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MOTION ALONG A STRAIGHT LINE

Answers to Multiple-Choice Problems

1. ¢b 2.C 3CD 4D 5C 6.AD 7A 8D 9C 10 ACD 11.B,D 12.C

Solutions to Problems

*2.1. Set Up: Let the + x direction be to the right in the figure.
Solve: (a) The lengths of the segments determine the distance of each point from O:

Xa=—-5cm, Xg=+45cm, Xc=+15cm, and xp=—5cm
(b) The displacement is x; the sign of x indicates its direction. The distance is always positive.
() AtoB:x=xg—Xa=+45cm— (-5cm) =+ 50 cm. Distance is 50 cm.
(i) BtoC: x=xc—Xs =+15 cm —45cm =-30 cm. Distance is 30cm.
(i) CtoD: x=Xp—Xc=—5cm—15cm=-20cm. Distance is 20 cm.
(iv) AtoD:x=xp—xa=0.Distance = 2( AB) = 100 cm.
Reflect: When the motion is always in the same direction during the interval the magnitude of the displacement and

the distance traveled are the same. In (iv) the ant travels to the right and then to the left and the magnitude of the
displacement is less than the distance traveled.

Set Up: From the graph the position x.at each timetis: X1 x,=0, Xxs=-1.0m, x=0, X3=6.0m,
=1.0m, and x;0=6.0m.

Solve: (a) The displacement is X. (i) X = X10— Xa=+5.0 m; (ii) X = X10— Xz=+ 7.0 m; (iii) X = X3— X2=-1.0 m;
(iv)Xx=x4—x2=0.
(b) ()3.0m+1.0m=4.0m; 90° (ii) 1.0 m + 1.0 m = 2.0 m; (iii) zero (stays at x=6.0m)

Set Up: Let the +x direction be to the right. xa=2.0 m, xg=7.0m, Xc=6.0m.
Solve: Average velocity is

X_Xc—Xa_+6.0m-20m

(O =13 mls
awx t 30s
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2-2 Chapter 2

distance _ 40m+1.0m+1.0m
time 3.0s

Reflect: The average speed is greater than the magnitude of the average velocity.

average speed = =2.0m/s

*2.4.SetUp: xa =0, xg=3.0m, Xc=9.0m. ta=0, tg=1.0s, tc=5.0s.
xt

SOIVe: (a.) Ua\/, X

av, x tc —ta 5.0s

(b) The velocity is always in the same direction (+x direction), so the distance traveled is equal to the displacement in
each case, and the average speed is the same as the magnitude of the average velocity.

Reflect: The average speed is different for different time intervals.
2.5. Set Up: th= 0, ts=3.0 s, tc= 6.0s. Xa= 0, Xg=25.0 m, Xc= 0.
Solve: () v = X

av, x

AtoB: v X8 Xa_250m_ g4
av, x t tg —ta 3.0s

_Xc—Xg_=25.0m

BtoC: v =-8.3m/s
WX e ts 30s

AtoC:v  _Xc—Xa_
av, X to—ta

(b) For A to B and for B to C the distance traveled equals the magnitude of the displacement and the average speed
equals the magnitude of the average velocity. For A to C the displacement is zero. Thus, the average velocity is zero
but the distance traveled is not zero so the average speed is not zero. For the motion A to B and for B to C the velocity
is always in the same direction but during A to C the motion changes direction.

*2.6. Set Up: The positions x; attimetare:xo=0, x=1.0m, xo=40m, x3=9.0m, Xs=16.0 m.
Solve: (a) The distance is x3— x;=8.0 m.

(O =F@o =BTRoroms ()y =2TH=30mis ()L X=X oo
avx av, X 10s av, X 10s av.x 1.0s ' ’
Xg—Xg _ B
)0 o~ =7.0m/s; (v) v %=X 40m/s

1.0s X405

Reflect: In successive 1-s time intervals the boulder travels greater distances and the average velocity for the intervals
increases from one interval to the next.

SetUp: vy (t) is the slope of the x versus t graph. In each case this slope is constant, so vy is constant.
Solve: The graphs of vy versus t are sketched in the figure below.
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2-4 Chapter 2

Set Up: Average speed is the distance covered divided by the time to cover that distance. This problem involves
three times: the time t; to cover the first 60 miles, the time t, = 20 min spent without moving in the traffic jam, and the
time tsto cover the last 40 miles. We will find these times, then divide the 100-mile trip by the total time(in hours) to
find the average speed in mi/h.

Solve: (a) The time to cover the first 60 miles is
f= 80mi —109h

1 B5mi/h

The time spent waiting in the traffic jam is
tz=20min=0.33 h
The time to cover the last 40 miles is

{_ 40mi —053h

L 75 mi/h

The total time t for the tripist=t1+ t2+ t3=1.09 h + 0.33 h + 0.53 h = 1.96 h. The average speed for the entire trip
is therefore

100 mi
L=

1.96 h

Reflect: This speed is less than the average of 55 and 75, as expected because you waited for 20 min in a traffic jam
without moving.

=51 mi/h

Set Up: Assume constant speed v, so d =ut.

d 50x10°m (1 min)
Solve: (@) t= —= — _ (21 B _
@ t  7(331 mfs) (21585)| \e(FF‘ )36 min

(b) d = vt = 7(331 m/s)(11 s) = 2.5 x 10* m = 25 km

*2.10. Set Up: 1.0 century = 100 years. 1 km = 10° cm.
Solve: (a) d = vt = (5.0 cm/year)(100 years) = 500 cm = 5.0 m
(b) t=d =550 x10°Ccm — 1 1 x 107 years

t  5.0cmlyear

Set Up: The distance around the circular track is d=m (40.0 m)=126 m. For a half lap, d=63m. Use
coordinates for which the origin is at her starting point and the x axis is along a diameter, as shown in the figure below.

Stan
e

After ! lup After | lup
Y

Solve: (a) After one lap she has returned to her starting point. Thus, X = 0 and Vay, x = 0.

average speed = d—: 126 m =2.01m/s
t 625s
_ _X 400m _ . _
(b) ® =40.0mand v =" = =1.39m/s; averagespeed= = 63m =220 m/s
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axt  287s t 28.7s
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2-4 Chapter 2

Set Up: Since sound travels at a constant speed, X = Vy also, from the appendix we find that 1 mile is
1.609 km. ( imi )
Solve: x=(344m/s)(7.55s) | |= 1.6 mi
609 x10° Imi )1
Reflect: The speed of sound is (344 m/s)( ~ mils

I\ 1609208 m/'5

solve: (@) t=" touch: = L85M _gop3s;painit= 8™ g oas
v 76.2m/s 0610m/s

(b) The difference between the two times in (a) is 3.01s.

*2.14. Set Up: Use the definition of speed for this problem, being sure to converting times and distances to the
requested units.

Solve: (a) The time between mile markers is 2 min = 1/30 h, so the speed v in mi/h is

d_ 1mi =30 mi/h

t 1[30h

(b) A football field is 100 yards or 300 ft long, and 1 mi = 5280 ft. So to travel the length of one football field at
30 mi/h takes

L=

=9 3001t lmi\:0.0019h

v 3omin (5280
Reflect: To better understand how long it takes to travel the length of the football field, convert the answer to part
(b) to seconds: | (60 min |\( (60s) |

t=(0.0019h) 1h  1min =68

\ A )

This seems like a reasonable result for this question.

2.15. Set Up: Since we know the position of the mouse as a function of time, we can compute its average velocity

®x Bt
fromv,, ="

Solve: Calculate the position of the mouseatt=0s;t=1.0s;andt=4.0s:
x(0s)=0
X(1.0s)=(8.5cm -s)(1.08) — (2.5 cm - s72)(1.0 s)>=6.0 cm
X(4.0s)=(8.5cm-s7)(4.0s) - (2.5cm - s)(4.05)>=-6.0 cm
The average velocities of the mouse from 0 to 1 s and from 0 to 4 s are (respectively)
®x 6.0cm-0 ®x -6.0cm-0
= = — =60cmls; v =—"=—"———=-15cmls
ax ot 1.0s vxo ot 40s

Reflect: Since the average velocity of the mouse changes sign, the mouse must have turned around. The x versus
t graph for the mouse, which is an inverted parabola, also shows that the mouse reverses direction.

*2.16. Set Up: Use the normal driving time to find the distance. Use this dis)t(ancle4%)kfind the time on Friday.
Solve: x=v t=(105 km/h)(1.33 h) = 140 km. Then on Friday = t="= =2.00 h. The increase
av.x in time is 2.00 h — 1.33 h=0.67 h = 40 min.
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Vavx 70 km/h

Reflect: A smaller average speed corresponds to a longer travel time when the distance is the same.
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2.17. Set Up: Let d be the distance A runs in time t. Then B runs a distance 200.0 m — d in the same time t.
Solve: d=vat and 200.0 m - d = vgt. Combine these two equations to eliminate d. 200.0 m — va t = Vgt and

t=M= 13.3s. Then d = (8.0 m/s)(13.3 s) = 106 m; they will meet 106 m from where Astarts.

8.0m/s + 7.0 m/s

*2.18. Set Up: The instantaneous velocity is the slope of the tangent to the x versus t graph.

Solve: (a) The velocity is zero where the graph is horizontal; point IV.

(b) The velocity is constant and positive where the graph is a straight line with positive slope; point I.
(c) The velocity is constant and negative where the graph is a straight line with negative slope; point V.
(d) The slope is positive and increasing at point 1.

(e) The slope is positive and decreasing at point I1I.

Set Up: The instantaneous velocity at any point is the slope of the x versus t graph at that point. Estimate the
slope from the graph.

Solve: A:vx = 6.7 m/s; B:ux=6.7 m/s; C:ux =0; D:ux=-40.0 m/s; E:ux=—40.0 m/s; F:ux =—40.0 m/s; G:vx=0.

Reflect: The sign of vy shows the direction the car is moving. vy is constant when x versus t is a straight line.

Set Up: Values of x;at time t can be read from the graph: xo= 0, X4= 3.0 cm, x10=4.0 cm, and x;s=4.0 cm.
Ly IS constant when x versus t is a straight line.

Solve: The motion consists of constant velocity segments.

t=01040s vy =20M=0_ 4 75 ss:
40 3.0 40s
t=4.051010.05 vy = oM =2YCM _ 417 cmys;

t=10.0st018.0s:vx=0
6.0s

The graph of vy versus t is shown in the figure below.

Reflect: (@

Ly is the slope of x versus t.

Set Up: The instantaneous acceleration is the slope of the vy versus tgraph.

Solve: t=3s: The graph is horizontal, so ax= 0.
44 m/s — 20 m/s

t=7s: The graph is a straight line with slope —— —— = 6.0 m/s% a = 6.0 m/s?
4s T ‘
t=11s: The graph is a straight line with slope 0-ddmis 11mis% a,= —11 m/s2
4s
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a =
SetUp: ax &® )
Solve: (a)0sto2s: a 0; 2stods:a =10m/s%; 4stob6s:a =15m/s%, 6sto8s:a =25m/s?

av,x = av, x av, X av, x

85t010S: Aay, x=2.5m/s%; 10510 12 S: Qay, x=2.5M/s?; 12st014S: A x =1.0m/s? 14st016S: @, x =0.
The acceleration is not constant over the entire 16-s time interval. The acceleration is constant between 6 sand 12 s.
(b) The graph ofux versus t is given in the figure below. t = 9 s: ay= 2.5 m/s?; t = 13 s: ax= 1.0 m/s?, t = 15 s ax=0.

. e

Reflect: The acceleration is constant when the velocity changes at a constant rate. When the velocity is constant, the
acceleration is zero.

2.23. Set Up: 1 ft=0.3048 m, g = 9.8 m/s?

Solve: (a) 59 =49 m/s? and 5g= (4o mi) 1T _160fus?
Nocorak
(b) 60g = 590 m/s? and 60g = (590 m/s?) 1ft = 1900 ft/s?
0.3048 m

© (167 me) —14—)_g,

L9- :) 9 ) (243 mis?)| (1g ) _,s,

L. 2
*2.24. Set Up: The acceleration ay equals the slope of the Lx versus t curve.

Solve: The qualitative graphs of acceleration as a function of time are given in the figure below.

a, a a, a
i A A

—_—t e

0! Ol ' 0

() (b ) (d)

The acceleration can be described as follows: (a) positive and constant, (b) positive and increasing, (c) negative and
constant, (d) positive and decreasing.

Reflect: When vy and a, have the same sign then the speed is increasing. In (c) the velocity and acceleration have
opposite signs and the speed is decreasing.

© Copyright 2016 Pearson Education, Inc. All rights reserved. This material is protected under all copyright laws as they currently exist.
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2.25. Set Up: The acceleration ay is the slope of the graph of vx versus t.

Solve: (a) Reading from the graph, att=4.0s, x=2.7 cm/s, to the right and at t = 7.0 s, Lx = 1.3 cm/s, to the left.

(b) v versus t is a straight line with slope — 8.0 cm/s

X

=-1.3 cm/s% The acceleration is constant and equal to
6.0s
1.3 cm/s?, to the left.

(c) The graph of ay versus t is given in the figure below.

&l

0

1.3 mvs’

*2.26.SetUp:Use 5 _Yx  forpart(d)and v’=v’ +2a (X - X) for part (b). Recall that a magnitude is

X X 0x X 0
t

always positive.

Solve: (a) The initial speed is  vy,= 60 mi/h and the final speed is  v,=40 mi/h so the change in speed is
V,= LUy— Vg,= 40 mi/h — 60 mi/h = -20 mi/h. The time is ®t =35, which we will convert to hours. Thus, the
magnitude of the acceleration is

®UTZ ‘_zo mi/h‘( 36005\ _ 5 10t mi/h?

1t 3s \|1h|)

(b) The distance X — Xo traveled while braking is

vl =V’ +2a(x—x)
X Uozx_sz 0
X — X X 0x
(1)

2a,
(40 mi/h)” — (60 mih)? (5280 ft )

"~ 2(-24x10tmimz) U 1mi )

=2x10%ft
where we have retained a single significant digit because we are given the time of acceleration to a single significant
digit.
Reflect: Note that we retained two significant digits for the acceleration in the intermediate step for part (b) and
only rounded down to a single significant digit at the end of the calculation.

2.27. Set Up: 1 mph=0.4470 m/sand 1 m=3.281 ft. Let xo0=0. L =0, t=2.0s, and vx =45 mph =20.1 m/s.

(@ v, =u +atanda _Lx—Vx_ 201mis-0_ 2
X 0x X x = t = 205 =10 m/s

a_ (10 mISz)(mw = 33 ft/s?

X L 1m )|
© Copyright 2016 Pearson Education, Inc. All rights reserved. This material is protected under all copyright laws as they currently exist.
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(o) x=x+vt+ ! at?=1(10_m/s?)(2.0 s)>=20m, or x = * (33 ft/s?)(2.0 s)*> = 66 ft
0 0x ? X 2 z

© Copyright 2016 Pearson Education, Inc. All rights reserved. This material is protected under all copyright laws as they currently exist.
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*2.28. Set Up: Take the + y direction to be upward. For part (a) we assume that the cat is in free fall with a, = —g.

Since the cat falls a known distance, we can find its final velocity using v 2 =v 2+ 2a (y —y ). For parts (b) and (c)

y Oy y 0
we assume that the cat has a constant (but unknown) acceleration due to its interaction with the floor. We may use the
equations for constant acceleration.

Solve: (a) Solving for v y, we obtain

vy =t U2 +2a(y -y

Here we set ®y = (4.0 ft)(1 m/3.28 ft) = -1.22 m, a,=—g, and v, = 0.

Ly =— 1/L)()§,+ 2a(y -y
=—,/-29(-1.22 m) = -4.89 m/s =-4.9 m/s

Where we choose the negative root since the cat is falling. The speed of the cat just before impact is the magnitude of
its velocity, which is 4.9 m/s.

(b) During its impact with the floor, the cat is brought to rest over a distance of 12 cm. Thus, we have

. 1
Voy =—4.89 m/s, v, = 0»and ®y =-0.12m. Solving ®y = E(U , +Voy )t for time, we obtain

[2®y _2(=0.12 m)
y +Voy) 0+ (=48 89m/s%

L%-v?) 02— (-4.89 m/s)?
(¢) Solving v?2=v? +2a (y-y ) for a, we obtaina=_"Y ¥ = =99.6 m/s?. Since this
vy 0 y y 2Qy 2(-0.12 m)

answer is only accurate to two significant figures, we can write it as 1.0 x 102 m/s? or approximately 10 g’s.

(v

t=

Reflect: During free fall the cat has a negative velocity and a negative acceleration—so it is speeding up. In contrast,
during impact with the ground the cat has a negative velocity and a positive acceleration—so it is slowing down.

Set Up: Let + x be in his direction of motion. Assume constant acceleration. (a) vx = 3(331 m/s) =993 m/s,
Lox =0, and ax=5g = 49.0 m/s?; (b)t=5.0s
Solve: (a)v =v +a tandt= "X~ Lo, MBS =0_ 5 5
XX ax 49.0 m/s?

Yes, the time required is larger than 5.0 s.
(b) L = Lox + axt = 0 + (49.0 m/s?)(5.0 s) = 245 m/s

SetUp: +2a( x—Xx ), where the distance is x — x = 200 ft and the initial speed is

X 0x X
Use v 2=
2
0] 0 0

Vg, = 60 mi/h for part (a) and v,,= 100 mi/h for part (b). Recall that a magnitude is always positive.

Solve: (a) Solving for the magnitude of the acceleration, inserting the given quantities, and converting miles to feet,
we obtain
v = o + 2a ( X — xo)

U "

72 )

| (0 mi/h)* - (60 mith)’ |( 5280 ft )

| 2(200 ft) |K| 1 mi |}

© Copyright 2016 Pearson Education, Inc. All rights reserved. This material is protected under all copyright laws as they currently exist.
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= 4.8 x 10 mi/h?
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(b) If the initial speed is 100 mi/h, the required acceleration is
v -V’
|a | — X 0x
A Z(x=%0)

|(o mi/h)” — (200 mih)? |( 5280 ft )

- 2(200 ft) 1 mi 1
— 1.3 x 10° mi/h?

Reflect: Note that the acceleration is negative because the speed of the car is decreasing. However, we are only
interested for this problem in the magnitude of the acceleration.

SetUp: Let 4+ x be the direction the jet travels and take o= 0. ax= 4g = 39.2 m/s?, Lx = 4(331 m/s)

=1324 m/s, and vox = 0.

Solve: ()L =L +a tandt=Vx~Vox_1324m/s-0_ 335

X O x ax 39.2 m/s?
(b) X =Xo+ Loxt + 1 gyt 2 =1(39.2 m/s?)(33.8 5)* = 2.24 x 10* m = 22.4 km

Set Up: Let +x be the direction the person travels. vx=0 (stops), t=36 ms=3.6 x102s, a,=—-60g =

-588 m/s2. ay is negative since it is opposite to the direction Olf the motion.
Solve: v =v +atsov =-at Thenx=x+v t+ at?givesx=-'at’

X 0x X 0x X 0 0x 2 X 2 X
X=- 15(—588 m/s?)(3.6 x 102s)? =38 cm
Reflect: We could also find the initial speed: Lox = — axt = — (588 m/s?)(36 x 103 s) = 21 m/s =47 mi/h

Set Up: Take the + x direction to be the direction of motion of the boulder.

Solve: (a) Use the motion during the first second to find the acceleration. vox=0, X =0, x=2.00m, and
t=1.00s.
1 2
x=x+v t+_at?anda _2x_2(2.00m) _ 4.00 m/s?
o o 2% “ {2 (1.00s)?

Ux = Lox + axt = (4.00 m/s2)(1.00 s) =4.00 m/s

For the second second, Lox = 4.00 m/s, ax= 4.00 m/s?, and t=1.00s.

X=X+ t+ T at?=(4.00mis)(1.00's)+1(4.00 mis?)(1.00 s)? = 6.00 m
0 0x BIR 2
7

We can also solve for the location at t =2.00 s, startingatt=0:

X=Xx+vt+lat?= ! (4.00 m/s?)(2.00 s)> = 8.00 m,
0 0x 2 X §

which agrees with 2.00 m in the first second and 6.00 m in the second second. The boulder speeds up so it travels
farther in each successive second.

(b) We have already found vx = 4.00 m/s after the first second. After the second second,

Ux = Lox + axt = 4.00 m/s + (4.00 m/s?)(1.00 s) = 8.00 m/s

© Copyright 2016 Pearson Education, Inc. All rights reserved. This material is protected under all copyright laws as they currently exist.
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*2.34. Set Up: Let + x be in the direction of motion of the bullet.vgx =0, Xo =0, Lx = 335 m/s, and x = 0.127 m.
Solve: (@) v2=v2+2a(x-x)and
X 0x X 0
v2-v?  (335m/s)?-0 5 2

a=—*—% =~ =442x10 mfs
2(x—Xo)  2(0.127 m)

«— Vg _335m/s—0

 —ar—  4.42x10°m/s’

Reflect: The acceleration is very large compared to g. In (b) we could also use (x — x )= ((Vox+Ux )

0 t
| | to calculate

U7

4
=451x10g

(b)UX:UOX +axtsot:U 58 ms

(2 2X=%0) _2(0.027m) _ ) 2e0 o

Ux 335 m/s

Set Up: Take +x in the direction to be in the direction in which the drag racer moves. Use

X—X =V t+7at? tofind the accelerationwith v =0, (x —x)=0.25mi, and t=10s.
0 0x 2 x 0x 0

1 .
Solve: (@) X —Xx=vt+ " at?gives
0 0x 2 X

(b) The acceleration of gravity is 9.8 m/s2, which is about 20% greater than the acceleration of the drag racer.
(c) To get the final speed, use L 2 = v ? + 2a (x —x ) and insert the known quantities. This gives

X 0x X 0
v2=v2+2a(x—x)
X 0x X 0

= \/o+ 2(8.047)(0.25 mi)[%y

=80 m/s
or about 180 mi/h.

Solve: Note that we retained the positive sign in part (c) because the drag racer moves in the +x direction. The result
for part (c) seems like a reasonable speed for a drag racer.

Set Up: 1 mi/h = 1.466 ft/s. The car travels at constant speed during the reaction time. Let direction + X be the
the car is traveling, so ay=-12.0 ggs]ft/afﬁer the brakes are applied.
Solve: (a)v 4 =(15.0 mi/h)} = : |'=22.0 ft/s. During the reaction time the car travels a distance of (22.0 ft/s)

1 mi/h
)
(0.75) =154 ft.
For the motion after the brakes are applied, vox = 22.0 ft/s, ax=-12.0ft/s?, andvx=0. v? =l)20 + 2ax (X — Xo)
X X
vZ-v? 0 (22.0ft/s)?
ives (X — Xo) = —X—ox— =20.2 ft.
gives (x =) = =5 o= 2(~12.0 fts?)

The total distance is 15.4 ft + 20.2 ft = 35.6 ft.
(1.466 ft/s

(b) L o = (55.0 mi/h)| 1 mi/h \= 80.6 ft/s. A calculation similar to that of part (a) gives a total stopping distance

of (x — Xo) = 56.4 ft + 270.7 ft = 327 ft.
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Chapter 2

Set Up:

*2.37. Set Up: 0.250 mi = 1320 ft. 60.0 mph = 88.0 ft/s. Let + x be the direction the car is traveling.
Solve: (a) Braking: Lox = 88.0 ft/s, X —Xo=146ft, Lx=0.V %=V %X+ 2ay (X — >2<o) gives

v?-v%2  0-(88.0ft/s)?

ay = X ox _

2(X — Xo) 2(146 ft)

Speedingup: v =0,x—x =1320ft, t=19.9s. X—Xx=Vt+ at?gives
0x 0 0 O0x E X
_2(x—X0) _2(1320 ft) _ 6.67 ft/s2
x 2 (19.95)?
(b) Lx = Lox + axt = 0 + (6.67 ft/s?)(19.9 s) = 133 ft/s = 90.5 mph
(c)t:Ux—UOx_o—88.oﬁ/S
ax -26.5 ft/s?

=-26.5ft/s

a

=3.32s

Reflect: The magnitude of the acceleration while braking is much larger than when speeding up. That is why it takes
much longer to go from 0 to 60 mph than to go from 60 to 0 mph.

Set Up: Break this problem into two parts: In the first part, the car accelerates at a= 2 m/s? for an
unknown distance until it reaches at speed of L,= 20 m/s. It accelerates over a time we’ll call t;, which we do not know
initially. In the second part of the problem, the car continues at this speed for an unknown time t,. We know that the
total time t =t1+ =30 s.

Solve: During the acceleration phase, use L’= v + 2a d to find the distance d; that the car travels. This gives

X 0x x1

[ERN

1 0x 1 Exl Exl

2 v 20m/s

ax ax a, 2m/s?

Thus, the car travels for another 20 s at 20 m/s, covering an additional distance of 20 sx 20 m/s = 400 m. The total
distance covered in the initial 30 s is thus 100 m + 400 m = 500 m.

A=mr?and C =2mr r, where r is the radius.

2 ?
A A (1) (|2r|\

Solve: =2 and A, =1 2 A=t A=4A

- 2 2 \'Jlj f

\F)
Ci_Coandc _(T2) :(Zrl\C=2C

5 B2 Ln')ﬂ rlL_)
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Motion Along a Straight Line

2-

Set Up: Let L be the length of each side of the cube. The cube has 6 faces of area L?, so A=6L% V= L%

2 2
A A (L) (3L
Solve: * I:Zi L2 and A2=|6d1 ) A1:¢ £1)| A; =9 Ay; surface area increases by a factor of 9.
2 5 .
vV oV (L) (3L)
1-2 and Vo=|2,|Vy=|1 = 27V1; volume increases by a factor of 27.
L3 ’ |K '—|1)l | K'yll[ ! y

*2.41. Set Up: The volume of a cylinder of radius R and height H is given by V = R?H . We know the ratio of
the heights of the two tanks and their volumes. From this information we can determine the ratio of their radii.

V, 2 2
Solve: We take the ratio of the volumes of the two tanks: large _ 218 _ ﬂ‘.ﬁge |ange _ 1,90 large R , where we
Vomall 150 wR? H | KRsmaII)
small small

H R
have used—2%= 1.20. Solving for the ratio of the radii we obtain large _ (ij(@j = 1.10. Thus, thelarger
R 1.20 A 150

small small

radius is 10% larger than the smaller radius.

Reflect: All of the ratios used are dimensionless, and independent of the units used for measurement.

4 . .
2.42. Set Up: The formula for volume V = ~ 7t R® shows that V is proportional to R®.
3
Solve: IfV oc R® then R oc V Y3, Thus, if V decreases by a factor of 8, R will decrease by a factor of 82 = 2.

*2.43. Set Up aa=ag, Xoa= Xog = 0, Vox, A = L0ox,B = 0, and th=2tp.

1 . 1 1 .
Solve: (@) x=x+vL t+ " at?gives X ="at?andx ="at?a=a gives Xa_Xs and
0 0x  mx A AA B » BB A B Ay s
A B

2 2
XB:|(_E\| X :fﬂ (250 km) = 62.5 km

() » (2)
_ . _UA _ UB . _ b} v
(b) vx =vox + axtgivesaa= " andag= _".Sinceaan=as, VPA_VYB and
ta ts (1) ta ts
b(te) = (350 mis)=175m/s
B lt=Ma ||
\a) \2)
Reflect: vy is proportional to t and for vox = 0, X is proportional to t 2.
Set Up: aa=3ag and vpa = LoB. Let xoa= Xos = 0. Since cars stop, va=ve =0.
Solve: (@) L2 =v72+2a (x—X) gives ax =ax ,andx :(aA\X =3D
X 0x X A B —
BB
at
L) 3 aa
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Set Up: We are given that ar= 2agand tg= 2ta, where the subscripts refer to cyclist A and B.

1

Solve: The motion of each cyclist must satisfy the equation d= _at 2 (where we have ignored their initial speed
2

because they start at rest). By taking the ratio of this equation for cyclist A and B, we find

d la t?

Using an=2ag  and tg= 2ta, we get

Using the previous result for the ratio of distances, we find

2 2ad 2(2a8)1
r)gzga*’*d: 28 T

B

Vy_

Ugp

1

Reflect: We used the positive square root for the ratio of speeds because both cyclists move in the same direction.

Set Up: Let +y be upward. a, = — 9.80 m/s%. vy = 0 at the maximum height.

Solve: (@) y-Yyo=0.220m,a,=—-9.80 m/s>, Ly=0. V=02 + 2a,(y - yo) gives
y Oy

Voy = /~28, (Y — yo) =+~2(-9.80 m/s)(0.220 m) = 2.08 m/s.

(b) When the flea returns to ground, vy = —Ugy. Ly = Loy + ayt gives

Ly~ Voy_ -2.08 m/s —2.08 m/s
ay —9.80 m/s?

t= =0.424s

(c) a=9.80 m/s?, downward, at all points in the motion.

Set Up: Let +y be downward. a, = 9.80m/s?
Solve: (8) voy =0, t=250s, a,=9.80 m/s.

y—-y=vt+ ! at?= ! (9.80 m/s?)(2.50s)>=30.6 m
0 Oy 2 2

The building is 30.6 m tall.
(b) vy = Loy + ayt =0 + (9.80 M/s?)(2.50 s) = 24.5 m/s
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Motion Along a Straight Line

(c) The graphs ofay, vy, and y versus t are given in the figure below. Take y = 0 at the ground.

o, v, V= ¥

—_——— . ! = !

o0 0 )

(a) (h) (c)

Set Up: Take downward to be the positive direction, so that the acceleration of gravity is g = 9.8 m/s?. The initial
speed of the marble is v,= 0 so we can ignore terms with initial speed. The distance traveled by the marble is x — Xo
=830 m.

1 1 L . . .
Solve: (a) We know x —Xo = Tat?= Eg'[ 2 pecause the acceleration is that of gravity, so a = g. Solving for the time

t gives

g 9.8m/s2

where we have retained only the positive square root as being physically relevant.
(b) To find the speed v of the marble just before it hits, we solve for v in

v?=2a(x—X0)=2g ( x—xo)

L =/2 (x—%0) =,/2(9.8m/s?)(830 m) = 1.3x107 mis

where we have again retained only the positive square root as being physically relevant.

*2.49. Set Up: Take +y upward. vy = 0 at the maximum height. a,= - 0.379g = — 3.71 m/s%

Solve: Consider the motion from the maximum height back to the initial level. For this motion Loy =0 and
t=425s.y=y+vt+ ! at?= ! (-3.71 m/s?)(4.25 s)>=—33.5m.
0 Oy 2 2

The ball went 33.5 m above its original position.
(b) Consider the motion from just after it was hit to the maximum height. For this motion vy =0 and t=4.25s.
Ly = Loy + ayt gives Loy = — ayt = — (=3.71 m/s?)(4.25 s) = 15.8 m/s.

() The graphs are sketched in the figure below.

()

(%) (hy (c)
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Reflect: The answers can be checked several ways. For example, vy =0, Loy =15.8 m/s, and ay=-3.7 m/s?in
v2=v?2+2a(y-y)gives
y 0y y 0
v2-v? 0 (15.8m/s)?
y Oy —

Yy—Yo = =33.6m

2ay 2(-3.71 m/s?)
which agrees with the height calculated in (a).

2.50. Set Up: Take +y to be downward. voy = 0 and let yo= 0.
Solve: (a) y=y+v t+ ! at’givesa = 2y_2(1.26m) 2.24 m/s? = 0.229g.

o o 2V Y op o (3A7sy
(b) vy = Loy + ayt = (2.24 m/s?)(3.17 s) = 7.10 m/s

*2.51. Set Up: Take +y  upward. a,=— 9.80 m/s2. The initial velocity of the sandbag equals the velocity of the
balloon, so voy =+ 5.00 m/s. When the balloon reaches the ground, y —yo=—40.0 m. At its maximum height the
sandbag has vy = 0.

Solve: () t=0.250s:

y-y=vt+ ! at?=(5.00 m/s)(0.250 s) + ! (-9.80 m/s?) (0.2505)>=0.94 m
0 o 7V 2

The sandbag is 40.9 m above the ground.
Ly = Loy + ayt = +5.00 m/s + (—9.80 m/s?) (0.250 s) = 2.55 m/s
t=1.00s:

. (5.00 m/s)(1.00 s) + 1_(—9.80 m/s?)(1.00 s)>=0.10 m

y 2

The sandbag is 40.1 m above the ground.
Ly =gy + at =+ 5.00 m/s + (-9.80 m/s?)(1.00 s) = — 4.80 m/s

1 .
(b) y—-y =—-400m,v =500m/s,a=-9.80m/s2.y—y=0  t+ at’gives—40.0m=(5.00 m/s)t-
0 0y y 0 0y Ey

(4.90 m/s?)t 2. (4.90 m/s?)t 2 — (5.00 m/s)t — 40.0 m = 0 and
e = +
tﬂs'OOi J(-5.00)° - 4(4.90)(~40.0) ) 5=(051£250)s

9.80
t must be positive, sot=3.41s.
(c) vy = Loy + ayt =+ 5.00 M/s + (-9.80 m/s?)(3.41 s) =— 28.4 m/s

(d)voy=5.00m/s, ay=-9.80m/s?, vy=0. vy =vg?+2ay(y-Yo)gives
y y y y y y

Ly’ — Vo’ _0-(5.00mfs)’ _

Y — Jesoms  L28m

The maximum height is 41.3 m above the ground.
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Motion Along a Straight Line

(e) The graphs of ay, vy, and y versus t are given in the figure below. Take y =0 at the ground.

\

*2.52. Set Up: am=0.170ag . Take + y to be upward and yo= 0.
2

Solve: (@) Loe=vom.  L?=VL? +2a,(y —Yyo) With vy =0 at the maximum height gives 2a,y =—v 2,
y 0y 0y

SO am Ym = ag YE. (aE\ (
y = y="1 1 \(12.0 m)=70.6 m
|
M _'_a le 0.170

(™)

(b) Consider the time to the maximum height on the earth. The total travel time is twice this. First solve for voy,

withv=0andy=12.0m.v?=v2 +2a(y-y) gives
y y Oy y 0

Voy= \—2(Cae )y =+—2(-9.8 m/s?)(12.0 m) =153 mis
Then vy = voy + ayt gives

Vy—=Voy_0-153 m/s
ay -9.8 m/s?

t= =156s

The total time is 2(1.56 s) = 3.12 s. Then, on the moon LVy=voy+atwith Loy=153mfs, vy=0, and

a=-1.666 m/s? gives

Vy—=Voy_0-153 m/s ~918s
ay -1.666 m/s?

t=

The total time is 18.4 s. It takes 15.3 s longer on the moon.

Reflect: The maximum height is proportional to 1/a, so the height on the moon is greater. Since the acceleration is
the rate of change of the speed, the wrench loses speed at a slower rate on the moon and it takes more time for its speed
to reach v = 0 at the maximum height. In fact, ty, /tz = ag /ay, = 1/0.170 = 5.9, which agrees with our calculated times.
But to find the difference in the times we had to solve for the actual times, not just their ratios.

Set Up: Take +y downward. a, =+ 9.80 m/s2.
Solve: (a) vy = Vo y + ayt = 15.0 m/s + (9.80 m/s?)(2.00 s) = 34.6 m/s

b)y-y=vt+ 1 at?=(15.0 m/s)(2.00 s) + 1 (9.80 m/s?)(2.00 s)?=49.6 m
0 oy E y E

(©)v2=v2+2a(y-y)givesv = fﬁomﬁ?@?mﬁmmzo.sws
y 0y y 0 y
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Set Up: Take +y upward. ay = — 9.80 m/s2. When the rock reaches the ground, y — yo=—60.0 m.
Solve: (@) y—-y=vt+ ! at?gives —60.0 m = (12.0 m/s)t — (4.9 m/sH)t 2. (4.90 m/s?)t 2 — (12.0 m/s)t —
0 Oy E y
60.0m=0and
(12 0+
9 80

erO)—A(MO}(—eM%) s=(122+371)s

t must be positive, sot=4.93s.

(byv2=v2+2a(y-y)givesv =— —36.3m/s.
y oy y 0 y

J(12.0 mis)? + 2(-9.80 m/s?)(-60.0m)

Reflect: We could have taken downward to be +y. Then y—vyo, vy, and ayare all positive, but vy is negative.
The same results are obtained with this alternative choice of coordinates.

Set Up: Take + x to be in the direction the sled travels. 1610 km/h = 447 m/s. 1020 km/h =283 m/s.

Assume the acceleration is constant. L -V 447 m/s — 0
Solve: (@) v =0.v=v +atgivesa = * O*= =248 m/s? = 25.3g
oy 4 ox) x t 1.80 s

([ oy Ve, (447 m/s

(b) (x—x)= (1.80s) =402 m

o | | |
.
(c) Solve for axand compare to 40g. vx =0.
_ U= Vgy_0=283m/s _

— 202 m/s? = - 20.6g.

X t 1.40s
The figures are inconsistent, if the acceleration while stopping is constant. The acceleration while stopping could
reach 40g if the acceleration wasn’t constant.

*2.56. Set Up: Use subscripts f and s to refer to the faster and slower stones, respectively. Take +y to be upward
and yo= 0 for both stones. Yof = 3Vos. When a stopg reaches the ground, y = 0.
Solve: (@) y=y+v t+ at’givesa % Since both stones have the same a, Vof_Vos  and

0o oy Sy =- Yoot t
(o) (1 b
t=t! Vo () (306) 335
s f| | -
ot/ 5) ,
(b)Since V=0 44 the maximum height, then L2 =v? +2a(y—y)givesa == - Since both have the same
y y Oy y 0 y 2y
2
02 L2 (v)
a,, —0f_0sgng Vr=Ysl 1 =oH.
YooY \ Vos )

Reflect: The faster stone reaches a greater height so it travels a greater distance than the slower stone and takes more
time to return to the ground.

2.57. Set Up: Take +y  to be downward and yo = 0. Both coconuts have the same acceleration, a,=g. Let A be
the coconut that falls from the greater height and let B be the other coconut. ya=2 yg. Loa = Log = 0.

. 2_ 12 _ ; _ Y A_ _
Solve: (a)u v +2a()y y)givesa , LY and v —BU.?U—% fy
WS as é’ycurrently exist.
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L 2y Yo VB
(b) y=y+vt+ at?givesa 2y and YA=YB -t Yya =2F
0 0y oy Yy T2 2z A By N
A B YB

*2.58. Set Up:
@ (otvw ) y=(T1E ) y— (LvwE ) y= 65 mph — (—42 mph) = 107 mph. Relative to the VW, the Toyota is traveling
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north at 107 mph. v =-U . Relative to the Toyota the VW is traveling south at 107 mph.
W TVW

(b) The answers are the same as in (a).

v Set Up: Your velocity relative to the highway is v
=70 mi/h, east. Let east be the positive direction.
Solve: (a) When you and the truck travel in the same
direction, the difference between your speed and that of the truck is 20 mi/h. Thus,
Uy —Lpp= 20 mi/h
Upn= Lyy— 20 mi/h =50 mi/h

(b) If the truck is traveling toward you at 50 mi/h (i.e., Uy, = —50 mi/h), then your relative velocity vy,; would be
the sum of your velocity with respect to the highway and the higljway’s velocity with respect to the truck, or
v =V 4V
YIT Y/H HIT

L L L
Using L= —Lyy= 50 mi/h, this gives vy,r= 70 mi/h + 50 mi/h = 120 mi/h.

Set Up: Use coordinates with + y downward. Relative to the earth the package has voy =+ 3.50 m/s and
ay=9.80 m/s%.

Solve: The velocity of the package relative to the ground just before it hits is

Uy =\ui+2a(y-y) = (3.50m/s)’>+2(9.80 m/s?)(8.50 m) =13.4m/s

@) v =134 m/s, downward. v =350 m/s, downward.v =v +v anduv- =uv~ -U .
PIG HIG PIG  PH  HIG PH PIG  HIG
pr/H = 9.9 m/s, downward.
(b)v =-v ,s0U =9.9m/s, upward.
HIP P/H HIP

Reflect: Since the helicopter is traveling downward, the package is moving slower relative to the helicopter than its
speed relative to the ground.

Set Up: GP,A =600 mph and is east for the first 200 mi and west for the return 200 mi. The time is the

distance reIative_Fo the ground divided by the speed relative to the ground.
Solve: v~ =V~ +U

PE PIA AE 4000 mi
(@v =0andv =600mph. t= =6.67h
AJE PIE 600 mi/h
(b) SanFranciscoto Chicago: v ™5,z =150 mph, east. v |, = 600 mph, east.
2000 mi
vV =L +v =750mph. t= =2.67h
P/IE P/IA A/E 750 mi/h
Chicagoto San Francisco: v~ ae =150 mph, east. v p;a = 600 mph, west.
2000 mi
v =v -v =450 mph. t= =4.44h

P/E P/IA AJE 450 mi/h

The total time is 2.67 h+4.44h=7.11h.
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Set Up: At t=0 the auto and truck are at the same position. The auto overtakes the truck when after time T
they have both traveled a distance d.

1
Solve: (a) Apply X—-x=vt+~at’ to the motion of each vehicle. The auto has v =0 and a =2.50 m/s?,
0 X 9 x 0x X
2

sod= 152.50 m/s?)T 2. The truck has  Lox=15.0m/s and a,=0,s0 d=(15.0m/s)T . Combining these two

equations gives (1.25 m/s?)T 2= (15.0 m/s)T and T=12.0s. Then d = (15.0 m/s)(12.0 s) = 180 m.

(b) Lx = Vox + axt = 0 + (2.50 m/s?)(12.0 s) = 30.0 m/s

*2.63. Set Up: The trooper’s initial speed is vyr=30 m/s and his acceleration is a =t 2.5 m/s%. The speeder’s
speed is constant at L= 50 m/s.

Solve: (a) From the point at which the speeder passes the trooper to the point at which the trooper catches up with
the speeder, both will have traveled the same distance d. Thus,

1
L t+ at?=vt
0T E T S

The left-hand side is the distance traveled by the trooper in time t, and the right-hand side is the same distance

traveled by the speeder during the same time t. Solving for the time t, we find

1
v + at=v
0T ET S

Vs =Yy r

t=2
ar

_9 50 m/s — 30 m/s
2.5 m/s?
=165

(b) The distance covered by the speeder (and the trooper) when the trooper catches the speeder is
d = vst=(50 m/s)(16 s) =800 m

Reflect: The answer for part (tlJ) may also be found by ca}LIcuIating the distance covered by the trooper during the
chase. This givesd =v _t+=a t? =(30 m/s)(16 )+~ (2.5 m/s?)(16's)* = 800 m.
0T 2 T 2

*2.64. Set Up: Let+y to be upwardand  yo=0. am = ae /6. At the maximum height vy =0.

Solve: @)v?=v? +2a (y-y ). Sincev =0and v is the same for both rocks,ay =ay and
y 0y y 0 y oy M M EE

(ay,)
y= "My _H/e

E \aEUM

(b)v =v +atat =at andt :(aE\] =6(4.05)=24.0s
y Oy y M M EE M E

lam /

Reflect: On the moon, where the acceleration is less, the rock reaches a greater height and takes more time to reach
that maximum height.
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2.65. Set Up: Let +y to be downward.voy = 2.0 m/s, vy = 1.3 m/s, and y — yo= 0.020 m.
Solve: (@) v2=v2%+2a(y-y)gives
y 0y y 0

v2-0?2 (1.3 mis)?— (2.0 m/s)?

ay=_Y ¥ = =-58m/s?=-59¢
2(y - Yo) 2(0.020 m)

B (Loy +Vy ) 2(y-vy.) _2(0.020 m
Oy = oo B 13 -
\ )

*2.66. Set Up: Let+y  be downward. The egg has voy=0 and a,= 9.80 m/s% Find the distance the professor
walks during the time t it takes the egg to fall to the height of his head. At this height, the egg hasy —yo=44.2 m.

Solve: y—y:Ut+1a_tZgives
0 0y oy

‘e 2(y—yg):\/244.2m 3 005
9.80 m/s?

a,
The professor walks a distance X — Xo = Loxt = (1.20 m/s)(3.00 s) = 3.60 m. Release the egg when your professor is

3.60 m from the point directly below you.

Reflect: Just before the egg lands its speed is (9.80 m/s?)(3.00 s) = 29.4 m/s. It is traveling much faster than the
professor.

. . . 1
2.67. Set Up: Use the two kinematics equations X —Xx =uvt+" at?andv’=v’ +2a(x—-x ), wherethe
n n-1 n E n n-1 n n-1

subscript n gives the number of second since the marble was released. Note that xo = 0 and v,= 0.
Solve: In the first second (n = 1), the distance moved is

1 1
x="at?="a

2 2

wherewe usedt =15, Xo = 0, and vy,= 0. The speed at the end of the first second is
v=vir2a(x-x)=2ax=a’=>y=a
(a) Between one and two seconds (n = 2), the marble moves a distance

x—x:ot+1gt2:o +1a:3a:3x
2 1 1 9 1 E E

The speed at the end of the two seconds is
v’=v’+2a(x-x)=a?+2a(3x)=4a’> =>v =2a
2 1 2 1 2

(b) Between two and three seconds (n = 3), the marble moves a distance

x—x=ut+1gt2=0 +£a=2a+£a=ia=5x
3 2 2 2 2 2 2 2

(c) In the nth second of motion, the marble moves a distance (2n — 1) x.
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*2.68. Set Up: Since air resistance is ignored, the boulder is in free-fall and has a constant downward acceleration
of magnitude 9.80 m/s?. Apply the acceleration equations to the motion of the boulder. Take +y to be upward.

Solve: (a) voy =40.0 m/s, vy =+20.0m/s, a,=-9.80 M/s?. VL y=Vgy + at gives

_ Yy~ Voy_20.0m/s —40.0 m/s
ay -9.80 m/s?

t =+2.04s

(b)v=-200mfs. _Vy=Voy_=20.0 m/s — 40.0 m/s _ 46125
y ay -9.80 m/s?

1 .
(c) y-y =0, v =+40.0m/s, a =-980m/s?. y—y=v t+_atzg|vest:0and

0 Oy y 0 0y o
200y 2(40.0 m/s)
= = s /2:+8.165
y —J.00mis Vy-Voy (0-—40.0m/s
(d)v=0, v =+40.0m/s, a=-9.80 m/s% L =0 +atgivest= ==~ =408s.
y oy y y oy ay -9.80 m/s?

(e) The acceleration is 9.80 m/s?, downward, at all points in the motion.
() The graphs are sketched in the following figure.

Reflect: We have vy = 0 at the maximum height. The time to reach the maximum height is half the total time in the air,

so the answer in part (d) is half the answer in part (c). Also note that 2.04 s < 4.08 s < 6.12 s. The boulder is going
upward until it reaches its maximum height, and after the maximum height it is traveling downward.

y(f)im) v.(r) HH/\I a, (Ill/(\zb
100 | 50 0
25
0 J
25
3 10
r(s) 20 @) — 1 (S)
10 0 2 4 6 8 10 0 5 10

Set Up: We are given that, in t = 5 s, the velocity changes from v, ,=—25 m/s to v,= -50 m/s.

V= Yo« 50 m/s — (=25m/s
Solve: (a) The magnitude of the average acceleration is aav{z N = I_ 5( ) =5m/s?
S
(b) The average acceleration is in the same direction as the initial velocity: the negative xdirection.
(c) During this period, the car travels a distance d given by
1 1
d=v,t+ at’ = (-25 m/s)(5s)+ 5 (-5mis? (55)° =-2x10> m
Thus the car travels a distance of 200 m in the negative x direction.
® . .1 . 60
Set Up: The average acceleration is given by a = “Y% The time for each beatis = min, or = s.
av, X a ﬁ ﬁ

avx t 60/72 s
1

Solve: a Ux _ ‘w: 510 cm/s?

Reflect: This is about__g.
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Set Up: Define north to be the positive direction. The acceleration of the northbound car is a = 2 m/s2and the
constant velocity of the southbound car is Ls=—25m/s. The both move for the same amount of time, and the

distances they cover must sum to 200 m, or  x,+ >|<S |: 200 m, where we used the absolute value of the southbound
car’s displacement because it moves in the negative direction.

Solve: (a) When they pass each other, we havex ~ = at?andx =-(200m-x ) = v t. Solving for the time t
N9 N s N s
gives 1
200m - " at?
po_200m=xy _ 2 N
+ Vg 2 Us
Lt jee—m)a—ﬁr ;
—25 m/s)+ /(400 m)(2 m/s? ) +(-25m/s
t="=3 N S :( ) \/( )( ) ( ) :645,—315
ay 2 m/s?

The cars pass each other 6.4 s after the light changes.
(b) The distance xn from the red light is

1 1
X = att="(2m/s?*)(6.375s) =41m
N 2
Reflect: The distance from the red light may be checked by using the formula for distance traveled by the
southbound car. This gives Xs =—(200 — Xy ) = Ust, or Xn = Ust +200 m = (=25 m/s)(6.3755) +200 m = 41 m.

*2.72. Set Up: Take +y to be upward. There are two periods of constant acceleration: a, = + 2.50 m/s? while the
engines fire and a, = — 9.8 m/s? after they shut off. Constant acceleration equations can be applied within each period
of constant acceleration.

Solve: (a) Find the speed and height at the end of the first 20.0 s. 1 ay= +12.50 m/s?, voy =0, and yo=0.
L =v +at= (250m/s?)(20.0s)=50.0m/s and y=y+vt+ at’="(2.50 m/s?)(20.0s)* =500 m.
y Oy y 0 0y 2y 2
Next consider the motion from this point to the maximum height. Yo=500m, vy=0, voy=50.0m/s, and
a,=-9.8m/s>. v2=v%+2a(y-y)gives
y Oy y 0
v2-v?  0-(50.0 m/s)?
y-yo=_Y %= =+128m
2ay 2(-9.8 m/s?)

S0y = 628 m. The duration of this part of the motion is obtained from vy = voy + ayt :
_ Uv_ U0\/_ -50 m/s

t =5.10s

ay —9.8 m/s?

(b) At the highest point, vy = 0 and a, = 9.8 m/s?, downward.

(c) Consider the motion from the maximum height back to the ground. a, = - 9.8 m/s?>, voy =0, y=0, and

t= /w ~11.3s
ay

The total time the rocket is in the air is 20.0 s + 5.10 s + 11.3 s =36.4 5. L y = Loy + ayt = (9.8 M/s?)(11.3 5) =
—111 m/s. Just before it hits the ground the rocket will have speed 111 m/s.

y:628m.y=y+ut+lat2gives
0 0o 0y By

© Copyright 2016 Pearson Education, Inc. All rights reserved. This material is protected under all copyright laws as they currently exist.

No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



2-24

Chapter 2

Reflect: We could calculate the time of free fall directly by considering the motion from the point of engine shutoff

to the ground: v =50.0 m/s, y —y =500 m and a = -9.8 m/s?. y—-y=vt+ afgivest:16.4 S, which
oy 0 y 0 0y 2

agrees with a total time of 36.4 s.

2.73. Set Up: Assume straight line motion along the + xaxis. For the starting phase we may use the kinematic

. . ) L+ VL
equations for constant acceleration: Lox = 0, Vx=8.00 m/s, and ®t=1.40s; Lx= *,andx= * Xt

t 2
Solve: (@) v _Vx _800mis=0_g 4 2

ot 140s
(b) His acceleration to a top speed of 11.8 m/s occurs over atime of 7.02s. Thus,a  _Ux 118 m/s—-0 1.68 m/s2.
(8.00 m/s+0)

w 7.02s
(c) The distance traveled during the starting phase is x="""— — (1.40 s) =5.60 m.

|
O

Reflect: We cannot calculate the distance that the sprinter travels during the second phase of the race, since we do
not know that his acceleration is constant during this phase.

*2.74. Set Up: Let trn  be the time for the rock to fall to the ground and let t; be the time it takes the sound to
travel from the impact point back to you. try + ts = 10.0 s. Both the rock and sound travel a distance d that is equal
to the height of the cliff. Take + y downward for the motion of the rock. The rock has voy = 0 and a, = 9.80 m/s?.

1 .
Solve: (a) Fortherock, Y-y =v t+ ~a t?givest = d .
A Bl \'9.80 m/s?

For the sound, ts= =10.0s. Leta, 2=d. 0.003030.2 +0.45180 — 10.0 =0. o = 19.6 and d = 384 m.

330 m/s

(b) You would have calculated d = 1_(9.80 m/s?)(10.0 s)? = 490 m. You would have overestimated the height of the
2
cliff. It actually takes the rock less time than 10.0 s to fall to the ground.

Reflect: Once we know d we can calculate that tr = 8.8 s and t; = 1.2 s. The time for the sound of impact to travel
back to you is 12% of the total time and cannot be neglected. The rock has speed 86 m/s just before it strikes the ground.

Solutions to Passage Problems

2.75. Set Up: Since the blood momentarily comes to rest, vox = 0. Also, we know that vx= 0.8 m/s and

®t =250 ms. ® /
Solve: a =3Vx_08MS=0_ 55 s Thys, the correct answer isC.

x @t 0.250s
*2.76. Set de ,%Zssuming that the aorta and arteries are circular in cross-sectional area, we can use

A=nr’ =n L .Letd . be the diameter of the aorta and d, be the diameter of each branch.

(o2 (do)2  (da)?
Solve: Since the combined area of the two arteries is equal to that of the aorta we have T | k2_|) + T k; U =T |T2 U ,
which reduces to 2dy >= da 2 Thus, we have dy= da/ 2/ The correct answer is B.
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2.77. Set Up: The graph shows the blood velocity during a single heartbeat. Note that the blood velocity does not
change direction (i.e., it is always positive or zero).

Solve: At 0.25 s the blood flow does not change direction; rather the velocity stops increasing and begins to decrease.
The blood flow increases monotonically over the initial 0.25 s, so it does not decrease at 0.10 s. The acceleration in
blood velocity is given by the slope of the curve. The magnitude of the slope is greatest near 0.10 s, which means that
the magnitude of the blood acceleration is greatest at 0.10 s. The correct answer is D.
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