m/s = .
a .14 m/s

For uniform acceleration, the change in velocity Av generated in time At is given by Av = (Af).

From this, it is seen that doubling the length of the time interval A¢ 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.”

The time required to stop the plane is

Page 2.14



Chapter 2

v—-v% 0-100 m/s
t = = =120.0
—-5.00 m/sz

a

(b) The minimum distance needed to stop is

Ax:?/-z=(v+2v°] m:(%om/sj 200s = 1000 m =1.00 km

Thus, the plane requires a minimum runway length of 1.00 km.

|It cannot land safely on a 0.800 km runwayI.

2.35 We choose x = 0 and ¢ = 0 at location of Sue’s car when she first spots the van and applies the brakes. Then, the

initial conditions for Sue’s car x,s = 0 are and g = 30.0 m/s. Her constant acceleration for
t > 01is ag = —2.00 m/s? . The initial conditions for the van are Xy, = 155 m, v, = 5.00 m/s and its

constant acceleration is ay = 0. We thenuse Ax = x — x; = vt + %atz to write an equation for the x

coordinate of each vehicle for ¢ > 0. This gives

Sue’s Car:

1
xg — 0= 30.0 m/s 4o -2.00 m/s? 2 or xg= 30.0 m/s t— 1.00 m/s> 2
Van:

1
x, —155m = 5.00 m/s t+— 0 £ or x, =155m + 5.00 m/s ¢
2

In order for a collision to occur, the two vehicles must be at the same location 1i.e., xg = xj;; . 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.

xg = x, = 30.0 m/s £ — 1.00 m/s> 2 =155m + 5.00 m/s ¢

or 1.00 m/s? 2 — 25.00 m/s +155m =0

Using the quadratic formula yields

~ -25.00 m/s * \/ ~25.00 m/s > —4 1.00 m/s2 155 m
2 1.00 m/s?

=13.6s or

=
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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

Xeotlision = Xs|_1as = |0, = 155 m+ 500 m/s 1l4s =

2.36 The velocity at the end of the first interval is

v=1 +at =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.

1 . .
(a) From Ax = vyt + Eatz , the total displacement is

Axmtal= Ax1+ Ax2+ Ax3

- [0+% 2.77 m/s? 15.052}+[ 41.6 m/s 1235 +0]

1
J{ 416 mfs 4395 + - -9.47 m/s? 439 2}

or

Ax - =312m+5.11 x 103 m+912m=551x103m =|5.51 km

Ax 312 m
b)) v = Ly =120.8 m/s
® % =——=10,

Ax 5.11x 10> m
- 2
v = = = -_41.6 m/s
2 t, 123 s /

and the average velocity for the total trip is
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Ax 551 x 10> m
Vo= total - _ ' =|38.7 m/s
ot = 7 50+ 123+ 439

total

2.37 Using the uniformly accelerated motion equation Ax = vy¢ + %at2 for the full 40 s interval yields

Ax = 20 m/s 40s + % ~-1.0 m/s2 40s -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

Lo V% _0-20 m/s=20S
a ~1.0 m/s?

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 = vyt + %atz to this interval gives the stopping distance as

Ax=20m/s 20s +1 1.0 m/s> 20s” = [200m]

(0.447 m/s)

~17.9
1 mi/h m/s

238 % =0 and v, = (40.0 %j

(a) To find the distance traveled, we use

(v, + v )

Ax:?/-t:L 3

(b) The constant acceleration is

Vi =% 179 m/s -0 3
= = = =11.49
“ D0+

t

2.39 At the end of the acceleration period, the velocity is

V=V +atyy =0+ 1.5m/s? 50s =75 m/s

Page 2.17



2.40

Chapter 2

This is also the initial velocity for the braking period.

(a)

(b)

After braking, v, = v+ atyy. = 7.5 m/s + -2.0 m/s? 3.0s = .

The total distance traveled is

Axtotal =

v+v0] (v + v)

X accel + Ax brake = vt accel v brake = [ 2 taccel + L . 2 thrake

. 1. .
At 4%) 50 +[ S 73 m/S] 305 = [32m]

For the acceleration period, the parameters for the car are: initial velocity = v,, = 0, acceleration = a, = a,, elapsed

time = (A?), = ¢, and final velociety = vy, For the braking period, the parameters are: initial velocity = v;, = final

vel. of accel. period = v, acceleration = a;, = a,, and elapsed time = (Af), = 1,.

(2)

(b)

(©)

To determine the velocity of the car just before the brakes are engaged, we apply v, = v; +a Ar to the

acceleration period and find
Vo = Vi = Ve +a, A, =0+ap or v, = a]

Wemayuse Ax = v Ar + %a At > to determine the distance traveled during the acceleration period

(i.e., before the driver begins to brake). This gives

2 1
a, At = =0+ —a} or Ax = |=aqt}
a 2

The displacement occurring during the braking period is

2 1
Ax = vy AL, +35a, At = ah 1 +5a2t§

Thus, the total displacement of the car during the two intervals combined is

total

1 1
- - 2 2
Ax = Ax + Ax, = Ealtl + att, + Eaztz

Page 2.18



2.41

2.42

Chapter 2
The time the Thunderbird spends slowing down is

Ay, 2 Ax  2250m

=699s

Aty

v V% S0+ 71.5m/s

The time required to regain speed after the pit stop is

Ax, 2Ax,  2350m

- = =9.79s
v v+ v 71.5m/s + 0

At, =

Thus, the total elapsed time before the Thunderbird is back up to speed is

At = At; +5.00s + At, =6.99s +500s +9.79s =21.8s

During this time, the Mercedes has traveled (at constant speed) a distance

Axy, = vy At = 71.5m/s 21.8s =1558m

and the Thunderbird has fallen behind a distance

d = Axy — Ax; — Ax, = 1558 m — 250 m — 350 m= | 958 m |

The car is distance d from the dog and has initial velocity v, when the brakes are applied, giving it a constant
acceleration a.

Apply Vv = Ax/At = v+ v /2 to the entire trip (for which Ax = d +4.0 m, Az =10 s, and L = 0) to obtain

d+40m 0+ vy d+4.0m
= or v = ———— [1]
10 s 2

Then, applying ¥» = ¥ + 2a Ax to the entire trip yields 0 = v} +2a d + 4.0m .

Substitute for v from Equation [1] to find that

d+40m° d+40m

= da:—
0 55 2 +2a d+40m an 50 32
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Finally, apply Ax = vy¢ + 3 ar? to the first 8.0 s of the trip (for which Ax = d).

This gives
d=1v 80s +%a64s2 [3]

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

:(d+4.0m\ 1( d+4.0m)

d 8.0 J 64 s> =0.96d +3.84m

50s J 'S+EL_ 50 s2

which yields d = 3.84 m/0.04= [96m.

(a) Take t = 0 at the time when the player starts to chase his opponent. At this time, the opponent is distance

d = 12 m/s 3.0s =36 m in front of the player. At time ¢ > 0, the displacements of the players from their

initial positions are

AXx % t

player — player + Eaplayer

1
2 =0+ 5 4.0 m/s? 12 [1]
and

_ 2 _
AXgpponent = %o opponent | anpponemt = 12 m/s t +0 [2]

When the players are side-by-side,

AXplayer = AX +36m [3]

opponent

Substituting Equations [1] and [2] into Equation [3] gives
1
E4.0m/s2 2 = 12 m/s t +36m or 2+ -60st+ -18s2 =0

Applying the quadratic formula to this result gives

— —60s i\/—6.0s2—41 ~18 §2
21

=
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which has solutions of = -2.2 s and ¢ = + 8.2 s Since the time must be greater than zero,

we must choose ¢ =8.2 s| as the proper answer.

1 1 2
®)  AXpayer = % e ! F Eaplayerfz =0+ 5 4.0 m/s2 82s” =[1.3x10>m

2.44 The initial velocity of the train is v, = 82.4 km/h and the final velocity is v = 16.4 km/h . The time required

for the 400 m train to pass the crossing is found from

Ax:x_/-t:[v+v0/2]tas

2 Ax 2 0.400 km

3600 s
t = = 810x103 h ( j =|29.1s
v+ Y 82.4 +16.4 km/h 1h

2.45 (a) From v = ¥ +2a Ay with v= 0, we have

P -w®  0- 250 m/s’
Ay = = =[31.9m
max 2a 2 -9.80 m/s?

(b) The time to reach the highest point is

v—1% 0-250 m/s -
t = = = 2.55
P a -9.80 m/s? >

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

2 Ay

1 2 -31.9m
A :Ot+—at2ast:\/ = ={2.55s
Y 2 a -9.80 m/s?

(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=1v +at =0+ —9.80 m/s> 2.55s =|-25.0m/s

2.46 (a) For the upward flight of the arrow, v, = +100 m/s, ¢ = —g = —9.80 m/s? , and the final velocity is

v = 0. Thus, ¥ = VZO +2a Ay yields
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N, P% 0 100m)s”
Y max 2a 2 -9.80 m/s?

- [iom)

(b) The time for the upward flight is

— Aymax=2AymaX= 2510m =1025
Vap v, + v 100 m/s + 0

Lup

For the downward flight, Ay = — Ay =-510m, vy = 0, and @ = 9.8 m/s?> Thus,

max

=10.2s

2 Ay \/2 ~510 m

Ay = vt + L ar? gives ¢ = =
VTR A EVES Lhown a ~9.80 m/s?

and the total time of the flight is 7, = f4own + fdown = 10.2 8+10.2 s = .

The velocity of the object when it was 30.0 m above the ground can be determined by applying Ay = vt + % at?

to the last 1.50 s of the fall. This gives
1
~30.0m = v, 1.50s + E[—9.80 32] 150s > or v = -12.7m/s
s

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 v* = } + 2a Ay as

P -w  -127m/s’ -0
Ay | = = = -823m
2a 2 -9.80 m/s?

The total distance the object drops during the fall is

:‘Ay1+ —30.0m‘:

| &

total

(a)  Consider the rock’s entire upward flight, for which v, = +7.40 m/s, v, =0, g = —g = —9.80 m/s?,
y; = 1.55m (taking y = 0 at ground level), and y,= /,,, = maximum altitude reached by rock. Then

applying v = ¥ + 2a Ay to this upward flight gives
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0= 740 m/s > +2 —9.80 m/s> &, —1.55m

and solving for the maximum altitude of the rock gives

7.40 m/s
By =1.55m+ ——————— =434m
2 9.80 m/s?

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

To find the velocity of the rock when it reaches the top of the wall, we use ijf = V,z + 2a Ay and solve for

Vr when y,= 3.65 m (starting with v; = +7.40 m/s aty, = 1.55 m). This yields

v, = \/Vlz +2a y, -y, = \/7.40 m/s > +2 -9.80 m/s?2 3.65m —1.55m = [3.69 m/s

A rock thrown downward at a speed of 7.40 m/s v, = —=7.40 m/s from the top of the wall undergoes a

displacement of (Ay) = y,—y;= 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, = —[# +2a Ay = —\/ ~7.40 m/s > +2 —-9.80 m/s2 -2.10m = -9.79 m/s

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

A speed (o= |lv| =] = -9.79 mys| - [-7.40 mys]| =

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

was

A speed | = va| - |Vi|‘ = |3.69 m/s - 7.40 m/s| = 3.71 m/s

Thus, the |two rocks do not undergo the same magnitude change in speedsl. As the two rocks travel between

the level of the attacker and the level of the top of the wall, the rock thrown upward undergoes a greater
change in speed than does the rock thrown downward. The reason for this is that the rock thrown upward has

a smaller average speed between these two levels:

Page 2.23



Chapter 2

] + |V,
- =| l|up | Slup _ 7.40 m/s + 3.69 m/s=5.55 m/s
up 2 2
and
s |Vi|down + |Vf down _ 140 m/s + 9.79 m/s _ 8.60 m/s
down 2 2
Thus, the rock thrown upward spends more time travelling between the two levelsl. with gravity changing its

speed by 9.80 m/s for each second that passes.

2.49 The velocity of the child’s head just before impact (after falling a distance of 0.40 m, starting from rest) is given by
? = VZO +2a Ay as

v =B +2a by = —\/o +2 -9.8m/s2 -0.40m = 2.8 m/s

If, upon impact, the child’s head undergoes an additional displacement Ay = —/ before coming to rest, the

acceleration during the impact can be found from v = v + 2a Ay tobe a = (0 — v?)/2(—h) = v? /2h. The

duration of the impact is found from v = v, + at as t = Avla = —v; /(3 /2h), or t = =2h/v; .

Applying these results to the two cases yields:

Hardwood Floor (h=2.0 x 10~ m):

2
2 2.8
a:ﬁ: M5 ox10 me

2 20x103m

o =2 2.0x1073 m

and t = —— =14x103 s =|7.1ms
EXTY

Vi

Carpeted Floor (A =1.0 x 102 m):

-2.8 m/s ?

¥
a=-"+t=—" " =13.9x10% m/s?
2h

2 1.0x1072 m
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2h —21.0x102m
and = — =

:7.1x10-3s:

v -2.8 m/s

2.50 (a) After 2.00 s, the velocity of the mailbag is
Vg = % + at = —1.50 m/s + —9.80 m/s> 2.00s = -21.1 m/s

The negative sign tells that the bag is moving downward and the magnitude of the velocity gives the speed as

RLT s,

(b) The displacement of the mailbag after 2.00 s is

v+ v -21.1 m/s + —1.50 m/s
AY o = ‘= 2.00s =-22.6m

2 2

During this time, the helicopter, moving downward with constant velocity, undergoes a displacement of

1
Ay = Vbt+Eat2 = -1.5m/s 2.00s +0=-3.00m

copter

The distance separating the package and the helicopter at this time is then
d=|av, - av | =[-226m- -3.00m | =|-19.6m| -

(©) Here, % ppe = % copter = 710 m/s and @y, = —9.80 m/s? while eopter = 0. After 2.00 s, the

velocity of the mailbag is
m m m
Voag = 1.50 < +(—9.80 S—zj 2.00s =-18.1 <

and its speed is

m
|Yhag| = | 181 <

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

AVeopter = +1.50 m/s 2.00s +0 = +3.00m
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Meanwhile, the mailbag has a displacement of

Yhag T %0 ), _ [—18.1 m/s + 1.50 m/s

2.00s =-16.6m
2 2

(
Ay bag :L

The distance separating the package and the helicopter at this time is then
d = ‘ Ay - Ayh‘ =|-16.6m - +3.00m | = |-19.6 m| =

2.51 (a)  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=-980 m/s? = |9.80 m/s?2  downward

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

Vmax = @ .

height

(¢) Consider the relation Ay = vt + %at2 with a = —g. When the ball is at the thrower’s hand, the
displacement is Ay = 0, giving 0 = vyt — %gt2

This equation has two solutions, # = 0 which corresponds to when the ball was thrown, and ¢ = 2v; /g

corresponding to when the ball is caught. Therefore, if the ball is caught at # = 2.00 s, the initial velocity must

have been

gt 9.80 m/s? 2.00s

Vb=3= 5 :

(d) From v = ¥ +2a Ay ,with v= 0 at the maximum height,

Ny P % 0- 980 m)s”
Y T T T 2 2080 m)s?

- [190m

2.52 (a)  Let =0 be the instant the package leaves the helicopter, so the package and the helicopter have a common

initial velocity of v; = —V;. (choosing upward as positive).

At times ¢ > 0, the velocity of the package (in free-fall with constant acceleration a, = —g) is given by
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vy tata v, =-y —gl=- vy, +gl andspeed=|vp|=v;,+gt

(b) After an elapsed time ¢, the downward displacement of the package from its point of release will be

and the downward displacement of the helicopter (moving with constant velocity, or acceleration a;, = 0)

from the release point at this time is

Ay

1 2
h:v;-t+5aht = -yt +0=—-vwt

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

1
:—tz
2g

1
d=|Ay - Ayh‘z‘—[vbt—i-ggtz]— —vpt

(c)  Ifthe helicopter and package are moving upward at the instant of release, then the common initial velocity is
V; = +V;. The accelerations of the helicopter (moving with constant velocity) and the package (a freely

falling object) remain unchanged from the previous case (a, = —g and a;, = 0).

In this case, the package speed at time ¢ > 0 is 1|v;,| = |v; + apt| = |Vb - gt| =

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

1 1
Ay =yt + Eaptz =yt — Egt2 and Ay

P

15
hzvit+5aht =yl + 0= +yt

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

1
d=|Ay b Ay h‘ = |t — Egt2 - Wil = Egt2 (the same as earlier!)

2.53 (a)  After its engines stop, the rocket is a freely falling body. It continues upward, slowing under the influence of
gravity until it comes to rest momentarily at its maximum altitude. Then it falls back to Earth, gaining speed

as it falls.

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

v= % +2a Ay =\/50.0 m/s”> +2 2.00 m/s2 150m =557 m/s
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After the engines stop, the rocket continues moving upward with an initial velocity of v, = 55.7 m/s and

acceleration a = —g = —9.80 m/s*>. 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

P -w® 0- 557 mfs’
Ay = = =158 m
2a 2 -9.80 m/s?

The maximum height above ground that the rocket reaches is then given by
My = 150 m + 158 m = | 308 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 v, = 50.0 m/s at the ground to a velocity of v = 55.7 m/s at an altitude of 150 m. This

time is given by

t—Ayl— Ay 2 150 m
= =

Y vew 2 557+500 mfs

=2.84s

The second interval is the time to rise 158 m starting with v, = 55.7 m/s and ending with v = 0. This

time is

Ay, Ay, 2 158 m

t, = =

— = =5.67s
% v+ /2 04557 m/s

The total time of the upward flight is then 7, = #, + 1, = 2.84 +5.67 s = |8.51s

(d)  The time for the rocket to fall 308 m back to the ground, with v, = O and acceleration a = —g = —9.80 m/s?,

is found from Ay = vt + 1 ar? as

2 Ay 2 =308 m
tiown = = =793s

so the total time of the flight is Zgign, = fyp + lgown = 8.51+7.93 s = .

(a)  The camera falls 50 m with a free-fall acceleration, starting with v, = —10 m/s_ Its velocity when it

reaches the ground is
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v:«,v%+2a Ay :\/—10 m/s2+2 ~—9.80 m/s’ -50m = —33 m/s

The time to reach the ground is given by

V% :—33 m/s — —10 m/s :

a -9.80 m/s?

(b) This velocity was found to be v = in part (a) above.

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 v = 100 km/h . Therefore, the length of the rig is

L, = vt =100 k—m(mj 0.600s =16.7m
g h L1 km/h

While some part of the rig is on the bridge, the front bumper moves a distance

AY= Lyyigge + Ly = 400 m +16.7 m

With a constant velocity of , the time for this to occur is

Lyigee + Liig 400 m +16.7 m( 1 km/h ) -
v 100 km/h 0.278 m/sJ

(a) From Ax = vt + +ar?, wehave 100 m = 30.0 m/s 7+ % —3.50 m/s? #2. This reduces to

3.50¢% + (—=60.0 s)¢ + (200 s?) = 0, and the quadratic formula gives

- —60.0s =+ \/ ~60.0s > —4 3.50 200s2
2 3.50

=

The desired time is the smaller solution of £ = . The larger solution of # = 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 +at =300 m/s+ —3.50 m/s2 4.53s = [l4.1m/s
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(a) The acceleration of the bullet is

2 2

v — 300 m/s = — 400 m/s
a= vy _ = [-3.50 x 105m/s2]
2 Ax 2 0.100 m

(b) The time of contact with the board is

V-1 300 — 400 m/s
t = = =2.86 x10%*s
—-3.50 x 105 m/s?

a

We assume that the bullet begins to slow just as the front end touches the first surface of the board, and that it

reaches its exit velocity just as the front end emerges from the opposite face of the board.

(a) The acceleration is

2 2

L= 2 280 m/s © — 420 m/s
a = exit 0 — / / = | —4.90 x 105 III/S2 |
2 Ax 2 0.100 m

2

(b) The average velocity as the front of the bullet passes through the board is

Vexit

+ v _ 280 m/s + 420 m/s
2 2

‘_/z

= 350 m/s

and the total time of contact with the board is the time for the front of the bullet to pass through plus the addi-
tional time for the trailing end to emerge (at speed V.;; ),

- Y Ly _ 0.100m0.0200m _ 5o
350 m/s 280 m/s

v Vexit

(¢) From v =} +2a Ax ,with v=0, gives the required thickness is

2 - 0- 420 m/s’
2a 2 —4.90 x 105 m/s?

=0.180 m = [18.0 cm]

(a)  The keys have acceleration a = —g = —9.80 m/s* from the release point until they are caught 1.50 s later. Thus,

Ay = vt + ar® gives
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Ay —a?/2  +400m - -9.80 m/s> 1.50s° /2

= +10.0 m/s
t 1.50 s

=
|

or

% | 10.0 m/s upward

The velocity of the keys just before the catch was

v=1 +at =10.0 m/s + —9.80 m/s> 1.50s = —4.68 m/s

or

v= | 4.68 m/s downward

The keys, moving freely under the influence of gravity (a = —g), undergo a vertical displacement of

Ay = +h intime . We use Ay = v + 3 at? to find the initial velocity as

1
h=v;t+5 -g t?

giving

h+gt?/2 |h gt
V = ————
! t t 2

The velocity of the keys just before they were caught (at time f) is given by v = v; + af as

From v = W + 2a Ay , the insect’s velocity after straightening its legs is

v= |7 +2a Ay =\/0+2 4000 m/s> 2.0 x 10 m =[4.0 m/s]

and the time to reach this velocity is
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v—1 40m/s-0 _
t = = =10x103s=|1.0ms
4 000 m/sz

a

(b)  The upward displacement of the insect between when its feet leave the ground and it comes to rest

momentarily at maximum altitude is

2
- 0-% - 40
o280 L DT

2a 2 -g 2 -98m/s?

2.62 The distance required to stop the car after the brakes are applied is

2

mi( 1.47 ft

0-135.0 —(77_/5\
V-9 h \ 1 mi/h

X = = =147 ft

stop 2a 2 -9.00 ft/s?

Thus, if the deer is not to be hit, the maximum distance the car can travel before the brakes are applied is given by

Ax =200 ft - Ax stop = 200 ft — 147 ft = 53.0 ft

before

Before the brakes are applied, the constant speed of the car is 35.0 mi/h. Thus, the time required for it to travel 53.0

ft, and hence the maximum allowed reaction time, is

AXx
tr ax — before — 53('0 ft — 1.035
v .
b 35.0 ﬂk“” 'ft/sj
h \ 1 mi/h

2.63 The falling ball moves a distance of 15 m — % before they meet, where / is the height above the ground where

they meet. Apply Ay = vt + %at2 , with a = —g, to obtain

- 15m-h =0-1g? or h=15m - 1 gr? (1]
Applying Ay = vt + %az‘2 to the rising ball gives
h= 25m/s t - 1gt? [2]

Combining equations [1] and [2] gives
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25 m/s t—\1§<:15m—\1§<
2 2

or

15m
t=25m/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

A .0 mi — 5280 ft — 1500 ft
_ Axy _ 1.0 mi - 500 yards ((1m \:1.9m/s

Yo

At 10 min B 600 s (3.281 ftJ

With an initial speed of v, = 1.9 m/s and constant acceleration of ¢ = 0.15 m/s?, the maximum distance the

student can travel in the remaining 2.0 min (120 s) of her allotted time is
1
Axyy =l + Ly ? = (1.9 %) 1205 + E(0.15 32) 1205 =1.3%x103 m
max S

or

281 ) (1
Ax,y = 13x10°m {3 81ft) yard] — 1.4 x 10° yards
0 max I'm 3t

Since Ax,, _  is considerably greater than the 500 yards she must still run, she can |easi1y meet the requirmend

of running 1.0 miles in 12 minutes.

We solve Part (b) of this problem first.

(b)  When the either ball reaches the ground, its displacement from the balcony is Ay = —19.6 m (taking upward
as positive). The initial velocities of the two balls were v; = —14.7 m/s and v, = +14.7 m/s,so ¥} has the

value of (14.7 m/s)* for either ball. Also, a = —g for each ball, giving the downward velocity of either ball when it

reaches the ground as

Vather = —\JW +2a Ay = —\/ 145 m/s > +2 -9.80 m/s> —19.6m =|-245 m/s

ball

(a) The time for either ball to reach the ground (and hence achieve the velocity computed above) is given by
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V. —
b 245 m/s -y 245 m/s + y

a -g 9.80 m/s?

where v, is the initial velocity of the particular ball of interest.

Forball 1, v, = —14.7 m/s, giving

. 24.5 m/s — 14.7 m/s
: 9.80 m/s?

=1.00s

Forball 2, v, = +14.7 m/s , and

245 m/s +14.7 m/s

= =4.00s
: 9.80 m/s?

The difference in the time of flight for the two balls is seen to be
At =t, —t; = 4.00 -1.00 s =

At £ =0.800 s, the displacement of each ball from the balcony (at height # above ground) is

1
n—h= vyt - Egt2 = —147 m/s 0.800s — 4.90 m/s> 0.800s

1
Yy, —h = vyt - Egt2 = +14.7 m/s 0.800s — 4.90 m/s? 0.800s ?

These give the altitudes of the two balls at 1= 0.800 s as y, =h -14.9 mand y, = & + 8.62 m.

Therefore the distance separating the two balls at this time is
d=y, -y =h+862m— h—-149m =|23.5m |

While in the air, both balls have acceleration a, = a, = —g (Where upward is taken as positive). Ball 1 (thrown
downward) has initial velocity vy, = —V,, while ball 2 (thrown upward) has initial velocity v;, = +v.
Taking y = 0 at ground level, the initial y-coordinate of each ball is y,; = ¥y, = +h. Applying

Ay =y -y =vt+ %at2 to each ball gives their y-coordinates at time ¢ as
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1 1
Ball 1: nw-h= —uyt+§ -g ? or »w=h- Vof_Egtz

1 1
Ball 2: yz—h=+vot+5—g 12 or y2:h+vot—5gz2

(b) At ground level, y = 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 the following:

Ball 1: O:h—voti—%gtf - gt + 2v, t,+ —2h =0

. tl_—zvoi\/zvoz—4g 2y W) 2
29 g LgJ g

Using only the positive solution gives

t1=—v—0+ (V_0\2+2_h
g LgJ 9

Ball 2: 0:h+v0t2—%gt22 - g+ -2y, t,+ —2h =0

and

e

04 (V_°\2+2_h
29 g_\}Lg) g

t, = =+

Again, using only the positive solution

t=v—°+ (V—°\2+2—h
g \/LgJ g

Thus, the difference in the times of flight of the two balls is
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2 )

Cpp Yoy (Vo) 20 e, (v} 20 |2y
At_tz_ti_g-‘_(gJJrg g+LJ+gJ_

9

Vo * 2h {_v

(c) Realizing that the balls are going downward V<0 as they near the ground, we use V> =V’ +2a Ay with

Ay = —h to find the velocity of each ball just before it strikes the ground:

Ball 1: V;, = —V2 +2a, —h :—\/ v, °+2 -g -h = —JV +2gh

Ball2: v, =—\2 +2a, -h =—\/ +, “+2 -g —h =|-V¢ +2gh

(d) While both balls are still in the air, the distance separating them is

1 1

2.67 (a) The first ball is dropped from rest (v, = 0) from the height / of the window. Thus, Vi = Vg +2a Ay gives

the speed of this ball as it reaches the ground (and hence the initial velocity of the second ball) as

|Vf | = \/V(fl +2a, Ay, = \/O +2 —g —h =./2gh . When ball 2 is thrown upward at the same time that ball 1

is dropped, their y-coordinates at time ¢ during the flights are given by y—y, =Vt +3 at® as

Ball 1: y,—-h=0t+% -g t’ or y, =h—1gt?

Ball 2: y,—0= 2gh t+3 —g t? or y, = y2gh t—1gt’

When the two balls pass, y; = y,, or

) =

giving

h h 28.7m
t=——== /— = /— =[1.219]
J2gh  \29 {2 9.80 m/s?

(b) When the balls meet,
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and

A [V hm
Vi = 2gL 2gJ_ 4 4

Thus, the distance below the window where this event occurs is

d:h—y1=h—%:2:28'jm:

2.68 We do not know either the initial velocity nor 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 —5.60 m/s.

We have v = v, +atand AX=V-t=[(v+V,;)/2]-t. Applied to the motion of the truck, these yield

V-v,=at or v-v,= -5.60 m/s’ 4.20s =-23.5 m/s [1]
and

Ty 2 AX 2624m
+ = =
0 t 420s

297 m/s 2]

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

2v= -235+297 m/s, or  v=|3.10 m/s]

2.69 When released from rest (v, = 0), the bill falls freely with a downward acceleration due to gravity (a = —g = -9.80

m/s%). Thus, the magnitude of its downward displacement during David’s 0.2 s reaction time will be

|Ay| = V0t+%at2 = O+% -9.80 m/s? 0.2s °|=0.2m=20cm

This is over twice the distance from the center of the bill to its top edge (~ 8 cm), so |.DaVid will be unsuccessful|.

2.70 (a) The velocity with which the first stone hits the water is
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(b)

(c)

(2)

Chapter 2

2
v, =— V% +2a Ay =—J[—2.oo %] +2[—9.80 sz) 500m =-3L4 %

The time for this stone to hit the water is

V-V, |-3L4 m/s— —2.00 m/s |

a ~9.80 m/s? -

t1:

Since they hit simultaneously, the second stone which is released 1.00 s later will hit the water after an flight

time of 2.00 s. Thus,

Ay-at?/2 -50.0m- -9.80 m/s* 2.00s°/2

t, 2.00s =[-152 m/s ]

02

From part (a), the final velocity of the first stone is v, =| —31.4 m/s |.

The final velocity of the second stone is

V, =V, +at, = -15.2 m/s+ -9.80 m/s* 2.00s =|-34.8 m/s

The sled’s displacement, Ax;, while accelerating at a, = +40 ft/ s? for time #,is

Ax = 0t +iatl = 20ft/s® ¢ or Ax = 20ft/s’ t [1]
At the end of time ¢,, the sled had achieved a velocity of

V=V, +at =0+ 40ft/s’ t, or v= 40ft/s* t, [2]
The displacement of the sled while moving at constant velocity v for time ¢, is

A, =vt, =[ 40ft/s” 1, |t, or Ax, = 40ft/s? tt, 3]

It is known that AX + Ax, =17 500 ft, and substitutions from Equations [1] and [3] give
20 ft/s® t? + 40ft/s® tt, =17500 ft or  t?+2tt,=875¢° [4]

Also, it is known that

t, +t,=90s [3]
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Solving Equations [4] and [5] simultaneously yields

t?+2t 90s-t =875 or t?+ -180s t, +875s° =0

The quadratic formula then gives

_ _180s J_r\/—18032—4 1 8758
21

'[1:

with solutions t, =5.00s andt, =90s-5.05s=85s or t =175s andt,=-85s .

Since it is necessary that ¢, > 0, the valid solutions are |t1 =5.0sandt =285 s|.

(b) From Equation [2] above, V= 40ft/s® t, = 40ft/s* 5.0s =|200ft/s|.

(c) The displacement Ax; of the sled as it comes to rest (with acceleration a; = —20 ft/s?) is

_0-v? - 200ft/s

- =1000 ft
2a, 2 -20ft/s?

AX,

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

AXyy = AX, +AX, +AX, =17 500 ft +1000 ft =[18500 ft

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

0-v  —200ft/s
= =" _Mos
3 a3 _zoft/sz -

so the duration of the entire trip is ty, =t +t, +t, =5.05+855+10s = .

1 .
2.72 (a) From Ay =vt+ Ea’t2 with v, = 0, we have
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a

2 Ay 2 -23m
\/ \/—9.80 m/s? 224

(b)  The final velocity is V=0+ —9.80 m/s’® m/s* 2.2s =|-21m/s|.

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

t Ay  23m
sy 340 m/s

sound

=6.8x107°s

so the total elapsed time is .t =225+ 6.8 x 102 s~[2.3

2.73 (a) Since the sound has constant velocity, the distance it traveled is
AX =V, t= 1100 ft/s 5.0s =|5.5x10%ft
(b) The plane travels this distance in a time of 5.0 s + 10 s = 15 s, so its velocity must be

3
Voo =ﬂ=w= 3.7x10° ft/s
P t 15

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

¢ _ M _ 55x10°ft [ 1m/s
" Vg 3.0010° m/sL3.281 ft/

} =5.6x10"°s
S

IDuring this time the plane would only travel a distance of 0.002 fd

2.74 The distance the glider moves during the time Az, is given by Ax=(=v, At, ++a At, 2 , where vy is the glider’s
velocity when the flag first enters the photogate and « is the glider’s acceleration. Thus, the average velocity is
1 2
¢ v, At, +1a At

1
Vo =— =V, +=a At,
¢ AL, At, 2

(a) The glider’s velocity when it is halfway through the photogate in space 1.€., when Ax=1/2 is found from
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VE=V, +2a AX as

v = \/vg +2a 12 = \/v(% +al = \/vg + a[vd At, ] = «,v(% +av, Aty

Note that this is ot equal to v, unless a = (|

, in which case v; = v4 = v,.

(b) The speed v, when the glider is halfway through the photogate in time (i.e., when the elapsed time is

t, = Aty/2) is given by v = vy+at as
1
v=y,+at, =v,+a At,/2 =V, +52 At,

which for all possible values of v, = a.

2.75 The time required for the stunt man to fall 3.00 m, starting from rest, is found from Ay = vyt + %at2 as

1 ) 2 2300m
-3.00m=0+= -9.80 m/s® t so  t= |————> =07825s
2 9.80 m/s

(a)  With the horse moving with constant velocity of 10.0 m/s, the horizontal distance is

t=100m/s 0.782s :

AX =V,

(b) The required time is [t = 0.782 s [as calculated above.
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