Chapter 2 Solutions

t(s) = 20 21 30
x(m) = 40 441 90

Ax 50m
v =—=——=|50.0 m/s
@ oot
Ax 41m
b v =—= =|41.0 m/s
R

P2.4 x =10¢*: By substitution, for

P2.6 (a) At any time, t, the position is given by x =(3.00 m/s*)¢.

Thus, at £, =3.00 s: x, =(3.00 m/s*)(3.00 )" =[27.0 m |.

(b) At t, =3.00s+At: x; =(3.00 m/s*)(3.00 s +At)*, or

x; =|27.0 m+(18.0 m/s)At+(3.00 m/s*)(At)" |.

(c) The instantaneous velocity at t =3.00 s is:

v= lim(xf —x,j: lim (18.0 m/s+(3.00 m/s®)At) =

At—=0 At—0

At

36 m
At t=2.0s,theslopeis v=——=|9.0 m/s |.
peis v=" 0
Av 23 m/s 5

C a == = 46 m/s

(©) At 50s

(d) Initial velocity of the car was .
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P2.10 Choose the positive direction to be the outward direction, perpendicular to the wall.



P2.12

*P2.14

_Av 220 m/s—(-25.0 m/s

v, =v,+at: )=| 1.34x10" m/s’ |

At 3.50x107 s
(a) Acceleration is the slope of the graph of v versus . a(m/s?)
20 -
For 0<t<5.00s, a=0. w6t —_—
For 15.0s<t<20.0s, a=0.
w4 f
v, =0,
For 5.0s<t<l5.0s,a=t A U U
ot
0.0 ‘ —t(s)
—(- 0 5 10 15 20
_8.00 (-8.00) ~1.60 m/s’
15.0-5.00

FIG. P2.12

We can plot a(t) as shown.

(b) a=

(1) For 500s<t<150s, t,=5.00s, v, =-8.00 m/s,

t,=15.0s
v, =8.00 m/s
v, —v, _8.00—(-8.00)

— _ 2
T o T 15.0-5.00 =160 m/7 |

(ii) t;=0, v, =-8.00 m/s, t, =20.0s, v, =8.00 m/s

v, —v;  8.00-(-8.00)
=t—-= _-
a= = = m.SOO m/s
te—t 20.0-0

1

The acceleration is zero whenever the marble is on a horizontal section. The acceleration has a
constant positive value when the marble is rolling on the 20-to-40-cm section and has a constant
negative value when it is rolling on the second sloping section. The position graph is a straight
sloping line whenever the speed is constant and a section of a parabola when the speed changes.



Position as a function of time
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Acceleration as a function of time

acceleration, arbitrary units
o
o

time

Av 8.00 m/s 3
P2.16 a=—=—-——=13
@ A 600s

(b) Maximum positive acceleration is at t =3 s, and is the slope of the graph, approximately

(6-2)/(4-2) =.
(c) a=0 at , and also for .

(d) Maximum negative acceleration is at ¢t =8 s, and is the slope of the graph, approximately
-1.5 m/s’ |.

P2.18 (a) = [ [ > —» =reading order

= = velocity

=> =acceleration
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63) One way of phrasing the answer: The spacing of the successive positions would change
with less regularity.
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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.

P222  (a) Total displacement = area under the (v, t) curve from t=0  a(m/s?
to 50 s. Bror-roTor
b t-
1
Ax==(50 m/s)(15s)+(50 m/s)(40-15) s b
2 R
520

+%(50 m/s)(10 s)

L A
b
Ax =1875 m =] 1.88 km Lobodogode
L
(b) From t=10s to t =40 s, displacement is S
1
Ax=5(50 m/s+33 m/s)(5s)+(50 m/s)(25s)=|1.46 km FIG. P2.22
Av  (50-0) m/s 3
C 0<t<15s: a4 =—=——"——=|33 m/s
(© LAt 15s—0
15s<t<40s: a,=0

0-50
205<250s: g, =40 O I [

@ @ X, =0+%a1t2 =%(3.3 m/s*)# or | x, =(1.67 m/s*)¢* |

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

(iii) For 40s<t<50s,

area underv vst) 1 )
= +—a, (t—40s) +(50 t—40
’ (from t=0to40 sj 2 ( s)" +(50 m/s)( s)

2
or

x, =375 m+1250 m+%(—5.0 m/s”)(t-40s)" +(50 m/s)(t-40s)

which reduces to

| x,=(250 my/s)t—(2.5 m/s*)f2 ~4375m |.

_ total displacement 1875 m
e U= = = -37.5 m/s

total elapsed time

2
*P2.24  (a) For the first car the speed as a function of timeis v = v +at = -35am/s+24cm/s t.



P2.26

For the second car, the speed is + 5.5 cm/s + 0. Setting the two expressions equal gives
2
-35am/s+24cm/s t=55cm/s SO t=09cm/s)/(2.4 cm/s2)=.

2
(b) The first car then has speed —3.5cm/s + (2.4 cm/s )(3.75s) =5.50 cm/s|, and this is the constant
speed of the second car also.

(c) For the first car the position as a function of time is )
X + vit +(1/2)at =15cm — (3.5 cm/s)t + (0.5)(24 cm/s ) t.
For the second car, the positionis 10 cm + (5.5 cm/s)t + 0.

At passing, tzhe positions are equal: 15 cm — (3.5 cm/s)f + (1.2 cm/sz) t‘2 =10 cm + (5.5 cm/s)t
(12em/s)t —(9cm/s)t+5cm =0.

We solve with the quadratic formula:

+./9% —4(1. J -
p = 23N —42)0) _9+V57 g 9=N57 e and 0.604 5]
2(1.2) 24 24

(d) At 0.604 s, the second and also the first car's position is 10 cm + (5.5 cm/s)0.604 s = [13.3 cm|

At 6.90 s, both are at position 10 cm + (5.5 cm/s)6.90 s = .

(e) The cars are initially moving toward each other, so they soon share the same position x when
their speeds are quite different, giving one answer to (c) that is not an answer to (a). The first car
slows down in its motion to the left, turns around, and starts to move toward the right, slowly at
first and gaining speed steadily. At a particular moment its speed will be equal to the constant
rightward speed of the second car. The distance between them will at that moment be staying

constant at its maximum value. The distance between the cars will be far from zero, as the

accelerating car will be far to the left of the steadily moving car. Thus the answer to (a) is not an
answer to (c). Eventually the accelerating car will catch up to the steadily-coasting car, whizzing
past at higher speed than it has ever had before, and giving another answer to (c) that is not an
answer to (a). A graph of x versus ¢ for the two cars shows a parabola originally sloping down and
then curving upward, intersecting twice with an upward-sloping straight line. The parabola and

straight line are running parallel, with equal slopes, at just one point in between their intersections.

Uy =0 +a,t
Take any two of the standard four equations, such as 1 .
Xp =X =E(vxi T 0y )t

Solve one for v,;, and substitute into the other: v, =v,. —a.t
1
Xp =X, —E(vxf —axt+vxf)t .

Thus




L
X=X = vxft_Eaxt

We note that the equation is dimensionally correct. The units are units of length in each term. Like
. 1 . . . . .
the standard equation x; —x; = vt +Eaxt2 , this equation represents that displacement is a quadratic

function of time.

Our newly derived equation gives us for the situation back in problem 25,

1
624 m=0v, (420 s)—E(—5.60 m/s”)(4.20 s)°

624 m-49.4 m
Uxf:TOs: 3.10 m/S .

P2.28 (a) Compare the position equation x =2.00+3.00t—4.00#* to the general form
L
Xp =%+ v,t+5at

to recognize that x, =2.00 m, v, =3.00 m/s, and a=-8.00 m/s”. The velocity equation,
v; =0, +at, is then

v, =3.00 m/s—(8.00 m/s?)t.

The particle changes direction when v, =0, which occurs at ¢ = 3 s . The position at this

time is
- 3 NER
x=2.00 m+(3.00 m/s)(g sj—(4.00 m/s )(g sj = .
(b) From x; =x, +o;t +%at‘2 , observe that when x; =x;, the time is given by t = _Zu . Thus,
a

when the particle returns to its initial position, the time is

, -2(3.00 m/s) 3
= —-——— S
-8.00 m/s> 4
G 2\(3 .\
and the velocity is v, =3.00 m/s—(8.00 m/s )(Z sj— -3.00 m/s |.
P2.32 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, =30.0 m/s, a, =-2.00 m/s” so her position is given by

x, (t)=x, +vi5t+%a3t2 =(30.0 m/s)t+%(—2.00 m/s® ).

For the van, x,, =155m, v, =5.00 m/s, a, =0 and



P2.38

P2.40

*P2.42

x,(t)=x, + vivt+%avt2 =155+(5.00 m/s)t+0.

To test for a collision, we look for an instant ¢, when both are at the same place:

30.0t, -2 =155+ 5.00¢,
0=1t>-25.0, +155.
From the quadratic formula

_ 25.0+,/(25.0)° —4(155)

t, > =1365s or [1145].

The roots are real, not imaginary, so [there is a collision. 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

155 m+(5.00 m/s)(114s)=[212m .

We have y, =—%gt2 +ot+y,
0=—(4.90 m/s*)#* —(8.00 m/s)t+30.0 m.

Solving for ¢,

,_ 800 +./64.0 + 588
-9.80 )

Using only the positive value for ¢, we find that ¢ = .

The bill starts from rest v, =0 and falls with a downward acceleration of 9.80 m/s* (due to
gravity). Thus, in 0.20 s it will fall a distance of

Ay = vit—%gtz =0-(4.90 m/s*)(0.20 5)" =-0.20 m.

This distance is about twice the distance between the center of the bill and its top edge (=8 cm) .

Thus, David will be unsuccessful. |

We can solve (a) and (b) at the same time by assuming the rock passes the top of the wall and
finding its speed there. If the speed comes out imaginary, the rock will not reach this elevation.

vfz =0 + 2a(x ~x) = (74 m/s) —2(9.8m/s )(3.65m —1.55m) = 13.6 m /s

SO |the rock does reach the top of the wall with v =3.69 m/ s‘.

(c) We find the final speed, just before impact, of the rock thrown down:



vfz =0 + 2a(x ~x) = (7.4 m/s) —2(9.8m/s )(1.55 m —3.65m) =959 m /s
v,= —9.79 m/s. The change in speed of the rock thrown downis 19.79 -7.41 =2.39 m/s

(d) The magnitude of the speed change of the rock thrown up is 17.4-3.691 = 3.71 m/s. This

does not agree| with 2.39 m/s.

The upward-moving rock spends more time in flight, so the planet has more time to change its
speed.

|a*=a’ +2](v-1v,) |.

40 4 I 500x107 1 +3.00x10°t ]

P248  (a) a=—
dt  dt

| 2=-(10.0x10" m/s®)¢+3.00x10° m/s’ |

Take x; =0 at t=0. Then v=%

t t
x—ozj'vdt :J(—5.00><107t2 +3.00x10°t)dt
0 0

3 2
¥ =—5.00%107 %+3.00x105%

| x=—(167x10" m/s°)# +(150x10° m/s?)¢* |.

(b) The bullet escapes when a =0, at —(10.0x10” m/s’)#+3.00x10° m/s*> =0

_3.00x10° s _ =
"= T00x107 =[3.00x107s |
(©  New o=(-5.00x10")(3.00x10?)" +(3.00x10%)(3.00x10*)

v =-450 m/s+900 m/s = :
(d)  x=—(1.67x10")(3.00x10°)’ +(1.50x10°)(3.00x10?)’

x=-0.450 m+1.35 m:

P2.50 (a) As we see from the graph, from about -50 s to 50 s
Acela is cruising at a constant positive velocity in 200
the +x direction. From 50 s to 200 s, Acela

accelerates in the +x direction reaching a top speed ~ 1004 Av

of about 170 mi/h. Around 200 s, the engineer % ;

applies the brakes, and the train, still travelingin %5 Ar | | | £(s)
the +x direction, slows down and then stops at =50 0 100 200 300 0

350 s. Just after 350 s, Acela reverses direction (v 100

becomes negative) and steadily gains speed in the

—x direction. FIG. P2.50(a)
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(b) The peak acceleration between 45 and 170 mi/h is given by the slope of the steepest tangent
to the v versus t curve in this interval. From the tangent line shown, we find

155-45 i/h
a:slopezgzﬂ: 2.2 (mi/h)/s |=0.98 m/s*.
At (100-50) s

(c) Let us use the fact that the area under the v versus
t curve equals the displacement. The train’s 200 -
displacement between 0 and 200 s is equal to the —
area of the gray shaded region, which we have .
approximated with a series of triangles and < 4] 3
rectangles. %, 112

-5

T T t(s)
AX, ,,,. =area, +area, +area, +area, +area, 0 1100 1200 1 300 1 440

~(50 mi/h)(50 s)+(50 mi/h)(50 s) l
+(160 mi/h)(100 s) FIG. P2.50(c)
(50'5)(100 mi/h)

—

+

—_ N =

+2(1005)(170 mi/h—160 mi/h)
= 24.000(mi/h)(s)

Now, at the end of our calculation, we can find the displacement in miles by converting
hours to seconds. As 1Th=3600s,

24 000 mi -
AxO*)ZOUS = [m](s) =[6.7mi|.
P2.52 Area A, is arectangle. Thus, A, =hw=7v,t.

Area A, is triangular. Therefore A, = % bh = %t(vx -v,).

The total area under the curve is
(vx -0y, )t
A—A1 +A2 —’Uxit_l,_T

and since v, —v,; =at

A=v t+iat’ |.

. . Lo 1
The displacement given by the equation is: x =v,t +Eaxt‘2 , the same result as above for

the total area.

P2.60  (a) d= %(9.80) £ d = 336t,

t+t, =2.40 336, = 4.90(2.40—t,)°



11

_ 359.5+,/359.5" —4(4.90)(28.22)
- 9.80

359.5+358.75
t =T=O.O7653 S0 d=336t, =| 264 m |

4.90¢2 —359.5t, +28.22 = 0 t,

2

. : 1 2 5
(b) Ignoring the sound travel time, d = 5(9.80) (2.40)" =28.2 m, an error of | 6.82% |.

P2.62 Time Height Ah At o midpt time
t(s) h (m) (m) (s) (m/s) t(s)
0.00 5.00

0.75 0.25 3.00 0.13
0.25 5.75

0.65 0.25 2.60 0.38
0.50 6.40

0.54 0.25 216 0.63
0.75 6.94

0.44 0.25 1.76 0.88
1.00 7.38

0.34 0.25 1.36 1.13
1.25 7.72

0.24 0.25 0.96 1.38 FIG. P2.62
1.50 7.96

0.14 0.25 0.56 1.63
1.75 8.10

0.03 0.25 0.12 1.88
2.00 8.13

~0.06 0.25 —0.24 213
2.5 8.07

~0.17 0.25 ~0.68 238
2.50 7.90

—0.28 0.25 -1.12 2.63
2.75 7.62

~0.37 0.25 ~1.48 2.88
3.00 7.25

—0.48 0.25 -1.92 3.13
3.25 6.77

~0.57 0.25 228 3.38
3.50 6.20

~0.68 0.25 272 3.63
3.75 5.52

~0.79 0.25 -3.16 3.88
4.00 473

-0.88 0.25 352 413
425 3.85

~0.99 0.25 -3.96 438
450 2.86

-1.09 0.25 436 463
475 1.77

-1.19 0.25 476 488
5.00 0.58

TABLE P2.62
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The very convincing fit of a single straight line to the points in the graph of velocity versus time
indicates that the rock does fall with constant acceleration. The acceleration is the slope of line:

a,, =-1.63 m/s* = 1.63 m/s’ downward




