Col | ege Physics 10th Edition Young Sol uti ons Manual

MOTION ALONG A STRAIGHT LINE

Answers to Multiple-Choice Problems

.C,D 2.C 3.CD 4D 5.C 6.AD 7.A 8D 9.C 10. A,C,D 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:

xXy=-5cm, xp=+45cm, xo=+15cm, and xp,=-5cm
(b) The displacement is Ax; the sign of Ax indicates its direction. The distance is always positive.
(1) AtoB: Ax=xp—x,=+45cm~— (=5 cm) =+ 50 cm. Distance is 50 cm.
(ii) Bto C: Ax=x,—xp =+15cm —45 cm=-30 cm. Distance is 30 cm.
(iii) CtoD: Ax=xp—xc=-5cm—15 cm=-20 cm. Distance is 20 cm.
(iv) Ato D: Ax=xp—x,=0. Distance = 2(4B) =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.

2.2. Set Up: From the graph the position x, at each time zis: x; =1.0m, x, =0, x;=—1.0m, x, =0, x3=6.0m,
and x;) =6.0 m.

Solve: (a) The displacement is Ax. (i) Ax = x;y —x; =+5.0 m; (i) Ax = x)g — x3 =+ 7.0 m; (iii) Ax =x3 — x, =—1.0 m;
(iv) Ax=x4—x,=0.

(b) (i) 3.0m+1.0 m=4.0 m; 90° (ii) 1.0 m+ 1.0 m =2.0 m; (iii) zero (stays at x =6.0 m)

2.3. Set Up: Let the +x direction be to the right. x4, =2.0m, xz=7.0m, x-=6.0 m.
Solve: Average velocity is
Ax Xc— Xy +6.0m—-2.0m
Vavx =5, = =
At At 30s

=13 m/s

distance  4.0m+1.0m+1.0m

average speed = =2.0m/s

time 30s

Reflect: The average speed is greater than the magnitude of the average velocity.
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*2.4. SetUp: x,=0, x3=30m, xo=9.0m. ¢,=0, t3=10s, t-=50s.

Solve: (a) v, , =

Ax xp—x, 3.0m

AtoB: v, , =— =3.0 m/s
MYOA tg—-t, 1.0s
BtoC: vy =228 _00M g
tc—tg 40s
- 9.0
Ato C: vav’x=u=—m=l.8m/s

tc—ty, 50s

(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. SetUp: t,=0, t3=3.0s, tr=6.0s. x,=0, x3=250m, x,=0.

Solve: (a) Dav’xzzt
AtoB: vy =X = XB =X _DOM_gq
MYOA tg—-t, 305
- -25.

BtoC: Dav’x=xc B 50m=—8.3m/s
tc—1tp 3.0s

A0 C: vy, =C— T4 -
le—1y

(b) For 4 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 4 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 4 to B and for B to C the velocity
is always in the same direction but during 4 to C the motion changes direction.

*2.6. Set Up: The positions x, attime fare: x,=0, x;=1.0m, x, =4.0m, x;=9.0m, x,=16.0m.

Solve: (a) The distance is x3 —x; =8.0 m.

Ax . X — X .. Xy — X X3—X
(b) Uay, x =E. (6)) Vpy.x = i() SO =1.0 m/s; (i1) Vv x = 120 Sl =3.0 m/s; (ii1) Vpy x = io Sz =5.0 m/s;
. X4 —X X4 — X
(iv) Uy = f.O s3 =7.0m/s; (V) Uy, = Z.O sO =4.0 m/s

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.

2.7. Set Up: v,(¢) is the slope of the x versus 7 graph. In each case this slope is constant, so v, is constant.

Solve: The graphs of v, versus ¢ are sketched in the figure below.

o E—— 1

0 (o]

v, constant and positive U, Zero v, constant and negative

(a) (b) (c)
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2.8. Set Up: Average speed is the distance covered divided by the time to cover that distance. This problem
involves three times: the time ¢, to cover the first 60 miles, the time z, = 20 min spent without moving in the traffic
jam, and the time #; to 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

60 mi

= =1.09h
55 mi/h

1

The time spent waiting in the traffic jam is

t,=20min=0.33h
The time to cover the last 40 miles is

= 40 mi

' 75mi/h
The total time ¢ for the tripis # =¢ +1, +#, =1.09 h+0.33h +0.53 h =1.96 h. The average speed for the entire trip
is therefore

=0.53h

100 mi
" 1.96h

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

2.9. Set Up: Assume constant speed v, so d = ut.
6

Solve: (a) t= i = M =

t 73331 m/s)

(b) d=vt=7(331 m/s)(118) =2.5x10* m =25 km

(2158 s)(lm—mj =36 min
60 s

#2.10. Set Up: 1.0 century =100 years. 1 km=10" cm.
Solve: (a) d = v = (5.0 cm/year)(100 years) = 500 cm =5.0 m

5
M) 1= & =330X007em 407 vears
t 5.0 cm/year

2.11. Set Up: The distance around the circular track is d =7(40.0 m)=126 m. For a half lap, d =63 m. 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.

v

Start

~

O] ™~
Afterllup After 1 lap
D

Solve: (a) After one lap she has returned to her starting point. Thus, Ax=0 and v,, , =0.
d 12
average speed = — = 6m_ 2.01m/s
t 625s
Ax  40.0
(b) Ax=40.0m and v,, , =—= o139 m/s; average speed = d_06m _ 220 m/s
At 287s t 28.7s
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2-4 Chapter 2

2.12. Set Up: Since sound travels at a constant speed, Ax=v Af; also, from the appendix we find that 1 mile is
1.609 km.

Solve: Ax = (344 m/s)(7.5 s)[%j =1.6 mi
1.609%10° m

Reflect: The speed of sound is (344 nl/s)(&j = l mi/s

1.609x10° m) 5
2.13. Solve: (a) t= i touch: = 185 m =0.0243 s; pain: ¢ = _185m =3.03s
v 76.2 m/s 0.610 m/s

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

*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 1Imi

¢ 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

=30 mi/h

d 300t ([ 1mi

0.0019 h
v 30 mi/h k5280 ftJ

Reflect: To better understand how long it takes to travel the length of the football field, convert the answer to part

(b) to seconds:
£ = (0.0019 hy| S0min |f 60s | _ ¢ o
lh 1 min

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

from v,, ., =—.
av,x A[

Solve: Calculate the position of the mouse at t=0s;7=1.0s;and7=4.0 s:
x(0s)=0
x(1.0s)=(8.5 cm-s_l)(l.O s)—(2.5 cm~s_2)(1.0 s)2 =6.0 cm
x(4.0 s)=(8.5 cm-s1)(4.0 s)— (2.5 cm-s2)(4.0 s)> =—6.0 cm
The average velocities of the mouse from 0 to 1 s and from 0 to 4 s are (respectively)

v A& 60cm-0 6.0 cm/s: v Ax  —6.0cm-0

A 1.0s e AL 4.0s
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.

=-1.5cm/s

*2.16. Set Up: Use the normal driving time to find the distance. Use this distance to find the time on Friday.
Ax 140 km

"~ 70 km/h

av,x

Solve: Ax=1,

av,x

=2.00 h. The increase

At = (105 km/h)(1.33 h) =140 km. Then on Friday Af=

in time is 2.00 h —1.33 h =0.67 h = 40 min.

Reflect: A smaller average speed corresponds to a longer travel time when the distance is the same.
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Motion Along a Straight Line 2-5

2.17. Set Up: Let d be the distance A runs in time ¢. Then B runs a distance 200.0 m — d in the same time .
Solve: d=v, and 200.0 m —d = vgt. Combine these two equations to eliminate d. 200.0 m—v, ¢t =vpt and

200.0 m

=————————=133s. Then d =(8.0 m/s)(13.3 s) =106 m; they will meet 106 m from where A4 starts.
8.0 m/s + 7.0 m/s

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

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

(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 I1.

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

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

Solve: 4:v, =6.7 m/s; B:v, =6.7 m/s; C: v, = 0; D: v, =—40.0 m/s; E: v, = —40.0 n/s; F: v, = —40.0 m/s; G: v, =0.

Reflect: The sign of v, shows the direction the car is moving. v, is constant when x versus ¢ is a straight line.

2.20. Set Up: Values of x, at time ¢ can be read from the graph: x, =0, x4 =3.0 cm, x5 =4.0 cm, and x;g = 4.0 cm.

v, is constant when x versus ¢ is a straight line.

Solve: The motion consists of constant velocity segments.

t=01t04.0s: v, = 30em-0 =0.75 cr/s;
4.0s
t=4.05 1010.0s: v, :W =0.17 cm/s; t=10.0s to 18.0s: v, =0
0s
The graph of v, versus ¢ is shown in the figure below.
v (cmfs)
0.75
0.17 -
! . i(s)
o] 4.0 10.0 18.0

Reflect: v, is the slope of x versus .

2.21. Set Up: The instantaneous acceleration is the slope of the v, versus # graph.
Solve: ¢=3s: The graph is horizontal, so a, =0.
44 m/s — 20 m/s

t =7 s: The graph is a straight line with slope — 4 =6.0 m/s?; a,=6.0 m/s>.
s
t=11s: The graph is a straight line with slope %ﬁlm/s =—11 m/s%; a,=-11 m/s.
s
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2-6 Chapter 2

Av
2.22. SetUp: a,, , = Atx
Solve: (a) 0sto2s: a,, ,=0; 2stods: a,, =10 m/s?; 4510 6s: Ay =15 m/s?; 6sto8s: gy =2.5 m/s?;
8510108t ay, , =2.5m/s”; 10sto 128! ay  =2.5m/s>; 12510 145t a,,, =1.0m/s”; 145t0 165 ay  =0.

The acceleration is not constant over the entire 16-s time interval. The acceleration is constant between 6 s and 12 s.

€ graph ot v Versustlsglvenm C T1igure elow. 1 =9 s: a, = 2. ST, t= sta,=1. ST, t= s:a,=Vu.
(b) The graph of v, is given in the figure bel 9s:a,=25m/s%; 1=13s: a, =1.0 m/s*; r=15s: a, =0

o (mls)

10 .

- 1(s)
o 4 8 12 16

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: 1ft=0.3048 m, g =9.8 m/s’

1 ft
0.3048 m
11t
0.3048 m

Solve: (a) 5g =49 m/s®> and 5g = (49 m/sz)( j =160 ft/s?

(b) 60g =590 m/s> and 60g = (590 m/sz)( j =1900 ft/s*

lg 2 g
(¢) (1.67 m/s* (—j =0.17g (d) (243 m/s (—j =25
( ) 9.8 m/s* g @ ( ) 9.8 m/s’ g
*2.24. Set Up: The acceleration @, equals the slope of the v, versus ¢ curve.

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

a, a, a, a,

0 0 0

(a) (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 v, 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.
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Motion Along a Straight Line 2-7

2.25. Set Up: The acceleration a, is the slope of the graph of v, versus .
Solve: (a) Reading from the graph, atz =4.0 s, v, = 2.7 cm/s, to the right and at1 =7.0 s, v, =1.3 cm/s, to the left.

8.0 cm/s

(b) v, versus ¢ is a straight line with slope — —1.3 cm/s®. The acceleration is constant and equal to

1.3 cm/sz, to the left.

(c) The graph of a, versus ¢ is given in the figure below.

day

0

—1.3 m/s?

*2.26. Set Up: Use a, = AAU;‘

for part (a) and Uﬁ = ng +2a, (x—xo) for part (b). Recall that a magnitude is
always positive.
Solve: (a) The initial speed is v, = 60 mi/h and the final speed is v =40 mi/h so the change in speed is

Av =v, - v,, =40 mi/h — 60 mi/h = —20 mi/h. The time is Az =3 s, which we will convert to hours. Thus, the
magnitude of the acceleration is

_|Av,|_|-20mim|(36008) o0
& 3s Un )T

aX

(b) The distance x—x, traveled while braking is
vj = l)gx +2a, (x—xo)

v —

X

Vi
2a,
(40 mi/h)* —(60 mi/h)” (5280 ft )
2(-2.4x10* mi/h?) Tmi
=2x10* ft

(x—x,)=

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: 1mph=0.4470 m/s and ] m=3.281 ft. Let xy=0. vy, =0, 1=2.0s, and v, =45 mph =20.1 m/s.
~ vy, 20.1m/s—0
t 20s

v

(@) v, =1y, +a,t and a, == =10 m/s’

a,=(10 msz)(w] =33 fi/s?
I m

(b) x =Xy + Uy, + %axtz =110 m/s*)(2.0 5)° =20 m, or x=1(33 ft/s*)(2.0 5)* = 66 ft
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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 Uﬁ = Ug yt Zay (¥ —yy)- For parts (b) and (c)

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,, we obtain

v, =i,lv§y +2a,(y—o)

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

v, =15, +2a,(y - ¥y)
=—/-2g(-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 . .
Uy, =—4.89 m/s, v, =0, and Ay =—-0.12 m. Solving Ay = E(Dy + Uy, )t for time, we obtain

20y 2(-0.12m)

t= = =0.049 s
(0, +0p,)  0+(=4.89 m/s)

2 2 2 2
(INE) (-
(c) Solving vf = véy +2a,(y-yp) for a,, we obtaina, = (5 ~v%,) _ 0 - (=489 mis) 99.6 m/s>. Since this

Y 2Ay 2(-0.12 m)

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

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.

2.29. Set Up: Let +x be in his direction of motion. Assume constant acceleration. (a) v, =3(331 m/s) =993 m/s,
0y, =0, and a, =5g =49.0 m/s>; (b) 1=5.0s

993 m/s -0
a,  49.0 m/s?

v, —
Solve: (a) v, =v,, +a,t and ¢t =—*—"2

=203s

Yes, the time required is larger than 5.0 s.

(b) v, = vy, + a,t =0+ (49.0 m/s?)(5.0 s) = 245 m/s

2.30. Set Up: Use v} =v; +2a, (x—x,), where the distance is x —x, =200 ft and the initial speed is
Uy, =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

vl =0, +2ax(x—x0)

L= YT

T 2(x-x,)

(0 mim)* —(60 mih)’|( 5280 ft)
B 2(200 ft) I\ Imi

=4.8x10° mi/h®
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(b) If the initial speed is 100 mi/h, the required acceleration is

_v-u,

e 2(x—x,)
_|(0 mih)” (100 mirm)?|( 5280 fr)
B 2(200 ) |( I mi

=1.3%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.

2.31. Set Up: Let +xbe the direction the jet travels and take x,=0. a, =4g =39.2 m/s?, v, = 4331 m/s)

=1324 m/s, and v, =0.

v, — Uy, 1324m/s-0
a,  392m/s’

(b) x=1x)+ vt + La =1(39.2 m/s*)(33.8 5)” =2.24x10° m = 22.4 km

=338s

Solve: (a) v, =1y, +a,t and t=

2.32. Set Up: Let +x be the direction the person travels. v, =0 (stops), =36 ms=3.6x 10725, a,=—-60g =
—588 m/s”. a, is negative since it is opposite to the direction of the motion.

1 .
Solve: v, =1, +a,t so vy, =—a,t. Then x=x,+ vyt + Eaxt2 gives x = —%axtz.

x= —%(—588 m/s3)(3.6 x107%s)? = 38 cm
Reflect: We could also find the initial speed: v,, = —a,t = —(-588 m/sz)(36 %107 s) =21m/s = 47 mi/h

2.33. 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. v, =0, x,=0, x=2.00m, and
t=1.00s.

X=Xyt Uyt + laxt2 and a, =2—; = Z(L()n;) =4.00 m/s*
2 t (1.00 s)

v, = Uy, + a,t = (4.00 m/s?)(1.00 s) = 4.00 m/s
For the second second, vy, =4.00 m/s, a, =4.00 m/s?, and 1=1.00s.
X =xp+ Uyl + %axtz = (4.00 m/s)(1.00 s) + £(4.00 m/s?)(1.00 5)* = 6.00 m
We can also solve for the location at #=2.00 s, starting at t= 0:
121 2 2
X=X+ Vot +Fayt? = (400 m/s?)(2.005) =8.00 m,

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 v, =4.00 m/s after the first second. After the second second,

V. =y, + a,t =4.00 m/s + (4.00 m/s>)(1.00 s) = 8.00 m/s
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*2.34. Set Up: Let +x be in the direction of motion of the bullet. vy, =0, x, =0, v, =335 m/s, and x=0.127 m.

Solve: (a) vﬁ = 1)02x +2a,(x - xy) and
v -vd  (335m/s)2 -0

X

a. =
T 2(x—xy)  2(0.127 m)

(b) v, = Uy, +ayt s0 r = Yor 3O MEZ0
a,  442x10°m/s

=442x10°m/s*> =4.51x10% g

=0.758 ms

. +
Reflect: The acceleration is very large compared to g. In (b) we could also use (x—xy)= (vo"—zvxjt to calculate

. 2(x—xp) _ 2(0.127 m)
v 335 m/s

X

=0.758 ms.

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

1
X=Xy =yt +Eaxt2 to find the acceleration with vy, =0, (x —xy)=0.25mi, and 1 =10s.

|
Solve: (a)x—x, = v+ Eaxt2 gives
(b) The acceleration of gravity is 9.8 m/s’, which is about 20% greater than the acceleration of the drag racer.

(c) To get the final speed, use vf = vgx + 2a,(x — x) and insert the known quantities. This gives

= vgx +2a,(x — xy)
U, = wlvgx + 2a,(x — xp)
:\/O+2(8.047)(0.25 mi)(

=80 m/s

1)2

mi

1609.34 mj

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.

2.36. Set Up: 1 mi/h=1.466 ft/s. The car travels at constant speed during the reaction time. Let +x be the
direction the car is traveling, so a, =—12.0 fi/s® after the brakes are applied.

Solve: (a) vy, = (15.0 mi/h)(l-l%ﬂ

j =22.0 ft/s. During the reaction time the car travels a distance of (22.0 ft/s)
mi

(0.7s)=15.4 ft.
For the motion after the brakes are applied, vy, =22.0 ft/s, a,=-12.0 ft/s*, and v, =0. vf = vozx +2a,.(x—xp)

gives (x—xy) = v — U5, _ 0—(22.0 fi/s)* _
2a, 2(-12.0 fi/s?)

The total distance is 15.4 ft + 20.2 ft =35.6 ft.

1.466 ft/s
1 mi/h

of (x—xy)=56.4 ft +270.7 ft =327 ft.

20.2 ft.

(b) vy, =(55.0 mi/h)( j =80.6 ft/s. A calculation similar to that of part (a) gives a total stopping distance
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*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: v, =88.0 ft/s, x —x, =146 ft, v, =0. v = vgx + 2a,(x—x;) gives

_ 02—, _0-(88.0 s’

a, = =-26.5 ft/s*
2(x —xp) 2(146 ft)

Speeding up: vy, =0, x—x,=1320ft, 1=19.9s. x—x5=1v,¢+ %axﬂ gives
2(x—xy) _ 2(1320 ft)
=T T 2
t (19.9 s)
(b) v, = vy, +a,t =0+ (6.67 ft/s>)(19.9 s) =133 fi/s =90.5 mph
-0y, 0-88.0ft/s
a, —26.5 fi/s?

=6.67 /s’

(¢) 1=

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.

2.38. Set Up: Break this problem into two parts: In the first part, the car accelerates at a_=2m/s* for an

unknown distance until it reaches at speed of v, =20 m/s. It accelerates over a time we’ll call #,, which we do not

know initially. In the second part of the problem, the car continues at this speed for an unknown time #,. We know

that the total time ¢ =¢ +¢, =30s.

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

2 _
v, =0, +2ad,

UZ

4=
(20 mys)’
2(2m/s)
=100 m

where we have used v,, =0. The time it takes to travel this distance may be found from

1 1
d=vt+—at =—alt
1 0x"1 2xl 2xl

2107 /(2
oo [P PLCa)] v 20ms o
a, a, a, 2 m/s

Thus, the car travels for another 20 s at 20 m/s, covering an additional distance of 20 sx20 m/s =400 m. The total

distance covered in the initial 30 s is thus 100 m + 400 m =500 m.
2.39. Set Up: A=zr> and C=27r, where ris the radius.

2 2
Solve: A 4ng 4= (V—Zj 4= (ﬁj A=44

oot i i

S_5% g, {”—qu {ﬁ]c:zc

nn i i
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2.40. Set Up: Let L be the length of each side of the cube. The cube has 6 faces of area L%, so A=61>. V =L’

2 2
Solve: ilz = A—22 and 4, = (ﬁj 4= [&j A =94;; surface area increases by a factor of 9.
L, L L

3 3
L .

113 = L23 and V, = (—2j V= [&J V1 = 27V}; volume increases by a factor of 27.

L L L L

*2.41. Set Up: The volume of a cylinder of radius R and height H is given by ¥ = 7R*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 TRE H Ry )
Solve: We take the ratio of the volumes of the two tanks: —2& = & = 12argc large _ 1.20{ large J , Where we
Vsmall 150 = RsmallH Rsmall

small

H R
have used —2€ = 1.20. Solving for the ratio of the radii we obtain —~2 = (LJ(&) =1.10. Thus, the larger
small Rsmall 1.20 J\ 150

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' = 3”R3 shows that V is proportional to R°.

Solve: If VV oc R® then R o< V'3, Thus, if V decreases by a factor of 8, R will decrease by a factor of 8% =2,

*2.43. SetUp: ay=ag, xOAszBzo’ UOX,A=UOX’B=0,anth=2tB.

1 . 1 1 . X X
Solve: (a) x=xq + Uy, ¢ +Eaxt2 gives x =5aAtA2 and xp =EaBtB2' a,=ap gives [—Azzt—% and
4 B

2 2
Xy = [’ﬁj X = Gj (250 km) = 62.5 km

Iy
. v Vg o v, v
(b) v, = vy, +a,t gives a;=—4 and az=-L. Since a,=ay, 4 =-L and
Iy Ip Iy 1

g {E})A = (lj(sso m/s) =175 m/s
ty 2

Reflect: v, is proportional to ¢ and for v, =0, x is proportional to 2.
2.44. Set Up: a,=3ay and vy, =1yp. Let x;, =xy5 =0. Since cars stop, v, =vg =0.

. a
Solve: (a) vﬁ =v§x +2a,(x—xy) gives a,x, =apxp, and xp =(—A]xA =3D
ag

. a 1
(b) v, =1y, +a,t gives a,t, =apty, S0 t, ={—B}B =§T
ay
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2.45. Set Up: We are given that a, = 2a, and ¢, = 2¢,, where the subscripts refer to cyclist 4 and B.

Solve: The motion of each cyclist must satisfy the equation d = Eat2 (where we have ignored their initial speed

because they start at rest). By taking the ratio of this equation for cyclist 4 and B, we find

d, _ian
dy  jayt
Using a, =2a, and t, =2¢,, we get
dy_ 14,0 _ 32a,t; _1
2 2
dy  sasty  ay(2t,)

We also know that »° = 2ad for each cyclist, from which we obtain the ratio

v, 2a,d,
v, 2a,d,

Using the previous result for the ratio of distances, we find
_2ad, _2(2a,)1_,
2a,d, 2a, 2

=1

!J::c |h>c ch|§> (8]

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

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

Solve: (a) y—y,=0220m, a,=-9.80m/s*, v, =0. v; =15, +2a,(y—y,) gives

Vo, = -2, (v = ¥9) =~2(~9.80 m/s>)(0.220 m) = 2.08 m/s.

(b) When the flea returns to ground, v, =—1,. U, =0, +a,t gives

V, — - —
_O Uy 2.08ms-2.08mis _ o

t 2
a, -9.80 m/s

(¢) a=9.80 m/sz, downward, at all points in the motion.

2.47. Set Up: Let +y be downward. a, =9.80 m/s?
Solve: (a) vy, =0, 1=2.50's, a,=9.80 m/s”.

_ I - 1 2 2
Y= Yo =0yt + ant 5(9.80 m/s)(2.50 s)* =30.6 m

The building is 30.6 m tall.
(b) v, =1y, +a,t=0+(9.80 m/s?)(2.50 s) =24.5 m/s
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(¢) The graphs of a

,,» Uy, and y versus  are given in the figure below. Take y =0 at the ground.

a, v y— ¥

1 . t M I3
] ]
) (e)

0
(a) (b

2.48. 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—x,=830m.

1 1
Solve: (a) We know x—x, = Eat2 = 5 gt” because the acceleration is that of gravity, so a = g. Solving for the time

2(x— 2(830
t= (x xO) — ( 1’1’;) =13s
g 9.8 m/s

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

t gives

(b) To find the speed v of the marble just before it hits, we solve for v in
V' =2a(x—x,)=2g(x—x,)

v=\2g(x—x,) = [2(9.8 m/s*) (830 m) =13x10* m/s

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

*2.49. Set Up: Take +y upward. v, =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 v, =0 and
1o 1 2 2

t=425s. y=yy+ Vyyl + ant = E(—3.71 m/s”)(4.25 s)* =—33.5m.

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 v, =0 and 7=4.25s.

v, =0, +ayt gives vy, =—a,t =—(-3.71m/s’)(4.255) =15.8 m/s.

(c) The graphs are sketched in the figure below.

Voy

0 0
~Uoy
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Reflect: The answers can be checked several ways. For example, v, = 0, Uy, = 15.8 m/s, and a, = -3.7m/s? in

2_ .2 .
vy, =, +2a,(y —y,) gives

vﬁ - vgy _0-(58 m/s)? _3

o= 3.6m
Zay 2(-3.71 m/s*)

Yy=Yo=
which agrees with the height calculated in (a).

2.50. Set Up: Take +y to be downward. v, =0 and let y, =0.

1 . 2 2(11.26
Solve: (a) y =y, + vy,f + ant2 gives a, = 2y 201.26 m) =224 m/s® = 0.229g.

T (B17s)
(b) v, =1y, +a,t=(2.24 m/s*)(3.17 5) =7.10 m/s

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

sandbag has v, =0.

Solve: (a) t=0.250s:
Y= Yo =Vt + %aytz = (5.00 m/s)(0.250 s) + %(—9.80 m/s?) (0.250 s)> = 0.94 m

The sandbag is 40.9 m above the ground.
vy, =0y, +a,t =+5.00 m/s + (-9.80 m/sz) (0.250 s) =2.55 m/s
t=1.00s:

¥ =¥ = (5.00 m/s)(1.00 s) + %(—9.80 m/s?)(1.00 s)*> = 0.10 m

The sandbag is 40.1 m above the ground.
v, = 0y, + a,t =+5.00 m/s + (<9.80 m/s*)(1.00 5) = —4.80 m/s

1 .
(b) y—yp=—40.0m, vy, =5.00 m/s, a, =—9.80 m/s”. y — yo =0, + antz gives —40.0 m= (5.00 nvs) ¢ —

(4.90 m/s*)r%. (4.90 m/s*)t*> = (5.00 m/s)t —40.0 m =0 and

t= ﬁ(s.oo + /(=5.00)% — 4(4.90)(~40.0)| s = (0.51% 2.90) s

¢t must be positive, so t =3.41s.
(©) v, =1y, +a,t =+5.00 m/s + (-9.80 m/sz)(3.41 s)=-28.4m/s

(@) vy, =500 m/s, a,=-980m/s’>, v, =0. v, =1y,” +2a,(y—y,) gives

v,> - ;,”  0-(5.00 m/s) _1

3 28 m
2a, 2(—9.80 m/s”)

Y=Y =

The maximum height is 41.3 m above the ground.
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(e) The graphs of a,, v,, and y versus 7 are given in the figure below. Take y =0 at the ground.

‘ '

*2.52. Set Up: ay; =0.170ag. Take +y to be upward and y, =0.
Solve: (a) vy = Yy 1)3 = vgy +2a,(y—yy) with v,=0 at the maximum height gives 2a,y= —vgy,

SO apVm = Ag)E-

aE 1
(%, oL Ja2.0m)=70.6 m
™ [aMJyE (0.170j( )

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

with v, =0 and y=12.0 m. v}z, :vgy +2a,(y —yp) gives

Vg, = 2(=ag)y = y-2(-9.8 m/s>)(12.0 m) =15.3 m/s

Then v, =0, +a,t gives

_ V=W, _0-153ms

‘= =156
a, -9.8 m/s

The total time is 2(1.56s)=3.12s. Then, on the moon Uy, =0y, +at with voy:15.3 m/s, v,=0, and

a=—1.666 m/s’ gives

v, — U, -
P ) 15'3m/§:9.18s
a, —1.666 m/s
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, t\,;/tg =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.

2.53. Set Up: Take +y downward. a,, =+9.80 m/s.
Solve: (a) v, =1, +a,r=15.0 m/s +(9.80 m/s2)(2.00 s) =34.6 m/s

(b) y —yo =gyt + %aytz =(15.0 m/s)(2.00 s) + %(9.80 m/s%)(2.00 s)* =49.6 m

(©) v =05, +2a,(y —y,) gives v, = \/(15.0 m/s)? + 2(9.80 m/s>)(10.0 m) = 20.5 m/s

© 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.



Motion Along a Straight Line 2-17

2.54. Set Up: Take +y upward. a, =—9.80 m/s%. When the rock reaches the ground, y — Yo =—160.0 m.
1

Solve: (a) y -y = Uyt + antz gives —60.0 m = (12.0 m/s)r — (4.9 m/s>)r>. (4.90 m/s)r? —(12.0 m/s)t —

60.0 m= 0 and

t= 91%(12.0 +\(-12.0)2 — 4(4.90)(—60.0) | s = (1.22£3.71) s

¢t must be positive, so t =4.93 s.

(b) v} =5, +2a,(y - y,) gives v, = —\/(12.0 m/s)? + 2(=9.80 m/s>)(—60.0 m) = —36.3 m/s.

Reflect: We could have taken downward to be +y. Then y —y,, v,,

The same results are obtained with this alternative choice of coordinates.

and a, are all positive, but v, is negative.

2.55. 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.

Uy

— vy, 447 m/s —0
1 1.80 s

() (- x) :[mx; vxjt :(4472111/5)(1.80 o= 402m

=248 m/s® =25.3g

Solve: (a) vy, =0. v, =1y, +a,t gives a, =

(¢) Solve for a, and compare to 40g. v, =0.
U —1y, 0-283m/s
* t 1.40 s

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

—202 m/s> = —20.6g.

*2.56. Set Up: Use subscripts f and s to refer to the faster and slower stones, respectively. Take +y to be upward

and y, =0 for both stones. vy; =3v,,. When a stone reaches the ground, y =0.

1 . 20, .
Solve: (a) y =y, + Uyt +—otyt2 gives a, = ~Z%  Since both stones have the same a,, Yor _ Yos and
2 t e 1
() (1
L=t UOSJ = (—)(10 s)=33s
Vog 3
2
(b) Since v, = 0 at the maximum height, then 1)5 = vgy +2a,(y —yp) gives a, = —%. Since both have the same
Y
2 2 2
a,, Yor _ Yos ang Ve =ys[ﬂ] =9H.
Ve Vs 0Os

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 y, =0. Both coconuts have the same acceleration, a,=g. Let 4 be

the coconut that falls from the greater height and let B be the other coconut. y, =2yp. vy, =y =0.

2 2 2
v /
Solve: (a) vﬁ =v§y +2a,(y—yp) gives a, = and Y4 -V Vg =Vy Y8 _y 1 =2
2y Ya Vg \ v 2

LI R 2y Ya _Y y
(b)y=y0+voyt+5ayt gives a, =—- and —é:—g. ty=tp 24— \or
t to ity VB
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*2.58. Set Up: U =65 mph, north. Dy, =42 mph, south. Let +y be north.

Solve: Uy = Upyw + Uywe and Upyw =Ure — Dywe

@) (Orvw )y = (OrE), — (Dywie), = 65 mph —(—42 mph) =107 mph. Relative to the VW, the Toyota is traveling
north at 107 mph. 8y, =—Uryw- Relative to the Toyota the VW is traveling south at 107 mph.

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

2.59. Set Up: Your velocity relative to the highway is 0,,, = 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 — Upy = 20 mi/h

Upyy = Uy — 20 mi/h = 50 mi/h
(b) If the truck is traveling toward you at 50 mi/h (i.e., Dy, =—50 mi/h), then your relative velocity i, would be
the sum of your velocity with respect to the highway and the highway’s velocity with respect to the truck, or

Oy = Oy + Uy

Using Uy, = =y, =50 mi/h, this gives Dy, = 70 mi/h+ 50 mi/h =120 mi/h.
2.60. Set Up: Use coordinates with +) downward. Relative to the earth the package has v, =+3.50 m/s and
a,=9.80 m/s”.

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

v, =18, + 2a,(y — yo) =/(3.50 m/s)* + 2(9.80 m/s?)(8.50 m) =13.4 s

(a) Vp;g =13.4 /s, downward. Dy =3.50 m/s, downward. Up,g = Upjyy + Uiy and Upyy = Upig — iy -

Upyy =9.9 m/s, downward.
(b) Dyyp =—Tpyy, S0 Tyyp =9.9 m/s, upward.

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

2.61. Set Up: Dp, =600 mph and is east for the first 200 mi and west for the return 200 mi. The time is the
distance relative to the ground divided by the speed relative to the ground.
Solve: Upp = Ups +Ung

4000 mi
Va =0 and vy =600 mph, = ——
(@) Uy =0 and Upg P 600 mi/h

(b) San Francisco to Chicago: U,z =150 mph, east. Up4 =600 mph, east.

=6.67h

2000 mi

=Upjp + Vpp =750 mph. t=————=2.67h
Up/g = Up/a + UpE p 750 mi/h
Chicago to San Francisco: ¥, =150 mph, east. Up;, =600 mph, west.
2000 mi
=Upjp —Upyp =450 mph. t=————=444h
Up/E = Up/a — VAE p 450 mi/h

The total time is 2.67 h+4.44h=7.11h.
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2.62. Set Up: At t=0 the auto and truck are at the same position. The auto overtakes the truck when after time 7
they have both traveled a distance d.

1 . .
Solve: (a) Apply x — xy = vy, + Eaxt2 to the motion of each vehicle. The auto has vy, =0 and a, = 2.50 m/s?,

1
so d=—(2.50 m/s?)T2. The truck has vy, =15.0m/s and a, =0, so d=(15.0 m/s)T. Combining these two

equations gives (1.25 m/s>)T? =(15.0 m/s)T and T =12.0's. Then d = (15.0 m/s)(12.0 s) =180 m.

(b) v, =y, + a,t =0+ (2.50 m/s>)(12.0 s) =30.0 m/s

*2.63. Set Up: The trooper’s initial speed is ¥,, =30 m/s and his acceleration is a; =2.5 m/s’. The speeder’s
speed is constant at U5 =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,

[
Vuet +ant” = 0t

The left-hand side is the distance traveled by the trooper in time ¢, and the right-hand side is the same distance
traveled by the speeder during the same time ¢. Solving for the time t, we find

1
UO)T +5aTt =

(=2 Us—Uyr
aT
_5 50 m/s —30 m/s
2.5m/s’
=16s
(b) The distance covered by the speeder (and the trooper) when the trooper catches the speeder is
d=uv¢= (50 m/s)(16 s) =800 m

Reflect: The answer for part (b) may also be found by calculating the distance covered by the trooper during the

chase. This gives d = UO’Tt+%aTt2 =(30 m/s)(16's) +%(2.5 m/s*)(165)” =800 m.

*2.64. Set Up: Let +y tobe upward and y, =0. ay = ag/6. At the maximum height v, =0.

Solve: (a) vf = vgy +2a,(y —yp). Since v, =0 and vy, is the same for both rocks, ay;yy = agyg and

a
Vg = (_MJyM =H/6
ag

a
(b) v, =0y, +ayt. ayty =agty and ty = {Q—E}E =6(4.05)=24.05s
M
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. v, = 2.0 m/s, v, =1.3 m/s, and y — y, =0.020 m.
Solve: (a) v} =vj, +2a,(y —¥,) gives

v vy, (13ms)’ - (20 mis)

= 58 m/s® = -59¢
2(y = yo) 2(0.020 m)

y

Uy, + 0 -
M) y-y= U BN gives ¢ = =y 20020m) 12 ms
2 Uy, +0, 2.0m/s+1.3m/s

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

1 .
Solve: y —y,=1vy,f + antz gives

a, 9.80 m/s?

e Jz(y — o) _ \/2(44.2 m 200

The professor walks a distance x —x, = v,,¢ = (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/sz)(3.00 s) =29.4 m/s. It is traveling much faster than the

professor.

n—1

. . : 1
2.67. Set Up: Use the two kinematics equations x, —x,_, = U ¢ +5al‘2 and v’ =0, +2a(x,—x,_ ), where the

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

Xx=—at’*=—a

2 2

where we used t=1s, x, =0, and v, =0. The speed at the end of the first second is
v =0 +2a(x—x0) =2ax=a’=> v =a

(a) Between one and two seconds (n = 2), the marble moves a distance
1, 1 3
X, =X, =y)t+—at" =y, +—a=—a=3x
2 2 2
The speed at the end of the two seconds is
v; =0 +2a(x,-x)=a’+2a(3x)=4a’ => v, =2a
(b) Between two and three seconds (n = 3), the marble moves a distance
1 1 1 5
X, =%, =Vt+—at’ =v,+—a=2a+—a=—a=>5x
’ 2 2 2 2

(¢) 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) vy, =40.0 m/s, v, =+20.0 m/s, a, =-9.80 m/s?. v, =y, +a,l gives

U, =0, 20.0 m/s —40.0 m/s

t T =+42.04 s
a, ~9.80 m/s
v, =D — —
(b) v, =200 mjs. (=2 by Z200WS-A00mS_ o4, ¢
a, ~9.80 m/s

(©) y—yy=0, vy, =+40.0m/s, a,=-9.80 m/s’. y—y, =0t +%ayt2 gives #=0and

_ 205, 2(40.0 m/s)

= > = +8.16's
a, —-9.80 m/s

v, =~ U, _0-40.0 ms

= =4.08s.
a,  -9.80 m/s

@) v, =0, vy, =+40.0m/s, a,=-9.80 m/s>. v, =, +a,t gives t=

(e) The acceleration is 9.80 m/sz, downward, at all points in the motion.
(f) The graphs are sketched in the following figure.
Reflect: We have v, =0at 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 (1) (m) v, (1) (mfs) a_\.(m/sz)
100 0
50 -5
—10
: 1(s) t(s) 1(s)
0 2 4 6 8 10 10 0 5 10

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

= =5m/s".
| 55 |

(b) The average acceleration is in the same direction as the initial velocity: the negative x direction.
(¢) During this period, the car travels a distance d given by

vx - vO,x
‘|

Solve: (a) The magnitude of the average acceleration is |aav| = |

1 1
d= voAxt+Eat2 =(-25m/s)(5 s)+5(—5 m/s’)(5 s)’ =-2x10° m
Thus the car travels a distance of 200 m in the negative x direction.

L A . . .
2.70. Set Up: The average acceleration is given by a &. The time for each beat is € min, or 60 .

av,x —

Av, 425cm/s-0

=—3*= =510 cm/s>
WX A 60/72 s

Solve: a

Reflect: This is about % g.
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2.71. Set Up: Define north to be the positive direction. The acceleration of the northbound car is a, =2 m/s* and
the constant velocity of the southbound car is 5 = —25 m/s. The both move for the same amount of time, and the
distances they cover must sum to 200 m, or x, + |xs| =200 m, where we used the absolute value of the southbound

car’s displacement because it moves in the negative direction.

1 . .
Solve: (a) When they pass each other, we have x = EaNt2 and xg =—(200 m—x, ) = 0. Solving for the time ¢

gives
[
t__200m—xN __200m—5aNt
vS US
v, /(400 m)ay +17 (=25 m/s)i\/(400 m)(2 m/s?)+(-25 m/s)’
t= = 5 =6.4s,-31s
ay 2 m/s

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

Xy =%aNt2 =%(2 m/s’)(6.375s)" =41m

Reflect: The distance from the red light may be checked by using the formula for distance traveled by the
southbound car. This gives x; = —(200—xN) = Ut, or Xy = Ut +200 m = (-25 m/s)(6.375s)+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. a, =+2.50 m/s?, U, =0, and y,=0.

1 1
v, = vy, + a= (2.50 m/s7)(20.05)=50.0m/s  and  y =y, + vyt + anrz = 5(2'50 m/s?)(20.0 s)*> = 500 m.
Next consider the motion from this point to the maximum height. y,=500m, v,=0, v;,=50.0m/s, and
a,=-98 m/s>. 1))2, = vgy +2a,(y - yy) gives
vy~ Ugy _ 0 (50.0 mis)?
2a, 2(-9.8 m/s?)

Y=Y = =+128 m

so y =628 m. The duration of this part of the motion is obtained from v, =v;,, + a,t:

> =5.10s
a, —-9.8 m/s

t

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

(c¢) Consider the motion from the maximum height back to the ground. a,=- 9.8 m/s2, Uy, = 0, y=0, and

‘= /M=11.35
ay

The total time the rocket is in the airis 20.0 s+ 5.10 s +11.3 s =36.4 s. v, =0y, +at= (-9.8 m/sz)(l 1.3s)=
—111 m/s. Just before it hits the ground the rocket will have speed 111 m/s.

1 .
Yo=0628m. y=y,+ Vot + antz gives
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Reflect: We could calculate the time of free fall directly by considering the motion from the point of engine shutoff
1 . .
to the ground: v, =50.0 m/s, y—y, =500 m and a,=-9.8 m/s?. Y =)o =gyt + antz gives ¢ =16.4 s, which

agrees with a total time of 36.4 s.

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

. . Av U, + 1,
equations for constant acceleration: v,, =0, v, =8.00 m/s, and At =1.40s; v, = A L and Ax = XT(”‘At.
t

Av, 800 m/s—0

= =5.71 m/s’
At 1.40 s

Solve: (a) v, =

Av, 118 m/s—0

avx =) 7.02s

(b) His acceleration to a top speed of 11.8 m/s occurs over a time of 7.02 s. Thus, a =1.68 m/s’.

(¢) The distance traveled during the starting phase is Ax =

(MJ(MO $)=5.60 m.

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 fg; be the time for the rock to fall to the ground and let #, be the time it takes the sound to

travel from the impact point back to you. f; + ¢, =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 v, =0 and a,, =9.80 m/s’.

| / 2d
Solve: (a) For the rock, y —y, = vyt + —a,t” gives to =,——-
0 0y > y fall 9.80 m/52

d

— = =10.0s. Let &> =d. 0.00303¢% + 0.4518¢x —10.0=0. =19.6 and d =384 m.
330 m/s

For the sound, ¢, =

1
(b) You would have calculated d = 5(9.80 m/s>)(10.0 s)*> = 490 m. You would have overestimated the height of the
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 #;; =8.8 s and ¢, =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, v, = 0. Also, we know that v, =0.8 m/s and
At =250 ms.
Av, 08m/s-0

=3.2 m/s. Thus, the correct answer is C.
At 0.250 s

Solve: a,, , =

*2.76. Set Up: Assuming that the aorta and arteries are circular in cross-sectional area, we can use

2
d . .
A=mr’ = 71'(5] . Let d, be the diameter of the aorta and dy, be the diameter of each branch.

2 2
. . . d d
Solve: Since the combined area of the two arteries is equal to that of the aorta we have ﬂ'(?b] + ﬂ'[?b] = 71'(

d_af
2 9

which reduces to Zdb2 = da2. Thus, we havedy, =d,/ \/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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