KINEMATICS IN ONE DIMENSION

Conceptual Questions

2.1. Tt was a typical summer day on the interstate. I started 10 mi east of town and drove for 20 min at 30 mph west
to town. My stop for gas took 10 min. Then I headed back east at 60 mph before I encountered a construction zone.
Traffic was at a standstill for 10 min and then I was able to move forward (east) at 30 mph until I got to my
destination 30 mi east of town.

2.2. With a slow start out of the blocks, a super sprinter reached top speed in about 5 s, having gone only 30 m. He
was still able to finish his 100 m in only just over 9 s by running a world record pace for the rest of the race.

2.3. The baseball team is warming up. The pitcher (who is 50 feet from home plate) lobs the ball at 100 ft/s to the
second baseman who is 100 ft from home plate. The second baseman then fires the ball at 200 ft/s to the catcher at
home plate.

2.4. (a) At t =15, the slope of the line for object A is greater than that for object B. Therefore, object A’s speed is

greater. (Both are positive slopes.)
(b) No, the speeds are never the same. Each has a constant speed (constant slope) and A’s speed is always greater.

2.5. (a) A’s speed is greater at t =1s The slope of the tangent to B’s curve at t =1s is smaller than the slope of
A’s line.

(b) A and B have the same speed at just about t =3 s At that time, the slope of the tangent to the curve representing
B’s motion is equal to the slope of the line representing A.

2.6. (a) B. The object is still moving, but the magnitude of the slope of the position-versus-time curve is smaller than at D.
(b) D. The slope is greatest at D.

(c) At points A, C, and E the slope of the curve is zero, so the object is not moving.

(d) At point D the slope is negative, so the object is moving to the left.

2.7. (a) The slope of the position-versus-time graph is greatest at D, so the object is moving fastest at this point.

(b) The slope is negative at points C, D, and E, meaning the object is moving to the left at these points.

(c) At point C the slope is increasing in magnitude (getting more negative), meaning that the object is speeding up to
the left.

(d) At point B the object is not moving since the slope is zero. Before point B, the slope is positive, while after B it is
negative, so the object is turning around at B.

2.8. (a) The positions of the third dots of both motion diagrams are the same, as are the sixth dots of both, so cars A
and B are at the same locations at the time corresponding to dot 3 and again at that of dot 6.

(b) The spacing of dots 4 and 5 in both diagrams is the same, so the cars are traveling at the same speeds between
times corresponding to dots 4 and 5.
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2-2 Chapter 2

2.9. No, though you have the same position along the road, his velocity is greater because he is passing you. If his
velocity were not greater, then he would remain even with the front of your car.

2.10. Yes. The acceleration vector will point west when the bicycle is slowing down while traveling east.

2.11 (a) As a ball tossed upward moves upward, its vertical velocity is positive, while its vertical acceleration is
negative, opposite the velocity, causing the ball to slow down.

(b) The same ball on its way down has downward (negative) velocity. The downward negative acceleration is
pointing in the same direction as the velocity, causing the speed to increase.
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2.12. For all three of these situations the acceleration is equal to g in the downward direction. The magnitude and
direction of the velocity of the ball do not matter. Gravity pulls down at constant acceleration. (Air friction is
ignored.)

2.13. (a) The magnitude of the acceleration while in free fall is equal to g at all times, independent of the initial
velocity. The acceleration only tells how the velocity is changing.

(b) The magnitude of the acceleration is still g because the rock is still in free fall. The speed is increasing at the same
rate each instant, that is, by the same ! v each second.

2.14. The ball remains in contact with the floor for a small but noticeable amount of time. It is in free fall when not
in contact with the floor. When it hits the floor, it is accelerated very rapidly in the upward direction as it bounces.

y (m)

NN
0 t(s)
(m/s)

Vy

0 t(s)

a, (m/s2)

0 t(s)
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Exercises and Problems

Section 2.1 Uniform Motion

2.1. Model: Cars will be treated by the particle model.

Visualize:
Pictorial representation
Los Angeles San Francisco
Known p— a=0 p—
XAlan 0 = XBeth 0 = 0 -*:L‘-‘ 5 7
. T T
XAlan 1 = XBeth 1 = 400 miles
= _ El =50 h XAlan 00 VAlan 00 {Alan 0 XAlan 15 VAlan 15 PAlan 1
P = VA 1~ R XBeth 0 VBeth 0+ 'Beth 0 XBeth 1 VBeth 1+ fBeth |
= e eth 0> VBeth 0> ‘Be cth 1° VBeth 1> IBel
VBeth 0 = VBeth 1 = 00 mph
tAlan 0 = 8:00 AM
Igeth 0 = 9:00 AM
8:00 a=0
Find Alan @ @ ® @ @ ®
v
IAlan1  IBeth 1
9:00 a=0
Beth @ & & »@

v

Solve: Beth and Alan are moving at a constant speed, so we can calculate the time of arrival as follows:

V:!_X:X]-" XO# t1:t0+X1" XO

It "t \Y
1 0
Using the known values identified in the pictorial representation, we find:
X I x 400 mile
t =t +Alanl” PAlan0 - g:00 AM +———————— =8:00 AM +8 hr = 4:00 PM
Alanl — "Alan 0 v 50 miles’hour
X I X 400 mile
t =t +-Behl TBeth0 - 9:00 AM + —————— = 9:00 AM + 667 hr = 3:40 PM
Beth1 — "Beth 0 v 60 mileshour

(a) Beth arrives first.
(b) Beth has to wait t,, 1! tgq, 1 = 20 minutes for Alan.

Assess: Times of the order of 7 or 8 hours are reasonable in the present problem.

2.2. Model: We will consider Larry to be a particle.

Visualize:
Pictorial representation
Hwown Lamp post House
Xp =600 m & &
to=9:05 i )
x;=200m
t; =9:07
a=0 X
Xy =1200 m
t,=9:10
Find
Vi V2 Vo Lampl post Holuse
L a=0 | Tree
0009 :
V) 0—»0—»0—»0—»0—»0—»0—»0—»0
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2-4 Chapter 2

Solve: Since Larry’s speed is constant, we can use the following equation to calculate the velocities:

,o5's
STt

(a) For the interval from the house to the lamppost:
~200m! 600m

V) = ——————— =1200m/min
9:07! 9:05
For the interval from the lamppost to the tree:
y, = 1200m=200m _ 353 ymin
9:10-9:07
(b) For the average velocity for the entire run:
1
_1200m! 600m _ +120 m/min

Vv
ag 9:10! 9:05

2.3. Solve: (a) The time for each segment is ! t, =50 mi/40 mph=5/4 hr and ! t, =50 mi/60 mph =5/6hr. The
average speed to the house is
100 mi
5/6 h+5/4 h
(b) Julie drives the distance ! x; in time !t at 40 mph. She then drives the distance ! X, in time !t, at 60 mph.
She spends the same amount of time at each speed, thus
Py =1t," !'x/40mph=1x,/60mph" !x =(2/3)! %,

=48 mph

But ! x, +! x, =100miles, so (2/3)! x, +! x, =100 miles. This means Ax, = 60 miles and ! x; =40 miles. Thus,
the times spent at each speed are ! t; =40 mi/40 mph=100h and ! t, = 60 mi/60 mph= 100 h. The total time for
her return trip is At, + At, =200 h. So, her average speed is 100 mi/2 h =50 mph.

2.4. Model: The jogger is a particle.
Solve: The slope of the position-versus-time graph at every point gives the velocity at that point. The slope at t =10 S is

s 50m" 25m
V= _

=—=————=125m/s
't 20s
The slope at t =25s is
]
V:50m. Som:ODm/s
10s
The slope at t =355 is
]
V:M:!&Om/s

10s
Section 2.2 Instantaneous Velocity

Section 2.3Finding Position from Velocity

2.5. Solve: (a) We can obtain the values for the velocity-versus-time graph from the equation v=1g/! t.

v, (m/s)

20

10 A

710_

—20 4
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Kinematics in One Dimension 2-5

(b) There is only one turning point. At t =1 s the velocity changes from +20 m/sto ! 5 m/s, thus reversing the direction
of motion. At t =3 s there is an abrupt change in motion from ! 5 m/s to rest, but there is no reversal in motion.

2.6. Visualize: Please refer to Figure EX2.6. The particle starts at X, =10 m at t; = 0. Its velocity is initially in

the —x direction. The speed decreases as time increases during the first second, is zero at t =15, and then increases
after the particle reverses direction.

Solve: (a) The particle reverses direction at t =15, when V, changes sign.
(b) Using the equation X, = X, + area of the velocity graph between t; and t;,

X, =10 m! (area of triangle between 0 sand 1 $ + (area of triangle between 1 sand 2 $
=10 m! %(4 ms)(L 9 +%(4 ms(L9=10m

X5 =10 m + area of trapazoid beween 2 sand 3 s
=10 m+%(4 m/s+8m/s)(3s! 29 =16m

X4 = Xg T Ar€abetween 3 sand 4 s

=16 m+%(8 mis+12m/s)(1 9 =26m

2.7. Model: The graph shows the assumption that the blood isn’t moving for the first 0.1 s nor at the end of the
beat.

Visualize: The graph is a graph of velocity vs. time, so the displacement is the area under the graph—that is, the
area of the triangle. The velocity of the blood increases quickly and decreases a bit more slowly.

Solve: Call the distance traveled ! y. The area of a triangle is %BH.

ly= % BH = %(ozos)(oso mis) =80 cm

Assess: This distance seems reasonable for one beat.

2.8. Solve: (a) We can calculate the position of the particle at every instant with the equation

X = X, + area under the velocity-versus-time graph between t; and

The particle starts from the origin at t =05, so x; =0 m. Notice that the each square of the grid in Figure EX2.8 has

“area” (5mV/s)! (2 s) =10 m. We can find the area under the curve, and thus determine X, by counting squares. You
can see that X = 35 m at t =4 s because there are 3.5 squares under the curve. In addition, X=35m att=28s
because the 5 m represented by the half square between 4 and 6 s is cancelled by the —5 m represented by the half
square between 6 and 8 s. Areas beneath the axis are negative areas. The particle passes through x =35m at t=4s
and againat t =8 s

(b) The particle moves to the right for 0 s! t! 6 s where the velocity is positive. It reaches a turning point at
x=40m at t = 6 s. The motion is to the left for t >6 s This is shown in the motion diagram below.

[

> RN Turning point
] att=6s

<l

[ ]
)
)
b
\
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2-6 Chapter 2

Section 2.4 Motion with Constant Acceleration

2.9. Visualize: The object has a constant velocity for 2 s and then speeds up between t =2 and ¢ = 4.
Solve: A constant velocity from t =0 s to t =2 S means zero acceleration. On the other hand, a linear increase in
velocity between t = 2 s and t = 4 s implies a constant positive acceleration which is the slope of the velocity line.

a, (m/s?)

0 ———— t(s)

2.10. Visualize: The graph is a graph of velocity vs. time, so the acceleration is the slope of the graph.
Solve: When the blood is speeding up the acceleration is

Av
a = y:O.80m/S:le/82
YAt 0.05s
When the blood is slowing down the acceleration is
| "
a = _ Y- M’ =#53 rr]/s2

Yoot 015s
Assess: 16 m/s? is an impressive but reasonable acceleration.
2.11. Solve: (a) At t =2.0 s, the position of the particle is
X, ¢ =20 m + areaunde velodty graph romt =0stot=20s

=20m+ %(4.0 m/s)(20s) =6.0m

(b) From the graph itselfat t =2.0s v=4m/s
(c) The acceleration is

aX:!A:va" Vix:Gm/s"Om/S:Zm/82
It It 3s

2.12. Solve: (a) Using the equation
X =X +area under the velocity-versus-time graph between t; and t;

we have
x(@t=1g)=x(at¢r=09) +aeabeweent =0sandsr=1s
=20m+ (4 m/s)(1s)=6m

Reading from the velocity-versus-time graph, v (at# =1s) =4 m/s. Also, a, = slope=!v/! t=0 m's?.

(b) x(att=30s)=x(att=0¢9) + areabetween t=0sand t=3s
=20m+4m/s! 2s+2nm/s! 1s+((V2)! 2m/s! 1s=130m

Reading from the graph, v, (t = 3 s) = 2 nV/s.The acceleration is

v (@at=49! v (at=2y)
2s

=12 m/s?

a (t=3s)=dope=
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Kinematics in One Dimension 2-7

2.13 Model: Represent the jet plane as a particle.

Visualize:

Pictorial representation

Known _a»
Xp=0 vy=300m/s X
to=0 x;=4.0km
v, =400 m/s
Find
a a

——-

Ve >0 > >0

Solve: Since we don’t know the time of acceleration, we will use

V12 = vg +2a(x ! X,)
. Vi !V _ (400 mig)® ! (300mVs)?
2% 2(4000m)

=8.75m/s? # 8.8 m/s®

The acceleration of the jet is not quite equal to g, the acceleration due to gravity; this seems reasonable for a jet.

2.14. Model: Model the air as a particle.
Visualize: Use the definition of acceleration and then convert units.
Solve:
'v, 150km/h"1000m%' 1h 9%'1min%_

= %= . . . =83m/s?
&1 T 050s # 1km &960mingd 60s &

Assess: 83m/s? is a remarkable acceleration.

2.15. Model: We are using the particle model for the skater and the kinematics model of motion under constant
acceleration.
Solve: Since we don’t know the time of acceleration we will use

vf2 :vi2+2a(xf I'x)

ol VIV _(60M9? ! BOMY Lo o
C20% ! %) 2(5.0m) T

Assess: A deceleration of 2.8 m/s? is reasonable.

2.16. Model: We are assuming both cars are particles.
Visualize:
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2-8 Chapter 2

Solve: The Porsche’s time to finish the race is determined from the position equation

The Honda’s time to finish the race is obtained from Honda’s position equation as

Known

xpp=0 vpg=0
tpp=0 ap=3.5m/s?
xp;=400m  xpp=0m
Vio=0 fp=—1s
ay = 3.0 m/s?

X1 =400 m

Find

Ip1 Ty

Pictorial representation

Porsche ap Porsche
—
@ X
Xpos Vpos Ipo Xp1s Vp1s Ipy
Honda dy Honda
ﬁ T E T i X
XH0> VHO> 'HO XH1s VHI> THI
ap
—
VP @ L . L ]
—
ay
VH @ @ L ]

_ 1 2
Xp1 = Xpg * Vot ! tpo) * EaP(tPl ! tpg)

" Mmm:0m+0m+%@5w§mm!09”'gfﬂau

_ 1 2
%1 = %o + Vho(tha ! tho) +§aHo(tH1 ! tho)

szm:0m+0m+%@onm%am+192"tm:153s

So, the Porsche wins.
Assess The numbers are contrived for the Porsche to win, but the time to go 400 m seems reasonable.

Section

2.5Free Fall

2.17. Model: Represent the spherical drop of molten metal as a particle.

Visualize:

Known
vo=0
»=0

to=0
t=4s

Pictorial representation
y

a=—g=-98m/s2

Find
Yo Vi

YV

Yo Vo o

Pra—
QU

-

v

Starts

Pa—
QU
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Kinematics in One Dimension 2-9

Solve: (a) The shot is in free fall, so we can use free fall kinematics with a =! g. The height must be such that the
shot takes 4 s to fall, so we choose t = 4 s. Then,

(9.8 ms?)(45)? =78.4m

N~

ot =
(b) The impact velocity is v; =V ! gt ! t)) ="' gt =!39.2m/s

Assess: Note the minus sign. The question asked for velocity, not speed, and the y-component of Vs negative
because the vector points downward.

1 "
Yy = Yo Vot ! tp)! Eg(tl! )" Yo =

N |-

2.18. Model: Assume the ball undergoes free-fall acceleration and that the ball is a particle.
Visualize:

(a) Pictorial representation

y

i P N //"‘\\
vl @ @ ®
|
‘

Known

Yo=0 vy=19.6 m/s
=0 a=-9.8m/s? i
v =0 : [

A wlfl 15
Find i

vy

Yo» Vor o ‘ @ Ball

Solve: (a) We will use the kinematic equations

v=yvy+a(t! t)) and y=y,+yy(t! to)+:—2La(t! to)2

as follows:
v(att=1.05) =19.6m/s+ (! 9.8m/s?)(1.0s! 0s) =9.8m/s
y(@r=1.09)=0m+(19.6m/s)(1.0s! 0s)+1/2(! 9.8m/s?)(1.0s! 05)? =14.7m
v(at=2.05 =19.6m/s+ (! 9.8m/s?)(2.0s! 05)=0mis
y(@t=2.05=0m+(19.6m/s)(2.0s! 05 +1/2(! 9.8m/s?)(2.0s! 05)? =19.6m
v(at=3.05=19.6m/s+(!9.8m/s°)(3s! 05 =19.8m/s
y(@t=3.05=0m+(19.6m/s)(3.0s! 05 +1/2(19.8m/s?)(3.0s! 052 =14.7m
v(at=4.0s=19.6m/s+ (! 9.8m/s?)(4.0s! 05 =!19.6m/s
y(@t=4.05=0m+(19.6m/s)(4.0s! 05 +1/2(! 9.8mM/s?)(4.0s! 09?>=0m
(b) vy (m/s)
19.6 -
9.8
0 T T T 1(s)
1 2 3 4
—9.8
—19.6
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2-10 Chapter 2

Assess: (a) A downward acceleration of 9.8 m/s® on a particle that has been given an initial upward velocity of
+196 m/s will reduce its speed to 9.8 m/s after 1 s and then to zero after 2 s. The answers obtained in this solution
are consistent with the above logic.

(b) Velocity changes linearly with a negative uniform acceleration of 9.8 m/s. The position is symmetrical in time
around the highest point which occurs at t =2 s.

2.19. Model: We model the ball as a particle.
Visualize:

Pictorial representation

‘I" I Stops I
Known E

vo=15m/s t,=0

¥=0 y;=-20m N !
a=—9.8 m/s? ‘11 i 51 b4
4 I 3
2 ¢ i 1 yovets  —-@ee- .
% i b
—Yeeh Ground

Solve: Once the ball leaves the student’s hand, the ball is in free fall and its acceleration is equal to the free-fall
acceleration g that always acts vertically downward toward the center of the earth. According to the constant-
acceleration kinematic equations of motion

1
=y +v !l t+—-alt
Y1=Y*V% >

Substituting the known values
12m=0m+(15ms)t, + (U/2)(! 9.8 /s’ )t
One solution of this quadratic equation is t; =32 s The other root of this equation yields a negative value for t;,

which is not valid for this problem.
Assess: A time of 3.2 s is reasonable.

2.20. Model: We will use the particle model and the constant-acceleration kinematic equations.
Visualize:

Pictorial representation

y o

Rock & <D 1 ’
Known
vo=20m/s t,=0s
Yo=0s y;=—10m .
a=-9.8 m/s? 1 a ® 1 a
Find
e Starts <= 1 Yo- Vo fo ®
2 o
v
Hole — |
<D Y Vit

<@
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Kinematics in One Dimension 2-11

Solve: (a) Substituting the known values into y; =y, + V! t+ %a! t2, we get

110m=0m+ 20 (m/s)t1+:—2L(! 98 )2

One of the roots of this equation is negative and is not relevant physically. The other root ist; = 4.53 5 which is the
answer to part (b). Using v; =V, +a! t, we obtain
v, = 20(m/s) + (! 98 m/s?)(453 ) = | 24 m/s

(b) The time is 4.5 s.

Assess: A time of 4.5 s is a reasonable value. The rock’s velocity as it hits the bottom of the hole has a negative sign
because of its downward direction. The magnitude of 24 m/s compared to 20 m/s, when the rock was tossed up, is
consistent with the fact that the rock travels an additional distance of 10 m into the hole.

Section 2.6 Motion on an Inclined Plane

2.21. Model: We will model the skier as a particle.

Visualize:

Pictorial representation

Known
Start
X = X=0 1,=0 o=
vo=3.0 m/s o
a, =g sin 10° Bottom v
=15m/s

Find Yo vO’ fo
X4

XL,V h

Note that the skier’s motion on the horizontal, frictionless snow is not of any interest to us. Also note that the
acceleration parallel to the incline is equal to g sin10°.
Solve: Using the following constant-acceleration kinematic equations,
V2 =VE+2a (X ! X)
" (15m/s)® = (30 m/9)? +2(98 m/s?)sin10i(x ! Om)" x =64m
Vix = Vix F (G )
" (15m/s) = (30 m/s) + (98 m/sz)(sinloi n" t=71s

Assess: A time of 7.1 s to cover 64 m is a reasonable value.

2.22. Model: Represent the car as a particle.
Visualize:

Pictorial representation
Known

%
=10° x,=0
vo=30m/s 1,=0 ,
v;=0m/s *1: Vink

a=—gsinf = —1.7 m/s? Stops

Find = s@&----—
X 0 g
! a

X0, Vos Io

<y
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2-12 Chapter 2

Solve: Note that the problem “ends” at a turning point, where the car has an instantaneous speed of 0 m/s before
rolling back down. The rolling back motion is not part of this problem. If we assume the car rolls without friction,

then we have motion on a frictionless inclined plane with an accleration a=!gsn” =!gsinl0j=!17 m/s?.
Constant acceleration kinematics gives

2 2
v
VZ=VE+2a(x ! x)" OmP/S =vi+2ax " x = =] _(B0ms)”_

! =265m
2a 2117 m/s?)

Notice how the two negatives canceled to give a positive value for X;.

Assess: We must include the minus sign because the & vector points downthe slope, which is in the negative
X-direction.

Section 2.7 Instantaneous Acceleration

2.23. Solve: x=(2t>! t+1) m

(8) The position t=2sis X, =[2(2)*! 2+ m=7m.

(b) The velocity is the derivative v = dx/dt and the velocity at t = 2 s is calculated as follows:
v=(4! ) ms" v, =[42)! ] mis=7m/s

(c) The acceleration is the derivative a = dv/dt and the acceleration at t = 2 S is calculated as follows:

a=(@) ms’! a, =4ms

2.24. Solve: The formula for the particle’s position along the x-axis is given by

t
X =X +ntfi det

Using the expression for v, we get

dv d
— 2131 43 — — 2 — 2
Xp —xi+3[tf! ti] a. = tx = l(2t m/s) = 4t m/s

(@) The particle’s position at t =1s is X, ¢ —1m+§ m==>m
(b) The particle’s speed at t =1s is v; (=2 m/s.
(C) The particle’s accelerationat t =1sis a =4 m's?.

2.25. Solve: The formula for the particle’s velocity is given by
Ve =V; +area under the acceleration curve between t; and t

For t =4 s, we get
Vys =8 Mis+ (4 mis)d s=16 mis

Assess: The acceleration is positive but decreases as a function of time. The initial velocity of 8.0 m/s will therefore
increase. A value of 16 m/s is reasonable.
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Kinematics in One Dimension 2-13

2.26. Solve: (a)

T T t (S)

(b) To be completed by student.
© %‘:vx =21 4" v(at=19=[2ms21y! 4mg=12ms

(d) There is a turning point at t =2 S At that time x=12m.
(e) Using the equation in part (c),
v, =4ms=(2t! Hmis” t=4

Since X =(t?! 4t+2) m,x=2m.

()
. N
Turn e H v
(’ a “
around at ! o
\ (| —
t=2.0s @ o ® >0 >0

2.27. Solve: The graph for particle A is a straight line from t =2 s to t =8 s The slope of this line is —10 mv/s,
which is the velocity at t = 7.0 S The negative sign indicates motion toward lower values on the X-axis. The velocity
of particle B at t =7.0 s can be read directly from its graph. It is ! 20 m/s. The velocity of particle C can be obtained
from the equation

V; =V, + area under the acceleration curve between t; and t;

This area can be calculated by adding up three sections. The area between t =0S and t =2 s is 40 m/s, the area
between t =2 s and t=5s is 45 m/s, and the area between t=5s and t=7s is ! 20 m/s We get (10 m/s) +

(40 m/s) +(45m/s) ! (20 m/s) = 75 m/s.

2.28. Visualize:

a, (m/s2)

10 4

v(2 s) = area
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Solve: We will determine the object’s velocity using graphical methods first and then using calculus.
Graphically, v(¢) =vy+ area under the acceleration curve from O to t. In this case, V, =0 nVs The area at each

time t requested is a triangle.

t=0s Vv(t=09=v,=0ns

t=2s v(t=25):%(25)(5m/s):5m/s
t=4s v(t:4s):%(4s)(10m/s):20m/s

1
t=6s v(t:65):§(63)(10m/s):30m/s
t=8s v(t=89=v(t=65)=30m/s
The last result arises because there is no additional area after t =6 S Let us now use calculus. The acceleration
function a(t) consists of three pieces and can be written:
# 25t Os!t!4s
%
a(t):£5t+30 4s1t! 6s
¥ o 6s!t!ss
These were determined by the slope and the y-intercept of each of the segments of the graph. The velocity function is
found by integration as follows: For 0! t! 4§
t
t t2 )
vit)=v(t=09+ !Oa(t)dt =0+ 253 =125
0
This gives
t=0s v(t=0s)=0m/s
t=2s v(t=29)=5m/s
t=4s v(t=49)=20m/s
For 4s<t<6s

t #"5t2 8Lt 2
v(t) =v(t=49)+ ] at)dt=20m's +%2—+3Ot§ =" 252 +30t" 60
§ 4
This gives:
t=6s v(t=69)=30m/s
For 6s! t! 8s
V) =V(t=69)+ !;a(t)dt:30 mis+0 m/s =30 m's
This gives:

t=8s Vv(t=8s)=30m/s

Assess: The same velocities are found using calculus and graphs, but the graphical method is easier for simple
graphs.

2.29. Solve: (a) The velocity-versus-time graph is the derivative with respect to time of the distance-versus-time
graph. The velocity is zero when the slope of the position-versus-time graph is zero, the velocity is most positive
when the slope is most positive, and the velocity is most negative when the slope is most negative. The slope is zero
att=0,1s,2s,3s,...;the slope is most positive at t = 0.5's, 2.5 s, . . ; and the slope is most negative att = 1.5 s,
35s,...

© Copyright 2013 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.



Kinematics in One Dimension 2-15

(b)

. /\ /\ 1)

2.30. Solve: The given function for the velocity is v = 21 7 +10.

(@) The turning points are when the velocity changes sign. Set v, =0 and check that it actually changes sign at those
times. The function factors into the product of two binomials:
v, = (! 2! 5" v, =0whent=2sandt=5s

Indeed, the function changes sign at those two times.
(b) The acceleration is given by the derivative of the velocity.
dv,

=—X=2t17
&=t

Plug in the times from part (a): &, (25)=2(2)! 7=1!3 /s and a(5s)=2(5)!7=3 m/s’

Assess: This problem does not have constant acceleration so the kinematic equations do not apply, but a = dv/dt
always applies.

2.31. Solve: (a) The velocity-versus-time graph is given by the derivative with respect to time of the position
function:

v :%‘:(&2! 18) mis

X

For v. =0 m/s, there are two solutions to the quadratic equation: t= 0 sandt= 3 s.
(b) At the first of these solutions,

x@t=09=2097°! 909 +12=12m
The acceleration is the derivative of the velocity function:

dv,

dt

=(12! 18 m/is®" a(atr=09)="18m/s

llx=

At the second solution,
x@t=39=239°% 9(39?+12=115m a (at=39=1239! 18=118m/s’

2.32. Model: Represent the object as a particle.
Solve: (a) Known information: X; =0 m, vy =0m/s,x; =40m, v, =11n/s t; =5s If the acceleration is uniform

(constant &), then the motion must satisfy the three equations
xlzgatl2 l a=320m/s? v =ay! a=220m/s® vZ=2ax! a=1.51nis

But each equation gives a different value of a. Thus the motion is notuniform acceleration.

(b) We know two points on the velocity-versus-time graph, namely at t, =0 and t;, =5s What shape does the
function have between these two points? If the acceleration was uniform, which it’s not, then the graph would be a
straight line. The area under the graph is the displacement ! X. From the figure you can see that ! x=275m for a
straight-line graph. But we know that, in reality, ! Xx=40m. To get a larger ! X, the graph must bulge upward
above the straight line. Thus the graph is curved, and it is concave downward.
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v, (m/s)

t(s)

0 o

2.33. Solve: The position is the integral of the velocity.
t t t
X =X 1V dt=xg+ | Tkt dt=x + 2k = xg + 1kt
"t 0 3 0 3
We’re given that X, =! 9.0 m and that the particle is at X, =9.0 m at t; =3.0 s Thus
90 m= (190 m) +1k(30 5)° = (190 m) + k(90 5°)
Solving for k gives k = 2.0 m/s’.
2.34. Solve: (a) The velocity is the integral of the acceleration.
— b - Yoan - v 12|t w12
Vi = Vg * 1 A= 0 mis 100 = (10 Lt )‘0 =10y " 1¢
The velocity is zero when
- — 142) 1s |w
vy, =0m/s= (1(11 ! Etl) = (10! Etl) t
# 4, =0s or t=20s

The first solution is the initial condition. Thus the particle’s velocity is again 0 m/s at t;, =20 s
(b) Position is the integral of the velocity. At t; =20's and using X, =0m at t; =0's the position is

_ t, _ 20( "12) _ 2‘20"13‘20_
xl—x0+!t0vxdt—0m+!0 10t 2t dt =5t X 6t o =667m

2.35. Model: Represent the ball as a particle.

Visualize: Please refer to Figure P2.35.

Solve: In the first and third segments the acceleration @, is zero. In the second segment the acceleration is negative and
constant. This means the velocity Vv, will be constant in the first two segments and will decrease linearly in the third
segment. Because the velocity is constant in the first and third segments, the position S will increase linearly. In the second
segment, the position will increase parabolically rather than linearly because the velocity decreases linearly with time.

| //

0 t
VS

0 t
as

0 t
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2.36. Model: Represent the ball as a particle.

Visualize: Please refer to Figure P2.36. The ball rolls down the first short track, then up the second short track, and
then down the long track. Sis the distance along the track measured from the left end (where S= 0). Label t = 0 at the
beginning, that is, when the ball starts to roll down the first short track.

Solve: Because the incline angle is the same, the magnitude of the acceleration is the same on all of the tracks.

s

0 : i i(s)
Vg

0 (s)
aX

0 1(s)

Assess: Note that the derivative of the S versus t graph yields the v, versus t graph. And the derivative of the v

versus t graph gives rise to the a_ versus t graph.

2.37. Model: Represent the ball as a particle.

Visualize: The ball moves to the right along the first track until it strikes the wall, which causes it to move to the
left on a second track. The ball then descends on a third track until it reaches the fourth track, which is horizontal.
Solve:

/
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Assess: Note that the time derivative of the position graph yields the velocity graph, and the derivative of the
velocity graph gives the acceleration graph.

2.38. Visualize: Please refer to Figure P2.38.
Solve:

Steeper than
first part

2.39. Visualize: Please refer to Figure P2.39.

\

Solve:

s=0
Ball rolls off left edge

2.40. Model: The plane is a particle and the constant-acceleration kinematic equations hold.
Solve: (a) To convert 80 m/s to mph, we calculate 80 m/s! 1 mi/1609 m! 3600 s/h =179 mph.

(b) Using a,=!v/! t, we have,
23m/s! Om/s
10s! Os

For all time intervals ais 2.3 m/s°.
(c) Using kinematics as follows:
V,

=V +alt L )" 80mis=0mis+(23m/)(t ! 09" t, =355

(d) Using the above values, we calculate the takeoff distance as follows:

69 m/s! 46 m/s
30s! 20s

a(t=0tot=109) = =23ms’  a(t=20stot=309) = =23m/s?

§ =5 Ut ! )+ S 142 =0m+ (0 m(E59 + 2 (23m?)359” =1410m

For safety, the runway should be 3! 1410m =4230m or 2.6 mi. This is longer than the 2.4 mi long runway, so the
takeoff is not safe.

2.41. Model: Represent the car as a particle.

Solve: (a) First, we will convert units:
miles, 1hour 1610m _
hour 3600s 1mile

27 m/s

The motion is constant acceleration, so

_ Wi #Vy _ (27 mis#0 mis)
I't 10s

(b) The fraction is alg =2.7/9.8=0.28. So ais 28% of g.

(c) The distance is calculated as follows:

V. =27 m/s®

= It
A v0+a.t a

X, = Xy + V! t+%a(! t)? = %a(! )2 =13" 10° m= 43" 10° feet

2.42. Model: Represent the spaceship as a particle.
Solve: (a) The known information is: Xy = om, Vg = 0 m/s, ty = 0sa=9g=98 m/52, and v, = 30! 10° nvs.

Constant acceleration kinematics gives

Vv, #V
V. 17 0-306$10"s

l:v0+a!t" !t:tl:
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The problem asks for the answer in days, so we need a conversion:
1 hour 1 day

! =354! 107 days" 3.6! 10° d
3600s 24 hour ¥s ¥s

t, =(3.06! 10's)!

(b) The distance traveled is
X, = Xy = VoAt + %a(At)2 = %atf = 46x10"°m

(c) The number of seconds in a year is
24 hous | 3600s
1day = 1hour

1year = 365days! =315! 10's

In one year light travels a distance
1lightyear = (30! 10Pnm/s)(3.15! 10’s) = 947! 10"°m

The distance traveled by the spaceship is 4.6! 10°m/9.46! 10°m =049 ofa light year.

Assess: Note that x; gives “Where is it?” rather than “How far has it traveled?” “How far” is represented by

% ! Xy. They happen to be the same number in this problem, but that isn’t always the case.

2.43. Model: The car is a particle and constant-acceleration kinematic equations hold.
Visualize:

Pictorial representation

Known
X=0 vy=20m/s Gy=0 a
tp=0s v;=20m/s ; -
t,=050s v,=0
X, =110m XLV h X2, Vo, Iy
Find
Xpoar b
Reaction Braking Stops
Ve & ~o - >0—>0—>0>000
' dy=0 : dp :
D

Solve: (@) This is a two-part problem. During the reaction time,

X = X+ Vot ! to) + 1128, (L, ! t5)?
=0m+(20m/s)(050s! 0s)+0m=10m

After reacting, X, ! ¥, =110m! 10 m=100m, that is, you are 100 m away from the intersection.
(b) To stop successfully,
Vo = V2 +2a,(%, ! x)" (0m/s)® = (20 m/s)® +2a,(100m) " a =!2m/s’
(c) The time it takes to stop once the brakes are applied can be obtained as follows:
v, =V +a(t,! )" 0ms=20ms+(12ms)(t, ! 0509)" t,=11s
The total time to stop since the light turned red is 11.5 s.

2.44. Model: Model the car as a particle. Use the kinematic equations.
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Visualize:
(m/s
a, =0 i <, US)
O——0———>O——0—PC—>0P0 )
xp, () 4 Xy, (Vo 1y X3, (V)3 13
% 0 — 1(s)

g 153 I3

Solve:
(@) In the pictorial representation d =X, ! X, and t =tgz. At the end of the reaction time the position is

X =Xy tVgtg and v; =v,. We need to end up at rest with Vv, =0. During the braking time we have
Vg = V12 +2a(x, ! x); solve that for aand set v, =0.
2 2 2 2 2
= vy vy _ ' _ h'vg _ 'vg
2%, %) 201 x) 2061 (X +Vlg))  2(d! vpts)

The required deceleration is the absolute value of &; (the denominator is positive because we were told d > Vjtg).
2
V,
A= e
2(d ! vptr)
(b) Given vy =21m/s, d=50m, and ty =0.50s find the required deceleration using the answer from part (a).

o i (21 m/s)?

a= = =56 m/s?
2(d! vytg)  2(50m! (21m/s)(050 9))

Your car’s maximum deceleration is greater than this, so yes, you can stop in time.
Assess: The units check out. The data given seem reasonable, and our answer is just less than the maximum
deceleration.

2.45. Model: We will use the particle model and the constant-acceleration kinematic equations.
Visualize:

Pictorial representation

Gy=0 dy
% o Be —— e vl
Known : : : T X
x=0 1,=0 X0 Vo» Ty X,V 4 X5,V 1y X3
vo=20m/s £ =050s
vi=vy a;=-—10m/s?
v,=0 x3=35m .

) Reaction Brakes Stop Deer
Find Ll ! ! !
v Ve L >@ @ >0>0 [ ]

2 0 max ! [ I ! )

dp=0 & '
D

Solve: (a) To find X,, we first need to determine Xx,. Using X =X, + V(L ! ty), we get x =0 m+ (20 m/s)
(0.50s! 0s)=10m. Now,

v§ = V12 +2a(%,! x)" 0 m?/s? = (20 m/s)? + 2(! 10 rr1/52)(x2 P10m)" x,=30m
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The distance between you and the deer is (X3! X,) or (35m! 30m)=5m.
(b) Let us find Vg, such that v, =0 /s at X, = x; =35m. Using the following equation,
vg ! ngax =2a(x%!x)" 0 m?/s? 1 vgmax =2(1 10 m/s?)(35m ! %)

Also, X = X5+ Vg e (4! 19) = Vg 1 (050! 08) = (050 ) - Substituting this expression for X, in the above
equation yields

VG e = (120MVS?)[35m! (0509) Vg ] VG e + (1O M9V, ! 700mM?/s* =0
The solution of this quadratic equation yields Vg .. =22 nVs. (The other root is negative and unphysical for the
present situation.)
Assess: An increase of speed from 20 m/s to 22 m/s is very reasonable for the car to cover an additional distance of

5 m with a reaction time of 0.50 s and a deceleration of 10 m/s°.

2.46. Model: The car is represented as a particle.
Visualize:

Pictorial representation

Known - -

ap= a
x=0 ay=0 <
vo=30mls =0 5@@ %I @x
t41=05s x,=60m X0, Vo» Ly XLV h X5, Vo, 1y
vi=vg vp=0
Find
4 React Brake Stop
& . - ® - *——>o—>0—>0
v v | v v v v
ap=0 aj
-—

Solve: (a) This is a two-part problem. First, we need to use the information given to determine the acceleration
during braking. Second, we need to use that acceleration to find the stopping distance for a different initial velocity.
First, the car coasts at constant speed before braking:
X =% V(! t) = vt = (30 MYs)(0.55) =15m

Then, the car brakes to a halt. Because we don’t know the time interval, use

2 _ =12

v, =0=v) +2a(%,! x)

2 2

a = Vi _5 (30 m/s)
2(%, ! %)) 2(60m! 15m)
. . I .
We used v, =V, =30 nV/s Note the minus sign, because @, points to the left.
We can repeat these steps now with vy = 40 m/s. The coasting distance before braking is
X = Vol = (40mYs)(0.58) =20 m

=110 m/s?

The position X, after braking is found using

v§:0:v12+231(x2! %)

2 2
" X2:X1[V_1:20m!m:100m
23 2(! 10 m/s?)

(b) The car coasts at a constant speed for 0.5 s, traveling 20 m. The graph will be a straight line with a slope of
40 m/s. For t ! 0.5the graph will be a parabola until the car stops at t,. We can find t, from

\
f— — n — 1_
v, =0=v +a(,! 1) t2—tl!€—453
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The parabola will reach zero slope (v =0 nvVs) att=4.5s. This is enough information to draw the graph shown in the

figure.
x (m)

100 A
60 Stop
60 -

Brake
40

20 1/ Coast
0 ; T T T T t(s)
0 1 2 3 4

2.47. Model: Model the flea as a particle. Both the initial acceleration phase and the free-fall phase have constant
acceleration, so use the kinematic equations.
Visualize:

Pictorial representation

Y2 V2 1 % ______________ StOp Known
YVo=0m vy=0m/s ag=1000m/s
y,=050mm a;=-9.8 m/s?

vy =0m/s
Find
N L Y2
aj 1 Free-fall
[ ]
A
[ J

Yo V1A % ------- L Aames
A

Yo Vo % _______

Solve: We can apply the kinematic equation sz ! Vi2 =2a"y twice, once to find the take-off speed and then again

to find the final height. In the first phase the acceleration is up (positive) and v, = 0.
V2 =28,(y; ! Y,) = 2(1000m/s*)(050" 103 m)v, =10 m/s
In the free fall phase the accelerationis @ =! g and v; =1.0 n/s and v, =0 m/s.
VGive ' 1aoms?
2a,  2'9) 2(198m5%)
So the final heightis y, =5.1cm+y, =51 cm+0.50 mm =52 cm.

=51cm

Yo! ¥ =

Assess: This is pretty amazing—about 10-20 times the size of a typical flea.

2.48. Model: Model each of the animals as a particle and use kinematic equations. Assume that the time it takes
the cheetah to accelerate to 30 m/s is negligible.
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Visualize:
Cheetah a,=0 ; v, (m/s)
o — 00— 00— 0—>0 30 Known
. ~ - D t1=0s
Shthy,  SE S, L _
T T T X Xic=0m, x;g=160m
X100 Vet Xoo (Voo X0, (V)30s 13 0 : Ft(s) v)ic=30m/s, (v);g=0m/s
0 1 13 (ax)C =0
) Between ¢, and t,, (a,)g = 4.5 m/s>
Gazelle a \j Vyx (m/s) I = 50s
Between 1, and 13, (a,)g =0
(Voag t3=15s
T T T X Find
0 t(s e
X1 Wi i Xag Woags b X36: (Voags I3 (') ,'2 [‘2 )Xo Xsg

Solve: The cheetah is in uniform motion for the entire duration of the problem, so we can easily solve for its
position at t; =25s

Xae = X + (V)1 ! t =0 m+ (30 m/s)(15s) = 450 m

The gazelle’s motion has two phases: one of constant acceleration and then one of constant velocity. We can solve
for the position and the velocity at t,, the end of the first phase.

(V) = (V)16 +(8)g! t=0m/s+ (4.6 ms?)(509) = 23m/s
Yoo = Xig (Vs ! t+%(aX)G(! )2 =170m+0 m+%(4.6 m/s?)(50 s) = 227.5m

From t, to t; the gazelle moves at a constant speed, so we can use the equation for uniform motion to find its final
position.

Xag = %o + (V)og | 1 =227.5m + (23m/s)(100 s) = 457.5m " 460m
Xoc is 450m; Xy is 460m. The gazelle is just a few meters ahead of the cheetah when the cheetah has to break off

the chase, so the gazelle escapes.

Assess: The numbers in the problem statement are realistic, so we expect our results to mirror real life. The speed
for the gazelle is close to that of the cheetah, which seems reasonable for two animals known for their speed. And the
result is the most common occurrence—the chase is very close, but the gazelle gets away.

2.49. Model: The rocket is represented as a particle.
Visualize:

Pictorial representation
Turn around

y
Stops
. Known
Max altitude e
Yo= 0 Vo= 0 .
YoV ly 'M to=0 ag=30m/s? la
1=30s
a a;=—9.8 m/s?
: i =0 -0 Fuel out -----@------
YVt ! =0 y3=
Fuel out Ea a=—9.8 m/s? 1 R
41 | 7
boFm :
[70 1 - Y2 I3
Yo» Vos . V3, V3, 1 ) .
oofo 0 S Hits a
Starts ®

=i
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Solve: (a) There are three parts to the motion. Both the second and third parts of the motion are free fall, with
a=1!g. The maximum altitude is Y,. In the acceleration phase:

Y= Yo+ Vot ! o) +%a(tl! t,)* = %atf = %(30 m/s?)(30 s)? = 13500 m

v, =V +alt ! t) = a = (30 m/s?)(30 s) = 900 mi's

In the coasting phase,

2 2
2 _ 2 Wy Vi_ (900m/s)” _ _
vo=0=v! 29(y,! v,)" ¥, =Yy, +—=—=13500m+ =54800m =548 km
2 ' 2 e g 2(98 m's?)

The maximum altitude is 54.8 km (! 33 miles).
() The rocket is in the air until time t;. We already know t; =30s We can find t, as follows:

V.
v, =0mis=v, ! gt,! t)" t, :t1+51=1223
Then t, is found by considering the time needed to fall 54,800 m:

1 1 2
Ya=0m=y, +v,(ty! t,)! Eg(tsl )2 =y,! Eg(tS! )" ty=t,+ % =228s
(c) The velocity increases linearly, with a slope of 30 (m/s)/s, for 30 s to a maximum speed of 900 m/s. It then begins
to decrease linearly with a slope of !98(m/s)/s. The velocity passes through zero (the turning point aty,) at
t, =122s The impact velocity at t; = 228s is calculated to be V3 =V, ! g(t;! t,) =!11040m/s.
v, (m/s)

Fuel out

900 <

600
300
0 N0
~300 4 30 90 210
—600
-900 A

Max altitude

Impact s

Assess: In reality, friction due to air resistance would prevent the rocket from reaching such high speeds as it falls,
and the acceleration upward would not be constant because the mass changes as the fuel is burned, but that is a more
complicated problem.

2.50. Model: We will model the rocket as a particle. Air resistance will be neglected.
Visualize:
Pictorial representation
y

Y2V Iy g —————
b ba
Known
Yo=0 wvp=0
YVl 6h=0 1=16s - @-- Motor stops
a;=—9.8 m/s2
tp=20s y,=5100m
a aj
I 0 Find 1 0
ap V2
Yo Vo To 0 g Rocket ---@--- Lift off
v
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Solve: (a) Using the constant-acceleration kinematic equations,2
v, =V Hay(t ! 1) =0nis+a,(16s! 09 =3a,(169

o=y (b ] L)+ Sa (L1 t)2 =4 (165! 092 = a (128<)
1= Yo TVl Ty 2301 0 2a0 a,

1
Y=Y, +vl(t2 ! tl) +Ea1(t2 ! tl)2

" 5100m=1285" g, +16 53,(20 s! 165)+%(! 9.8m/s’)(20s! 169%" g, = 27 m/s®

(b) The rocket’s speed as it passes through a cloud 5100 m above the ground can be determined using the kinematic

equation:

2.51. Model: We will model the lead ball as a particle and use the constant-acceleration kinematic equations.

Visualize:

v, =V +a(t, ! t)=(169a, + (! 98 m/s*)(4 s) = 390m/s
Assess: 400 m/s! 900 mph, which would be the final speed of a rocket that has been accelerating for 20 s at a rate
of approximately 20 m/s? or 66 ft/s?.

y
Lead ball
Diving board
Yo» Vo» o
dy
e YV b
a; =0
Q Y2, V25 Iy
0

Known

¥o=0 v=0

1o=0 ay=-9.8 m/s?
y1=-50m

V2=V

tp=3.0s

Find

Y2

Note that the particle undergoes free fall until it hits the water surface.

-

v
_-__@---- Ball released
b1

150

----¢---- Water surface

Y
I
o=

----e---- Lake bottom

Solve: The kinematics equation Y; =y, + Vo (t; ! t5) + %ao(t1 ! to)2 becomes

Now, once again,

150m=0m+0m+ (1 98mF)(L ! 07" t=101s

1
Yo =y tvi(t ) +§a1(t2 ! t1)2
" y,1y, =v(30s! 1019 +0ms=199y,

v, is easy to determine since the time t; has been found. Using v; = v, + ao(t1 ! to), we get

v, =0 m/s! (9.8m/s?)(101s! 0s)="!9.898m/s

With this value for v;, we go back to:

Y, ! y; =199y, =(199)(! 9898 nm/s) =! 197 m

Y, ! Yy, is the displacement of the lead ball in the lake and thus corresponds to the depth of the lake. The negative

sign shows the direction of the displacement vector.

Assess: A depth of about 60 ft for a lake is not unusual.
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2.52. Model: The elevator is a particle moving under constant-acceleration kinematic equations.
Visualize:

Pictorial representation

Elevator l Y
4 Y3 V313 I
a, 1 J. a, 1
A | 2% S S
Known !
Yo = 0 o= 0
vo=0 ay=1.0m/s?
vi=5m/s a;=0 ®
v,=5m/s  a,=—1.0m/s? .
y3= 200 m V3= 0 ! 1=
Find
y B |
[ ]
1YVl Y —
of | af
4 Yo Vo lo I
0 v

Solve: (a) To calculate the distance to accelerate up:
()? =V5 +2a5(Yp ! ¥p)" (BMVS)® = (0 mis)® +2(1mis?)(y; ! Om)" 'y, =125m
(b) To calculate the time to accelerate up:
V=V +ay(t ! )" 5mis=0mis+(Amis) (! 09" t =55
To calculate the distance to decelerate at the top:
Vi =v3 +2a,(y, ! Y,) " (0m/s)? =(Smis) +2(0 TmsP)(y; ! y,) " Y !y, =125m
To calculate the time to decelerate at the top:
Vo=V, +ay(ty! 1) " Omis=5mis+ (1 1m/isf)(t,! t,)" ty!t, =55
The distance moved up at 5 m/s is
Yo = Y1 =(Y5=Yo) = (Y3 ¥5) = (Y1 = ¥o) =200m-125m-125m=175m

The time to move up 175 m is given by

Vo ! v =yt ! t1)+%a1(t2! t)?" 175m=(GEme)(t, ! )" (t,! ) =35s

To total time to move to the top is
G )+ )+ (! t,)=5s+35s+t55=455s

Assess: To cover a distance of 200 m at 5 m/s (ignoring acceleration and deceleration times) will require a time of
40 s. This is comparable to the time of 45 s for the entire trip as obtained above.

© Copyright 2013 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.



Kinematics in One Dimension 2-27

2.53. Model: The car is a particle moving under constant-acceleration kinematic equations.

Visualize:

Pictorial representation

-

-

Starts %o R ) Stops
Known a;=0
00 =0 S B e G e  6ie |
=0 ay=4.0m/s? X0, Vo, lo XV I X3, V2, I X3, V3,13
t}=6s t,=8s
V)=V
a, = —3.0 m/s?
v5=0 Accelerate Coast Brake

| | | |
Find 7 Or-0>-0—>- *—>o—>0>0r0
X3 Starts == a;=0 < Stops
o a

Solve: This is a three-part problem. First the car accelerates, then it moves with a constant speed, and then it
decelerates.
First, the car accelerates:

V=V +ay(t ! ) =0 mis+ (40 mis?)(6's! 0s) =24mis

X =% V(! t) +%ao(t1 I 15)?=0 m+%(4o ms?)6s! 092 =72m
Second, the car moves at V;:

X, ! X = vyt ! t1)+%a1(t2! t)>=(24ms)8s! 69 +0m=48m
Third, the car decelerates:
V3=V +ay(ty! )" Omis=24mis+ (130 misd)(t! t,)" (! t,)=8s
Xy = X, +V(ty ! 1) +%a2(t3! )" %! X, = (24mS)8 9 +%(! 30 M) 92 =96m

Thus, the total distance between stop signs is:
X1 X =051 %)+ (6 X))+ (X! X)) =96m+48n+72m=216m
Assess: A distance of approximately 600 ft in a time of around 10 s with an acceleration/deceleration of the order of
7 mph/s is reasonable.
2.54. Model: The car is a particle moving under constant linear acceleration.

Visualize:

Pictorial representation

Start dy ay

 — —_—
Known
=0 70 i Y- B e |
ag=2.0 m/s? X0 Vo: lo XVl X, Vo by
a, =2.0 m/s2
t1=40s
X, =x;+30m
6 =30 Start

| | |

Find V @t @——>-® > ;
Vo - —_—

Ao d,=d,

Solve: Using the kinematic equation for position:
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S x V(L L)+ tat, ] £)2" x +30m=x 4 (50s! 408+ (2 ms2)(50s! 409>
X=Xl salht X XtV >
" 30m=v,(1059) +%(2 m/s?)(109)? " v, =29 m/s

And 4.0 seconds before:
Vi =V tag(t ! )" 29 mis=v, + (2 m/s?)(40s! 09" Vg =21m/s

Assess: 21 m/s ! 47 mph and is a reasonable value.

2.55. Model: Santa is a particle moving under constant-acceleration kinematic equations.
Visualize: Note that our x-axis is positioned along the incline.

Pictorial representation

Known

xX=0 vy=0

th=0

a = g sin 30°
=4.9 m/s?

x;=10m

Find
Vi

=i

Solve: Using the following kinematic equation,
V2=Va+2a (%! %)= (0m/9)? +2(49 mis?)(10m! Om)" v, =99 mis

Assess: Santa’s speed of 20 mph as he reaches the edge is reasonable.

2.56. Model: The cars are represented as particles.
Visualize:

Pictorial representation
Known

Xp0=0 1,0=05hr

an=0 vag=va;=50mph Carol £g g ) o op
Xcp=24mi (=0 A a=0
- LY - , 7 5

ac=0
Vo = Ve = 36 mph 0 XA VAL
XA0> VA0 TA0 Xco» Veos co Xcis Ve b
Find
ty when x,; =x¢ - o
XS X =X . v Carol a= !
1ALl This frame V. -+ - o & ®
made before L T o s ]
Ann starts. - e |
v @ - > > @ >0
Ann > !
=l End at same
position
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Solve: (a) Ann and Carol start from different locations at different times and drive at different speeds. But at time t;

they have the sameposition. It is important in a problem such as this to express information in terms of positions(that is,
coordinates) rather than distances. Each drives at a constant velocity, so using constant velocity kinematics gives

Xa1 = Xa0 tVall ! Tag) =VA (G ! Tag)  Xo1 = Xco * Vel ! teg) = X0 *Vch
The critical piece of information is that Ann and Carol have the same position at t;,s0 X,; = X~. Equating these

two expressions, we can solve for the time t; when Ann passes Carol:
Valty! tag) = %o + Vel
(Vo ! Vo)t = Xco *Valao
_ Xco tValag _ 24 mi+ (50 mph)(05 h)
Vo ! Ve 50 mph! 36 mph
(b) Their position is X = Xa; = Xo1 = X +Vct, = 7286 miles! 73 miles

=196h#20h

(c) Note that Ann’s graph doesn’t start until t = 0.5hours, but her graph has a steeper slope so it intersects Carol’s
graph att! 2.0 hours.

x (mi)
73 +
.
o
Q
A,
B . : : — 1 (h)
0 0.5 1.0 1.5 2.0

2.57. Model: Model the ice as a particle and use the kinematic equations for constant acceleration. Model the
“very slippery block™ and “smooth ramp”* as frictionless. Set the X-axis parallel to the ramp.
Visualize:

lea

Note that the distance down the ramp is ! x = h/sin”. Also a = gsin/ down a frictionless ramp.
Solve:

(a) Use Vf2 :Vi2+2q(! X, where v; =0.
“ . h
Vi =2al X" v = 1/2(gsm;f;z‘)ﬂ = \J2gh
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(b) For h=0.30m,

v, =1/2(98 ms2)(030 m) = 24 Vs

This is true for both angles as the answer is independent of the angle.
Assess We will later learn how to solve this problem in an easier way with energy.

2.58. Model: We will model the toy train as a particle.

Visualize:
Pictorial representation
Known
X%=20m 1,=0 m -
L
Vo =2.0m/s
Xg, Vo, 1 X1, Vi, t Xy, Va, I
vy =vy=2.0m/s 0 %0270 - LVt -— 2V Iy
t,=205 vy=0 %= a
1= 4 V2 =
Xy = 8.0m
Find . ‘Wheel Istlcks Train Istops
a K 4 ©® & ® @ >0
ay=0 —

Solve: Using kinematics,
1
X =% V(! L) +Ea0(tl! t,)>=2m+(20m/s)(20s! 09+0m=60m
The acceleration can now be obtained as follows:

v§ = V12 +2a(%,! x)" 0 m?/s? = (20 m/s)? + 2a,(80m! 60m)" a =210 s

The magnitude is 1.0 m/s?.

Assess: A deceleration of 1m/s? in bringing the toy train to a halt over a distance of 2.0 m is reasonable.

2.59. Model: We will use the particle model and the kinematic equations at constant-acceleration.
Visualize:

Pictorial representation

ay=0 40_1
:]0:(?.2(?15/5 vi=vp *or Vo fo Meveh X2, Vs by
v, =0
a=—10m/s2 - - o
Fid e ° ® —i s
Xy i d=0 ' — '

Solve: To find X,, let us use the kinematic equation

v§ = V12 +2a(x,! x)=(0 m/s)? = (50 mvs)? + 2(! 10 rn/sz)(x2 Px)" X, =x+125m

Since the nail strip is at a distance of 150 m from the origin, we need to determine X;:
X =% V(! t) =0m+ (50 m/s)(060s! 00s)=30m

Therefore, we can see that X, = (30+125 m =155m. That is, he can’t stop within a distance of 150 m. He is in jail.

Assess: Bob is driving at approximately 100 mph and the stopping distance is of the correct order of magnitude.
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2.60. Model: We will use the particle model with constant-acceleration kinematic equations.
Visualize:

Known Pictorial representation
X=0 1,=0

vy =5.0 m/s
0 X2, V2, by

x;=3.0m Puck

v, =4.0 m/s ue

v, =0

Find Xo» Vo» To /
xz— Released a

-

v

Solve: The acceleration, being the same along the incline, can be found as

V12 = vg +2a(x ! %) " (40 m's)? = (50 m/s)> +2a(30m! Om)" a=115m/s

We can also find the total time the puck takes to come to a halt as
V, =V +alt,! t,)" 0mis=(50ms)+ (! 15mis?)t, " t,=33s

Using the above obtained values of aand t,, we can find X, as follows:

X =% gl | ) +2all, ! 1)? =0m+ (50 ME:3 9+ (1 15m)33 47 =83m

That is, the puck goes through a displacement of 8.3 m. Since the end of the ramp is 8.5 m from the starting position

X, and the puck stops 0.2 m or 20 cm before the ramp ends, you are not a winner.

2.61. Model: Model the ball as a particle. Ignore air resistance.

Visualize:
YuVy @ = e StOp
Known
Yo=0m vy=0m/s
y=d
y,=d+h v,=0m/s
a=-8
Find
A
]
[ ]
A
h l 4 Free-fall
[ ]
A
[ ]
A
YoV & 0 - " —
A
d I dy Launching
Yo Vo @ 000 - z ______
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Solve:

(a) We can apply the kinematic equation sz ! Vi2 =2a"y twice, once for the launching phase and again for the free

fall phase. In the launching phase the acceleration is up (positive), V; =0 and 'y =y, " y, =d.
V12 =2a,d
In the free fall phase the accelerationis & =!g, v, =0, and 'y=y," y =h
IvZ =2ah=2(! g)h

Cancel the negative signs and set the two expressions for V12 equal to each other.

23,d =2gh
Solve for ay-
_Dg
%74
(b) For h=3.2m, and d =0.45m we get
h 32m
=—g=—2"(9.8m/s?) =697 m/s’ | 70 m/s?
% d g 0.45m( )

Assess: The answer is independent of the mass of the ball. The units check out.

2.62. Model: The ball is a particle that exhibits freely falling motion according to the constant-acceleration
kinematic equations.
Visualize:

Pictorial representation

1'p/ I v

Known i
,V():O t0=0 [701 i a()l 1“0
y1=50m ]
ag=—9.8 m/s? e o 9 ¥l mmmees
vi=—10m/s l
Find
Vo /

) 1YoV lo  ------

i v

41 R B

Solve: Using the known values, we have

V12 = vg +23,(y; ! Yp) " (110 m/s)? = vg +2(198 M/s?)(5.0 m! Om) " vy =14 m/s

2.63. Model: The car is a particle that moves with constant linear acceleration.

Visualize:
Pictorial representation
EO =0 ﬁl
Known e e T
SHOWEE %
=D o S20m Xo» Vos o X1, vt Xoy Vau by
=0 1,=10s o b »
vi=vp=20m/s
h=15s
=200 Reaction Braking Still moving
Find Ve ® ® ® +—o—>e
T ' e ' s :

a
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Solve: The reaction time is 1.0 s, and the motion during this time is
X =X V(! ty) =0m+(20m/s)(10s) =20 m

During slowing down,
X, =% +Vy (L ! b)) +%a1(t2 I )% =200m
=20m+ (20 m/s)(15s! 10 9) +%a1(15 s 1.09%" a =!102m/s’
The final speed V, can now be obtained as

V, =V, +a(t, — ) = (20 m/s) + (-1.02 m/s*)(15 s - 1'5) = 5.7 m/s

2P _2(36! 10° W) _

=60 m?/s®. Thus
1200kg

= /(60 mP/St

At 1=105v, =4/(60m?/s*)(10s) = 24 nis (! 50 nph), and at t = 20 v, =35m/s (! 75mph),

(b) With v, = «/z—r:tllz, we have
a _de = 2_P| Et"llzz i
*dt \mo 2 \ 2mt
P (36! 10" W) .
CAtt=1sa =,/— =,[——— "’ =39 n/s’. Similarly, at t =105 a, =12 m/s°.
© S %=\ 2m =\ 201200kg1 9 fmilarly, 2 S &

(d) Consider the limiting case of very short times. Note that a ! " ast! 0. This is physically impossible for the
Alfa Romeo.

2.64. Solve: (a) The quantity —

/2P L
() We can use the relationship that v, = %and integrate to find X(t). We have v, = th and the initial

condition X = 0 at t = 0. Thus

” OdX EH étl/zdt

and x = /2 t3/2 / {32
3/2 3

(f) Time to travel a distance X is found by solving the above equation for t.

Ere

2.65. Model: Both cars are particles that move according to the constant-acceleration kinematic equations.

For x=402m,t =182 s
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Visualize:
Pictorial representation

ap=0
& X
Known Xpo» VDo» Ipo Xp1> VD1» ID1
Xpo=0 vpy=30m/s
tho=0 Xxpo=0 ZiT
vo=0 11o=0 _—
ap=0 ap=20ms? 6 igp G
*p1 =411 ¥10: Y10+ IT0 XrpVris Iy
Ip) =11)
Find
A1 vni R
ap=0
VD @ { { L { ]
VD @=——b-@ @ { L ]
_~>>
ar

Solve: (a) David’s and Tina’s motions are given by the following equations:
=X V(s ! )+ A (b, !t )P = vt
Xp1 = Xpo * Vpo(tp1 ! tho) EaD( p1! too)” = Voolpy

_ 1 2 _ 1 2
Xr1 = Xo * Vo (try ! tTo)+§aT(tT1! tro) ‘Om+0m+§aTtT1

When Tina passes David the distances are equal and ty; =1, so we get

1 1 _ ZVDO _2(30ms) _
polp1 = EaTtTl ' Vpg = EaTtTl Pty a

X
o 20m/s?

=X

|
T1° VY]

D1

Using Tina’s position equation,

%o = 2o t2 =120 mis2)(30 52 = 900m
T1 2 TT1 2

(b) Tina’s speed Vi, can be obtained from
Vpy = Voo +ap(tyy ! trg) = (0 mVs) + (20 ms?)(30's! 0 ) =60 m/s

Assess: This is a high speed for Tina (~134 mph) and so is David’s velocity (~67 mph). Thus the large distance for
Tina to catch up with David (~0.6 miles) is reasonable.

2.66. Model: We will represent the dog and the cat in the particle model.

Visualize:
Pictorial representation Window
Dog dp ac
Known ’ < Cat
Xpo=0  vpg=1.50m/s 0
o=0 ap=—0.10 m/s? \@ H
Xco=15m ve=0 T T T X
1co=0 ac=0.85m/s? Xpos VDo ID0 Xco Veos fco Xcisvers el
Xc;=3.0m
Find R
D1 “D
Dog
L ¢ { »G—o-G—B '
Vp |
dc L Wi
Cat L 5 Window
L ¢ ® ®
Ve i
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Solve: We will first calculate the time te, the cat takes to reach the window. The dog has exactly the same time to

reach the cat (or the window). Let us therefore first calculate t-, as follows:

_ 1 2
X1 = %o FVeolter ! teo) + Eac(tm ! teo)
" 30m=15m+0m+ %(085 M2, " te =1879s

In the time t,, =1.879s the dog’s position can be found as follows:

_ 1 2
Xp1 = Xpo * Vpo(lps ! tpo) EaD(tDl ! ipo)
=0 m+ (150 ms)(1.879 3+ %(! 010 M/s)(18799? =26 m
That is, the dog is shy of reaching the cat by 0.4 m. The cat is safe.

2.67. Model: Jill and the grocery cart will be treated as particles that move according to the constant-acceleration
kinematic equations.
Visualize:

Pictorial representation

Known

x0=0 =0
=0 ay=2.0m/s2
Xc0=20m vg=0

Ico=0
ac =g sin 3°=0.513 m/s2

X315 Vi1s I
Find XcisVers lei

Xci

Solve: The final position of Jill when the cart is caught is given by
_ 1 2 _ 1 2_1 2\:2
Xy = Xp0 +Vyo(ty ! ty) +§a~]0(tJl Ftp) =0m+0m +§a30(tJl 1 0g° = 5(2.0 m/s™)ty;
The cart’s position when it is caught is
_ | 1 N 1 2\t 1 092
Xe1 = %o T Veolter ! teo) +§.9C0(tCl I'teg)*=20m+0 m+§(05 m's®)(t,, ! 09
=20 m+(025m/s*)t3,
Since Xy =Xy and ty =t~, we get

%(2.0)521 =205 +0285 ! 0753 =20§°! t, =5.16s

I Xg =20m+(025m/s?)t3; = 20 m+ (025 m/s?)(5.16 9% = 26.7 m

So, the cart has moved 6.7 m.
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2.68. Model: The watermelon and Superman will be treated as particles that move according to constant-
acceleration kinematic equations.
Visualize:

Pictorial representation

y Watermelon Superman
Watermelon Superman Vi Vs
O 1 Xwo> Ywo: f'wo X500 V500 Is0 ® ®
®
y
Known ?
Ywo=320m  vyo=0
two=0s ay=—9.8 m/s?
¥s50=320m vgy=—35m ® y
t50=0 4
ag=0 a. - a -
s ayy 1 dg=0 awl as=0
Find !
Vil [ )
®
y
[ ]
y
O 1w Vwis fwi Xs1> Vs1s Is ® ®

Solve: The watermelon’s and Superman’s position as they meet each other are

_ 1 2
Ywi = Ywo Vot ! two) + ano(tw1 ! tyo)
1
Ya1 = Yo T Vaolts ! o) +§aso(t51 ! tso)z

" Y =320M+0 m+%(! 98 Ms?)(t,,, ! 09>

Vg =320m+(135m/s)(ty ! 05)+0m

Because tgy =tyy,
Vw1 =320m! (A9 mMs)tg, Vg =320m! (35m/9) ty,,
Since Yy = Vg
320m! (49 mis?)tg,, =320m! (35 m9)t,, " t,, =0sand71s
Indeed, t,,; =0 scorresponds to the situation when Superman arrives just as the watermelon is dropped off the
Empire State Building. The other value, t,,; =7.15 is the time when the watermelon will catch up with Superman.
The speed of the watermelon as it passes Superman is
Vvt = Vivo * Bwo(tw ! two) =0 mis+ (198 mis®)(71s! 0'9) =! 70 m/s

Note that the negative sign implies a downward velocity.
Assess: A speed of 140 mph for the watermelon is understandable in view of the significant distance (250 m)
involved in the free fall.

© Copyright 2013 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.



Kinematics in One Dimension 2-37

2.69. Model: Treat the car and train in the particle model and use the constant acceleration kinematics equations.
Visualize:

Pictorial representation

y
Known
X=0m vy =20m/s 7,=0s a,
Vi, =V, =20m/s 1,=0.50s Fmm e —_—
X, =45m T = X
Yo=0m vo,=30m/s X0 Vow 1o X Vi E X2 Vax Iy

Yo=60m vy =vo, =30m/s

Find Y2, Vay I

a

—Ym’ Voys fo

Solve: In the particle model the car and train have no physical size, so the car has to reach the crossing at an

infinitesimally sooner time than the train. Crossing at the same time corresponds to the minimum & necessary to

avoid a collision. So the problem is to find @ such that X, = 45m when y, =60m.

The time it takes the train to reach the intersection can be found by considering its known constant velocity.

yz! y0_60m,,
LIty ot

vV,

oy t,=20s

=V, = 30m/s=
Now find the distance traveled by the car during the reaction time of the driver.
X = Xy + Vo, (4 ! 1)) =0+ (20 m/s)(050s) =10 m

The kinematic equation for the final position at the intersection can be solved for the minimum acceleration &,.
_ _ | 1 RV
X, =45m=x +v, (1,! ) +§a1(t2 'y)
1
=10m+(20ms)(159) +-a (15 5)?

" g =44ms

Assess: The acceleration of 4.4 m/s°= 2.0 miles/h/s is reasonable for an automobile to achieve. However, you
should not try this yourself! Always pay attention when you drive! Train crossings are dangerous locations, and
many people lose their lives at one each year.

2.70. Model: Model the ball as a particle. Since the ball is heavy we ignore air resistance.
Visualize: We use the kinematic equation !y =v! t+ Ea(! t)2, but we set the origin at the ground so Yy, = h and
y; =0; this means 'y=y," y, =" h. We release the ball from rest so at t; =0 we have v; =0 and !t=t. We

also note that a=1! g where g is the free-fall acceleration on Planet X. Making all these substitutions leaves

'1 $,
h=,=gst
# %,

So we expect a graph of h wvs. t? to produce a straight line whose slope is g/2 and whose intercept is zero.

Compare to y=mx+b where y=h, m=g/2, x=t?, and b=0.
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Solve: First look at a graph of height vs. fall time and notice that it is not linear. It would be difficult to analyze.
Even though the point (0,0) is not a measured data point, it is valid to add to the data table and graph because it

would take zero time to fall zero distance.

Height vs. fall time
6 =

5 °
4 °
E
5)
us}
2 A .
14 °
0 T T 1
0 0.5 1 1.5
Fall time (s)

However, the theory has guided us to expect that a graph of height vs. fall time squared would be linear and the
slope would be g/2. First we use a spreadsheet to square the fall times and then graph the height vs. fall time

squared to see if it looks linear and that the intercept is close to zero.

Height vs. fall time squared
y =3.7326x — 0.0053, R* = 0.996

Height (m)
(%)
1

T
0 0.5 1 1.5

Fall time squared (s%)

It looks linear and R =0.996 tells us the linear fit is very good. We also see that the intercept is a very small
negative number which is close to zero, so we have confidence in our model. The fit is not perfect and the intercept is
not exactly zero probably because of uncertainties in timing the fall.

We now conclude that the slope of the best fit line m= 3.7326is g/2in the proper units, so g =2! 3.7326m/s” =

7.5m/s? on Planet X.

Assess: The free-fall acceleration on Planet X is a little bit smaller than on earth, but is reasonable. It is customary
to put the independent variable on the horizontal axis and the dependent variable along the vertical axis. Had we done

so here we would have graphed t2 vs. h and the slope would have been 2/g. Our answer to the question would be
the same.
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2.71. Model: Model the car as a particle. Ignore air resistance. Hard braking means the wheels are locked (not
turning) and the car is in full skid. For convenience, assume the car is skidding to the right.

Visualize: We use the kinematic equation sz ! Vi2 =2a"x. In this case V; =0 and a<0, but since we want the

deceleration (which is the absolute value of the acceleration) we drop the negative signs. Relabel Vv, as v. We’ll call the
beginning of the skid mark the origin so that X, = 0 and the skid length is ! X = X. Making these substitutions leaves

v = (2a)x
So we expect a graph of V2 vs. X to produce a straight line whose slope is 2a and whose intercept is zero. Compare
to y=mx+b where y=v?, m=2a, X=X, and b=0.

Solve First look at a graph of the data of speed vs. skid length and notice that it is not linear. It would be difficult to
analyze. We added the point (0,0) to the data table and graph because we are sure that if the speed were zero the skid

length would also be zero.

Speed vs. skid length

Speed (m/s)

0 T T T T T 1
0 10 20 30 40 50 60

Skid length (m)

However, the theory has guided us to expect that a graph of speed squared vs. skid length would be linear and the
slope would be 2a. First we use a spreadsheet to square the speed and then graph the speed squared vs. skid length
to see if it looks linear and that the intercept is close to zero. Only if it is linear is the deceleration constant,
independent of speed.

Speed squared vs. skid length
y=15.812x — 1.8615, R? = 0.9953

1000
900
800
700
600
500 ~
400 ~ (]
300
200 ~
100

0 T T T T T 1
0 10 20 30 40 50 60

Skid length (m)

Speed (m/s)?
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(a) It looks linear and R? = 0.995 tells us the linear fit is very good. This means the deceleration (involved in the
slope) is constant, independent of speed. We also see that the intercept is a very small negative number which is close
to zero, so we have confidence in our model. The fit is not perfect and the intercept is not exactly zero probably
because of uncertainties in measuring the speed.

(b) We now conclude that the slope of the best fit line m=15.812 is 2a in the proper units, so the deceleration is
a= % ! 15812 m/s? = 7.9 m/s’.

Assess The value of 7.9 m/s?> seems reasonable for hard braking. It is customary to put the independent variable
on the horizontal axis and the dependent variable along the vertical axis. Had we done so here we would have

graphed X vs. v2 and the slope would have been 1/2a. Our answer to the question would be the same.
2.72. Solve A comparison of the given equation with the constant-acceleration kinematics equation
=% Vot ! t) +2a (! )2
X =% Vol ! tp) Eax(l‘ 0)
yields the following information: Xy = om, X = 64 m, ty = O,t1 =4 s and vy = 32m/s

(a) After landing on the deck of a ship at sea with a velocity of 32 m/s, a fighter plane is observed to come to a
complete stop in 4.0 seconds over a distance of 64 m. Find the plane’s deceleration.

(b)
Pictorial representation |—\_\
2 - y
aX

iV

i

Known X0,V XVt
X0=0 tO=O 0> V0> *0 1LV
vo=32m/s
x=64m v =0
Find
x Lands Stops

Ve o ® —>e x

(c) 64m=0m+(32m/s)(4 s! Os)+:—2LaX(4s! 09? 64m=128m+(8s)a, " a =!8ms
The deceleration is the absolute value of the acceleration, or 8 m/s?.

2.73. Solve (&) A comparison of this equation with the constant-acceleration kinematic equation
2 _.\2
(Vi)™ = Vo, +2(a,)(¥,! ¥p)

yields the following information: y, =0 m,y, =10m, a, = 19.8mVs?, and Vyy = 10 m/s It is clearly a problem of

free fall. On a romantic Valentine’s Day, John decided to surprise his girlfriend, Judy, in a special way. As he
reached her apartment building, he found her sitting in the balcony of her second floor apartment 10 m above the first
floor. John quietly armed his spring-loaded gun with a rose, and launched it straight up to catch her attention. Judy
noticed that the flower flew past her at a speed of 10 m/s. Judy is refusing to kiss John until he tells her the initial
speed of the rose as it was released by the spring-loaded gun. Can you help John on this Valentine’s Day?
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(b)

Pictorial representation

Fyovetn, @ Judy notices
1
Known
V=0 =0
a=—9.8 m/s2 ®
y;=10m i >
d - d=—9.8m/s
‘ v, = 10 m/s '
Find ®
Vo \
I Yos Vos fo [ YE—— Start
v

(c) 10 m/s)? = vgy I 2(98 m/s?)(10m! Om)" Vo, =172 mis

Assess The initial velocity of 17.2 m/s, compared to a velocity of 10 m/s at a height of 10 m, is very reasonable.

2.74. Solve A comparison with the constant-acceleration kinematics equation
2 _ 2
(Vi)™ = ()" + 28,0 1 %)

yields the following quantities: x, =0m, v, =5m/s,v; =0nVs and a =! (98 mvs?)sin1c’.

(a) A wagon at the bottom of a frictionless 10° incline is moving up at 5 m/s. How far up the incline does it move
before reversing direction and then rolling back down?

(b)
Pictorial representation
Known Stops
x=0 vo=5m/s of
th=0 v =0

a, = —9.8 sin 10° (m/s2)

Find
X1

=l

(c) (0m9)? =(5mis)* ! 2(98 m/s?)sin10j(x, ! O m)
" 25m/s)® = 2(98 m/s?)(0174)x, " X, =7.3m

2.75. Solve (a) From the first equation, the particle starts from rest and accelerates for 5 s. The second equation
gives a position consistent with the first equation. The third equation gives a subsequent position following the

second equation with zero acceleration. A rocket sled accelerates from rest at 20 m/s? for 5's and then coasts at
constant speed for an additional 5 s. Draw a graph showing the velocity of the sled as a function of time up tot = 10 s.
Also, how far does the sled move in 10 s?
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(b)

Pictorial representation

Rocket

Known

X=0 vy=0

1o=0 ap=20m/s?
t1=5s 1,=10s X0, Vo» lo XVl X2, V2, I

V=V

Find
X2

'
___.___
[ ]
@

Vi V @—b-@ ®

T T
L I

() x = %(20 m/s?)(592 =250m v, =20m/s*(59 =100m/s  x, = 250m+ (100 m/s)(5 s) = 750m

2.76. Model: The masses are particles.
Visualize:

Solve The rigid rod forms the hypotenuse of a right triangle, which defines a relationship between X,and Yy;:

2.2 _12
X5 +yr =L
Taking the time derivative of both sides yields
dx, dy;
2%, —2 42y, —1 =0
AT
w =% nd vy, = o wri + =0
€ can now use ox = E an Vly = E 0 write XZVZX ylvly =U.

"y % Y1
Thus v, =! %—' Vv,, - But from the figure, = =tan! " v, =#v tan/.
X &~ X, Y

Assess As X, decreases (V,, <0), Y, increases (V1y >0), and vice versa.

2.77. Model: The rocket and the bolt will be represented as particles to investigate their motion.
Visualize:
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Pictorial representation

y
Bolt
YR1> VRI» § YBo> VBO» Bolt
YR1: VRI> TR1 § YBo: VB0 TR0 P .
Known off
YRo=0 Vvro=0 ®
tro=0 1g;=40s
YBo=JR1 VB0 = VRI ®
1 % lgB tso=tp;  ap = —9.8 m/s? 1 e 153
yg1=0 15;=6.05 b4
Find
Rocket aR
) v v
YRO> VRO IR0 0 E YB1> VB1: IB] Start ---@—----=——=-— Y
Rocket Bolt

The initial velocity of the bolt as it falls off the side of the rocket is the same as that of the rocket, that is,
Vgg = Vgiand it is positive since the rocket is moving upward. The bolt continues to move upward with a

deceleration equal to g =98 m/s® before it comes to rest and begins its downward journey.

Solve To find ay we look first at the motion of the rocket:
_ 1 2
Yr1 = Yro * Vro(lre ! tro) * EaR(tRl ! tro)
=0m+0 m/s+%aR(4.O s! 097 =8a,
To find ag we must determine the magnitude of Ygqor Yg,. Let us now look at the bolt’s motion:
= Yo + Vg (ta | to) + S (t, ! ty)?
Ye1 = Yeo * Veo(ler ! teo) EaB( B! tgo)
1 2
0= ypy +Vpy(BOS! 09)+(198 m/s’)(60s! 09)
I' Yg, =1764m" (60 9) vy,

Since Viy = Vg + 8g(tgy ! tro) =0 M/s+4 a, =4 ay the above equation for Yg, yields yp, =1764! 60(4ag). We
know from the first part of the solution that Y, = 8ay. Therefore, 8a, =1764! 240a, and hence a, =55 m's?.

2.78. Model: The rocket car is a particle that moves according to the constant-acceleration equations of motion.
Visualize:

Pictorial representation
Rocket

Known
Xo=0 vy=0m/s
th=0 1 =90s

a; = —5.0 m/s?
X, =990 m
=125
Find | i 3
Vz— V @b @ @b @b G 0> O—> 0—>- @
5 —_ ; -~— !
ag a;
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Solve This is a two-part problem. For the first part,
X =%+ Vot ! 1)+ Sag(t | )2 =0m+0m+ 25, (90s1 05 =2 (815)a,
Vi =V Hag(t ! 1)) =0nVs+a,(90s! 05 =(90 9)a,
During the second part of the problem,
X=X v Y) +%‘3‘1('[2 I 1)?
990m = :—2L(81 )a, + (90 9a,(12s! 909 + %(! 50 m/s?)(12 s! 9.0 §°

3, =15 m/s?
This leads to:
v, = (9.0 93, = (9.0 9(15m/s?) =135m/s
Using this value of v;, we can now calculate V, as follows:
v, =V +a(t, ! ) = (135m/s) + (! 50 mis?)(12 s! 9.0 9 =120ms

That is, the car’s speed as it passes the judges is 120 m/s.
Assess This is a very fast motion (~250 mph), but the acceleration is large and the long burn time of 9 s yields a
high velocity.

2.79. Model: Use the particle model.
Visualize:

Pictorial representation

Known i=0

X=0 vy=0 a =

t0=0 ay=3.6m/s?

t1,=313s a;=0

X, =100 m

Find

153
Start Acceleration Finish line
V G- @=-0—>-@ e ® ® ®

| = d=0 '
)

Solve (a) Substituting into the constant-acceleration kinematic equation
- 1 2 _ # . 10&
>%-x1+vl(t2!t1)+§a1(t2! t) 100m-x1+v1%52! §(+Om
100!
¢ =100 % | 10

2
v, 3

Let us now find v and X, as follows:
" %
V, =V + 8yt ! ty) =0 mis+ (3.6 n152)§%) sl 0 S&O: 12 m/s

" %
S x vt )+ e (b 1) =0mE0m+S(36 ML)el sl 0s. =20m
X =%l ) TSl 5 $3 %
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The expression for t, can now be solved as

100m! 20m 10s
y=——————+—=10s
12m/s 3

(b) The top speed = 12 m/s which means v, =12mVs. To find the acceleration so that the sprinter can run the
100-meter dash in 9.9 s, we use

Vl:VO+aO(t]_! tO)" lZ[TI/S:Orn/S+aOt1.. tllem/s

X = X +Vp(t ! t0)+%ao(t1! tp)? =0m+0 m+%""oﬁ2 = %aotl2
Since X, =% +Vv(t, ! 1)) +%a1(t2 ! tl)z, we get
100m = a2 +(12mg)(99s ! t)+0m
Substituting the above equation for t; in this equation,

12m/s;( 30:38m/52

(0]

| 2 |
100m = ,!%zbao #126:/5; +(12m/s)499 s'

(c) We see from parts (a) and (b) that the acceleration has to be increased from 3.6 m/s® to 3.8 m/s? for the sprint
time to be reduced from 10 s to 9.9 s, that is, by 1%. This decrease of time by 1% corresponds to an increase of
acceleration by

3.8! 3.6

——F—"100 =556
36 a

2.80. Solve (a) The acceleration is the time derivative of the velocity.

=T = Sgaqut ¢ ) = abd™

With a=1181m/s and b=06887s !, a =8134¢ %" /s’ Atthetimes t=0s 25, and 4s, this has the
values 8.134 m/s”, 2.052 m/s”, and 0.5175 m/s”.

(b) Since v, = % , the position X is the integral of the velocity. With v, = %( =a! a€ Pand the initial condition
that X, =0m at t, =0s
t t
I “dx=| dt" | aé dt
‘0 ‘0 ‘0
Thus

t
a a
x = at :at+Be2b‘!—

t
+§eth
b b

(o]

This can be written a little more neatly as
a
X:B(bt+e! bty )

=17150688% +¢€ %0881 | 1y m

(c) By trial and error, t = 9.92 s yields X = 100.0 m.
Assess Lewis’s actual time was 9.93 s.

2.81. Model: We will use the particle-model to represent the sprinter and the equations of kinematics.
Visualize:
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Pictorial representation

a; =0
X
Find
V.
2 Start Finish line
v ?—»o ¢ ® ® @ #
b . !
- a;=0

Solve Substituting into the constant-acceleration kinematic equations,
1 1
X, = X +Vo(t ! t) +%a0(t1 t,)>=0m+0m +%ao(4 sl 092 = antl2 = 560(4'0 s)?

" ><1:(832)a0
Vi =V Hag(t ! 1) =0nmis+a,(40s! 09" v, =(4.09 a,

From these two results, we find that X, = (2 s)v;. Now,

1
X=X V(! ) +§a1(t2 I )?
" 100m=(29v, +v,(10s! 49+0m" v, =125m/s
Assess Using the conversion 2.24 mph = 1 m/s,v; =125 m/s= 28 mph. This speed as the sprinter reaches the

finish line is physically reasonable.

2.82. Model: The balls are particles undergoing constant acceleration.
Visualize:

Pictorial representation

Known - B O Oos: Woylss fo
(YO)A =0 (V()y) =vy o= 0
o)g =h (voy)p=0

Find

(O')a when (y))a = (D 8i e (Vi)
I t
(e (Vly)A

FA O Goa Goas fo

Solve (a) The positions of each of the balls at t; is found from kinematics.
_ 1 5 1 5
(V) = (Vo) a + (Voy)aly ! 295 =Vl ! b

1 1
(e = (Yo)g * (Vo )ty ! Egﬁz =h! Egﬁz
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In the particle model the balls have no physical extent, so they meet when (y,) , = (¥;)g. This means

15 15 h
vot, ! =gt =h! =gt©" t =—
Otl 2 gtl 2 gtl 1 Vo
o 1 5 gh?
Thus the collision heightis y_, =h! —gtf =h! =,
« 2 2v%
(b) We need the collision to occur while y_, ! 0. Thus
2 2\2
h! g—hz" 0# 11 9—2" ht =0
2vy 2v; g
2vy
So hmax = ?

(c) Ball A is at its highest point when its velocity (Vly) A=0.

(Vy)a=(oy)at g™ 0=volgh ! t =

h h
In (a) we found that the collision occurs at t; = w Equating these, v =
0 0

Yo,

Vo
9
2
h=0
g

Assess Interestingly, the height at which a collision occurs while Ball A is at its highest point is exactly half of

M-

2.83. Model: The space ships are represented as particles.
Visualize:
X
Same position
and speed at 7, E
Klingons !
ot o |
Ko Enterprise |
0 i
gl
Pictorial representation
Known
=0 = Wi Klingons III>  dx=0 HPUIIID>
tg=0 xgo=100 km
vio=20km/s  ag =0 Enterprise #pIT11> — g i} mmany
VK1 =Vko  *E1 TXKI g l ' *
VgL = VK1 0 Xg15 VELS 1)
XE0: VEO» IE XKo: VKo» fo XK1s VKi: 1
Find
ag =a
_. Klingons ag = '
V. ~» » =9
iy = -G - - & -
Enterprise ]
* P End at same position
E

with same velocity
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Solve The difficulty with this problem is how to describe “barely avoid.” The Klingon ship is moving with constant
speed, so its position-versus-time graph is a straight line from X, =100 km. The Enterprise will be decelerating, so
its graph is a parabola with decreasing slope. The Enterprise doesn’t have to stop; it merely has to slow quickly
enough to match the Klingon ship speed at the point where it has caught up with the Klingon ship. (You do the same
thing in your car when you are coming up on a slower car; you decelerate to match its speed just as you come up on
its rear bumper.) Thus the parabola of the Enterprise will be tangent to the straight line of the Klingon ship, showing
that the two ships have the same speed (same slopes) when they are at the same position. Mathematically, we can say

that at time t; the two ships will have the same position (Xg; = X,) andthe same velocity (Vg = V). Note that

we are using the particle model, so the ships have zero length. At time t;,

Xes =Xy q + Vot
K1~ Xk kol =
0 0 Vk1 = VYko

1 -
= — = +
Xg1 = Vgoly + > ay Ver = Vgo taY4

Equating positions and velocities at t; :
+ = N =V +
ko * Vkoh = Veol Eaﬁ Vko = Veo tah
We have two simultaneous equations in the two unknowns a and t; From the velocity equation,
t=(Vgo! Vgo)/ @

Substituting into the position equation gives

2 2
(Vo ! Veo) +}a..f(v|<o! Veo) & ) (Vko! Veo)
2°¢ 4 | 2a

%0 = (Vo ! Vo)

(Vo " Vio)® _ .. (20000m/s * 50,000 mvs)?
2% 2(100000 m)

I a=2 =" 4500m/s?

The magnitude of the acceleration is 4500 nis?.

Assess The deceleration is 4500 m{sz, which is a rather extreme ! 460g. Fortunately, the Enterprise has other
methods to keep the crew from being killed.
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