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CHAPTER 2

KINEMATICS: DESCRIPTION OF MOTION

Multiple Choice Questions:

1. (a).

2. (d). Choice (a) can never be true; choices (b) and (c) are sometimes true; only choice (d) is always true.

3. (c).

4. ().

5. (c). Since the magnitude of the displacement vector is a distance and the magnitude of the velocity vector is the

speed, choice (c) is correct.

6. (d).
7. (d).
8. (c). A negative acceleration only means that the acceleration is pointing in the negative direction. If an object is

moving in the positive x-direction, the velocity of the object decreases. But if it is moving in the negative x-

direction, its velocity will increase so it will speed up.

9. (d). Any change in either magnitude or direction results in a change in velocity. The brake and gearshift change the

magnitude, and the steering wheel changes the direction.

10. (b). Since acceleration is the rate of change of the velocity, a constant acceleration implies a constant rate of change

of the velocity, making (b) the correct choice.

11. (c). The speed of a decelerating object is decreasing, which can only happen if the acceleration is opposite to the
velocity.
12. (¢). In both cases, the ratio of the velocity change to the time interval for that change is the same, which means they

have the same magnitude acceleration.

13. (c).

14. (d). The graph of x as a function of't is a parabola, depending on the square of the time.
+

15. (a). Since v = v +at, g=toV =0+(0+at)=lat
2 2 2

16. (d).
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(d). Free fall is motion under the influence of gravity alone, and the acceleration is g. The initial velocity does not

affect the acceleration.

(¢). Tt accelerates at 9.80 m/s?, so it increases its speed by 9.80 m/s during each second.

(a). The acceleration is not zero; it is 9.80 m/s* downward.

(c). It always accelerates at 9.80 m/s*> downward.

Conceptual Questions:

Yes, for a round-trip. Noj; distance is always greater than or equal to the magnitude of displacement.

No final position can be given. It may be anywhere from 0 to 750 m from the start.

The distance traveled is greater than or equal to 300 m. The object could travel a variety of ways as long as it ends

up at 300 m north. If the object travels straight north, then the minimum distance is 300 m.

No, this is generally not the case. The average velocity can be zero (e.g. a round trip), while the average speed is

never zero.

Yes, this is possible. The jogger can jog in the opposite direction during part of the jog (negative instantaneous

velocity) as long as the overall jog is in the forward direction (positive average velocity).

Yes, although the speed of the car is constant, its velocity is not, because of the change in direction. A change in
velocity means that there is acceleration, and the velocity (a vector quantity) can change by either changing

direction, magnitude or both.

Not necessarily. The change in velocity is the key. If a fast-moving object does not change its velocity, its

acceleration is zero. However, if a slow-moving object changes its velocity, it will have some non-zero acceleration.

Not necessarily. A negative acceleration can cause an increase in speed if the velocity is also negative (that is, if the

velocity is in the same direction as the acceleration).

In part (a), the object accelerates uniformly first, maintains constant velocity (zero acceleration) for a while, and

then accelerates uniformly at the same rate as in the first segment. In (b), the object accelerates uniformly.
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Chapter 2 Kinematics: Description of Motion 17

The final velocity is vV, since an equal amount of time is spent on acceleration and deceleration and both of these

have the same magnitude.

If (assuming uniform accelerations) we apply the formula v2 = vo2 + 2a(x — x0), we see that both cars have the
same initial speed (vO = 0) and the same final speed v, so the quantity a(x — x0) must be the same for both of them.

Since car B travels twice as far as car A, its acceleration must therefore be half as large as that of car A, which tells

us that . Another way to view this problem is the following. Both cars have the same average speed but
travel unequal distances. Car A will take less time to reach the line because it has less distance to travel. Since the
change in velocities are the same, car A will have a higher rate of change of velocity, thus A’s acceleration is

greater than B’s. Since car A travels half the distance as B at the same average speed as A, it will take half as long

to finish as B. Thus A will have twice the acceleration as B.
It is zero because the velocity is constant.

Not necessarily because even if the acceleration is negative, the object can still have positive velocity (meaning it is

slowing) and the result could be a positive value for x.

Consider the displacement (x=x,) as one quantity; there are four quantities involved in each of the kinematic
equations (Egs. 2.8, 2.10, 2.11, and 2.12). All but one of the four must be known before one can solve for any

unknown.
Yes, if the displacement is negative meaning the object accelerates to the left.

When it reaches the highest point, its velocity is zero (velocity changes from up to down, so it is zero at that

instant), but its acceleration is 9.80 m/s2 downward because the velocity is changing direction, signifying
acceleration (due to gravity).

No, since one value of the instantaneous velocity does not tell you if the velocity is changing. It could be zero just
for an instant and not zero either before or after that instant, thus it could be changing and the object could be

accelerating. You need two values of instantaneous velocity to determine if an object is accelerating.

The ball moves at constant velocity because there is no gravitational acceleration in deep space. If an object’s

acceleration is zero, then v is a constant, in magnitude and direction, but is not necessarily zero.

Since the first stone has been accelerating downward for a longer time, it will always have a higher speed and thus

as time goes by it will have fallen further and thus the gap between them (Ay) will increase.
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20. First, the gravitational acceleration on the Moon is only 1/6 of that on the Earth, or gy; =gg / 6. Hence dropped

objects take longer to reach the surface than on the Earth, and tossed objects will go higher and stay in flight longer
than on Earth. Secondly, there is no air resistance on the Moon, which means that all objects, regardless of mass
and/or shape, will accelerate at the same rate, whereas this is only an approximation that works well for small

massive objects on the Earth.

Exercises:

1. Displacement is the change in position.

Therefore the magnitude of the displacement for half a lap is .

For a full lap (the car returns to its starting position), the displacement is .

2. Vg = d/t, where d = 80 km + 50 km = 130 km
t; = d/v = (80 km)/(100 km/h) = 0.800 h
ty = dy/vy = (50 km)/(75 km/h) = 0.667 h
t=t+15=0800h~+0.667h=1467h

vy = d/t = (130 km)/(1.467 h) = [89 km/h

3, t= Al where v, —10YA[3TAL 1M ) o6 0
9.0s | 1yd (32811

¢ = (100 m)/(10.16 m/s) =

~ d_ (0.30 km)(1000 m/km)
4. (@) S =77 = (10 min)(60 s/min) _— L0-50m/s].

(b) 5,=120 5=120(0.50 m/s)=0.60 ms. So Ar="=—="q"~==500s=[8.3 min].
S .
5. 1 cc=1mL. This is analogous to average speed.
d 500 mL .

A== 0 mL/min :

- d 2(25 m) B
6. S="A7 = [2(0.50 min) + 4.0 min](60 s/min) _ LO-L7mVs].
7. The time going is fyoing = d/vi = (300 km)/(75 km/h) = 4.00 h

The time returning is ¢, = d/v, = (300 km)/(85 km/h) =3.53 h
The average speed is v,, = 2d/t;p1y = (600 km)/(4.00 h + 3.53 h + 0.50 h) = |75 km/h

The average velocity is because the net displacement is zero.
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8. (a) The answer is [ (2) greater than R but less than 2R|. For any right triangle, the

hypotenuse is always greater than any one of the other two sides (R) and less than the

(b) d = /(50m)’ +(50m)* =[71 m].

sum of the sum of the other two sides (R + R = 2R). a

NG,

9, @r=%= 150 km =143 h=[L41]
% mi 1 km
o5 M|
h )0 0.6214 mi
by r=4= .150ka =1.165 h
Vo [go™|f 1 M
h )0 0.6214 mi

The time you would save is 1.43 h — 1.165 h = [0.27 h| or about .

10. (a) The average velocity is , because the displacement is zero for a complete lap.

- d  27r 27x(500m)
®) s="x\7="Ar =7 505 =[63 mys|.

50 m
11. (a) The magnitude of the displacement is | (3) between 40 m and 60 m], because any side d\o A 40 m
of a triangle cannot be greater than the sum of the other two sides. In this case, looking at o
the triangle shown, the two sides perpendicular to each other are 20 m and 40 m, 30m

respectively. The magnitude of the displacement is the hypotenuse of the right triangle, so

it cannot be smaller than the longer of the sides perpendicular to each other.

(b)d =~/ (40 m)’ + (50m—30m)’ = [45m]. 6= tan’l(sorzoﬂ) = 27° west of north|.
m

- d 2(01m)
12. (a) s= At 24s *-

(b) Average velocity is , because the ball is caught at the initial height so | displacement is zero|.

- d 27m+ 21 m
B. @ =77 =730 min)(60 s/min) L2 cnvs].

. . - Ax 342 m
(b) The displacement is Ax =4/ 27 m)’+ (21 m)’ =342m. v ="Ar = (30 min)(60 s/min) )

- Ax
14. (a) v= A S

- 1.0m—-1.0m - 70m—-1.0m
VaB T 1.0s-0 = [0l; be T 305-1.0s = [3.0mss);
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- 9.0m—-7.0m - 7.0m—-9.0m

Yo = 455305 ~ L3msl; Vor T T60s_45s  LL3ms)
- 20m—-7.0m - 20m—-2.0m

ViE T 00s_60s L/ WSk Yo = 11.0s-90s ~ L0

- 20m-1.0

o Tos- 105~ (010mA]

(b) [ The motion of BC, CD, and DE are not uniform|, since they are not straight lines.

(c) The object changes its direction of motion at point D. So it has to stop momentarily, and v = @

15. Use E:% and ;=%
() o204 :%: .0 m/s|; $00a0s :%: @;
S =355 305~ mA) e T g P
AT Tl Saon =505 75y~ (L0
) vosse =5 03— = [LOmB: e [1]

- —1.5m—(-1.5m) - 0-(-1.5m)

Voss75s = 755-65s :@; V155905 = 9.0s—7.5s :~

(©) vios= Eo.z.os 0-2.0s = m; Vass = ;2.0 s30s @;

Vass= @ since the object reverses its direction of motion;  vgos= 545 wss = .
0-4.0m

() viss90s= 9 0s_a55 — 20-89 m/s|.

16. (a) The magnitude of the displacement is d = \/ (90.0 ft)* + (10.0 ft)* =[90.6 ft|.

6= tan™' (%) =16.3° above horizontal|.

906 ftat63°
(b) v=—%s —=[362fUsat6.3°].

(c) Average speed depends on the total path length, which is not given. 30.0 yd=90.0 ft

The ball might take a curved path.

17. (a)Atr=0,x=a=[10m|
(b) Ax =x4 —x, = a — b(4.0 s)* — [a — b(2.0 5)*] = (0.50 m/s*)[(2.0 s)* — (4.0 s)*]

Ax = [=6.0 m]
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Chapter 2 Kinematics: Description of Motion 21

(c) At the origin, x =0: 0 = a — b’

N O ML e

0.50 m/

18. (@) Ax=3(2.0s)’m—0=12m, and Ar=2.0 s, so

= Ax/At= (12 m)/(2.0 s) =
(b) Ax=3(4.0 s)> m—3(2.0 s> m =36 m, and Ar=2.0s, so

= Ax/At = (36 m)/(2.0 s) =

19. d=35cm—-15cm=2.0cm.

- d A= 20cm
VRS =720 cm/mo

- d 675k
20. The minimum speed is s=—" = —=S0 _ 96.4 km/h = m

, she does not have to exceed the 65 mi/h speed limit.

21. (a) See the sketch on the right.

d = (400km)’ + (300km)> = [500 km]. "

6= tan™' (%) =[37° east of north].

d
(b) At =45 min + 30 min =75 min = 1.25 h.

- Ax 500 km, 37° east of north

=1400 km/h, 37° east of north|.

VI A 125h
~ d 400 km + 300 km
() 5= = 251 ={560 km/h].

(d) Since | speed involves total distance, which is greater than the magnitude of the displacement| , the average speed

is not equal to the magnitude of the average velocity.

22. To the runner on the right, the runner on the left is running at a velocity of

Ax 100
+4.50 m/s — (-3.50 m/s) = +8.00 /s, So it takes Ar === == .
S 8.

They meet at (4.50 m/s)(12.5 s) = [56.3 m (relative to runner on left)|.
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1000 m 1h

23, 15.0 km/h = (15.0 km/h) X X =4.167m/s, 65.0 km/h = 18.06 mys.
1 km 3600 s
~ Av 18.06m/s—4.167m/s ,
So ai_At = 6.00 s =12.32m/s7|.
1 1h - Av 268m/s—
24 60 mi/h = (60 mi/hy x A2 M —26.8 ms. a=—V:%= 6.9 /s
lm 3600 s At s

26.8 m/s — 0
25, A= =[3.75].

26. (a) The direction of the acceleration vector is [ (2) opposite to velocity| as the object slows down.
1000 l1h
(b) 40.0 km/h = (40 km/h) X LV =11.1 m/s.
1 km 3600 s
- A 0—11.1 m/
So a= T::TS =-22m/s’ or | —2.2 m/s each second|.

The negative sign indicates that the acceleration vector is in | opposite direction of velocity].

1000 lh
27. 75 km/h = (75 km/h) X = x =20.8 m/s, 30km/h=8.33 m/s.
1 km 3600 s

- A . —20.
So a:T\t/:8331’n/ZOS08m/S:.

The negative sign indicates that the acceleration vector is in opposite direction of velocity.

28. (a) Once the object is released, the only force acting on it is gravity, so its acceleration is downward.
(b) At the instant the object is dropped, the height of the balloon is
V2 =2+ 2a(x — xo)
(15 m/s)* = 0 + 2(3.0 m/s*)h - h=375m

When the ball hits the ground, its vertical position is zero and its initial position was 37.5 m. Therefore

V= v + 2a(x — xo)

V= (15m/s)? +2(-9.8 m/s})(0—37.5m) — v= downward

29. (a) When they meet, x and ¢ are the same for both cars.
(60 km/h)t = % (3.0 m/s*)
[(60,000 m)/(3600 s)]t=1.5m/s*# — t=11.1s
The distance down the road is x = % a* = % (3.0 m/s?)(11.1 s)* =

(b) From part (a), we see that ¢ = .
© v=vo+at=0+@3.0ms)(11.1's)= [33ms]
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- V+v, v +0 -
30. V=TS, T, vo=2v=|—70.0 km/h| =[=19.4 m/s]|.

“ve 00— (-19.4 m/
azvtv - (7005 ) SR ws.

In this case, the positive 2.78 m/s indicates deceleration because the velocity is negative.

31. (a) Given: v,=35.0km/h=9.72m/s, a=1.50m/s>, x=200m (take x,=0). Find: .

VvV =12 +2a(x — x,) = (9.72 m/s)” + 2(1.5 m/s”)(200 m) = 694 m’/s’, & v=[26.3 m/s|.

-V, 263m/s—9.72m/
®)yv=v,tat, = f=e l.SSOm/s2 S=.

a

32. Use the direction to the right as the positive direction.

Ve S PRSI
= s = [48 X 10w,

This is a very large acceleration due to the change in direction of the velocity and the short contact time.

A 80ms-0 _ 8.0 m/s — 8.0 m/s
B @y =050 —2008T @eno="50 405 L0

— 0—8.0m/s
@10.0-180 = 18 0s— 100s .

The object accelerates at 2.0 m/s first, moves with constant velocity, then decelerates at 1.0 m/s”.

Av. _0-0 o _ 8.0 m/s — 0 .
; - =14.0m/s7|;

34, (@) aoi0s="5, = = a10s3.0s = 30s—1.0s =

_ —12 m/s — 8.0 m/ _ —4 m/s — (—12.0 m/
a3 0s8.0s — > > - ; a80s-9.0s = 3= ) = ;

8.0s—3.0s 90s—8.0s

N _A0ms—40ms
@9051305 713 05-9.0 s :

(b) | Constant velocity of 4.0 rn/s|.

35. (a) See the sketch on the right. velocity (m/s)

(b) The acceleration is negative as the object slows 25
down (assume velocity is positive).
20 —
V=1, +at=25m/s + (-5.0 m/s>)(3.0 s)
= [10m/s]. o
©x=x1+x+x; 10 B
= (25 m/s)(5.0 s) 5 -
+ (25 m/s)(3.0 ) + L (=5.0 m/s?)(3.0 s)? | | | time (s)
+ (10 m/s)(6.0 s) 5 10 15
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=2375m=[24x10" m].

_ d 2375m
@ $=5 = T1a0s UTms
1000 l1h
36. 72 km/h = (72 km/h) X LIV =20 m/s.
1 km 3600 s
. . Av  0—-20m/s _ 20m/s + 0
During deceleration, At = = m =20s; Ax;= viAy = -5 (20s) =200 m.

2

It would have taken the train 20m _ 10 s to travel 200 m.
20 m/s

So it lost only 20 s — 10 s = 10 s during deceleration.

20 m/s — 0 0+ 20 m/
During acceleration, Az, = Wrsn/sz =40s; Ax,= TS (40 s) =400 m.

. 400 . . .
It would have taken the train 20_mr/r; =20 s to travel 400 m. So it lost only 40 s — 20 s = 20 s during acceleration.

Therefore, the train lost 2 min + 10 s + 20 s = in stopping at the station.

Lo =_ A 100m - VotV vV
37. The average velocity is v = A 455 =222m/s. v=——-= 5

So the final velocity must be v =2(22.2 m/s) = 44.4 m/s.

_ Av
a= At’ & t="— = 9.0m/S2 =49s>45s.

. . . . 444 m/s -0
So , the driver did not do it.  The acceleration must be T 455 .

38. Given: v,=0, a=2.0m/s’>, ¢=5.00s. Find: v and x (take x, = 0).
(@) v=v,+at=0+ (2.0 m/s)(5.0s)=[10 m/s].

(b) x =x, + vot +Lar>=0+0(5.00 s) +1(2.0 m/s?)(5.0 ) = [25 m].

39. Given: v,=25mi/h=112m/s, v=0, x=35m(takex,=0). Find: a and ¢

2_ 2 2 2
V" V% (0 —(11.2 m/s)
@@V = +2akx-x), @ a= = 2(35 m) =-1.79 m/s> = | 1.8 m/s’|.

The negative sign indicates that the acceleration vector is in the opposite direction of the velocity.

V=V, 0-112m/s
a  -1.79m/s =[635].

b)yv=v,tat, @& =

40. Given: v,=60km/h=167m/s, v=40km/h=11.1m/s, x=50m (takex,=0). Find: a.

2_ 2 2 2
V7Y% 11.1 m/s)” — (16.7 m/!
R S R e BTV
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(a) Given: v, =100 km/h=27.78 m/s, a=-6.50m/s’, x=20.0 m (take x,=0). Find: v
V= 2+ 2a(x —x,) = (27.78 m/s)? + 2(=6.50 m/s?)(20.0 m) = 511.6 m?/s’,

So v=22.62m/s=|81.4km/h|.

_y,  22.62m/s—27.78 m/
Oy v=ve+at, @ t=—2= o o =[0.794].

a

(@) v=1vo+at=20m/s + (—0.75 m/s?)(10 s) =
(b) x = vot + Yo af’ = (20 m/s)(10 s) + ¥ (=0.75 m/s*)(10 s)* =
Given: v,=250km/h=69.44m/s, a=-825m/s>, x=175m (Take x,=0). Find: =

_ 1.2
X=X,tvtt+tyat", so
13.7 s

175 m =0 + (69.44 m/s)t + 1(-8.25 m/s*)7".

Point of

Reduce to quadratic equation, Reverse Thrust

41254 -6944¢t+175=0.

o =0

0 175 m

Solving, ¢= [3.09 s and 13.7 s|. 3.09 s

The 13.7 s answer is physically possible but not likely in reality.

After 3.09 s, it is 175 m from where the reverse thrust was applied, but the rocket keeps traveling forward while
slowing down. Finally it stops. However, if the reverse thrust is continuously applied (which is possible, but not
likely), it will reverse its direction and go back to 175 m from the point where the initial reverse thrust was applied;

a process that would take 13.7 s.

(a) Given: CarA: a,=3.00m/s’, v,=2.50m/s, ¢=10s.
CarB: a3;=3.00m/s’, v,=5.00m/s, ¢=10s.
Find:  Ax (taking x, = 0).
From x=x,+ vt +1at?, X, =0+ (2.50 m/s)(10 s) + £(3.00 m/s)’(10 s)° = 175 m,
x5 =0+ (5.00 m/s)(10 s) +1(3.00 m/s)’(10 s)” = 200 m.
So Ax=xz—x,=200m—175m=[25m].

(b)From v=v,+at,  v,=2.50m/s+(3.00 m/s)(10 s) = 32.5 m/s,
vy = 5.00 m/s + (3.00 m/s)(10 s) = 35.0 mys.

So is faster.

If the acceleration is less than 4.90 m/s%, then there is friction.
Given: v,=0, x=15.00m (takex,=0), ¢=3.0s. Find: a.

x=x,+vt+iat’, @& 1500m=0+La(3.0s).

a=13.33 m/s>. So the answer is , the incline is not frictionless.
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46. (a) [ (3) The object will travel in the +x-direction and then reverse its direction|. This is because the object has

initial velocity in the +x-direction, and it takes time for the object to decelerate, stop, and then reverse direction. We

take x, = 0.

Given: v,=40m/s, a=-3.5m/s’, x=0 (“returns to the origin”). Find: ¢ and v.
(b)x=x,+vt+iat’, @ 0=0+(40m/s)t+1(=3.5m/s’)’.

Reduce to quadratic equation: ~ 1.75¢* —40¢=0. Solving, ¢=00r22.9s.

The ¢ = 0 answer corresponds to the initial time. So the answer is ¢ = .

(c)v=v,+tat=40m/s + (3.5 m/sz)(22.9 s)=—-40 m/s = | 40 m/s in the —x—directi0n|.

47. Given: v,=330m/s, v=0, x=25cm=0.25m (Takex,=0). Find: a.

V=2 (02— (330 m/s)?
V=12 +2a(x-x), * a= ™ 2025m) 2.2 x10° m/s?|.

The negative sign here indicates that the acceleration vector is in the opposite direction of the velocity.

1000 1h
48. 40 km/h = (40 knv/h) X =X = 11.11 mfs.
Tkm  3600s

During the reaction time, the car travels a distance of d=(11.11 m/s)(0.25s) =2.78 m.
So the car really has only 13 m —2.78 m = 10.2 m to come to rest.
Let’s calculate the stopping distance of the car. We take x, = 0.

Given: v,=11.1m/s, v =0, a=-80m/s>. Find: x. (Takex,=0.)

2 2 2
Vi—v, 0—(11.1 m/s)
vi=vl+2a(x-x), & x= 20~ 2(-8.0m/s)

=7.70 m.
So it takes the car only 2.78 m+7.70 m = (< 13 m) to stop.
, the car will stop before hitting the child.

49. Repeat the calculation of Exercise 2.48. d=(11.1 m/s)(0.50 s) = 5.55 m.

555m+7.70 m= > 13 m. , the car will not stop before hitting the child.

50. Given: v,=350m/s, v=210m/s, x=4.00cm=0.0400m (takex,=0). Find:

o ety _2x _2(0.0400m)
X=X Fvi=TH L I T 350 mis + 210 mis

v q
143 x 107" s].
at
51. (a) For constant acceleration, the v vs. ¢ plot is a straight line. Vo
p 0
Point p has coordinates of (0, v,) and point q has coordinates of
0 t t
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(¢, v, + at). The distance from point q to point o is therefore az. The area under the curve is the area of the triangle
%(at)t plus the area of the rectangle v,.
So A=v,t+iat’=x—-x, (Herex—x, is displacement.)

(b) The total area consists of two triangles from 0 to 4.0 s and from 10.0 s to 18.0 s and a rectangle from

4.0st010.0s.

X—x,=A=1(4.05-0)8.0 m/s) + (10.0 s — 4.0 $)(8.0 m/s) +1(18.0 s — 10.0 5)(8.0 m/s) = [96 m].

52. (a) . Since the object is accelerating, it will spend less time in traveling the second 3.00 m.

(b) For the first 3.00 m: Given: v,=0, a=2.00 m/s’, x=3.00 m (take x,=0). Find: 1t

[2 2(3.00 m)
X=x,+ vt +iat’=0+0+1ar’, = 200m/nsl —.

At the end of the first 3.00 m, the velocity of the objectis v =v, +at= 0+ (2.00 m/s*)(1.73 s) = 3.46 m/s.

This is then the initial velocity for the second 3.00 m.

For the second 3.00 m: Given: v,=3.46m/s, a=2.00 m/s’, x=3.00m. Find: +
x=x,+vt+iat’, @& 3.00m=0+(3.46 m/s), + L (2.00 m/sP)t,’

Reducing to quadratic equation, £ + 3.46¢ — 3.00 = 0.

Solving, # =]0.718s| or —4.18s.

53. (a) At the end of phase 1, the change in velocity is v — 0 = v;. At the end of phase 2, the change in velocity is v, —
vi. Since the object is accelerating, it spends less time in phase 2 than in phase 1. Since the change in velocity is
equal to acceleration times the time, the change in velocity is greater in phase 1 than in phase 2. Or v, > v, —v;.

That is 2v; > v,.

Therefore, vi > 4 v,. The answer is | (3) vi > + v,|.

(b) For phase 1: v,=0, a=0.850 m/s>,  x=750.0 m (take x,=0). Find: .
V=12 +2a(x — x,) = 0° + 2(0.850 m/s?)(50.0 m) = 85.0 m%/s’, @ v, =[9.22 m/s].

For phase 2: v,=9.22m/s, a=0.850m/s>, x=50.0m (takex,=0). Find: .

V=32 + 2a(x — x,) = (9.22 m/s)> + 2(0.850 m/s>)(50.0 m) = 170 m¥s>, @ v, =[13.0 ms].

Sov;=9.22m/s> L v, = 1 (13.0 m/s) = 6.50 m/s.

54. Take x, = 0. During acceleration: v.=0, a=15m/s’, t=60s.
X1 =X, + vt +iar’ =0+0+1(1.5m/s)(6.0 )" =27 m,
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v=v,+at=0+(1.5m/s*)(6.0 s) = 9.0 m/s.
During constant velocity: x> =(9.0 m/s)(8.0 s) =72 m.

- A& 27Tm+72m
So v= At 14 s :-

55 (@v(8.0s)=[-12mis];  w(11.05)=[-4.0 ms].

(b) Use the result of Exercise 2.51a. The total area consists of a rectangle from 0 to 1.0 s, a triangle from 1.0 s to
5.0 s, a trapezoid from 5.0 s to 11.0 s, and a triangle from 6.0 s to 9.0 s with baseline at —4.0 m/s.

(11.0s-6.0s)+(11.0s-5.05)
2

x—x,=A=0+3(5.0s-1.05)8.0 m/s) + X (—4.0 m/s)

+1(9.0 5 6.0 $)[(~12.0 m/s) - (4.0 m/s)] =[=18 m].

(c) The total distance (not displacement) is the addition of the absolute values of the areas.

(11.0s-6.0s)+(11.0s—5.05)
2

d=34; =0+1(5.0 5~ 1.0 5)(8.0 m/s) + X (4.0 m/s)

+1(9.0 5 6.0 9)[(12.0 m/s — 4.0 m/s] = )

56. (a)v2=v§+2a(x—xo)» & X-X

Taking x, = 0, so (x — x,) = x is proportional to v . If v, doubles, then x becomes 4 times as large.

The answer is then .
X, Ve 60°
(b) - =v—§ =707 ~225. So x,=2.25x=2.25(3.00m)= [6.75 m].
1 lo

57. (a) Given: a=3.00m/s’, ¢=140s, x=20.0m (take x,=0). Find: v,

x=x,+tvt+iat’, @ 20.0m=0+v,1.40s)+ L (3.00 m/s>)(1.40 s)’.

Solving, v,=[12.2 m/s|.
v=v,+at=12.2 m/s + (3.00 m/s*)(1.40 s) = .

(b) Given:  v,=0, @=3.00m/s>, v=122m/s. Find: x (take x, = 0).

22 2 5
v~ % 122 m/s)" -0
v2:v§+2a(x—xo), I e Y (2(3.0021/52) =|24.8 m|.

—v, 122m/s—0
©v=v,tat, @ t:vav = 3.0015/52 =14.07 s].

58. 75.0 mi/h = 33.5 m/s.
(a) Given: v,=33.5m/s, a=-1.00m/s?>, x=100m (take x,=0). Find: .
VvV =v2+2a(x —x,) = (33.5 m/s)’ + 2(~1.00 m/s?)(100 m) = 922 m?/s>.
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So v=[304 ms].

(b) The initial velocity on dry concrete is then 30.4 m/s. Consider on dry concrete.

Given: v,=304m/s, a=-7.00m/s’>, v=0m. Find: «x.

2
iy e LotV 0= (04ms)
VYT aah YT 2a T 2(=7.00m/sY)

=66.0 m.

So the total distance is 100 m + 66.0 m = .
(c)Usev=vy, +at.

. —v, 30.4m/s—33.5m/
On ice: = vav = ) T)Om/sz 2 =3.10s,

0-304nv/
On dry concrete: L= Tm/szs =4.34s.

So the total time is 3.10s +4.34 s =|7.44 /.

59. (a) Given: v,=0, ¢=28s. Find: v (takey, =0).
v=v,—gt=0-(9.80 m/s?)(2.8 s) = —{ 27 m/s].

(b) y =y, +vot—Lgr>=0+0-1(9.80 m/s?)(2.8 s)* =38 m].

60. (a) Wetake y, =0. y=y, +v 1~ %g r=- %g . So y is proportional to the time squared.

Therefore twice the time means the height.

Given: v,=0, ¢=180s. Find: y, and .
(b) o = —1(9.80 m/s’)(1.80 5)° =—15.9 m.

So the height of cliff A above the water is 15.88 m = .

61. (a) A straight line (linear), slope = —g. (b) A parabola.
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63.

64.

65.

66.

67.

68.
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Given: v,=0, y=-0.157m (takey,=0). Find:

2(=0.157 m)
Yoy = vyt —igt==1ef @ «/ = _980m/m =0.185<0.20 s.

It takes less than the average human reaction time for the dollar bill to fall.

So the answer is | no, not a good deal|.

If the ball is in the air for twice as long on the second toss as it is on the first toss, the time for it to fall from its
maximum height on the second toss will be twice as long as the time for it to fall from its maximum height on the
first toss. Realizing that ¢, = 2¢;, the maximum heights reached are

h =1tgt!

h,=1gt; =1g(2t))’ =2gt]

Taking the ratio of the heights gives

ﬂ 2gt

h Lgt?

Therefore h, = 4h,, so it must be tossed |4 times as high|.

Given: v,=15m/s, v=0 (maximum height). Find: y. (Takey,=0.)

vﬁ—v2 -
_ (15ms) (0) T

V= l- 28—y, @ y= 2g 2(9.80 m/s”)

vimv (15 misy — (0)
From Exercise 2.64, y= 2g = (2(1 6S7)m/s(2)) :.

2y

Takingy, =0, y =y, + vl ~2gt>=0+0-3gf =—1gr>, so 1= 2

Fory=-452m, t=9.604s; for y=—443m, t=9.508s. So Ar=9.604s—-9.508s=]0.096s]|.

First convert 100 km/h to m/s, giving 100 km/h = 27.78 m/s. Now use the formula V=t + 2a(x — xo) and solve for

X.

(27.78 m/s)* =0 +2(9.80 m/s)x  —> x=

Given: v,=6.0m/s, y=-12m((takey,=0). Find: ¢ and .

@y=y, *v,i—38f, @ —12m=0+ (6.0 m/s)i—3(9.80 m/s* )7

Or 497 -6.0t—12=0. Solving, ¢= or—1.1s. The negative time is discarded.

(b)v=v,—gt=6.0m/s — (9.80 m/s’)(2.29 s) = [ 16 m/s].
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69. (a) When the ball rebounds, it is a free fall with an initial upward velocity. At the maximum height, the velocity is
zero. Takingy, =0,

> 2
Vo —v v

Zg So ymax:2g'

V= -2g(v-y,), & y=

Therefore, the height depends on the initial velocity squared. 95% = 0.95 and 0.95” = 0.90 < 0.95.

The ball would bounce [ (1) less than 95%)| of the initial height.

(b) First calculate the speed just before impact.
Given: v,=0, y=-4.00m. Find: .
V=12 —2gy =07 —2(9.80 m/s°)(—4.00 m) = 78.4 m’/s’,

so  v=—/78.4m%s’ =-8.85 ms.

Therefore the speed right after the rebound is 0.950(8.85 m/s) = 8.41 m/s.
Now consider the rising motion.

Given: v,=8.41m/s, v=0 (maxheight). Find: y.

2 2

Vo~V (841m/s)*-0°
2_ 2 _ _ _
VISV, T2, & y=Toy 2080 mish)  ~ :61m].
70. First find the time it takes for the ball to reach the level of the professor’s head.
Given: (y —y,) =—(18.0m—-1.70m)=-163m, v,=0. Find:
From y=yo+v0t—i'gt2=y0+—égt2, ¢
2(y— 2(-16.3
t:\/_(y—yo) :\/—nggo—m/ngl=l.824s. * 18.0 m
g . s
0.450 m/s

During this time, the professor advances a distance equal to 1.70 m
(0.450 m/s)(1.824 s) = 0.821 m < 1.00 m. [No], it does not hit her.

S

Now calculate the time it takes for the ball to hit the ground.

2(-18.0
t= —Jggo—m/gzll =1.917s.

During this time, the professor advances a distance of (0.450 m/s)(1.917 s) = 0.862 m < 1.00 m.

So the ball hits 1.00 m — 0.862 m=0.14 m = | 14 c¢cm in front of the professor|.

71. (a) Given: v, =12.50 m/s (ascending), y=-60.0m (takey,=0). Find: ¢
Y=y, tvt—tgt’, @ —60.0m=0+(12.50 m/s)t — (4.90 m/s>)t>.
Reduce to a quadratic equation: ~ 4.90¢% — 12.50¢ — 60.0 = 0.

Solve for = or —2.45 s, which is physically meaningless.

(b) v=v,— gt =12.50 m/s — (9.80 m/s*)(5.00 s) =—36.5 m/s = [ 36.5 m/s| downward.
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72. (a) We take y, = 0. The answer is

2 1/ M 4o}
=y tvl—tert=—lg?, @& 1=1- —L =+[6.
Y=V TV 28 28 l/gE 2u

(b) Given: v,=18.0m/s, v=0 (“max height”). Find: y and ¢
Vv

0 [

V=02 —2g(r—y), & = So DL_SE_g¢

2g  2g° Ve &u
For the total trip (up and down), the final position is zero (y = 0).
2v,
So y=y,tvi-tel =0, @ ="
Therefore — = SE 6.
e 8Mm
ngOm/s! _ _ 2(18.0m/s)
On the Earth, e =79 80 m/s? — E=T980mis :

On the Moon, yM=6yE=. tM=6tE=.

73. The key to this exercise is to find the velocity of the object when it reaches the top of the window (it is not zero).

This velocity is the initial velocity for Motion 1 and the final velocity for Motion 2.

Consider Motion 2 first. Taking y, = 0.

Given: y=-135m, ¢=0.210s. Find: v,. )
Motion 1 y="?
Apply v =y, *vot —3gt’,
~1.35 v=?
vo =2+ gt =5 SR (4.90 m/s?)(0.210'8) = =5.40 mls.
Motion 2 1.35m
Now consider Motion 1. Also take y, = 0. £=0210s
Given: v,=0, v=-540m. Find: y.
V=V 0 (=5.40 m/s)
2__ 2 _ —_ 2 = . =
vVi=vi=2g(y-y,), <« ¥ 2g 2(9.80 m/s?) 1.49 m.

So, it is | 1.49 m above the top of the window]|.

74. (a) Given: v,=0, (y—y,) =-10.0m (downward). Find: v.
V=2 = 2g(y —y,) = —2(9.80 m/s’)(~10.0 m) = 196 m*/s*. So v=-14.0 m/s = downward.
(b) Given: v =0 (max height), (y—y,)=4.00m. Find: v,
V=12 =2 —y), @ vo=~[ V220 —y,) =~ 0+ 2(9.80 m/s)(4.00 m) =[8.85 m/s].

Vo=V 0—(=14.0 m/s)

(c) Falling: v=v,—gt, & = 2 =T 080 1.43s.
. _885m/s—0
Rising: L= T 980 misE 0.90s.

Therefore the total time is 1.43 s+ 0.903 s =[2.33 s|.
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75. (a) Given: v,=0, a=12.0 m/s?, »y—y,)=1000m. Find: .
V=12 +2a(y — y,) =0+ 2(12.0 m/s*)(1000 m) = 24 000 m*/s>. So v=154.9 m/s =[155 m/s].
(b) Given:  v,=1549m/s, v=0 (maximum height). Find: (y—y,).

v. =V (154.9 m/s)’ - 02
2g  2(9.80 m/sY)

So the maximum altitude is 1000 m + 1224 m ={2.22 x 10" m]|.

V=V, 154.9m/s-0
T T T 20w

v2:v§*2g(y—yo), & V=Y = =1224 m.

(c) Accelerating at 12.0 m/s*. v=v,ta, @& =1209s.

0 — 1549 m/s -0
Free falling (still going up). v=yv,—gt, & hH= YoV _ 980 mjsz =158s.

g
So the total time is 12.9s+ 15.8 s= .

76. (a) When the rocket has fuel, the motion is not a free fall but rather a motion with constant acceleration of 2g.
Given: v,=0, a=2g, t¢=t Find: v, and y(takey,=0).
v=v,tat=0+2gt=[2gl]. y=y,tvt+3af=0+0+502g) =[gr].

(b) When the fuel runs out, the rocket is moving upward with a speed of 2g7 and at a height of gtz. From that point
on, the acceleration experienced by the rocket is gravitational acceleration.

Given: v, =2gt, v=0 (maximum height), a=-g, y = gtz. Find: y.

2 2 2 2

VO _v VO 2 t
2 2 2 g g! 2 2 2
VTR0 ), T Yma =Nt T o el v mal T =t +2er =3er|.

(€) Yy = 387 = 3(9.80 m/s7)(30.0 s)° = [2.65 x 10" m|.

77. (a) Take x, = 0 and use x = x, + vt +1at’.
For car: d=0+1(3.70 m/s")”. Eq. (1)
For motorcycle: d+25.0 m=0 +1(4.40 m/s’)¢’. Eq. (2)

Eq. (2) - Eq. (1) gives:  25.0 m=(0.35 m/s*)t>.  Solving, ¢= )

(b) For car: xc=1%(3.70 m/s?)(8.45 s)* = . For motorcycle: xy =xc+25.0m= .

(c) During 8.45 s +2.00 s = 10.45 s, the motorcycle will be ahead of the car by

Ax = xy — xc = $[(4.40 m/s%) — (3.70 m/s*)](10.45 s)* —25.0 m = | 13 m|.

. _dy _150m . . _mr m(50m)y2
78. (a) Jogger A time: #5 = g =370 m/s =55.56s, jogger B time: , = g =270 mis =87.22s.

So jogger A will arrive before jogger B by 87.22' s —55.56 s = .

(b) dy = (150 m)/2 = 236 m> d, = 100 m.
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(c) Their displacements are the same. Both are Ax = .
- Ax 150 mnorth - 150 m north
(D, = A 5556s 2.70 m/s north|. Yy 1.72 m/s north

79. (a) Given: a=-2.50m/s’>, x =300 m (taking x,=0), v=0 (cometorest). Find: v,.

V=i 2a(x—x,), @ ve=1/-2a(x —x,) =\-2(~2.50 m/s*)(300 m) =[38.7 ms].

v—v, 0-387m/s
Oyv=vo+ar, @ (== —=—— 5 =[1555].

(c) vo=38.7m/s + 4.47 m/s = 43.2 m/s.

V= 2+ 2a(x — x,) = (43.2 m/s)> + 2(=2.50 m/s>)(300 m) = 366.2 m*/s%. So v=[19.2 m/s].

509
80. The height of each floor is _lm =5.040 m. The height for 89 floors is then 89(5.040 m) =448.6 m. At

10
midpoint, the height is 224.3 m. 1008 m/min = 16.8 m/s and 610 m/min = 10.2 m/s.
(a) Up. x=224.3 m (takingx,=0), v,=0, v=168m/s. Find: a.

2 2
V= 16.8 m/s)* — 0
V2 = vf + 2a(.x - 'x())’ & aup = 2y = ( 2(224.§)m) =10.629 m/82 .

Down. x=224.3 m (taking x,=0), v,=0, v=102m/s. Find: a.

2 2
Vo % (102m/s) -0 >
Qo =" = 2(2243m) L0232 mis.

v—v, 168m/s—0
a  0.629 m/s

b)v=votat, @& t,= =26.70s.

However this is the time to accelerate to the peak speed. After that, the elevator needs to slow down to zero. So the

10.2 m/s — 0
total upward time is twice or 53,45, faun =0 239 2= 4397 s.

Similarly, the total downward time is 87.94 s. The time difference is 87.94s—53.4s= .

81. (a) Assume Lois falls a distance of d (taking y, = 0), then Superman will move up a distance of (300 m — d). Also
assume he catches her ¢ seconds after she was dropped. The initial velocity for both Lois and Superman is zero.
For Lois: y=—d=yo+vot—L+g=0+0- 1(9.80 m/s’)* = —(4.90 m/s’)f* .
For Superman: (300 m —d) =0+ 1 (15 m/s?)Z = (7.50 m/s*)¢ .

300m—d d 7.50 m/s’
Therefore, 750 m/s’ ~ 4.90 /s’ - Or 300m-d= 4.90 m/s> d

300
So d=2—5;n=118.6m= (119 m|.
(b)d=-118.6 m=—(4.90 m/s>)*, & t=[4.925s|.

=1.53d.
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(¢) Lois: v=v,—gt=0—(9.80 m/s*)(4.92 s) = —{48.2 m/s| = 107 mi/h.
Superman: v=0+ (15 m/s?)(4.92s)=[73.8 m/s| =~ 165 mi/h. These speeds are quite high.

82. (a) Given: a=-9.00m/s*>, v,=450m/s, v=0 (braketoastop). Find: .
v=v, 0-450m/s
V=17, + at, & t= a - —9.00 m/sz - .

(b) X —xo =Vt + +a = (45.0 m/s)(5.00 s) + L (=9.00 m/s>)(5.00s )* = .

(¢) The time in acceleration is 15.0 s —5.00s=10.0s. v,=0, and v=45.0 m/s.

v=v, 450m/s—-0 >
a=""7 =" 100s —430ms]

(d) x —x, =0+ L (4.50 m/s?)(10.0s )* = .

83. (a) Given: v,=-200m/s, g=3.00m/s’, y=-8000m (takingx,=0). Find: v.
V=12 = 2g(y — ,) = (200 m/s)* — 2(3.00 m/s*)(~8000 m) = 8.80 x 10’ m’/s’

So v=|-297 m/s|. The negative sign indicates that the Lander is moving downward.

(b) vo=—297m/s, v=-20.0m/s, y=-12000m. Find: a.

2 9 2 2
vV —v —20.0 m/s)” — (297 m/
V= 4 2a(y—y), @ a _{ sy —( SN 66 mis].

T 20—y, 2(~12 000 m)
-  ve—v =200 m/s — (=297 m/s)
Cv=v,—gt, @& 4= 2 3 00 m/s =323s.
- C v—ve  —20.0 m/s — (=297 m/s)
v=vy,tat, & = PR 3.66 m/s> =75.7s.

So the total time is 32.3 s+ 75.7s= .

84. (a)x Passing car

You

(b) Convert units: 25.0 mi/h = 11.175 my/s.

During the 7.00 s, the distance you travel at a constant 25.0 mi/h (11.175 m/s) is

Xyou = vt = (11.175 m/s)(7.00 s) = 78.225 m

The passing car travels this distance plus 90.0 m with constant acceleration from an initial speed of 11.175 m/s.

Therefore we have
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Xpasser — Vo + % atZ

78.225 m + 90.0 m = (11.175 m/s)(7.00 s) + % a(7.00 s)*
a=[3.67m/s>

(¢) As shown in part (b), you traveled . The passing car traveled 90.0 m farther, for a distance of .

(d) v =vo+ar=11.175 m/s + (3.67 m/s?)(7.00 s) = [36.9 m/s or 82.5 mi/h|

85. Convert units: 70 mi/h = 31.29 m/s.
First find the speed with which she encounters the ice:
v =ve* + 2a(x — xo) = (31.29 m/s)* + 2(=7.50 m/s*)(50 m)
v=15.135m/s
Now look at her deceleration on the ice using the same equation:

0= (15.135 m/s)* + 2a(80 m)
a=|-143 m/s*
86. (@) V2 = v> + 2a(x — x) = 0 + 2(4.00 m/s*)(45.0 m)

v=[19.0 mys|

(b) The same formula as in part (a) gives

0= (19.0 m/s)* + 2a(20 m)

a=1-9.00 m/s*|, deceleration

(©)v=wtat

0=19.0 m/s + (-9.00 m/s*)¢

i=[2.115]

(d) Using the same formula as in part (a), we have

v = (19.0 m/s)* + 2(-9.00 m/s*)(10 m)

v=[13.4 m/s]

87. (a) First find the rocket’s speed just as its engines stop:
V= ve* + 2a(x — x0) = 0 + 2(30 m/s*)(1000 m) = 244.95 m/s
Now find the maximum height it reaches above the point where the engines stop:
v =ve® + 2a(x — xo)

0 = (244.95 m/s)* + 2(-9.80 m/s)x

x=3061.2m

The maximum height is therefore

Xmax = 3061.2 m + 1000 m = 4061.2 m = [4060 m

(b) First find the time ¢, to reach a height of 1000 m:

x=vot+1/zat2
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1000 m =0+ % (30 m/s*)t,?
t=8.165s

Now find the additional time ¢, to reach the maximum height:

v =Vt at
0 =244.95 m/s — (9.80 m/s))t,
£, =24.99s

The total time ¢ is the sum of these two times:

t=t,+,=8.1655+24.99 s =

(c) After falling for 0.500 s, the rocket’s downward speed is
v = gt = (9.80 m/s?)(0.500 s) = 4.90 m/s

During that time it fell a distance of

x =Y gf* =" (9.80 m/s%)(0.500 s)* = 1.225 m

The distance it must fall at a constant speed of 4.90 m/s is
4061.2 m— 1.225 m = 4060 m

The time to fall this distance is

t =x/v= (4060 m)/(4.90 m/s) = 828.6 s

The total time the rocket is in the air is

tiotal = Lup + Laown = 33.2'5 +0.500 5 + 828.6 5 =

88. (a) The acceleration is because the ball reverses its initial downward velocity.

(b) First find the ball’s velocity v, just before it hits the floor:

Vit =" + 2a(x — xo) = 0 + 2(9.80 m/s%)(2.5 m)

v = 7.00 m/s (downward)

Now find the ball’s velocity v, just as it starts upward after bouncing off the floor:
V=2 + 2a(x — xo)

0= 1v," +2(-9.80 m/s*)(2.1 m)

v, = 6.4156 m/s (upward)

Calling upward positive, the ball’s acceleration is therefore

LAY viov 64156 mis—(=7.00 mis)

At At 0.00070 s
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