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CHAPTER 2

ANSWERS TO QUESTIONS

Yes. Yes, if the particle winds up in the +x region at the end.

Zero.

Yes. Yes.

(a) Accelerating East (b) Braking East (c) Cruising East
(d) Braking West (e) Accelerating West (f) Cruising West

(g) Stopped but starting to move East
(h) Stopped but starting to move West

No. Constant acceleration only. Yes. Zero is a constant.
They are the same! (Solve the kinematic equations and see!)

No: Car A might have greater acceleration than B, but they might both have zero acceleration, or
otherwise equal accelerations; or the driver of B might have tramped hard on the gas pedal in the
recent past.

No. Their velocities are different vectors, different in direction.

Above. Your ball has zero initial speed and smaller average speed during the time of flight to the
passing point.

For 6=90°, the acceleration is g. For 6 =0, the acceleration is zero. Consistent with these limits is
a=gsin®.

We use solid arrows for velocity and open arrows for acceleration. Pictures (a) and (d) read toward the
right. Pictures (b) and (c) start at the right and read toward the left.

e . I 72 - - <y
o O O O OO O O
(a) (b)
a=0 == = =>a
— -— - v > - — — - v
@ O O 0O @ 00 O O O 0O
<= <= <=<=a == = <= <= <=<= a

On the 11th day. Then two more weeks suffice for its height to get four times larger.

. . . . 1 2 _1 2 2
Ignoring air resistance, in 16 s the pebble would fall x = 58t = E(9.8 m/s )(16 s)” =1.25 km.

Air resistance is an important force after the first few seconds, when the pebble has attained high
speed. Also, part of the 16-s time must be occupied by the sound returning up the well. Thus the
depth is less than 1.25 km.

To travel 300 km at 25 cm/yr requires time t ~ 3 x 10° m/(2.5 x1072 m/yr) ~107 yr

With 1= gt?, (@) 0.5h=g(0.707t)*. The time is later than 0.5t.
(b) The distance fallen is 0.25h = % ¢(0.5t)*. The elevation is 0.75h, greater than 0.5/.
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Chapter 2

PROBLEM SOLUTIONS

v =|230m/s

_ _& _57.5m—9.20m
U =A< 3.00's

5 Ax 57.5m-0m

At T 500s

=/ 115m/s

=/16.1m/s

35.0

Displacement = (8.50 %104 m/h)(600 h) +130x10° m

x=(49.6+130)x10° m =
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180 km
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Average velocity =
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_ _Total distance
U ="Total time

Let d be the distance from A to B.

Then the time required is a + a
U1 Uy
And the average speed is U= 2 20
d d
— 4 Ul + 'UZ
U1 U2

With total displacement zero, her average velocity is ‘ 0 ‘

At any time, f, the position is given by x = (3.00 m/s2)#2

Thus, att;=3.00s: x;=(3.00m/s2)(3.00s)2= 27.0m

At t=3.00s+At: xp= (3.00 m/s2)(3.00 s + At)?, or

xf:‘ 27.0 m+(18.0 m/s)At+(3.00 m/s”)(At)? ‘

The instantaneous velocity at t = 3.00 s is:

Xr—X;
U= lim( f l): lim (18.0 m/s+(3.00 m/sz)At) = 18.0m/s
At—0\ At At—0

att;=15s, x; =8.0 m (Point A) x (m)
12+
att;=4.0s, xp=2.0 m (Point B) 101
C
- Xx-x% (0-80)m  60m o4m/ 87
USHor T (4-15)s T 25s | _orm/s 61
4_
The slope of the tangent line is found from points C and D. ¥ B
(tc=1.0s,xc=9.5m)and (tp=3.5s, xp=0), 0 — DI —T1—Tt(s)
01 2 3 45 6

v=| -3.8m/s

The velocity is zero when x is a minimum. Thisisat t=| 4 s
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Chapter 2

2.8 (b) Att=5.0s, theslopeisv= i85nsl = 23m/s x (m)
. 60
Att=4.0s, the slopeis v = 53—m = 18 m/s /
S 4
40- g
. 49m a
Att=3.0s, the slopeis v = 345 = 14 m/s
4 S 204 7
7/
7/
. 36m 7/
Att=20s, the slopeis v = 105 = 9.0m/s 0 //I// | ‘6)
0 2 4
_  Av 23m/s _ 5
() a =Af = 505 = 46m/s o (m/s)
20 7
(d) Initial velocity of the car was | zero "
0 T T t(s)
0 2 4
(5-0)m x (m)
2.9 (a) U="0o0)s - 5m/s 0L
sl AN
(b) =% = -25m/s OF -+ Nt
— At -f-+-+-+-A-+-+-A
B — 20 b\
(0) ZJ=(51n—ZIn) :M ol N lt(S)
(5s-45) ol 2.4 6\ 8
b+ F4-F -4+ A
0-(5m) oo S BRRRREE &
(d) U:(8S_7S) = +5m/s _6,,47474;,¢,¢,4,¢,4
*2.10 The speed is v, =100 km(lOOO m)( Lh ) =278 m/s
h 1 km 3600 s

The length of the combination of truck and trailersis x=v,t=(27.8 m/s)0.6 s=16.7 m

While some part of the rig is on the bridge, the front bumper moves forward by 416.7 m. This
requires time

v, 27.8m/s
Xr—X; _
*2.11 Once it resumes the race, the hare will run for a time of p=f i 1000 m — 800 m =25s
v, 8m/s
In this time, the tortoise can crawl a distance Xp—X;= (0.2m/s)(25s)= 5.00 m
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Chapter 2

Choose the positive direction to be the outward direction, perpendicular to the wall.

V=0 +at: = =
fo At 350%x1073 s

Av  8.00m/s 5
a=3f =T600s =~ L3m/s

Maximum positive acceleration is at t = 3 s, and is approximately | 2 m/ s

. _Av 220 m/s—(-25.0 m/s)

a=0,at  t=6s|,andalsofor | t>10s

Maximum negative acceleration is at t = 8 s, and is approximately | 1.5 m/ s?

= 1.34x10* m/s>

Att=2.00s, x=[3.00(2.00)2-2.00(2.00) + 3.00] m =11.0 m

Att=3.00s, x=[3.00(9.00)2-2.00(3.00) + 3.00] m =24.0 m

_ A 240m-11.0m _
S0 U =Af ©7300s-2.00s

13.0 m/s

At all times the instantaneous velocity is

d

v=-"(3.00¢ - 2.00¢+3.00) = (6.00¢ — 2.00) m /s

dt

Att=2.00s, v=1[6.00(2.00)-2.00] m/s =

Att=3.00s, v=[6.003.00)-—2.00] m/s =

10.0 m/s

16.0 m/s

= _Av 160 m/s—-10.0m/s

At T 300s-200s

—| 6.00m/s?

Atall times 4= %(6.00 ~2.00) =| 6.00m/s>

dx

x=2.00 + 3.00t - 12, U:E=3.OO—2.001‘,

Att=23.00s:

x=(2.00 +9.00-9.00) m =| 2.00 m

v=(3.00-6.00) m/s= -3.00m/s

a=| -2.00 m/s?

d

(This includes both t=2.00 s and t=3.00 s).

a=2%— 200
dt
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*2.16  (a) See the graphs at the right. 403{(rr71) 77777777
Choose x=0att=0 IR AR R
20t-+-4-+- A +-+-+-+-+-H
1 ++++++++4 ©)
Att:3s,x:§(8m/s)(3s) =12m 0 6 8510
v(m/s)
Att=5s,x=12m+ (8m/s)(2s) =28 m 81777,
L/
1 - T
Att=7s,x=28m+ 5(8m/s)2s) =36m Vit
(b) ForO0<t<3s, a=(8m/s)/3s=2.67m/s? L
L
For3<t<5s, a=0 S R
am/s)
(c) For5s<t<9s, a=—(16m/s)/4s=| -4 m/s> 4,,;,;,,‘,,;,;,;,;,;,;,4
Fodod-f-dod-d -ttt
(d) Att=6s, x=28m+(6m/s)(1s):‘ 34m‘ REN EEEERERTC
0l.;2.;4 16,8 10
1 L L N
(e) Att=9s, x=36m + E(_Sm/s) 2s=| 28m TR S S
Y IR I A A A

*2.17 (a) Acceleration is constant over the first ten seconds, so at the end,
vp =0, +at =0+(200 m/s* |(10.05)= 200m/s

Then a=0 so v is constant from t=10.0s to +=15.0s. And over the last five seconds the
velocity changes to

vp =v; +at=20.0 m/s+(3.00 m/s? )(5.00 s)= 5.00m/s

(b) In the first ten seconds,
xp=x; + 0t +2at” =0+0+ (200 m/s%)(10.0 5)* =100 m
[T R 2\7 )
Over the next five seconds the position changes to
xp=x;+ 0t + 2 at? =100 m +(20.0 m/s)(5.00 s) + 0 = 200 m

And at t=20.0s,

xp=x; + 0t + 2at” =200 m +(20.0 m/5)(5.00 ) + (-3.00 m/s%)(5.00 )" = 262 m
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(= [ [ [} |—>=reading order

[ (> [(=—>» [=—> |=>=velocity
—_ = = =

[ |=>=acceleration
<=

L[ —

<= <=

—] | g
<=

(=
<=
-] <]
<= <=

<=
<« < —~—
== = = =
One way of phrasing the answer: The spacing of the successive positions would change with less

regularity.

Another way: The object would move with some combination of the kinds of motion shown in (a)
through (e). Within one drawing, the accelerations vectors would vary in magnitude and
direction.

Choose the initial point where the pilot reduces the throttle and the final point where the boat
passes the buoy:

x;=0, x;=100m, v,;=30m/s, v,;=?, a,=-35m/s?, t=2
Xp =X+ Ot + At 100 m=0+(30 m/s)t + 2 (-35m/s? >
(175 m/s?)¢* =30 m /s £ +100 m =0

_ —b+\b? - dac

We use the quadratic formula: t 5
a

30 m/s+ (900 m? /5% ~4(1.75 m/s?)(100 M) 30 m/s+141m/s

t= - - 1265  or 453 s
2(1.75 m/s ) 35m/s

The smaller value is the physical answer. If the boat kept moving with the same acceleration, it
would stop and move backward, then gain speed, and pass the buoy again at 12.6 s.

Vyp = Uyj +a,t =30 m/s—(3.5 m/sz)4.53 s= 14.1m/s

V=0 42.0m/s
t 8.00 s

Taking the origin at the original position of the car,

Assuming a constant acceleration: a= = ‘ 5.25 m/s? ‘

xp =3 (0;+0¢)t = (420 m/5)(8.00 5)= | 168 m

From vy = v; +at, the velocity 10.0 s after the car starts from rest is:

vy =0+(525m/s?)(10.05)= | 525m/s
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Given v; =12.0 cm/s when x; =3.00 cm (+ =0), and at t=2.00 s, xXp= -5.00 cm

1 1 2
xp—x; = v+ at’: ~5.00—3.00 = 12.0(2.00) + ; a(2.00)

320 _

~16.0 cm /s>
2

-8.00=24.0+2a a=

Suppose the unknown acceleration is constant as a car moving at v; = 35.0 mi/h comes to a v =0

stop in x¢ —x; =40.0 ft. We find its acceleration from vf2 =02+ Za(xf - xi):

a

2(x = xi) ©2(40.0 ft) 3600 s

mi

_ % ~% _0-(35.0 mi/h) (5280&)( 1h ) =-32.9 ft/s>

Now consider a car moving at v; =70.0 mi/h and stopping to vy =0 with a=-32.9 ft/ s%. From
the same equation its stopping distance is

= 160 ft

v -v7  0—(70.0 mi/h)? (5280 ft)z( 1h )2

THE - 3600 5

2a 2(—32.9 ft/ sz) 1 mi

v;=520m/s

v(t=2508)=0v; +at=520m/s + (3.00 m/s2)(2.50 s) =| 12.7 m/s

o(t=2508)=0v; +at=520m/s + (-3.00 m/s2)(2.50 s) = —2.30 m/s

Compare the position equation x =2.00+ 3.00¢ — 4.00% to the general form x; =x; +v;t +%m‘2 to

recognize that x;=2.00m, v; =3.00m/s, and a=-8.00m/s?
The velocity equation, vy =v; +at, is then vy =3.00m/s— (8.00 m/s2)t
The particle changes direction when vy =0, which occurs at ¢ = % s. The position at this time is:
2
N 3 2\(3 VP _
=200 m+(3.00 m/s)(2 s)-(4.00 m/s?)(2 ) = 256m
From x; =x; +v;t +%at2, observe that when x; = x;, the time is given by t=-20;/a. Thus, when

the particle returns to its initial position,

_ —2(3.00 m/s)

the timeis t= > =35
-8.00m/s 4

and the velocity is 7 =3.00 m/s~(8.00 m/s2)(§ s) = -3.00m/s
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v; =100 m/s, a=-5.00m/s> vp=v;+at  so 0=100-5¢

v =0 +2a(x; - x;) o 0=(100)* -2(5.00)(x - 0)

Thus Xp= 1000 m and t=| 20.0s

At this acceleration the plane would overshoot the runway: No

Take t; =0 at the bottom of the hill where x; =0, v; =30.0 m/s, a=-2.00 m/s>.

Use these values in the general equation Xp=x;+v;t+ %atz

to find xp=0+(30.06m/s)+ (200 m/s” )¢

when ¢ is in seconds Xp= (30.01L - tz) m

To find an equation for the velocity, use vy =1v;+at=30.0m/s+ (—2.00 m/sz)t

vr=(30.0-2.00f) m/s

The distance of travel x; becomes a maximum, xp,,, when v =0 (turning point in the motion).
Use the expressions found in part (a) for vy to find the value of t when x; has its maximum
value:

From vy = (3.00-2.00t) m/s, v =0 when t=15.0s

Then  Xpqy = (30.0t—£7) m = (30.0)(15.0) - (15.0)* = 225 m

In the simultaneous equations:

Vyp = Ui + 0yt Vyf = Uy = (5.60 m/sz)(4.20 s)
we have
Xp=X; =5\ Vxi T Uy 62.4 m= §(Uxi + vxf)(4.20 s)
So substituting for v,; gives 624 m= %[vxf + (5.60 m/sz)(4.20 s)+ vxf](4.20 s)

149 m/s =0, + (560 m/s”)(4.20 5)

Thus Vs =‘ 3.10 m/s ‘
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Uyf = Uyi + at
Take any two of the standard four equations, such as

X=X =%(vxi +vxf)t

Solve one for v,;, and substitute into the other: v,; =v,; —a,t

Xf=X; =%(vxf —axt+vxf)t

2

Thus Xp—x;= vxft—%axt

1

Back in problem 27, 62.4 m =v,(4.20 s)— -

(-5.60 m/s?)(4.20 5)?

624m-494m

3.10m/s
Oxf 420s

LY 632(5280/3600) _| ., ft/8% =202 m/s?
t 1.40
1 _,2 1 2
Xp = vt +at” =(632)(5280/3600)(1.40) - -662(1.40)" = 649 ft = 198 m
2
02 =0, +2a,(xp - x;): [0.01(3 %108 m /s)] =0+2a,(40 m)
2
3%x10° m/s
a, = Q = 1.12x10" m/s?
80 m
We must find separately the time #; for speeding up and the time #, for coasting:

xp =% = 1 (04 + 0 )i 40 m=(3x10° m/s+0)
t =2.67x107 s

Xp =X :%(vxf+vxi)t2: 60 m:%(3><106 m/s+3x10° m/s)t2
t, =2.00x107 s

total time = 4.67x107° s
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The time it takes the truck to reach 20.0 m/s is found from vy =v; +at.

Uf % _200m/s-0m/s _

10.0 s
a 2.00 m/s>

Solving for ¢ yields t=

The total time is thus 10.0 s+20.0s+5.00 s :‘ 35.0s ‘

The average velocity is the total distance traveled divided by the total time taken. The distance
traveled during the first 10.0 s is

x, =0t = (0 i 220'0)(10.0) =100 m
With a being 0 for this interval, the distance traveled during the next 20.0 s is
x, = vt + 2t =(20.0)(20.0)+0 =400 m

20.0+0

The distance traveled in the last 5.00 s is X3 =0t= ( )(5.00) =50.0 m

The total distance x = x; +x, + x5 =100+ 400 + 50 = 550 m, and the average velocity is given by

5=220 [ 457 m/s
t  35.0
Take initial and final points at top and bottom of the incline.
If the ball starts from rest, v; =0, a=0.500 m/s>, Xp—X;= 9.00 m
Then o =7 +2a(x; - x;) = 0> +2(0.500 m/s%}(9.00 m)
vp= 3.00m/s
xp—x; =t + at? 9.00=0+5(0.500 m/s?)?
t= 6.00s

Take initial and final points at the bottom of the planes and the top of the second plane,
respectively:
v;=3.00m/s, vf =0, xy —x; =15.00 m

2_u2  [0-(3.00m/s)
vf2 =v? +2a(xf —xl-) gives a= ;(fxf _U;) - [ 2((15.0:1)8) ]

= —0.300 m/s”
Take the initial point at the bottom of the planes and the final point 8.00 m along the second:

v; =3.00m/s, xp—x; =8.00m, a=-0.300 m/s?

v/ =0 +2a(x; ~x;) = (3.00 m/s)* +2(-0.300 m/s?)(8.00 m) = 420 m*/ s

vy = 2.05m/s
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Take the original point to be when Sue notices the van. Choose the origin of the x-axis at Sue's
car. For her we have

X =0 v;,=30.0m/s a, =—2.00 m/s?
so her position is given by
x5(F) = x; +v,-st+%ast2 =(30.0 m/s)t+ 5 (—2 00 m/s )
For the van, X =155 m vy, =5.00m/s =0 and
X, (F) = xjp, + Ot + %avt‘2 =155+(5.00 m/s)t+0
To test for a collision, we look for an instant f. when both are at the same place:
30.0t, —t,* =155 +5.00¢,
0=t2-250¢t +155

From the quadratic formula

| 25.0+,)(25.0)? - 4(155)
< 2

-1365s or ‘11.4s‘

The smaller value is the collision time. (The larger value tells when the van would pull ahead
again if the vehicles could move through each other). The wreck happens at position

155m + (5.00m/s)(11.4s) =| 212 m

Choose the origin (y =0, t=0) at the starting point of the ball and take upward as positive. Then
y;=0,v;=0,and a=—-g=-9.80 m/s*. The position and the velocity at time ¢ become:

Y-y = vt +gats yp=—sgtt = 2(9.80 m/s?)i?

and vy =v; +at: vfz—gtz—(9.80 m/sZ)t

at t=1.00s: y;=-(9.80m/s?)(1.00s)* = ~4.90 m
at t=2.00's: y;=—1(9.80 m/s?)(2.00 s’ = —19.6m‘
at t=3.00s: %( Om/s)300s = 441m
at t=1.00s: v;=—(9.80 m/s?)(1.005)= —9.80 m/s
at +=2.00s: vf = (9 80m/s )(2.00 s)= —19.6m/s

at t=3.00 s: vf

~(9.80 m/s?)(38.005)= -29.4m/s
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1 2
yp—y; = ot +yat’s 4.00=(1.50)v; - (4.90)(1.50)

and ©;= 10.0m/s upward

1

vy =v; +at=10.0-(9.80)(1.50) = —4.68 m/s vp = 4.68 m/s downward

We have yf=—%gt2+vit+]/i
0=—(490 m/s?}#* - (8.00 m/s)¢+30.0 m

;800 \64.0 + 588
-9.80

Solving for ¢,

Using only the positive value for ¢, we find thatt= 1.79 s

vp =v; - gt: vy =0 when t=3.00s, ¢ =9.80 m /s>
Therefore, v;=gt= (9.80 m/sz)(3.00 s)= 29.4m/s
yr—yi =5 (op i)t Yr—y;=5(294 m/s)(3.00 m/s)= 441m

Assume that air resistance may be neglected. Then, the acceleration at all times during the flight
is that due to gravity, a=—g =-9.80 m/s*. During the flight, Goff went 1 mile (1609 m) up and
then 1 mile back down. Determine his speed just after launch by considering his upward flight:

o =0 +2a(y; - y;): 0="0; ~2(9.80 m/s”)(1609 m)
v; =178 m/s

His time in the air may be found by considering his motion from just after launch to just before
impact:

1 1
yf—yi:vit+§at2: 0=(178 m/s)t—E(—9.80 rr1/52)t2

The root t =0 describes launch; the other root, t =36.2 s, describes his flight time. His rate of pay
may then be found from

pay rate = % =(0.0276 $/5)(3600 s/h) = $99.4/h
LS

We have assumed that the workman'’s flight time, “a mile”, and “a dollar”, were measured to
three-digit precision. We have interpreted “up in the sky” as referring to the free fall time, not to
the launch and landing times. Both the takeoff and landing times must be several seconds away
from the job, in order for Goff to survive to resume work.
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(a)
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Time to fall 3.00 m is found from Eq. 2.11 with v; =0,

With the horse galloping at 10.0 m/s, the horizontal distance is vt=| 7.82m

t=10.782m

For the stone thrown down,

For the stone thrown up, the same equation gives

For the stone thrown down,

For the stone thrown up,

vp=0v;—gt=0 where ©v;=15.0m/s:

2
v,

— 12
h=v;t->gt _Zg

At t=2.00s, vy =v;-gt:

3.00 m = %(9.80 m /sz)tz

t=0.782s

vﬁf =02 + 2ux(xf - xi)

vxf2 = (-12m/s)* + 2(—9.8 m/sz)(—ZO m-0)

Uy = J_r\/536 m?/s? = 232 m/s

vif = (+12m/s)* + 2(—9.8 m/sz)(—ZO m-0)

Vyp = J_r\/536 m?/s? = 232 m/s

7, = %(vxi + Uxf) = %(—12 m/s—23.2m/s)

7 -17.6 m/s

q
I

9, =,(12m/s=232m/s)= 558 m/s

=l 150m/s 1y sa

g 9.80m/s>

225

h m= 11.5m

v = 15.0-19.6 = -4.60 m/s

a=-g=-9.80 m/s?



2.42

*2.43

*2.44

(a)

(c)

(e)

y=3.00£: Att=2.00s,

and

Chapter 2

¥ =3.00(2.00)° =24.0 m

v =d—3/=9.00t2 =36.0m/s T

Yo dt

If the helicopter releases a small mailbag at this time, the equation of motion of the mailbag is

Setting v, =0,

Solving for ¢, (only positive values of t count),| t=7.96 s

1 .2 1 2
Yy =Yy + 0t — 5 g8 =24.0+36.0t - 2 (9.80)¢

0=24.0+36.0t—4.90+>

2
From vfz =02 +2ax, we have (10.97 x10° m/s) =0+ 2a(220 m), so that

a=2.74%10> m/s>

whichis | a=2.79x10* times g

Total displacement = area under the (v, ) curve from f =0 to 50 s. a(m/s?)
1 1 SrttrtrrT T T
Ax=§(50 m/s)(15 s) +(50m/s)(40—15)s+§(50 m/s)(10 s) et S i
B Ak o (R A A
e
Ax=| 1875 m S R
From t =10 s to t = 40 s, displacement is IR
R
1 ,,,,,,
Ar=75(50m/s+33m/s)55) +(50m/s)(255) = 1457 m iijii
_5,,;,;,4L7¢,‘L
A 50-0
0<t<15s: alzﬁzﬁz 3.3 m/s?
15s<t<40s: a, =0
A 0-50
40s<t<50s: @zr?zﬁz —5.0 m/s?
(i) x1=0+%a1t2=%(3.3 m/sZ)t2, or x1=(1.67 m/sz)i‘2

(i) x =%(15 s)[50 m/s—0]+(50 m/s)(t—15s) or | x, =(50 m/s)t—375 m

(iii) For40s<t<50s,

or

which reduces to

X

fromt=0to40s

areaundervvst) 1
3= >

+—a5(t— 40 s)* + (50 m/s)(t— 40 s)

x3 =375 m+1250 m+ (5.0 m/s?)(t 40 5)? +(50 m/s)(t ~ 40 s)

x3 = (250 m/s)t — (25 m/s)#* — 4375 m

total displacement

1875 m

v =

total elapsed time

= | 375m/s

50s
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*2.46

36

(a)

(c)

(a)

(b)

(c)

Chapter 2

Let point 0 be at ground level and point 1 be at the end of the engine burn.
Let point 2 be the highest point the rocket reaches and point 3 be just
before impact. The data in the table are found for each phase of the

rocket's motion.
(0Oto1) vfz - (80.0)2 =2(4.00)(1000)

120 = 80.0 + (4.00)

(1to2)  0-(120)" = 2(-9.80)(x; ;)

0-120=-9.80t

(2t03)  vf —0=2(-9.80)(-1735)

vy =-184 = (-9.80)¢

tor =10+122+188= 410

(xf - xi)total =/ 1.73km

OUfinal = -184 m/S

; 1
P
_ P
so vy =120m/s N
giving t=10.0s
giving Xp—x;=735m
giving t=122s
This is the time of maximum height of the rocket.
giving t=18.8s
t X % a
0 Launch 0.0 0 80 +4.00
#1 End Thrust 10.0 1000 120 +4.00
#2 Rise Upwards 222 1735 0 -9.80
#3 Fall to Earth 41.0 0 -184 -9.80

Distance traveled by motorist = (15.0 m/s)t

1

Distance traveled by policeman = —(2.00 m/ s2)t2

2

intercept occurs when 15.0t = ?ot=

15.0s

v (officer) = (2.00 m/sz)t =/ 30.0m/s

x (officer) = %(2.00 m/s2)152 =|225m
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2.47 (a) Let x be the distance traveled at acceleration a until maximum speed v is reached. If this is
achieved in time #; we can use the following three equations:

x=%(v+vi) t,  100—x=0(10.2-t) and v=v;+ah
. . 200
The first two give  100=(10.2- 24 o= (102 1, )at YT
200

For Maggie a= [8.4)2.00) = 543 m/s?

200 5
For Judy 4=T700(3.00) - 3.83m/s

(b) v=at

Maggie: v=1(5.43)(2.00) = 109 m/s

Judy: v=1(3.83)(3.00) =| 11.5m/s
(c) Atthesix-second mark  x= %atf +0(6.00 — t;)
. 1 2 _
Maggie: x = (5.43)(2.00)" +(10.9)(4.00) = 54.3 m

Judy: x = 7(3.83)(3.00)” +(11.5)(3.00) = 51.7 m

Maggie is ahead by | 2.62 m

*2.48 a; =0.100 m/s? a, =-0.500 m/s?
x=1000 m = %altlz + (%] t2 + %a2t22 t= tl + tz and 'Ul = altl = —ﬂ2t2
2
1000 = 1 oyt + altl[—”ltl) + ;az(”ltl) 1000 = §a1(1 - ‘“)tlz
) a )
b= 20000 29
V120
tz:%: 129 =26s Totaltime:t=’1555‘
—a, 0.500
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2.49 Let the ball fall 1.50 m. It strikes at speed given by vxfz =0, + Za(xf - xi):
vy =0+2(-9.80 m/s?)(~1.50 m) v =-542m/s
and its stopping is described by vxfz =0, +2a, (xf - xi)

0=(-5.42 m/s)* +2a,(~10 m|

_ 29.4m?/s?

—W=+1.47X103 m/82
—2.UU X m

X

Its maximum acceleration will be larger than the average acceleration we estimate by imagining

constant acceleration, but will still be of order of magnitude | ~ 10% m/s?

250 (@) xp=x;+u,tt %uxtz. We assume the package starts from rest.

145 m =0+ 0+ 5(-9.80 m/s?) ¢ _ |20 m) oy
2 \—9.80 m/s
(b) xp=x;+o,t+ %axtz =0+0+ %(—9.80 m/sz)(5.18 s)2 =-131m
distance fallen = ‘xf‘ = 131m
(c) speed = v, =[vy; +ayt|= ‘0 +(—9.8 m/sz)5.18 s‘ = 50.8m/s
(d) The remaining distance is 145 m-131.5m=135m
During deceleration, v, =-50.8 m/s, Uy =0, xp—x;=-135m
vxfz =0, + 2ax(xf - x,-): 0=(-50.8 m/s)2 +2a,(~13.5 m)
2580 m?/s?

=4953m/s? = 953 m/s’ up

= (135 m)

1 1
251 (a) y;=ovyt+,at> =50.0=2.00¢+(9.80)¢

2.0+~ 2.002 — 4(4.90)(~50.
4.90#% +2.00¢ —50.0 =0 = 200++2.00° - 4(4.90)(-50.0)

2(4.90)
Only the positive root is physically meaningful: t=| 3.00 s | after the first stone is thrown.
(b) yp=vppt+ Lap? and +=3.00-1.00=2.00 s
substitute 50.0 = v;,(2.00)+ %(9.80)(2.00)2: Uiy :’ 153 m/s ‘ downward

() vyp=v; +at=2.00+(9.80)(3.00)= 31.4m/s | downward

Uyf =i +at =15.3+(9.80)(2.00) = 348 m/s | downward
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2.52

2.53

(a)

(c)

Chapter 2

d= 9.8t

tl + t2 = 240
4.90ty% —359.5t, +28.22 =0

359.5 £ 358.75

t2 = 9.80 =0.0765s

N|—

Ignoring the sound travel time, d =

In walking a distance Ax, in a time Af, the length of

rope { is only increased by Axsin.

- The pack lifts at a rate %sin@.

d=336t,
336t, = 4.90(2.40 -, )

| 359.5+,/359.57 — 4(4.90)(28.22)

t
2 9.80

SO d=336t,=| 264 m

(9.80)(2.40) 2 = 28.2 m, an error of | 6.82%

X

v—gsine—v X_ Vpyyy ———
At boyﬂ boy \/x2+h2

_dv_ Doy dx xd(l)
dt 0 ar " ar\y
a=uv Opoy _ Doy dl utﬂzvzv x
by g g2 At at boy
2. 2
a:Uboy2 l_ﬁ :Ubayzﬁz h Uboy
B £2 B £2 (x2 + h2)3/2
Ub0y2 0
h 7
Uboy,O
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Vpyoy X
254 7=6.00 m, v, =2.00m/s v="Yging =0, % = —
At v (x2 4 hz)
2
v t
However, x = vboyt: U= boy 4t -

(g2 + 1) (42 +36)

(@) _ts) o(m/s) v (m/s)
0 0 T
0.5 0.32 e R S S S
1 0.63 R A R
15 0.89 S S S R = e
2' 1.11 Yy (T
25 1.28 L2fdob b Aot
3' 1'41 e ey At e S S
35 152 08} ot Aot
4' 1‘60 T
: 04} -if b ddoddd-tt-d
2° 1o A EN I I N A
. oo+ Ll t(s)
0 1 2 3 4 5
W W
(b) From problem 2.53 above, a= boy boy 144
2 ;2)\3/2 2,2, 12\ 2 3/2
( +h ) (Uboy t“+h ) (4t +36)
K(s) a(m/s?) a (m/s?)
0 0.67 0~7:’T’T’T’T:T:T:+T:T’T’T
05 0.64 06] N+ttt
1 0.57 | RENRE
0.48 0.5 4 i\ oboddodd
1.5 0.38 R VO
2 ’ O
0.30 N P !
2.5 F-t-t -t -+t
3 0.24 0.3+ Nt -
35 0.18 A VA
’ 0.14 (0] S A R N
4. 0.11 R O M N
45 (RTHRES S B
5 0.09 ‘ T o
[ A e e
R R T S e L
*2.55 Average speed of every point on the train as the first car passes Liz:
Ax_860m _ 575 /s
At 150s

The train has this as its instantaneous speed halfway through the 1.50 s time. Similarly, halfway
through the next 1.10 s, the speed of the train is 8.60 m/1.10s=7.82 m/s. The time required for
the speed to change from 5.73 m/s to 7.82 m/s is

(150 )+ (110 5)=1.30 s

so the acceleration is: a, = Avy _7.82 m/s—573 m/s = 1.60 m/s> ‘
At 1.30s
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t(s)

midpt time

v (m/s)

(s)
0.25

At

(m)

Ah

Height
h (m)
5.00

1(s)

Time

0.00

0.13

3.00

0.75

5.75

0.25

0.38

2.60

0.25

0.65

6.40

0.50

0.63

2.16

0.25

0.54

6.94

0.75

0.88

1.76

0.25

0.44

7.38

1.00

1.13

1.36

0.25

0.34

7.72

1.25

1.38

0.96

0.25

0.24

7.96

1.50

1.63

0.56

0.25

0.14

8.10

1.75

1.88

0.12

0.25

0.03

8.13

2.00

-0.24 2.13

0.25

-0.06

8.07

2.25

-0.68 2.38

0.25

-0.17

7.90

2.50

-1.12 2.63

0.25

-0.28

7.62

2.75

0.25 -1.48 2.88

-0.37

7.25

3.00

-1.92 3.13

0.25

-0.48

6.77

3.25

0.25 —2.28 3.38

-0.57

6.20

3.50

—2.72 3.63

0.25

—-0.68

5.52

3.75

-3.16 3.88

0.25

-0.79

4.73

4.00

-3.52 4.13

0.25

—0.88

3.85

4.25

0.25 -3.96 4.38

-0.99

2.86

4.50

4.63

—4.36

0.25

-1.09

1.77

4.75

4.88

—4.76

0.25

-1.19

0.58

5.00

*2.56

7 =-1.63m/s2= 1.63 m/s?> downward

acceleration = slope of line is constant.
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The distance x and y are always related by x2 + y2 = L2,
Differentiating this equation with respect to time, we have

e dy
2x g 2y =0

Now %‘% is vp, the unknown velocity of B; and % =-0.

From the equation resulting from differentiation, we have

But ‘l% =tan o so

When «a = 60.0°,
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12.

14.

16.

18.

20.

22,

24.

26.

28.

30.

32.

34.

36.

38.

40.

42,

(a)
(a)

(a)
(c)

(a)
(c)

Chapter 2

ANSWERS TO EVEN NUMBERED PROBLEMS

180 km

50.0 m/s

27.0m
18.0m/s

See the solution.
46m/s?

15.0s

1.34x10* m/s>

(b)
(b)

(b)

(b)
(d)

63.4 km/h north

41.0m/s

x=27.0 m+(18.0 m/s) At +(3.00 m/s%)(At)?

vss=23m/s, v,,=18m/s, v3,=14 m/s, v,,=9.0m/s
0

(a) 13.0m/s (b) 10.0m/s, 16.0m/s
(¢) 6.00m/s> (d) 6.00m/s?
(a) and (b) See the solution. () —-4m/s>
(d 34m (e) 28m
(a) — (e) See the solution.
(f) The spacing of the successive positions would change with less regularity.
(@) 5.25m/s? (b) 168 m (c) 525m/s
160 ft
(a) 2.56m (b) -3.00m/s
(@) x= (30.0t - t2) m, v=(30.0-2.00f) m/s (b) 225m
1 -
Xf =X =vxft—5axt ; 3.10m/s
(@ 1.12x10"'m/s? (b) 46.7 us
(a) 3.00m/s (b) 6.00s
() —0.300 m/s> (d) 2.05m/s
(a) -490m, -19.6 m, —44.1m (b) -9.80m/s, -19.6 m/s, 29.4m/s
1.79 s
$99.4/h
(a) —-23.2m/s for both (b) downward throw: -17.6 m/s; upward throw: -5.58 m/s
7.96 s
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44.

46.

48.

50.

52.

54.

56.

44

(a) 1.87km

Chapter 2

(b) 1.46 km

(c) a1=3.3m/s2 (0<t<15s), a,=0(15s<t<405s), a3=—5.0rr1/s2 (40s<t<505s)

@ @) x= (1.67 m/s2)t2, (ii) x, = (50 m/s)t—375m, (iii) x5 = (250 m/s)t—(z.s m/s2)t2 —4375m

(e) 37.5m/s
(a) 15.0s
155,129 s

(a) 5.44s
(c) 50.8m/s

(a) 264m

See the solution.

(b) 30.0m/s

(b) 131m
(d) 953 m/s’ up

(b) 6.82%

See the solution. 2=1.63 m/s> downward

(c)

225m



