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M OTION ALONG A STRAIGHT LINE

Answersto Multiple-Choice Problems
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Solutionsto Problems

2.1. Set Up: Letthe +x direction be to the right in the figure.
Solve: (@) Thelengths of the segments determine the distance of each point from O:

Xa = —5cm, Xg = +45cm, xc = +15¢cm, and xp = —5cm.

(b) The displacement is Ax; the sign of Ax indicatesits direction. The distance is aways positive.

(i) AtoB: AX = Xg — X4 = +45cm — (—5cm) = +50 cm. Distanceis 50 cm.

(i) BtoC: AX = xc — xg = +15¢cm — 45cm = —30 cm. Distance is 30 cm.

(iii) CtoD: AX = X5 — Xc = —5cm — 15cm = —20 cm. Distanceis 20 cm.

(iv) Ato D: Ax = x5 — X, = 0. Distance = 2(AB) = 100 cm.

Reflect: When the motion is aways 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 dis-
placement is less than the distance traveled.

2.2. Set Up: From the graph the position x, at eachtimetis: x; = 1.0m, x, = 0, x; = —1.0m, x, = 0, X = 6.0 m,
and x;, = 6.0 m.

Solve: (a) The displacement is AXx. (i) AX = X — X = +5.0m; (ii) AX = X9 — X3 = +7.0m; (iii) Ax =
X3 — Xp = —1.0m; (iv) AX = X4, — X, = 0.

(B)([()3.0m + 1.0m = 4.0m; (ii)) .0m + 1.0m = 2.0 m; (iii) zero (staysat x = 6.0 m)

2.3. Set Up: Letthe +xdirection betotheright. x, = 2.0m, xg = 7.0m, xc = 6.0m.
Solve: Average velocity is

AX Xe—Xa +6.0m—20m 13m/s
v = — = = = .
At At 30s
distance 40m+ 10m+ 1.0m
Average speed = — = = 305 =20mfs

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

2.4. Set Up: Thedistance traveled is 2650 miles and the displacement is 1000 miles.
Solve: (a) time = 12 weeks (168 h/week) = 2016 h

distance 2650 miles
time ~ 2016h

Average speed = = 1.3mi/h



2-2 Chapter 2

_ Ax 1000 mi

() vax = 57 = 20161 ~ O mi/h
(c) The hiking timeis (12 weeks) (7 days/week) (8 h/day) = 672 h.
2650 miles .
Average speed = ~— "= = 3.9 mi/h

25, SetUp: x4, =0,%x3=3.0m, X =9.0m.t, =0,tg = 1.0s,tc = 5.0s.
Ax
Solve: (8) gy = At

AX Xg—Xa 3.0m

AtoB: =—= =—=30m/s
Varx = At tg—ty, 1.0s /
Xc — Xg 6.0m
Bto C: = = =15m|s
Vax T4 Tty 40s /
Xe — X 9.0m
AtoCivgyy = < A= =18 m/s

tc - tA 50 S

(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.

2.6. SetUp: ty = 0,t5 = 3.0S,tc = 6.0S. X3 = 0, Xg = 25.0m, X = O.

AX
Solve: (a) vy = At
AX XB_XA 250m
AtoBivgyy=—= = = 83m/s
Vax At T t;—t,  30s /
Xc — X —25.0m
BtOC:va,_thc_th 30s =—8.3m/s
C B .
Xe — X
AtoC: vy, = tc_tA:o
C A

(b) For Ato 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 veloc-
ity isawaysin the same direction but during A to C the motion changes direction.

2.7. Set Up: Thepositionsx; attimetare: X, = 0, X, = 1.0m, x, = 40m, x3 = 9.0m, x, = 16.0m.
Solve: (a) Thedistanceisx; — x; = 8.0m.

AX . X1 — Xo . Xo — X X3 — X
(b) Vax = NS () vax = 11.03 = 1.0m/s; (ii) Vayx = 21.051 = 3.0m/s; (iii) Vayx = 31.032 =50m/s;
. _ Xg T X3 . _ KT X
(iV) vayx = 10s 7.0 m/s (V) Vavx 405 4.0 m/s

Reflect: In successive 1 stime intervals the boulder travels greater distances and the average velocity for the inter-
valsincreases from one interval to the next.
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2.8. Set Up: u,(t) isthe Slope of the x versust graph. In each case this Slope is constant, so v, is constant.
Solve: The graphs of v, versust are sketched in Figure 2.8.

vX
UX UX
I St
o ! o !

vy constant and positive Uy ZEr0 v, constant and negative

(a) (b) (o)

Figure2.8

A
2.9. Set Up: Let +x bethe direction the runner travels. vy, , = ﬁ 1 mifh = 1.466 ft[s = 0.4470 m[s
1.00 mi
Solve: () vy« = — A m —— =150mi/h
" (4.00min) (1 h/60 min)
1.466 ft[s
(b) (15.0 mi/h)(_/) = 220ft[s
1 mi/h
. .[0.4470 m/s
() (15.0mifh)|————| = 6.70m]s
1mi/h
2.10. Set Up: Assume constant speed v, sod = ut.
d 50x10° 1 mi .
Solve: (@)t =—= 2 X DM (2158 S)(mm) = 36 min
t  7(331m/s) 60's

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

2.11. Set Up: 1.0 century = 100yr. 1 km = 10° cm.
Solve: (a)d = vt = (5.0cm/yr)(100yr) = 500 cm = 5.0m
d 550 X 10°cm

Ot="

= = 11 % 107yr
t 5.0 cm/yr

2.12. Set Up: The distance around the circular track isd = 7(40.0m) = 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 Figure 2.12.

y

Start

/

e o™
After Llap After 11ap
2

Figure2.12

Solve: (a) After one lap she has returned to her starting point. Thus, Ax = O and v, = O.
d 126m

average speed =1~ &25s 201 m/s
Ax 400m d 63m
(b) Ax = 40.0m and vay = - = oo = 139 m/s; average speed = T 2875 220 m/s
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2.13. Set Up: 1attosecond = 1 X 10 s The speed of lightisv = 3.00 X 10° m/s.
Solve: d = vt = (3.00 X 10°m/s) (100 X 10 #s) = 3.0 X 10°®m = 30 nm

1. 1.
&m = 0.0243 s, pain: t = _18m_
76.2m/s 0.610m/s
(b) The difference between thetwo timesin (a) is3.01 s.

214, Solve: (a)t = g touch: t = = 3.03s

2.15. Set Up: The speed of light is3.00 X 10° m/s. Light and sound travel at constant speed so Ax = VavxAt. The
distance from the earth to the sun is 1.50 x 10" m. The distance from the earth to the moon is 3.48 x 108 m.
1y = 3156 X 10’ s
Solve: (a) Ax = (3.00 X 10° m[s)(3.156 X 107s) = 9.47 X 10®°m
(b) Light: Ax = (3.00 X 108 m/[s) (1.0 X 10 °s) = 0.300 m.
Sound: Ax = (344 m[s) (1.0 X 107°s) = 3.44 X 107" m.
AX 150 X 10%m
Varx  3.00 X 10°m/s
8
@ At= X = z(g'ngom) - 2565
Vax  3.00 X 10®m[s
Ax  1.80 X 102?m

(e) At = = = 6000
Vax  3.00 X 10®m/s

(c) At = 500s

2.16. Set Up: The distance d around a circular path is d = 2zr. The radius of the earth is 6.38 X 10° m and the

earth completes one rotation in 24 h. The radius of the earth’s orbit is 1.50 X 10 m and the earth completes one

revolution around the sunin 1yr = 3.156 X 10 s.

d 2m(6.38 X 10°m)

Solve: (@v =—= = 464 m/s
t  (24h)(3600s/h)

d 27(150 x 10" m)
(byv=—= . = 29.9km/s
t 3.156 X 10 s/yr

2.17. Set Up: Usethe normal driving time to find the distance. Use this distance to find the time on Friday.

Ax 140K
Solve: Ax = v, At = (105km[h)(1.33h) = 140km. Then on Friday At = —~ = m
' Vax 70km/h

=2.00h. The

increaseintimeis2.00h — 1.33h = 0.67 h = 40 min.
Reflect: A smaller average speed corresponds to alonger travel time when the distance is the same.

2.18. Set Up: Let d bethedistance A runsintimet. Then B runs adistance 200.0 m — d in the sametimet.
Solve: d = vt and 200.0 m — d = vgt. Combine these two equations to eliminate d. 200.0 m — vt = vgt and
200.0m

=—————— =133s Thend = (8.0m/s) (13.3s) = 106 m; they will meet 106 m from where A starts.
8.0m[s+ 7.0m/s

2.19. Set Up: Theinstantaneous velocity is the slope of the tangent to the x versust 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 velacity is constant and negative where the graph is a straight line with negative slope; point V.

(d) The slopeis positive and increasing at point I1.

(e) The slopeis positive and decreasing at point I11.

2.20. Set Up: Theinstantaneous velocity at any point isthe slope of the x versust graph at that point. Estimate the
slope from the graph.

Solve: Arv, = 6.7 m/s; B: v, = 6.7 m/s; Cv,=0;D:v, = —400 m/s; E: v, = —400 m/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 versust is a straight line.
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2.21. Set Up: Values of x; at time t can be read from the graph: x, = 0, x, = 3.0cm, X, = 4.0cm, and
X5 = 4.0 cm. v, is constant when x versust isa straight line.
Solve: The motion consists of constant velocity segments.

30cm -0
t=0to40s v, = “a0s 0.75 cm/s;
40cm — 3.0cm
t=40st0100s: v, = ~ e0s 0.17 cm/s; t=10.0sto180s v, = 0.
The graph of v, versust is shown in Figure 2.21.
v,(cm/s)
0.75
0.17 +
| ) t(S)
¢} 4.0 10.0 18.0
Figure2.21

Reflect: v, isthe slope of x versust.

2.22. Set Up: Theinstantaneous acceleration is the slope of the v, versust graph.
Solve: t = 3s. Thegraphishorizontal, so a, = 0.

44 m/s - 20 m/s

t = 7 s The graph isastraight line with slope = 6.0m[s% a, = 6.0m[s%

4s
) ) . i 0- 44m/s
t = 11's. The graph is astraight line with slopeT = —-11m/s% a, = —11m[s%
Av
2.23. : =—=
3. Set Up: ay .« At

Solve: (@) 0St02S @y = 0;25t04S a8y, = 1.0m[S; 45106 S @y, = 1.5m[s% 6St08S a,, = 25m[s;
85t010S @y, = 25M[s% 1051012 S a,,, = 25m[s% 125t0 14 S a,, = 1.0 m[s% 14510 16 S a,,, = 0. The
acceleration is not constant over the entire 16 stime interval. The acceleration is constant between 6 sand 12 s.
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(b) The graph of v, versust is givenin Figure 2.23.t = 9s. a, = 25m[s% t = 13s:a, = 1.0m/s% t = 155 a, = 0.

v, (m/s)

20

15

10

° t(s)
O 4 8 12 16

Figure2.23

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

2.24. Set Up: 1ft = 0.3048m.g = 9.8 m[s2

1ft
0.3048 m
1t
0.3048 m

Solve: (a) 59 = 49 m[s*and 5g = (49 m/§)( ) = 160 ft/<

(b) 60g = 590 m/s? and 60g = (590 m/sz)( ) = 1900 ft[<?

19
9.8m/s?

1g
9.8m/s

(c) (167 m/sz)( ) =017g (d) (24.3 m/§)( ) = 2.5¢

2.25. Set Up: The acceleration a, equalsthe slope of the v, versust curve.
Solve: The qualitative graphs of acceleration as a function of time are given in Figure 2.25.

ay ay ay ay
R
0
O t O ! O t
(a) (b) (0 (d)
Figure 2.25

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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2.26. Set Up: The acceleration a, isthe slope of the graph of v, versust.
Solve: (a) Reading from the graph, at t = 4.0s, v, = 2.7 cm/s, to the right and at t = 7.0s, v, = 1.3cm/s, to
the left.

) ) . . 8.0 cm/s L
(b) v, versustisastraight line with slope — 60s -1.3 cm/sz. The acceleration is constant and equal to

1.3 cm/<%, to the left.
(c) The graph of a, versust is given in Figure 2.26.

@)

—1.3m/s?

Figure 2.26

2.27. Set Up: Assume constant acceleration. v, = 88 ft[s, v, = 110ft[s, andt = 3.50 s. Let x, = O.

v, — Uox  110ft[s — 88 ft[s
t 350s

(b) X = X, + vgt + 2at? = (88ft[s)(3.50s) + 3(6.3ft/s?)(3505s)2 = 347 ft

= 6.3ft[s2

Solve: (@) v, = vy + atand a, =

2.28. Set Up: 1 mph = 0.4470m[s and 1 m = 3.281ft. Let X, = 0. vy, = 0, t = 2.0, and v, = 45mph =

20.1m/s.

Uy — U 201 m/s -0
t  20s

a, = (10m/s2)(

(b) X = Xy + vt + 2at? = 3(10m[s?) (2.0s)2 = 20m, or x = 3 (33 ft/s?) (2.05)% = 66 ft

(@) vy, = v + atanda, = = 10m/s?

3.281ft

) = 33ft[s?

2.29. Set Up: Assume constant acceleration. Take the +x direction to be downward, in the direction of the motion
of the capsule. v, = 311 km/h = 86.4m]s, v, = 0 (stops), X, = 0 and x = 0.81 m.

v2—v,2  0— (86.4m/s)?
Solve: 2 24 93 (x— da, =2 = = ~461 X 10°m/s* = ~470g
ve (a) Uy Uox ax(x XO) an ax 2(X — XO) 2(081 m) m/ g

The minus sign tells us that a, is upward.

vy~ Uy 0—864mfs
a  —46Xx10°m[2

Reflect: Since the speed decreases, v, and a, must be in opposite directions.

(b) vy = v + &t Ot = = 18.7ms

2.30. Set Up: Let +x be in his direction of motion. Assume constant acceleration. (a) v, = 3(331m[s) =

993 m/s, v, = 0, and a, = 59 = 49.0m/<%. (b)t = 5.0

Uy — Uy 993m[s— 0
a  49.0m[

Yes, the time required islarger than 5.0 s.

(b) v, = Vo + 3t = 0 + (49.0m[s*) (5.0s) = 245m]s

=203s

Solve: (a) vy = vy + atandt =
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2.31. Set Up: Assume your head accelerates upward 1.0 min 0.25 s with constant acceleration. Let +x be upward.
Uox = 0, X=X, =10m,andt = 0.25s.
2(x — %)  2(1.0m)
Solve: (a) X — X = vt + Sat?anda, = e (TSt 30m/s* = 3g
(b) No, different parts of your body travel through different distances in the same time.
Reflect: The shorter the time for you to stand up, the greater the acceleration.

2.32. Set Up: Let +x be the direction the jet travels and take X, = 0. a, = 4g = 39.2m[s v, = 4(331m[s) =

1324 m[s, and v, = O.

v, — Vo 1324mfs— 0
ay 39.2m/[s

(b) X = Xy + Vot + 2at? = 3(39.2m/[s?)(33.85)2 = 2.24 X 10°m = 22.4km

Solve: (a) v, = vy + atandt = = 338s

2.33. Set Up: Let +x be the direction the person travels. v, =0 (stops), t =36ms= 3.6 X 10725,
a, = —60g = —588 m/sz. a, isnegative since it is opposite to the direction of the motion.
Solve: v, = Vg, + at S0V = —at. Then X = Xy + vod + 3at?givesx = —3at
x = —3(—588m[s?) (3.6 X 1072s)? = 38cm
Reflect: We could also find theinitial speed: vy, = —at = — (588 m[s?) (36 x 107%s) = 21 m[s = 47 mph

2.34. Set Up: Takethe +x direction to be the direction of motion of the boulder.
Solve: (a) Use the motion during the first second to find the acceleration. vy, = 0, X, = 0, x = 2.00 m, and
t=100s.

2x _ 2(2.00m)

x=xo+voXt+%axt2andaX=T2—W=4.00m/32

Uy = Vg + at = (4.00m/[s?)(1.00s) = 4.00 m[s
For the second second, vg, = 4.00 m[s, a, = 4.00 m/<%, andt = 1.00s.
X=X + vgt + 382 = (4.00m/[s)(1.00s) + %(4.00 m/s?)(1.00s)2 = 6.00 m
We can also solve for thelocationat t = 2.00 s, startingat t = O:
X =X + vpt + 38,2 = 1(4.00m/[s) (2.00s)2 = 8.00m,

which agrees with 2.00 m in the first second and 6.00 m in the second second. The boulder speeds up so travels far-
ther in each successive second.
(b) We have aready found v, = 4.00 m/ s after the first second. After the second second,

Uy = Uy + at = 4.00m/[s + (4.00m/s?) (1.00s) = 8.00m/s

2.35. Set Up: Let +x bein the direction of motion of the bullet. v, = 0, X, = 0, v, = 335m/s, and x = 0.127 m.
Solve: (a) v,2 = vy, + 2a,(x — %,) and
2 2 2
vZ2—v,2  (33Bmfs)2-0
= = = 442 X 10° m[s? = 451 X 10
T o(x— %) 2(0127m) m g
Uy~ U 335m[s—0
ay 4.42 X 10° m[s?

(b) v, = v + at SOt = = 0.758 ms

+
Reflect: The acceleration is very large compared to g. In (b) we could also use (X — X,) = (onzvx)t to calculate

2(x — 2(0.127m
t= ( %) = ( ) = 0.758 ms
Uy 335 m/s
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2.36. Set Up: Take +xin thedirection to be in the direction the airplane travels. vy, = 0. (X — X) = 280 m.

Vox + Ux) . _2(x=x) 2(280m)
( )t givesv, = " = T 800s 70.0 m/s

Solve: (X — Xg) =

2.37. Set Up: Estimatet = 5.0s. X, = 0, vg, = 0, v, = 60 mph = 26.8 m/s.
U, — Vo 268m[s— 0
t B 50s
(b) X = Xy + vt + 2at? =1(54m[s?)(5.0s)? = 68m = 220 ft

=54m[s = 18 ft[s

Solve: (@) vy = vy + atand a, =

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

_ L [1.466ft[s
Solve: (a) ve = (15.0 m|/h)(1 mifh
(22.01t[s)(0.7s) = 15.4 ft.

For the motion after the brakes are applied, vy, = 22.0ft[s, a, = —12.0ft/s3 and v, = 0.v,2 = vy2 + 2a,(X — X;)
_ v2— v 0— (220ft[s)?
gves (X =) = = T S C120M9)
Thetotal distanceis 15.4 ft + 20.2 ft = 35.6 ft.
(b) v = (55.0 mi/h)(l'f(::i;:]/s

of (x — X,) = 56.4ft + 270.7 ft = 327 ft.

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

= 20.2 ft.

) = 80.6 ft/ s. A calculation similar to that of part (a) givesatotal stopping distance

2.39. 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: vy, = 88.0ft[s, x — X, = 146 ft, v, = 0.v,2 = vy2 + 2a,(X — X,) gives
v2— v, 0 (880ft[s)?

R T T I

Speeding up: vo, = 0, X — Xo = 1320 ft,t = 19.98 X — Xy = vyt + 38,2 gives

2(x — 2(1320 ft
a = ( 5 %) _ 2 2) = 6.67 ft[&
t (19.95s)
(b) v, = vo + at = 0 + (6.67ft[s?)(19.95s) = 133 ft/s = 90.5 mph

v, — Uy 0 — 880ft[s
©t= = =332s
ay —265 ft[s

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

2.40. Set Up: Let +x bethedirection thetrainistraveling. Find x — x, for each segment of the motion.
Solve: t = 0t014.0S X — Xy = vt + 2at? = 1(1.60 m[s?) (14.05s)? = 157 m. Att = 14.0 s, the speed is

Uy = Vo + & = (1L.60m[s?) (14.0s) = 22.4ms.
Inthe next 70.0's, a, = 0 and X — X, = vt = (22.4m[s)(70.0s) = 1568 m. For the interval during which the

trainisslowing down, vy, = 22.4mfs, a, = —3.50 m/fand v, = 0.v2 = vy2 + 2a,(X — X,) gives
Xy = vl —vo.  0-— (22.4m[s)? o
=0 2(—350m/<) '

Thetotal distance traveled is 157 m + 1568 m + 72 m = 1800 m.
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2.41. Set Up: A= mr2and C = 27r, wherer istheradius.
A A ry\? 2r,\?
Solve: 5= —andA, = [-2| A, = |5 A=4A
l‘l rz rl rl
C C r 2r
- =ZadcC, = ( 2)(:1— (1)c— 2C
f1 P M f
2.42. Set Up: Let L bethelength of each side of the cube. The cube has 6 faces of arealL?, so A = 6L.2. V = L3

Al A2 L2 2 3Ll 2 .
Solve: 22 and A, = L— A = T A, = 9A,; surface areaincreases by afactor of 9.
1 2 1

ViV, L,\® 3L,
— =TzadV,=|—|V, = Vl = 27V,; volumeincreases by afactor of 27.
L& L; Ly L

2.43. Set Up: For asphere of radius Rthe volumeisV = $7R® and the surface areais A = 47R2.

V. V,\13 VAL
= —2andR, = Rl(z) = R(“) — R[2Y°

Sol Vi
ve: —
e @ R: RS Vv, Vv,

A R,\? R \?
(b ) RZ- R and A, = (RZ) = Al( 7 R) = A[2%P; surface area changes by afactor of 1/27%3.
l 2 1

2.44. Set Up: Let a, and a be the accelerations of the rockets, with a, = 2a,. They reach the same fina speed, so
v, = v;. Since they start fromrest, vy, = vy = 0.

Solve: (a) v, = vo + at givesat, = gt andt, = (z;h)th =2(50s) = 100s.

(0) v,2 = voZ + 2a,(X — Xo) givesax, = ax and x, = (;;h)xh = 2(250m) = 500 m.

2.45. Set Up aA = aB, XOA = XOB = O, UOX,A = UOX,B = 0, and tA = 2tB

. X
Solve: (a) X = Xg + vt + 3at2gives x, = 3axt,2 and Xz = 3apte. a, = ag glv&s— = t—z and
B

t 2
o = (&) %= (2)%(2s0km) = e25km
A

(b) vy = Vo + At givesa, = —andaB - .Sincea, = aB, = Eand
ta ts ta ts

t
vg = (tB)vA = (3)(350m/s) = 175m/s.
A
Reflect: v, is proportional to t and for vy, = 0, X is proportional to t2.

2.46. Set Up: a, = 3agand vgy = vgg. LEt Xgn = Xz = 0. Since cars stop, vy = vg = 0.

Solve: (a) v,2 = vg,2 + 2a,(X — Xp) gIVES apXs = agXg, and Xg =

aa

g Xa = 3D
A\, 1

() vy = vox + At givesapty = aglg, SOt = 2B~ 3T
‘A

247 Set Up Uoa = Upg = 0. Let Xoa = Xog = 0. ap = a.Band Ug = 2UA'
Solve: (a) 2 + 2a,(x — X,) givesa il and UE _ v
: U = Uy - = v

0 ax 0 g 2<X _ XO) XA XB

Xg =

vg\?
%J %, = 4(500m) = 2000m
A
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UA Us

U
(b) vy = voy + At givesa, = — andtg = ty, = 2T.
1, tB Ua

Reflect: xis proportional to v,? and t is proportional to v,.

2.48. Set Up: Let +y beupward. a, = —9.80 m/s% v, = 0 a the maximum height.
Solve: (a)y — Yo = 0.220m, a, = —9.80 m/s, v, = 0.v7 = vy + 2a,(y — Yp) gives
=V-2a,(y - yp) = V—2(—9.80m/s’) (0.220m) = 2.08m/s.
(b) When the fleareturns to ground, vy, = —vgy. vy = Vg, + &yt gives
Uy — VU —2.08 - 2.08
t= 22— /s S _ oazas
a, —-9.80 m/<?
(c) a = 9.80 m/<% downward, at all pointsin the motion.

2.49. Set Up: Let +y be downward. a, = 9.80 m/s?
Solve: (8) vgy = 0,t = 2505, a, = 9.80 m/s%

Y — Yo = Ugt + 3a,t% = 3(9.80m/s?) (2.505)2 = 30.6 m.
Thebuildingis306mtal|.

(b) vy = v, + at = 0 + (9.80m[s) (250) = 245m[s
(c) Thegraphsof a,, v, and y versust are givenin Figure 2.49. Takey = 0 at the ground.
a, Y~ Yo
1 jL JL
Figure 2.49

2.50. Set Up: Take +y to be downward and y, = 0. y = 14,600 ft, v, = 0,and &, = 32 ft/S

) 2y 2(14,600 ft)
Solve: (@) y = y0+v0yt+2ayt andt = 32ft =30.2s

(b) vy, = vo, + at = (32ft[s?) (30.2s) = 966ft s = 659 mph
(c) It isapoor assumption to neglect air resistance and aerodynamic lift.

2.51. Set Up: Take +y upward. v, = 0 a the maximum height. a, = —0.379g = —3.71 m/%,

Solve: Consider the motion from the maximum height back to the initial level. For this motion v,, = 0 and
t=425sy =y, + vot +3at2=3(—371m/s*) (4255)2 = —335m

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, = O and t = 4.25s,
vy = Vg, + Ayt givesvy, = —at = —(—3.71m[s?) (4.25s) = 158 m/s.

(c) The graphs are sketched in Figure 2.51.

v
y y

_on _—

O

@ (b) (c)
Figure2.51
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Reflect: The answers can be checked several ways. For example, v, = 0, vo, = 15.8m[s, and a, = —3.7m/s?in

vy = vOy + 2a,(y — o) gives

vf — vy’  0-— (158mfs)?
2a,  2(-371m[?)

which agrees with the height calculated in (a).

Y=Y = = 33.6m,

2.52. Set Up: Take +y to be downward. v,, = O and let y, = 0.
2y 2(11.26 m)

~ (3175s)?
(b) v, = vy, + at = (224m[s?)(3.17s) = 7.10 m/s

Solve: (a)y = Yo + vt + 3at2givesa, = = 2.24m|s = 0.2299

2.53. Set Up: Take +y upward. a, = —9.80 m/s% The initial velocity of the sandbag equals the velocity of the
balloon, so vy, = +5.00 m/s. When the balloon reaches the ground, y — Y, = —40.0 m. At its maximum height the
sandbag hasv, = 0.

Solve: (@)t = 0.250s:

Y — Yo = Ugt + 38t = (5.00m/s) (0.250s) + 3(—9.80 m/s*) (0.250s)2 = 0.94 m.

The sandbag is 40.9 m above the ground.

vy = Ug, + at = +5.00m/s + (—9.80 m[s?) (0.250s) = 2.55m/s.
t=100s

Yy — Yo = (5.00m[s)(1.00s) + 1(-9.80m[s*)(1.00s)? = 0.10 m.
The sandbag is 40.1 m above the ground. v, = vy, + at = +5.00m/s + (—9.80 m/s*) (1.00s) = —4.80 m/s.
(b) y — Yo = —40.0m, vy, = 500m[s, a, = —9.80m[S2 y — Y, = vo,t + 3a,t% gives —40.0m = (5.00m[s)t —
(4.90 m[s?)t2 (4.90 m/s?)t2 — (5.00m/s)t — 40.0m = 0 and

980 (5.00 = \/(—5.00)% — 4(4.90)(—40.0)) s = (0.51 + 2.90) s.

t must be positive, sot = 3.41s.

(© v, = voy + at = +5.00m/s + (—9.80m[s?) (341s) = —284m[s

(d) vo, = 5.00m/[s, a, = —9.80m[<, v, = 0.v2 = vy? + 2a,(y — Yo) gives

v — vy’ 0 — (5.00m/s)?
2a,  2(—-9.80m[<)

The maximum height is 41.3 m above the ground.

(e) The graphs of a,, vy, and y versust are given in Figure 2.53. Take y = 0 at the ground.

y

Y= Y= = 1.28m.

@) O

.
N

2.54. Set Up: Take +y to be downward. The acceleration is the slope of the v, versust graph.
Solve: (a) Sincev, isdownward, it is positive and equal to the speed v. The v versust graph has slope
30.0m/s

&= "os = 15 m/s%.

Figure 2.53
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_ _ B 1.2 |y 2(3.5m) _
(b)voy—OandletyO—O.y—yO+v0yt+§ayt givest = g— W—O.BSS
v, = vy, + at = (15m[s?) (0.68s) = 102m[s

(c) At the maximum height, v, = 0. Lety, = 0. v = vy, + 2a,(y — Yp) gives

vy =V —2a,(y — o) =V—2(—15m/[s’) (180m) = 23m/s.

vy — U 0—-23m/s
y Y Is_ 155

a, —-15m/s
Reflect: The acceleration is 9.80 m/sz, downward, throughout the motion. The velocity initialy is upward,
decreases to zero because of the downward acceleration and then is downward and increasing in magnitude because
of the downward acceleration.

vy = vy, + atgivest =

2.55. Set Up: a, = 0.170ac. Take +y to be upward and y, = O.
Solve: (a) vee = vow. vy = Vo + 2a,(y — Yp) with v, = 0 at the maximum height gives 2ay = —v,?’, SO
auYm = AeYe

v =

) N _
aM)yE = (0.170)(12.0 m) = 70.6m

(b) Consider the time to the maximum height on the earth. The total travel timeis twice this. First solve for v, with
v, =0andy = 120m.v? = vy’ + 2a,(y — yo) gives

voy = V—-2(—ag)y = V-2(-98m[s?) (120 m) = 153 m]s.

Thenvy = vy, + at gives
Uy — U 0 — 15.3m/s
= ¥ Is _ 156s.
a -9.8m/s’
The total time is 2(1.56s) = 3.12sThen, on the moon v, = vy, + at with vy, = 15.3 m/s, vy, = 0, and
a = —1.666 m/<* gives

vy — U 0 — 15.3m/s
p=2L ¥ Is _ 9.18s.
a, —1.666 m/s>

Thetotal timeis 18.4 s. It takes 15.3 slonger 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/te = ag/ay = 1/0.170 = 5.9, which agrees with our calcu-
lated times. But to find the difference in the times we had to solve for the actual times, not just their ratios.

2.56. Set Up: Take +y downward. a, = +9.80 m/s.

Solve: (a) v, = vg, + at = 15.0m[s + (9.80m[s*) (2.00s) = 346 m[s

(b)Y — Yo = vot + 3at? = (15.0m[s) (2.00s) + 3(9.80 m/s*) (2.00s)? = 49.6 m

© v2 = vy? + 2a,(y — Yo) givesv, = V(150 m[s)? + 2(9.80 m/s?) (10.0m) = 20.5m/s

2.57. Set Up: Take +y upward. a, = —9.80 m/s% When the rock reaches the ground, y — y, = —60.0 m.
Solve: (8) y — Yo = Uot + 3a,t2 gives —60.0m = (12.0 m[s)t — (4.9 m[s?)t% (490 m[$)t? — (12.0m[s)t —
60.0m = Oand
1
9.80
t must be positive, sot = 4.93 s.
(b) v2 = v? + 2a,(y — Yo) givesv, = —V/(12.0m[s)? + 2(—9.80m[s?) (—60.0m) = —36.3m/s.

(12.0 =+ V/(—12.0)2 — 4(4.90)(-60.0)) s = (122 + 3.71) s
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Reflect: We could have taken downward to be +y. Theny — y,, v, and a, are al positive, but vy, is negative. The
same results are obtained with this aternative choice of coordinates.

2.58. 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 = Uox 447m/s— 0
t  180s

Solve: () vy = 0.0, = vy + At givesa, = = 248 m[s? = 25.3g

(b) (x — %) = (UOX;‘ vx)t _ (4472m/s

(c) Solve for a, and compare to 40g. v, = O.
U, — vy 0-283mfs B
&= = s - 2@ m/s? = —20.6g.

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

)(1.80 s) = 402m

2.59. Set Up: Usesubscriptsf and sto refer to the faster and slower stones, respectively. Take +y to be upward and
Yo = Ofor both stones. vy, = 3vq.. When a stone reaches the ground, y = 0.

2v
Solve: (a) y = Yo + vt + zaytzg|V$ay = —Toy Since both stones havt—:tthes:a\meay — = Ut—osand
S
Uos 1
t,=t|—| = (3)10s = 3.3s
Vot

2
v
(b) Sincev, = 0 at the maximum height, thenv,” = v’ + 2a,(y — o) givesa, = _zﬂ_ Since both have the same
L ’
Py Ty T g, '
Reflect: Thefaster stone reaches agreater height so it travels agreater distance than the slower stone and takes more
time to return to the ground.

2.60. Set Up: Take +y to be downward and y, = 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. y, = 2yg. vga = Vg = 0.

2
Solve: (a) vy = vo? + 2a,(y — Y,) givesa, = Eandv—A U—B .Ug = Upq | i:v@:v

(b)y = Yo + vot + 3atgivesa, = gand— = tA = thl =27

2.61. Set Up: Uy = 65mph, north. By\e = 42 mph, south. Let +y be north.

Solve: 6T/E = 6T/vw + 6VW/E and 6T/vw = 6T/E - 6vv\//E

@ (vrpw)y = (vrie)y — (vywje)y = 65 mph — (—42mph) = 107 mph. Relative to the VW, the Toyotais travel-
ing north at 107 mph. By = —Uryw- Relative to the Toyota the VW istraveling south at 107 mph.

(b) The answers are the same asin (a).

2.62. SetUp: A = air, E = eagle, G = ground. U5 = 35 mph, east.

&)lve: i;E/G = l—;E/A + i’)A/G

(8) Ugja = 22 mph, east. Tgjn and U are both east and veg = vgja + vaje = 57 Mph. g is east.

(b) Tgja = 22 mph, west. Ugj, and U arein opposite directions and vgg = vaig — vgja = 13 mph. T iseast.
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2.63. Set Up: Use coordinates with +y downward. Relative to the earth the package has v,, = +3.50 m/s and
a, = 9.80m/s%
Solve: The velocity of the package relative to the ground just beforeiit hitsis

vy = Vel + 28,y — o) = V(350m[s)? + 2(9.80 m[s?) (850 m) = 13.4m[s

(a) Bpis = 13.4 m/s, downward. By = 3.50 m/s, downward

BF’/G = i;P/H + i;H/G and BF’/H = i))P/G - i})H/G' B)P/H = 99 m/S, dO\anard

(0) By = T, SO Byyp = 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.

2.64. Set Up: Upja = 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.
SO|V8: {))P/E = BP/A + {))A/E

4000 mi

a = O0and =600mph.t=———-=6.67h
(@) vae Uple p 600 mi/h
(b) San Francisco to Chicago: U = 150 mph, east. U, = 600 mph, east.
2000 mi
= + = 750mph.t = ———— = 2.67h
Uple = Upla T Uaje p 750 mi/h
Chicago to San Francisco: Uaje = 150 mph, east. Ups = 600 mph, west.
2000 mi
= - =450 mph.t = ———- = 4.44h
Uple = Upja — UafE p 450 mi/h

Thetotal timeis2.67h + 444h = 7.11h.

2.65. Set Up: The relative velocities are: Upje, the plane relative to the ground; vga, the plane relative to the air;
and v, the air relative to the ground. Let +x be east.

Solve: Usethe datafor no wind to calculate vpja:

5310 km
Upiex = Upjax T Vajex When flying east from Ato B, vps and vpc are both east and vpi; = 804.5 km/h + Upfe-
_2655km 2655 km

AB T

e 804.5kmfh + vas’

When flying west from B to A, vpj iswest and v, is east and vpc =804.5 km/h — Upfc-
_ 2655km 2655 km

~ vge  8045km/h — vu

BA

tag + tga = 6.70 h, sO
2655 km 2655 km

+ =6.70h
804.5 km/h + UAIG 804.5 km/h - UA/G

[(804.5km[h)? — v%5][6.70 h] = (2655 km) (1610 km/h).

(804.5km[h)? — v3 = 6.376 X 10°km?[h? and vac = 98.1km/h

Reflect: When the wind is blowing it increases the speed of the plane relative to the ground for the trip from A to B
and decreases this speed for the return trip from B to A. Since the plane spends more time going from B to A than for
Ato B, the wind decreases the average speed for the roundtrip and therefore increases the total travel time.
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2.66. Set Up: At thispoint Voyager 1is2.3 X 10" m from the sun and the earth is 1.50 X 10* m from the sun, on
the same side as Voyager 1. Thus, Voyager 1 is 2.3 X 10 m from the earth. The speed of the radio waves is
v = 3.00 X 108 m/s.

d 23X 10%m

Solve: t =— =

= =76x10's=21lh
v 3.00x 10°mfs

2.67. Set Up: 1lightyear = (3.00 X 108 m[s)(3.156 x 10’ s) = 9.47 X 10®*m
d (4.25light years) (9.47 X 10" m/light year)
Solve: t = — =
v 1000 X 10°m/s

= 4.02 X 10°s = 1300 yr

2.68. Set Up: Att = 0the auto and truck are at the same position. The auto overtakes the truck when after time T
they have both traveled a distance d.

Solve: (a) Apply X — Xo = vot + 2a,t? to the motion of each vehicle. The auto has v, = 0 and a, = 2.50 m/<, so
d = 1(250m/s*) T2 The truck has v, = 15.0m/sand a, = 0, so d = (15.0 m/s) T. Combining these two equa-
tions gives (1.25 m[s*) T2 = (15.0m[s)T and T = 12.0s. Thend = (15.0m/s)(12.0s) = 180 m.

(b) v, = vo + 3t = 0 + (250m/s?) (12.0s) = 30.0m/s

' d
2.69. Set Up: Let d be the distance from home to work. average speed = T

Solve: (@) Thetimeto get towork ist; = &0 Snph' The time to return homeist, = 20 mph’ The average speed for
the round trip is the total distance 2d divided by the total timet; + t,:
2d 60) (40
average speed = =”( ) (40) mph = 48 mph

t,+t, 60+ 40

(b) The travel times at each speed are not the same. More time is spent traveling at 40 mph so the average speed is
lessthan (60 mph + 40 mph) /2.

Reflect: If the two average speeds for each one-way trip are v, and v,, then the average speed for the roundtrip is
2

Vo = % If v, = v, = v, then the average speed isthis speed v. If the speeds differ alot, then the average
1 2

speed for the roundtrip differs greatly from (v, + v,)/[2. For example, if v; = 90 mph and v, = 10 mph, then

U = 18 mph. In this case most of the time is spent while traveling at the slower speed.

2.70. Set Up: To catch up the fast runner must run 200.0 m farther than the slow runner in timet.
Solve: (a) Apply X — X, = vt to each runner: (X — Xo); = (6.20m/s)tand (x — %)< = (5.50 m[s)t.
(X — %) = (X — Xp)s + 200.0m gives (6.20m/s)t = (5.50 m/s)t + 200.0 m and
B 200.0 m
6.20m/s — 550 m/s
(b) fast: (x — Xo); = (6.20m/s)(286s) = 1770 m.
sow: (X — %) = (5.50m/s)(286s) = 1570 m

= 286s.

2.71. Set Up: Let +ytobeupwardandy, = 0. ay = ag/6. At the maximum height vy = 0.
Solve: (a) vy2 = voy2 + 2a,(y — ¥o). Sincev, = 0 and vy, is the same for both rocks, ayyy = agye and

Ye = (Z)ym =Hle

(b) vy = v, + at. ayty = agte andty = (:;)IE = 6(4.0s) = 24.0s
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Reflect: On the moon, where the acceleration is less, the rock reaches a greater height and takes more time to reach
that maximum height.

2.72. Set Up: Let +y to be downward. v, = 2.0 m[s, v, = 1.3m[s, andy — y, = 0.020m.
Solve: (a) vy = vy, + 2a,(y — Yp) gives

v? —v?  (13m[s)? - (20m[s)?

_ - = —58m|s’ = —5.9
T 2y — v 2(0.020 m) m/ ?
oy F U 2(y — 2(0.020m
2 voy + v,  20m[s+ 1.3mfs
2.73. Set Up: vg, = 0,0, = 5.0 X 10°mfs, and x — x, = 40m
Solve: (a) v = ve? + 23,(X — Xo) gives
2 — vl 5.0 X 10°m[s)?
g, — X Vol _ Is) = 3.1 % 10°m/s* = 32 X 10°g

2(x — Xo) 2(4.0m)
vy — U 50X 10° m/s

a  31x10°m[s
(c) The calculated a is less than 450,000g so the acceleration required doesn’t rule out this hypothesis.

=16ms

(b) v, = vy + At givest =

2.74. Set Up: Let +y be downward. The meter stick hasvy, = 0 and a, = 9.80 m/s% The time the meterstick falls
isyour reaction time. Let d be the distance the meterstick falls.

d
Solve: (Q) Yy — V, = vt + 2at?givesd = (4.90m/)t2andt = /| ———.
@Y — Yo = vot + 38129 ( /<) x/4_90m/52

0.176 m

== =0.190s
4.90 m[s?

()t =

2.75. Set Up: Let +y be downward. The egg has vo, = 0 and a, = 9.80 m/<%. 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 — y, = 44.2m.
Solve: y — Yo = vt + 3a,t% gives
2(y — 2(44.2m
t=\/(y y°)=\/( ) _ 3008
a, 9.80 m/s?

The professor walks a distance X — X, = vt = (1.20m/s)(3.00s) = 3.60 m. Release the egg when your profes-
sor is 3.60 m from the point directly below you.

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

2.76. Set Up: Let +x bein the direction down the incline. The final velocity for the first 10.0 sisthe initial speed
for the second 10.0 s of mation.

Solve: For thefirst 10.0 s of motion vo, = 0 and v, = a,(10.0s). For the second 10.0 s of motion, vo, = a,(10.0s),
X — X =150m and t = 10.0s. X — X, = vt + a,t2 gives 150 m = (10.0 m[s)?%a, + 3a,(10.0 m/s)? = 150.0a,
and a, = 1.0 /s Then for thefirst 5.0 s, X — Xo = vt + 3a,t% = 0 + 1(1.00m/s*) (5.05)2 = 12.5m.

2.77. Set Up: Teke +y to be upward. (a) and (b) vy = 4973 km/h = 1381 m/s, a, = —98 m/s*, and
Y= Yo = —45X 10°m. (c) vo, = 0,v, = 1381 m[s, andy — y, = 45 X 10°m.
Solve: (a) vy = vy + 2a,(y — ¥p) and

vy = —Vue? + 23,(y — o) = —V/ (1381 m[s)? + 2(—9.8m[s?) (—45 X 10°m)

v, = —1670 m[s = —6012 km/h
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vy~ Vo  —1670m/s — 1381 m[s

(b) vy = vy, + at givest = 2 - e — 310s
2 _ 2 2
2_ 2 _ . _ YW T hy (1381 m/s) _ _
(© vy = vo + 2a,(y — ¥o) givesa, 2(y—yo)  2(45 x 10°m) 21m[g = 2.2g
: 2(y — Yo) 2(45 X 10°m)
y—yo=voyt+%aytzg|vest=\/ 2 9o/ = i — 655

Reflect: The SRBs have greater speed when they return to the ground than they had when released. After release
they continue to travel upward. When they return to an altitude of 45 km on their way back down their speed is
4973 km/ h, but they gain additional speed as they continue to fall to earth.

2.78. Set Up: Take +x to be the direction the car moves when speeding up. Use the accel eration and stopping data
to find a in each case. 1 mph = 0.4470 m/s. Design the on-ramp for the less powerful car and the off-ramp for the
car with bald tires.

Solve: on-ramp (speeding up): vy, = 0, v, = 60 mph = 26.8m/s, t = 10.0 sand v, = vy, + 3.t gives

v

a, = %UOX — 268m/L.

Then vy, = 0, v, = 70mph = 31.3m[sand a, = 2.68 M/ inv? = v,? + 2a,(X — X,) gives

2 _ 2
X

X~ %= 2% _ 180m
Xo = 2a, :
Thisisthe required length of the on-ramp.

off-ramp (slowing down): vy, = 60 mph = 26.8 m/s, v, = 0,t =20.0sand v, = vy, + atgives

a, = @ = —-1.34 m/s2
Then vy, = 70 mph = 31.3m[s, v, = Oanda, = —1.34m[s2inv? = vy2 + 2a,(X — X,) gives
b= ol _ g
X—X=——= m.
% 2a,

Thisisthe required length of the off-ramp.

2.79. Set Up: Thetimeinterval of 35 yearsis (35 yr) (365.24 days|yr) = 1.278 x 10" days. 1 day = 8.64 x 10"s.
Av  0.095mm/day — 0.123 mm/day

Ve a, = —2 = — 22x10° 2
Solve: & =4 1.278 x 10° days 07 mm/day
lday \3 1m
= (-22x10°¢ 2 =-29x10%
8 = 0 mmfdey )(8.64 X 10°s (103mm) 9 X 102 ms?

The minus sign meansthat a,, is directed opposite to U; the speed of growth is decreasing in time.

2.80. Set Up: Let +x be to the right. () Ax is constant so v, is constant and positive. (b) Ax increases so v, is
positive and increasing. (c) Ax decreases so v, is positive and decreasing. (d) Ax increases and then decreases so v,
increases and then decreases.



Motion along a Straight Line 2-19

Solve: The graphs are sketched qualitatively in Figure 2.80.
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(d)
Figure 2.80

2.81. Set Up: Take +y to be upward. There are two periods of constant acceleration: a, = +2.50 m/<* 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/sz, voy =0, and y, = 0.
vy = vg, + at = (250m[s?)(20.0s) = 50.0m[sandy = y, + vt + 3a,t% = (250 m[s?) (20.0'5)2 = 500 m.
Next consider the motion from this point to the maximum height. y, = 500 m, v, = 0, v, = 50.0 m/s, and
a, = —98m[s’ v? = vy + 2a,(y — yo) gives

v — Uy, 0 — (50.0mfs)?
2a, 2(—9.8m/s?)
S0y = 628 m. The duration of this part of the motion is obtained from v, = vy, + ayt:

Y= Y%= = +128m,

Uy —Uoy  —50 m/s
a  —98m/&

t= =510s
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(b) At the highest point, v, = 0 and a, = 9.8 m/<?, downward.
(c) Consider the motion from the maximum height back to the ground. a, = —9.8 m[s?, vy =0, y=0, and
Yo = 628m.y = y, + vt + zat® gives

t= M = 113s.

a,

The total time the rocket is in the air is 20.0s+ 510s + 11.3s = 36.4s. v, = vy, + at = (—9.8m[s?)
(11.3s) = —111m/s. Just before it hits the ground the rocket will have speed 111 m/s.
Reflect: We could calculate the time of free fall directly by considering the motion from the point of engine shutoff
to the ground: vy, = 50.0mfs,y — yo = 500mand a, = —9.8m[S. y — y, = vyt + 3at?givest = 16.4 s, which
agrees with atotal time of 36.4 s.

2.82. Set Up: The velocity is the slope of the x versus t graph. The sign of the slope specifies the direction of the
velocity.
Solve: (@) The mouseisto the right of the origin when x is positive. Thisisfor 0 <t < 6.0sandfort > 85s. The
mouse is to the left of the origin when X is negative. Thisisfor 6.0s <t < 85s. The mouse s at the origin when
t=0,60s85s.

. . . Ax  40.0cm
(b) Att = 0, v, is positive and has magnitude At~ 30s
(c) The acceleration is not constant. For constant a the x-t graph would be a section of a parabola, and it is not.
(d) The speed is greatest when the magnitude of the slope is greatest, and this is between 5.0 s and 6.0 s. The speed
inthisinterval is

= 13.3cm/s.

40.0cm
10s

During this part of the motion the velocity is negative and the mouse is moving to the left.

(e) The mouse is moving to the right when x is increasing. This happens for 0 <t < 3.0sand fort > 7.0s. The
mouse is moving to the left when x is decreasing. This happensfor 5.0 s < t < 7.0 s. The mouse is instantaneously
at rest when the slope of the tangent to the x versust graph is zero, when the tangent is horizontal. This happens for
30s<t<bOsandatt=7.0s.

(f) In the first 3 seconds the mouse travels from 0 to 40.0 cm so travels 40.0 cm. In the first 10 seconds the mouse
travelsfrom O cm to 40.0 cm, from 40.0 cm to —10.0 cm and from —10.0 cm to 15.0 cm. The total distance traveled
is40.0cm + 50.0cm + 25.0cm = 115 cm.

(g) The mouse is speeding up when the slope of x versust isincreasing. This happens at 5.0 s and between 7.0 sand
8.5s. The mouseis slowing down at 3.0 s, between 6.0 sand 7.0 s and between 8.5 sand 10.0 s.

(h) No, the acceleration is not constant during this entire interval and these formulas apply only for constant
acceleration.

= 40.0cm/s.

2.83. Set Up: Thesign of v, specifies the direction of motion. The slope of v, versust is the acceleration.
Solve: (a) Theinitial velocity is 20.0 cm/s, to the right.
(b) The mouse's greatest speed is 40.0 cm/s. When the mouse has this speed its velocity is positive so it is moving to
theright.
(c) The mouse is moving to the right when v, is positive. This is the case for 0 <t<6.0s and for
9.0s < t < 10.0s. The mouse is moving to the left when v, is negative. Thisisthe case for 6.0s <t < 9.0s. The
mouse is instantaneously at rest whent = 6.0sandt = 9.0s.
(d) The mouse’s largest magnitude of acceleration is between 5.0 s and about 6.3 s. The magnitude of the accelera-
tionis

40.0 cm/s

10s

The acceleration is negative so is directed to the left.

= 40.0 cm/<%
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(e) The mouse changes direction when v, changes sign. Thishappensatt = 6.0sand 9.0 s.

(f) The mouse is speeding up when |v,| is increasing. This happens for 0 <t < 3.0s, 6.0s <t < 7.0s and for
9.0s<t< 10.0s. The mouse is slowing down when |v,| is decreasing. This happens at t = 3.0s, for
50s<t<6.0sandfor7.0s <t < 9.0s Themouseisinstantaneously at restatt = 6.0sandt = 9.0s.

(9) No. These formulas apply only when the acceleration is constant. For constant acceleration the graph of v, versus
tisastraight line and that is not the case here.

Reflect: When v, and a, have the same sign, the speed is increasing. When v, and a, have opposite signs, the speed
is decreasing. When a, = 0 the speed is constant.

2.84. Set Up: In time tg the Swaves travel a distance d = vgtg and in time tp the P-waves travel a distance
d = Uptp.

d d 1 1
Solve: (@)tg=1tp + 33s.—=—+ 33s.d - = 33sandd = 250 km.
Us  Up 35km[s 65km[s
d 375km d 375km
b)t=—=——"F=107stp = — = =58s.tg— tp = 49s
v 35kmfs v 65kmfs

2.85. Set Up: g = 9.80m/s*and g, = 3.71 m[s>. Take +y to be downward, toward the surface of Mars, and take
the origin to be at the surface.
Solve: (a) vo, = 19,300 km/h = 5.36 x 10°m/s, v, = 1600 km/h = 4.44 X 10° m[s and t = 4.0 min = 240s.
vy = vg, + At gives

Uy ~ Ugy

8= ——— =205 m/s* = —2.09g = —5.53qy,

The minus sign signifies that the acceleration is upward.
(b) y=—-11,000m, y,=—-91m, v, = 1600km/h = 4.44 x 10°mfs, v, = 321 km/h = 89.2m[s. Then
vy = vo,. + 2a,(y — Yp) gives

vy — Vo, (89.2m[s)? — (4.44 X 10° m[s)?

&= oy—v)  2(-11000m+oim) o mfs’.

- vest = % _ 409
vy = Vg, + tgivest = a, =409s

(0) For Stage IV, vy, = 0, v, = 48km/h = 13.3m[s, a, = 3.71m[<, and y = 0. Then v? = vy? + 2a,(y — Yo)
gives
vy — vy,  (133m[s)2 -0
= =—-24m.
2a, 2(3.71m[s?)

Yo= —

The lander is 24 m above the surface when Stage |V begins. v, = vo, + at gives
vy~ Vo, 133mfs
a, 3.71m/[s

t=

2.86. Set Up: The acceleration isthe slope of the v, versust graph.
Solve: (a) a, = Ofort > 1.3 ms, because the v, versust graph is horizontal.
33cm/s

————— =10 X 10°cm/s~
1.3ms /

(b) The acceleration is approximately constant between 0 and 1.3 ms and is equal to

Attimet = 1.5ms, a, = 0.
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2.87. Set Up: Let t;,, 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. t;,, + t; = 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 hasv,, = O and a, = 9.80 m/ &

2d
Solve: (a) For therock, y — Y, = vgt + 2atgivesty = /| ———.
@ Y = Yo = vyt + zat7 givesty, \/9I80m/32

= 10.0s. Let @® = d. 0.00303¢? + 0.4518x — 10.0 = 0.« = 19.6 andd = 384 m.

For the sound, t, =
330mfs

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

Reflect: Oncewe know d we can calculate that t;,, = 8.8 sandt, = 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.



