DYNAMICS 3

Fourteenth Edition

R. C. Hibbeler



Typewritten Text
INSTRUCTOR
SOLUTIONS
MANUAL


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. 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.

12-1.

Starting from rest, a particle moving in a straight line has an
acceleration of @ = (2t — 6) m/s2, where ¢ is in seconds. What
is the particle’s velocity when ¢ = 6 s, and what is its position
when t=11s?

SOLUTION
a=2t—6
dv = adt

v t
/dv=/(21—6)dr
0 0
v=1>—6t
ds = vdt

s t
/ds: /(t2—6t)dt
0 0

A

=— — 3
)
Whenrt = 635,
v=20
Whenr = 11,
s = 80.7m

Ans.

Ans.

Ans:
s = 80.7m
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12-2.
If a particle has an initial velocity of vy = 12 ft/s to the

right, at s; = 0, determine its position when ¢ = 10s, if
a = 2ft/s’ to the left.

SOLUTION

1
X s =58y + vy —a,
() + vt + 2 2

0 + 12(10) + %(72)(10)2

= 20 ft Ans.

Ans:
s = 20ft
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12-3.

A particle travels along a straight line with a velocity
v = (12 — 3t?) m/s, where tis in seconds. When ¢ = 1 s, the
particle is located 10 m to the left of the origin. Determine
the acceleration when ¢t = 4 s, the displacement from
t = 0tot = 10, and the distance the particle travels during
this time period.

SOLUTION
v =12 — 3¢
dv
a=-_ = —6t],—4 = —24 m/s?
s t t
/ ds = /vdt = /(12—3t2)dt
-10 1 1
s+10=12r— 3 - 11

s=12—-r-21

sl=g =21

sl—10 = —901

As = —901 — (—21) = —880m

From Eq. (1):

v = 0whent = 2s
sli=y =122 — (2 =21 = -5

st = (21 = 5) + (901 — 5) = 912m

@
Ans.
t=0
-2l tzZa
t- 104 T - Sz
- s
$=—1Dm
§2-901m
Ans.
Ans.
Ans:
a=-24m/s
As = —880m

s =912m
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*12-4.

A particle travels along a straight line with a constant
acceleration. When s = 4 ft, v = 3 ft/s and when s = 10 ft,
v = 8 ft/s. Determine the velocity as a function of position.

SOLUTION

Velocity: To determine the constant acceleration a., set sy = 4 ft, vy = 3 ft/s,
s = 10 ft and v = 8 ft/s and apply Eq. 12-6.

() v’ = v + 2a.(s — so)
8 =32+ 24, (10 — 4)
a, = 4.583 ft/s’

Using the result a, = 4.583 ft/s?, the velocity function can be obtained by applying
Eq. 12-6.

(5) o> = vj + 2a.(s — s0)

<
Il

2 =32 + 2(4.583) (s — 4)

v = (V9.17s — 27.7) /s Ans.

Ans:
v = (V9.17s — 27.7)ft/s
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12-5.

The velocity of a particle traveling in a straight line is given
by v = (6t — 31%) m/s, where ¢ is in seconds. If s = 0 when
t = 0, determine the particle’s deceleration and position
when ¢ = 3 s. How far has the particle traveled during the
3-s time interval, and what is its average speed?

SOLUTION
v =6t — 3
dv
a= s 6 — 6t
Att = 3s 4
a=—-12m/s Ans.  E——
ds = vdt f2 o 22
s 1 &7 fa
/ds = /(6t — 31%)dt
0 0
s=32-1
Att = 3s
s=0 Ans.
Sincev = 0 = 6t — 32, whent = Oandt = 2s.
whent=2s, s =3(2)>—- (27> =4m
sp=4+4=8m Ans.
(vsp)mg = STT = g =2.67m/s Ans.
Ans:
s = 8m

Vayg = 2.67m/s
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12-6.

The position of a particle along a straight line is given by
s = (1.5 — 13.5¢ + 22.5r) ft, where t is in seconds.
Determine the position of the particle when ¢t = 6 s and the
total distance it travels during the 6-s time interval. Hint:

Plot the path to determine the total distance traveled.

SOLUTION

Position: The position of the particle when ¢ = 6 s is

Sli—es = 1.5(6%) — 13.5(6%) + 22.5(6) = —27.0 ft

Ans.

Total DistanceTraveled: The velocity of the particle can be determined by applying

Eq.12-1.

d
v = d—: = 4508 — 27.0t + 22.5

The times when the particle stops are
4502 — 27.0t + 225 =0

t=1s and t=35s

The position of the particle at = 0s,1sand 5s are
slimos = 1.5(0%) — 13.5(0%) + 22.5(0) = 0

s\,:15= 1.5(1%) — 13.5(1%) + 22.5(1) = 10.5 ft
sliese = 1.5(5%) — 13.5(5%) + 22.5(5) = —37.5 1t
From the particle’s path, the total distance is

Sor = 10.5 + 48.0 + 10.5 = 69.0 ft

=

\, <

I 105t l
o}

.

Ans.

[ Dinduin. il |
!' 480 ft , ’}
.5:-37-5'ft .s'= R70ft =5 .S=;0-5:ft
te5s 1« 0S8 tso  t=ls
Ans:

s| e = —27.0ft
St = 69.0 ft
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12-7.

A particle moves along a straight line such that its position
is defined by s = (2 — 6¢ + 5) m. Determine the average
velocity, the average speed, and the acceleration of the
particle when t=6s.

SOLUTION
s=t—6t+5
ds
U—E—Zl‘*6
dv
a—E—2

v =0whent =3

Sli=o =135
Sli=3 = —4
Sli=6 =5
As 0
vavg:E 820
St 9+9
(vgp)avg aiyviniaraats 3m/s

[ PN
Fx3

Ans.

Ans.

Ans.

5= Sm
PP £= a
Ans:
Vavg = 0

(vsp)avg =3 m/s

ali—gs = 2m/s’
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*12-8.

A particle is moving along a straight line such that its
position is defined by s = (102 + 20) mm, where ¢ is in
seconds. Determine (a) the displacement of the particle
during the time interval from ¢t = 1s to t = 5, (b) the
average velocity of the particle during this time interval,
and (c) the acceleration when 7 = 1s.

SOLUTION
s = 1022 + 20
(a) s}, = 10(1)> + 20 = 30 mm
slsy = 10(5)* + 20 = 270 mm
As = 270 — 30 = 240 mm Ans.

(b) At=5-1=4s

As 240
ey v 60 mm/s Ans.
d2
(c) a= de = 20 mm/s’ (for all ¢) Ans.

Ans:
As = 240 mm
Vavg = 60 mm/s

a = 20 mm/s’
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12-9.

The acceleration of a particle as it moves along a straight
line is given by a = (2t — 1) m/s% where ¢ is in seconds. If
s=1m and » =2m/s when =0, determine the
particle’s velocity and position when ¢ = 6s. Also,
determine the total distance the particle travels during this
time period.

SOLUTION
a=2t—1
dv = adt

v 1
/ dv = /(Zt — 1)dt
2 0

v=r>—t+2

dx = vdt

s 1
/ds=/(z2—z+2)dt
t 0

13 12
= PP+ u+l
ST30 T,

Whent =65

v =232m/s

s =67m

Sincev # Ofor0 =t = 65, then

d=67—-1=66m

$F6 7

Ans.
Ans.

Ans.

Ans:
v =232m/s
s = 67m

d = 66m
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12-10.

A particle moves along a straight line with an acceleration
of a=5/(3s"?+ s7%) m/s?, where s is in meters.
Determine the particle’s velocity when s = 2 m, if it starts

from rest when s = 1 m. Use a numerical method to evaluate
the integral.

SOLUTION

5

ads = vdv
2 v
5d
[0 o
1 <3s§+s5) 0
1
0.8351=5v2

v =129m/s Ans.

Ans:
v =129m/s

10
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12-11.

A particle travels along a straight-line path such that in 4 s
it moves from an initial position s, = —8 m to a position
sg = +3m. Then in another 5 s it moves from sz to
s¢ = —6 m. Determine the particle’s average velocity and
average speed during the 9-s time interval.

SOLUTION

Average Velocity: The displacement from A to Cis As = sc — Sy = —6 — (=8)
=2m.

As 2
Vae = N T a5 0.222m/s Ans.

Average Speed: The distances traveled from A to B and B to C are sy, = 8 + 3
=11.0m and sg_.c = 3 + 6 = 9.00 m, respectively. Then, the total distance traveled
iS STot — SA—B + Sp—>c — 11.0 + 900 = 20.0 m.

Stot _ 20.0
At 445

(vsp)avg = =222 m/s Ans.

8m 13m |
’I

3 P%

O-.Q—é_ﬂ:’._.____(__/-

O =

| [ ]
- . f

Somsrom SO Gpram

Ans:
Vavg = 0222 m/s
(Vsplavg = 2.22m/s

11
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*12-12.

Traveling with an initial speed of 70 km/h, a car accelerates
at 6000 km/h? along a straight road. How long will it take to
reach a speed of 120 km/h? Also, through what distance
does the car travel during this time?

SOLUTION

V=12 t+ a.t

120 = 70 + 6000(r)

t =833(10"3) hr = 30s Ans.
=1+ 2a(s — s)

(120)? = 70* + 2(6000)(s — 0)

s =0.792km = 792 m Ans.

Ans:
t =30s
s =792m

12
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12-13.

Tests reveal that a normal driver takes about 0.75 s before
he or she can react to a situation to avoid a collision. It takes
about 3 s for a driver having 0.1% alcohol in his system to
do the same. If such drivers are traveling on a straight road

at 30 mph (44 ft/s) and their cars can decelerate at 2 ft/s,
determine the shortest stopping distance d for each from
the moment they see the pedestrians. Moral: If you must
drink, please don’t drive!

SOLUTION

Stopping Distance: For normal driver, the car moves a distance of
d' = vt = 44(0.75) = 33.0 ft before he or she reacts and decelerates the car. The
stopping distance can be obtained using Eq. 12-6 with s = d' = 33.0ftand v = 0.

($) V2 = 0% + 2a, (s — )
0% = 44% + 2(—2)(d — 33.0)
d = 5171t Ans.

For a drunk driver, the car moves a distance of d' = vt = 44(3) = 132 ft before he
or she reacts and decelerates the car. The stopping distance can be obtained using
Eq.12-6 with sy = d’ = 132 ftand v = 0.

(—'t>) v = 0] + 2a, (s — sp)
0% = 44% + 2(-2)(d — 132)

d = 616 ft Ans.

d

Ans:
Normal: d = 517 ft
drunk: d = 616 ft

13
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12-14.

The position of a particle along a straight-line path is
defined by s = (2 — 612 — 15t + 7) ft, where ¢ is in seconds.
Determine the total distance traveled when ¢ = 10 s. What
are the particle’s average velocity, average speed, and the
instantaneous velocity and acceleration at this time?

SOLUTION
s=0—62—15t+ 7
ds
=—=3"—-12t— 15
v I t t
Whent = 10s,
v = 165 ft/s
dv
=— =060 — 12
T
Whent = 10,
a = 48 ft/s
When v = 0,

0=232—-12t - 15

The positive root is

t=35s

Whent = 0, s = Tft
Whent = S, s = —93ft
Whent = 10s, s =257 ft

Total distance traveled
st =7+ 93 + 93 + 257 = 450 ft

As 257 -7
= =2l L o504
Yave T A T 10— 0 /s

sp 450

(USP)avg = AL = E =45.0 f'[/S

= H -
Bk --.-'(-ui-o t=/ae
' e 7.
[ ] 3
iz 257 )
Ans.
Ans.
Ans.
Ans.
Ans.
Ans:
v = 165 ft/s
a = 48 ft/s?
sy = 450 ft

Vavg = 25.0 ft/s
(Vsp)avg = 45.0 ft/s

14
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12-15.

A particle is moving with a velocity of vy when s = 0 and
t = 0. If it is subjected to a deceleration of a = —kv®,
where k is a constant, determine its velocity and position as
functions of time.

SOLUTION
dv
=— = — ki
a ar 1%
v t
/u*d];:/ — kdt
v0 0
1, _ _
—E(V 2—V02)= — kt
1\\ "z
v = (Zkt + <—2)) Ans.
Yo
ds = vdt

Vo

Lt

2<2kt n <12)>2|
5= 2k 0
%

1
> — } Ans.
Yo

Ans:

1 -1/2
V= (Zkl + 7)
Yo

1/2
s=q(ou+ L)1
k 1)% Vo

15
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*12-16.

A particle is moving along a straight line with an initial
velocity of 6 m/s when it is subjected to a deceleration of
a = (—1.5v"2) m/s?, where vis in m/s. Determine how far it
travels before it stops. How much time does this take?

SOLUTION

Distance Traveled: The distance traveled by the particle can be determined by
applying Eq. 12-3.

ds:@

a
s v v
/ ds = / -dv
0 6m/s —1.502

v
s = / —0.6667 22 dv
6

m/s

= <—0.4444v% + 6.532) m

3

Whenv = 0, s = 70.4444(05> + 6.532 = 6.53 m Ans.

Time: The time required for the particle to stop can be determined by applying

Eq. 12-2.
it =P
a
t v
d
fo Lt
0 6m/s 1.502
[ = —1.333(v%)|§m/s = (3.266 - 1.333v%)s
When v = 0, [ = 3266 — 1.333(0%) =327 Ans.

Ans:
s = 6.53m
t=1327s

16
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12-17.

Car B is traveling a distance d ahead of car A. Both cars are
traveling at 60 ft/s when the driver of B suddenly applies the
brakes, causing his car to decelerate at 12 ft/s?. It takes the
driver of car A 0.75 s to react (this is the normal reaction
time for drivers). When he applies his brakes, he decelerates
at 15 ft/s%. Determine the minimum distance d be tween the
cars so as to avoid a collision.

SOLUTION
For B:
(5) v=vy+at

()

For A:

()

Vg =60 — 12¢

L5
s=s0+voz+5acl

1
sB:d+60t—5(12)t2

v =vy+ a.t

v, =60 — 15(t — 0.75), [t > 0.75]

()

L5
s=so+v0t+5act

s, = 60(0.75) + 60(t — 0.75) — %(15) (t — 0752, [t > 0.74]

Require v, = v the moment of closest approach.

60 — 12t = 60 — 15(¢ — 0.75)

t =3.75s

Worst case without collision would occur when s4 = s5.

Att = 3.75s, from Egs. (1) and (2):

60(0.75) + 60(3.75 — 0.75) — 7.5(3.75 — 0.75)* = d + 60(3.75) — 6(3.75)*

157.5 = d + 140.625

d =169 ft

@

2

Ans.

na

Ans:
d =169 ft

17
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12-18.

The acceleration of a rocket traveling upward is given by
a = (6 + 0.02s) m/s?, where s is in meters. Determine the
time needed for the rocket to reach an altitude of
s = 100 m. Initially,» = 0 and s = O when ¢ = 0.

SOLUTION

ads = vdy

S 14
/(6+0.02s)ds= /vdv
0 0

6s + 0.01s> = %VZ

v=\V12s + 0.02 s

ds = vdt

100 t
d
/ NGTETT / @
0 125 + 0.02 5% 0

100

1 12 _
In| V12s + 0.0252 + s\V0.02 + ] =1
1V0.02 [ 2V0.02 1y

t=562s

Ans.

Ans:
t=1562s

18
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12-19.

A train starts from rest at station A and accelerates at
0.5m/s? for 60 s. Afterwards it travels with a constant
velocity for 15 min. It then decelerates at 1 m/s? until it is
brought to rest at station B. Determine the distance
between the stations.

SOLUTION

Kinematics: For stage (1) motion, vy = 0,59 = 0, = 60s, and a. = 0.5 m/sz. Thus,

1
(i)) s=so+vot+5act2
1
51=0+0+ 5(0.5)(602) =900 m

(i)) V= + act
vy = 0 + 0.5(60) = 30 m/s
For stage (2) motion, vy = 30 m/s, sy = 900 m, a, = 0 and ¢t = 15(60) = 900 s. Thus,

1
<i)> S:S()‘l’v()t‘l’gaclz

55 = 900 + 30(900) + 0 = 27900 m

For stage (3) motion, vy = 30 m/s, v = 0, s, = 27 900 m and a, = —1 m/s?. Thus,

<i)> v =12yt ad
0=30+ (~1)
t=130s

L+

1 2
s =5 + Vot + Eact

1
s3 = 27900 + 30(30) + E(—1)(302)

= 28350m = 28.4 km Ans.

Ans:
s = 28.4km

19
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*12-20.

The velocity of a particle traveling along a straight line is
v = (3% — 6t) ft/s, where ¢ is in seconds. If s = 4 ft when
t = 0, determine the position of the particle when t = 4 s.
What is the total distance traveled during the time interval
t = 0tot = 4s? Also, what is the acceleration when t = 2 s?

SOLUTION

Position: The position of the particle can be determined by integrating the kinematic
equation ds = v dt using the initial condition s = 4 ft when ¢ = 0 s. Thus,

(%) ds = vdt
/Sds = /(3:2 — 6t)d - - s e rel0)
A 0 t=2s -\:_ i 1=05 |= 45
; , (fty
s| =@3-30 ' ! . S
i 0 o 4 20
s= (=32 +4)ft (&)
Whent = 4s,
Sas =4 =34 +4=20ft Ans.

The velocity of the particle changes direction at the instant when it is momentarily
brought to rest. Thus,

v=23"—66=0
t3t—6)=0
t=0andt =2s

The position of the particle at 1 = 0 and 2 s is
slyy =0 —3(0%) + 4 =41t

s, =22 -3(2%) +4=0

Using the above result, the path of the particle shown in Fig. a is plotted. From this

figure,
STor = 4 + 20 = 24 ft Ans.
Acceleration:
(%) a=%=%(3t2—6l‘)
a= (6t — 6)ft/s’
Whent = 25,
al—rs = 6(2) — 6 = 6ft/s> —> Ans.
Ans:
STt = 24 ft

a|t:25 = 6ft/s2_)

20
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12-21.

A freight train travels at v = 60(1 — e™) ft/s, where ¢is the
elapsed time in seconds. Determine the distance traveled in
three seconds, and the acceleration at this time.

SOLUTION
v="60(1—¢7"

s 3
/ds = /v dt = / 60(1 — e )dt
0 0

s =60(t + e D3

s = 123 ft Ans.
dv
=— =60(e""!
a o (e )
Att=3s
a = 60e3 =299 ft/s? Ans.

Ans:
s = 123 ft
a = 2.99ft/s?

21
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12-22.

A sandbag is dropped from a balloon which is ascending
vertically at a constant speed of 6 m/s. If the bag is released
with the same upward velocity of 6 m/s when ¢ = 0 and hits
the ground when ¢ = 8 s, determine the speed of the bag as
it hits the ground and the altitude of the balloon at this
instant.

SOLUTION
(+1) s:so+v0t+%act2
h=0+ (-6)8) + %(9.81)(8)2

=265.92m

During ¢t = 8 s, the balloon rises

h' = vt =6(8) =48m
Altitude = h + b’ = 26592 + 48 = 314m
(+l) v=vy+a.t

v=—6+ 9.81(8) = 72.5m/s

Ans.

Ans.

Ans:
h =314m
v ="725m/s

22
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12-23.

A particle is moving along a straight line such that its
acceleration is defined as a = (—2v) m/s?, where v is in
meters per second. If ¥ =20 m/s when s = 0 and t = 0,
determine the particle’s position, velocity, and acceleration
as functions of time.

SOLUTION

a= —2v

v = (20e) m/s Ans.

a=— = (—40e?) m/s> Ans.

s t
/ds =vdt = /(2052')61:
0 0

s = —10e [ = —10(e™ — 1)

s=10(1 — e?*)m Ans.

Ans:

v = (20e ) m/s

a = (—40e ) m/s?
s=10(1 —e¢?)m

23
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*12-24.

The acceleration of a particle traveling along a straight line

. 1 1/2 .
is a= ZS m/sz, where s is in meters. If v =0,s =1 m

when ¢t = 0, determine the particle’s velocity at s = 2 m.

SOLUTION
Velocity:
(i,) vdv = ads
/vv dv = /Slsl/zds
0 1 4
2 |v
v _lsa/z
21, 6 1
1
v = 7(s3/2 — 1)1/2 m/s
3
Whens = 2m, v = 0.781 m/s. Ans.

Ans:
v =0.781 m/s

24
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12-25.

If the effects of atmospheric resistance are accounted for, a
falling body has an acceleration defined by the equation
a = 9.81[1 — v*(10™*)] m/s%, where v is in m/s and the
positive direction is downward. If the body is released from
rest at a very high altitude, determine (a) the velocity when
t = 5s,and (b) the body’s terminal or maximum attainable
velocity (as t — o).

SOLUTION

Velocity: The velocity of the particle can be related to the time by applying Eq. 12-2.

(+1) dt:@

a
t v
/ gt = / S —
o 9.81[1 — (0.010)?]

0
t71{/“ dv +/ dv }
9.81 [ Jy 2(1 + 0.01v)  Jy 2(1 — 0.01v)

1+ 0.01v
9.81t = 50111(m)
100(60.1962t _ 1) (1)
/l} e
60.1962t +1

a) Whent = 5 s, then, from Eq. (1)

100[60.1962(5) _ 1]

v=—_——""=455m/s Ans.
019625) 4 1 /

0.1962t __ 1

b) Ift — o© — 1.Then, from Eq. (1)

b
e().l%Zt +1

Vmax = 100 m/s Ans.

Ans:
(a) v =455m/s
(b) Ve = 100m/s
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12-26.

The acceleration of a particle along a straight line is defined
by a = (2t — 9) m/s?, where ¢ is in seconds. At ¢ = 0,
s = 1m and v = 10 m/s. When ¢ = 9's, determine (a) the
particle’s position, (b) the total distance traveled, and
(c) the velocity.

SOLUTION
a=2t—-9

v t
/dv:/(Zt—9)dt
10 0
f=7t01s  t=s \’L__,i-i:x
'1)_10:Z2—9t L el P i =1.2985

- 30.50m im
v=2 -9+ 10 e P
S t
/ ds = / (2 — 9t + 10) dt
1 0
15
s—1=3r — 452+ 10¢
1
s=§t3—4.5t2+10t+1
Note whenv =2 — 9¢ + 10 = 0:
t=1298sandtr = 7.701 s

When ¢t = 1.298 s, s =713m

When ¢t = 7.701 s, s = —36.63m

Whent = 9s, s = —30.50m

(a) s= —-305m Ans.

(b)  Ss70,= (713 = 1) + 7.13 + 36.63 + (36.63 — 30.50)

S1or = 56.0 m Ans.

(c) wv=10m/s Ans.
Ans:
(a)s = —=30.5m
(b) s1ot = 56.0m
(c)v =10m/s
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12-27.

When a particle falls through the air, its initial acceleration
a = g diminishes until it is zero, and thereafter it falls at a
constant or terminal velocity Vr. If this variation of the
acceleration can be expressed as a = (g/v*/) (v’ — v%),
determine the time needed for the velocity to become
v = v;/2. Initially the particle falls from rest.

SOLUTION
d
o3

v d t
[
ovjzc*v V5 Jo

Ans.

Ans:

v
' = 0.549<—f)
g
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*12-28.

Two particles A and B start from rest at the origin s = 0 and
move along a straight line such thata, = (6t — 3) ft/s? and
ap = (12t — 8) ft/s?, where ¢ is in seconds. Determine the
distance between them when ¢ = 4 s and the total distance
each has traveled in ¢ = 4.

SOLUTION
Velocity: The velocity of particles A and B can be determined using Eq. 12-2. 0. ft
/' g
d’l)A = aAdt
N t (O
/ dvy = /(6t =3)dt s 0
0 0 RER——
5 - 40.5 ft |
vy =3t =3t Sg=-05t S, =0 Sy =400 fr
dv3=a3dt =l 1=0s (=4s
vg t
0
/ dvg = / (122 — 8)dt 01
0 0 ({——O
Vg = 48 — 8t N wrotraecios sosuur co sy 9
g ki
The times when particle A stops are t 1261 — -
Sp=-40ft Sp=0 Sg=192
3°-3t=0 t=0sand=1s t=N2s  1=0s 1=4s
The times when particle B stops are
4° -8 =0 r=0sandr = V2s
Position:The position of particles A and B can be determined using Eq. 12-1.
dSA = ’UAdl
S t
/ ds, = | (3% — 3t)dt
0 0
=p_2p
SA B
dSB = 'UBdt
Sp t
/ dsg = / (487 — 8r)dt
0 0
sp=t*— 4
The positions of particle A at¢ = 1sand 4 s are
3
Splimgs =1 — 5(12) = —0.500 ft
3_ 3.
SAlimas =4 — 5(4 ) = 40.0 ft
Particle A has traveled
dy =2(05) +40.0 = 41.0ft Ans.
The positions of particle B at t = V2sand4sare
Seli=va = (V2)* — 4(V2)? = 41t
Splima = (@)* — 4(4)> = 192 ft
Particle B has traveled A
ns:
dg = 2(4) + 192 = 200 ft Ans. dy = 4101t
Att = 4s the distance beween A and B is dp = 200 ft
ASAB = 152 ft

Asap = 192 — 40 = 152 ft Ans.
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12-29.

A ball A is thrown vertically upward from the top of a
30-m-high building with an initial velocity of 5 m/s. At the
same instant another ball B is thrown upward from
the ground with an initial velocity of 20 m/s. Determine the
height from the ground and the time at which they pass.

SOLUTION

Origin at roof:

Ball A:

1
+ s =9 + Vot + 7[lcl2
2

|
[
Il

1
0+y—5&&w

1
+ s =9 + Vot + 7[lcl2
2

|
©
Il

1
—ar+xn—5@snﬂ

t=12s Ans.

s =9.62m

Distance from ground,

d= (30 —9.62) =204 m Ans.

Also, origin at ground,
L 5
s =5y + vt + Eact

1
30—F5t+-5(—981y2

Sq =

1 2
sg =0+ 20r + 5(_9'81)t
Require
Sq4 = Sp

1 1
30-%5r+—5(—931y2::20:+—5(—931y2

t=2s Ans.

sp = 204 m Ans.

=

G

£
%9

2

Ir

f"vs

¥

Ans:
h =204m
t=2s
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12-30.

A sphere is fired downwards into a medium with an initial
speed of 27m/s. If it experiences a deceleration of
a = (—6t) m/s?, where ¢ is in seconds, determine the
distance traveled before it stops.

SOLUTION
Velocity: vy = 27 m/s at ty = 0s. Applying Eq. 12-2, we have
(—i—l) dv = adt
v t
/ dv = / —obtdt
27 0
v = (27 - 312) m/s @

Atv = 0, from Eq. (1)
=27-3% t=300s

Distance Traveled: s, = 0 m at t) = 0's. Using the result v = 27 — 3> and applying
Eq. 12-1, we have

(+1) ds = vdt
s _ t o
lds A(m 32) dt
s=(271 = F)m e}

Att = 3.00s, from Eq. (2)

s = 27(3.00) — 3.00° = 540 m Ans.

Ans:
s =540m
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12-31.

The velocity of a particle traveling along a straight line is
v = vy — ks, where k is constant. If s = 0 when 7 = 0,
determine the position and acceleration of the particle as a
function of time.

SOLUTION

Position:

() a=y

v
t s
ds
dt = e
/0 /OVO_kS

1 s
t|6 = In (vy — ks) .
1 Vo
t=In[ —"—
k n(vo - ks>
kt _ Yo
¢ vo — ks
_ Y —k
s—?(l—e ’) Ans.
Velocity:
_ds _d Vo }
V_dr_dz[k(l e ™)
v =ve M
Acceleration:
dv d —k
a=-_= (voe ’)
a=—kve ™ Ans.

Ans

D)
s = ;0(1 —eH)
a = —kvye X
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*12-32.

Ball A is thrown vertically upwards with a velocity of v.
Ball B is thrown upwards from the same point with the
same velocity ¢ seconds later. Determine the elapsed time
t < 2vy/g from the instant ball A is thrown to when the
balls pass each other, and find the velocity of each ball at
this instant.

SOLUTION

Kinematics: First, we will consider the motion of ball A with (v4)y = vg, (s4)0 = 0,
Sq4=h,ty =1t and (a)4 = —g.

(+1)

1
sq=(54)0 + (Va)ota + E(ac)A t4?
h=0+ vyt + %(—g)(t’)2

h= v = 5 2

va=(a)o + (a)ata
va =g+ (—g)t")

va=vy— gt 2)

The motion of ball B requires (vg)y = vo, (sg)o =0, sz = h, tg =t'— t, and
(a)p = —¢g

(+1)

1
sg = (s + (vp)otp + 5(%)3132
1
h=0+v(t'—1)+ 5(—g)(t'— 1)?

h=vyt'— 1) — %(r’— 1)? 3)

vg = (v + (ar)ptp
vg=vy + (=)'~ 1)

vp=vo— gt' — 1) )

Solving Egs. (1) and (3),

’ g/ ’ g '
Vot —Etzzvo(t _I)_E(t —1)?
_ 2v + gt

! 2% Ans.
Substituting this result into Egs. (2) and (4),
B (ZVO + gt>
Vva=VYo— § 2
1 1
= S Ans.
2 gt 2 gtl ns
2vy + gt
Vp=Vy — & T -1
1
=3 gt 1 Ans.

Ans:
. 2yt gt
= 2%
1
= —gt
7 zg\lr
1
=—gt
VB ng
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12-33.

As a body is projected to a high altitude above the earth’s
surface, the variation of the acceleration of gravity with
respect to altitude y must be taken into account. Neglecting
air resistance, this acceleration is determined from the
formula a = —go[R*/(R + y)?], where g, is the constant
gravitational acceleration at sea level, R is the radius of the
earth, and the positive direction is measured upward. If
g = 9.81 m/s? and R = 6356 km, determine the minimum
initial velocity (escape velocity) at which a projectile should
be shot vertically from the earth’s surface so that it does not
fall back to the earth. Hint: This requires that v = 0 as
y — Q.

SOLUTION
vdv = ady
0 0 dy
2
[”dﬂ* g0 A(R—&-y)z
20 g R |
EU_R"'Y()

<
Il

V2goR
= V/2(9.81)(6356)(10)°

= 11167 m/s = 11.2 km/s

Ans.

Ans:
v = 11.2km/s
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12-34.

Accounting for the variation of gravitational acceleration
a with respect to altitude y (see Prob. 12-36), derive an
equation that relates the velocity of a freely falling particle
to its altitude. Assume that the particle is released from
rest at an altitude y, from the earth’s surface. With what
velocity does the particle strike the earth if it is released
from rest at an altitude y, = 500 km? Use the numerical
data in Prob. 12-36.

SOLUTION
From Prob. 12-36,

RZ
+h  a= —8om

Since ady = vdv

then

y dy v
- RZ/ 7:/061@
& Yo (R+y)2 0

goRz{ ! T=f

R+ y], 2
1 1 v
goRz[ - 1=
R+y R+ y 2

Thus

o= R | 28000 —Y) Ans.
(R + y)(R + yo)

When y, = 500km, y =0,

v = —6356(10°) \/ 2(9.81)(500)(10%)
6356(6356 + 500)(10°)

3016 m/s = 3.02km/s | Ans.

S
Il

Ans:

2g0(yo — ¥)
(R + y)(R + yo)
Vimp = 3.02km/s

v=—R
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12-35.

A freight train starts from rest and travels with a constant
acceleration of 0.5 ft/s>. After a time ¢’ it maintains a
constant speed so that when ¢t = 160 s it has traveled 2000 ft.
Determine the time ¢’ and draw the v—¢ graph for the motion.

SOLUTION

Total Distance Traveled: The distance for part one of the motion can be related to
time ¢t = t' by applying Eq. 12-5 with sy = 0 and vy = 0.

1
<i>) s=s0+v0t+§act2
1
$1=0+0+ 5(0.5)(t')2 = 0.25(t')?
The velocity at time ¢ can be obtained by applying Eq. 124 with v, = 0.
(&) V=1 + at =0+ 05 = 0.5¢ )

The time for the second stage of motion ist, = 160 — ¢' and the train is traveling at
a constant velocity of v = 0.5¢' (Eq. (1)).Thus, the distance for this part of motion is

(&) s, = vty = 0.5¢'(160 — ') = 80t — 0.5(t")?
If the total distance traveled is sto,; = 2000, then
STot = S1 + 8
2000 = 0.25(t')* + 80t' — 0.5(t')?
0.25(¢")*> — 80t + 2000 = 0
Choose a root that is less than 160 s, then

t' =2734s =273s Ans.

v—t Graph: The equation for the velocity is given by Eq. (1).Whent =1 = 27.34s,
v=0.5(27.34) =13.7 ft/s.

V(R/s)
/37 T-- ' !
L v=05t ;
]
|
= 4 —1(5)
273 160
Ans:
' =273s.

When ¢ = 27.3s,v = 13.7 ft/s.
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*12-36.
The s—t graph for a train has been experimentally s (m)
determined. From the data, construct the v—¢ and a—f graphs
for the motion; 0 =t =40 s. For 0 = = 30 s, the curve is
s = (0.4£%) m, and then it becomes straight for t=30s.
600
360
SOLUTION
0=r=30
) £(s)
s = 0.4¢ 30 40
ds
=— =08
VT
dv V(s
=—=038
T - '_ . E
I\ !
30 =1 = 40: e HE)
600 — 360
s — 360 = (ﬂ>(t - 30)
s = 24(t — 30) + 360
o(mg)
T =
==
_m_.g{,;
L
a= dv =0
dt
Ans:
= 0.4
ds
=— =08
T
dv
=—=038
“T
s = 24(t — 30) + 360
ds
=—=24
U
dv
=""=0
“T
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12-37.

Two rockets start from rest at the same elevation. Rocket A
accelerates vertically at 20 m /s2 for 12 s and then maintains
a constant speed. Rocket B accelerates at 15 m/s? until
reaching a constant speed of 150 m/s. Construct the a—t, v,
and s—t graphs for each rocket until + = 20 s. What is the
distance between the rockets when =20 s?

SOLUTION

For rocket A
Fort < 12s
+1 w4 = (Va)o + ant
vy =0+20¢

Vyp = 20t

1
+1 54 = (sa)o + (Wa)ot + 54 s

1
sA=0+0+5(20)t2

sp =107
Whent = 125, vy = 240m/s
s4 = 1440 m
Fort > 12s
vy = 240 m/s

sq = 1440 + 240(t — 12)
For rocket B
Fort < 10s
+1 vg = (vg)y + agt
vg =0+ 15¢

’l)lesl

1
+1 55 = (spo + (vt + 598 r

1
s3:0+0+5(15)t2

sp=15¢
When ¢ = 105, vg = 150 m/s
sg = 750 m
Fort > 10s
vg = 150 m/s
sg = 750 + 150(¢ — 10)
When t = 20,

s4 = 3360 m, sg = 2250 m

As = 1110 m = 1.11 km

> 1(5)

12

Sa(my gm0t Byoh-1a

> 1{5)

Ans.

¢($)

38[‘“) Ss=T504 o[t~ 18)
50 b~

o Sa 37-5!”
1 i
1 0 ,:(s}_
Ans:
As = 1.11 km
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12-38.

A particle starts from s = 0 and travels along a straight line
with a velocity v = (1> — 4t + 3)m/s, where ¢ is in
seconds. Construct the v—t and a—¢ graphs for the time
interval 0 = ¢ = 4s.

SOLUTION almjs*)
a-t Graph:
dv _d , , .
= = — 4t + e e v s s
A ) “+ '
a= (2t — 4)m/s? =
}
Thus, i
1
) ) i = ; t(s)
ali=g = 2(0) — 4 = —4m/s . &
tli-2 =0 4)m/s*
dlicgs = 24) = 4 = 4m/$? 4
The a—t graph is shown in Fig. a. (B.\
. dv
v—t Graph: The slope of the v—t graph is zero when a = o 0. Thus,
a=2-4=0 t=2s Ylmfs)
The velocity of the particle at ¢t = 0s,2s,and 4 s are ‘V=(1E 2—-4"t'f3)fn/5
Vi—os = 0 — 4(0) + 3 = 3m/s I M

Vjers =22 —4(2) + 3= —-1m/s

Vs = 42 — 4(4) + 3 = 3m/s t l t(s)
,"_-___M 4

The v—t graph is shown in Fig. b.

B

Ans:
al—g = —4m/s?
a|t:25 =0

a|t:4s = 4m/52
v]=p = 3m/s
v],=s = —1m/s
P 3m/s
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12-39.
If the position of a particle is defined by

s = [2sin (7/5)t + 4] m, where ¢ is in seconds, construct
the s—t,v—t,and a—t graphs for 0 = ¢ = 10s.

SOLUTION

Sim)
6+ s=zsin(Lt)+4

4

Q
N
RS
)|
~
)
S

vmfs)
AT

[ 1 Ans:
S ) T
o ' D 7!5 I|O t( ) s = 2sin (gt) + 4
2 v=2lcos T
2nrv d=-% .an(-gt) 5 (5t>
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*12-40.

An airplane starts from rest, travels 5000 ft down a runway,
and after uniform acceleration, takes off with a speed of
162 mi/h. It then climbs in a straight line with a uniform
acceleration of 3 ft/s? until it reaches a constant speed of
220 mi/h. Draw the s—t, v, and a—t graphs that describe
the motion.

SOLUTION
V1 =0

py = 162 D) 320T 6 ft/s
2 h (3600 s)(1 mi) :

v =+ 2a(s, — s1) 12, 943

(237.6)> = 0% + 2(a,)(5000 — 0) Swo

a, = 5.64538 ft/s?

vy =0 +oad

237.6 = 0 + 5.64538 ¢

(i
= 42,09 = 42.1's (4
323
mi (1h) 5280 ft
=20~ > = 32267f 238
v = 2205 " B000 5y (1 mi)  S2RO7 TS
3 = 0% + 2a.(s3 — 5,) J -
2 2 4Zrl 73‘+
(322.67)2 = (237.6)% + 2(3)(s — 5000)
s = 12 943.34 ft
vy =V, + ad a (tf2)

322.67 = 237.6 + 3t

568
t=284s 3 L___/_[
€
42\ 704
Ans:

s = 12943.34 ft
V3 = Uy + a.t
t =284s
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12-41.

The elevator starts from rest at the first floor of the
building. It can accelerate at 5 ft/s> and then decelerate at
2 ft/s%. Determine the shortest time it takes to reach a floor
40 ft above the ground. The elevator starts from rest and
then stops. Draw the a—t, v—t, and s—¢ graphs for the motion.

SOLUTION
+1 v, = + au
Vpar = 0+ 51
+1 03 =0, + act
0=, — 208
Thus

tl =04 t2

1
+T sy =51 + v+ Eact%
1
h=0+0 +§(5)(r%) =254

1
+140 — h =0+ vub —5(2)13

+1 P =0 +2a(s — 5)
G = 0 + 2(5)(h — 0)
Voux = 10h
0 = V0 + 2(—2)(40 — h)
Voux = 160 — 4h
Thus,
10 h = 160 — 4h
h = 11.429 ft
Vpax = 10.69 ft/s
t; = 2.138s
t, = 53455
t=t+t,=748s
When ¢ =2.145, v = v,,,,, = 10.7 ft/s

and h=114 ft.

40 ft
a (M)
ol e
z. 4 7.]:8 £
VL)
&9
1(s)
2 H 744 *
£(s)

214 .48

Ans:
t = 7.48s. Whent = 2.14s,
V= Vpax = 107 ft/s

h

11.4 ft
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12-42.

The velocity of a car is plotted as shown. Determine the
total distance the car moves until it stops (¢ = 80s). v (m/s)
Construct the a—t graph.

10

SOLUTION

Distance Traveled: The total distance traveled can be obtained by computing the
area under the v — ¢ graph.

1
s = 10(40) + 5(10)(80 — 40) = 600 m Ans.
a - t Graph: The acceleration in terms of time ¢ can be obtained by applying a = dfv
For time interval 0s < ¢ < 40's, !
dv
=22 =0
T

.. v — 10 0-10 1
For time interval 40s < ¢t = 80s, 40 80 — 40,1) < 4[ 20) m/s

dv 1
=—=——=-02 2
a= 2 0.250 m/s

For 0 =¢<40s,a=0.

For 40s <t = 80,a= —0.250 m/s’.

1(s)
40 80

amls?)

. ts)

Ans:

s = 600m. For0 =t <40s,
a=0.For40s <t = 80s,
a=-0250m/s
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12-43.

The motion of a jet plane just after landing on a runway
is described by the a—t graph. Determine the time ¢" when
the jet plane stops. Construct the v—t and s— graphs for the a (m/s%)
motion. Here s = 0, and » = 300 ft/s when t = 0.

10 20 t

—10

—20

SOLUTION

v—t Graph. The v-t function can be determined by integrating dv = a dt.
For 0 =t < 10, a = 0. Using the initial condition v = 300 ft/s att = 0,

U t
/ dv = / 0dt
300 ft/s 0

v—300=0

v = 300 ft/s Ans.

a—(-20) —10 - (-20)
(=10  20-10

initial condition v = 300 ft/satz = 10s,

t
/W dv = (t — 30) dt
300 ft/s 10

1 t
v — 300 = (72 - 301)

For 10s <t < 20s, , a = (t — 30) ft/s’. Using the

10s

v = {%12 — 30t + 550} ft/s Ans.

Att = 20s,

1

v = 5(202‘) — 30(20) + 550 = 150 ft /s

t=20s
For20s <t < t',a = —10 ft/s. Using the initial condition v = 150 ft/s at¢ = 20,

t
f dv = / — 10 dt
150 ft/s 20s

t

v — 150 = (—101)

20s
v = (—=10r + 350) ft/s Ans.

Itis required that at = ¢', v = 0.Thus
0=-10¢" + 350

t' =35s Ans.

Using these results, the v—t graph shown in Fig. a can be plotted s-¢ Graph.
The s—t function can be determined by integrating ds = v dt. For 0 = t < 105, the
initial conditionis s = O atz = 0.

N t
/ ds = / 300 dt
0 0

s = {300 ¢} ft Ans.

At = 105,
s|i=10s = 300(10) = 3000 ft
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12-43. Continued

For 10 s < t < 20 s, the initial condition is s = 3000 ft at t = 10 s.

s t 1
/ ds = / <*t2 — 30r + SSO)dt
3000 £t 105\2 V()

t
s — 3000 = (%13 — 156 + SSOI)

105 300
1 : AL
s = {gﬁ — 1562 + 550t — 1167} ft Ans. V=zgt*30t +550
Att = 20s,
1 {50 4+ ———
5 = 6(203) — 15(20%) + 550(20) — 1167 = 5167 ft =10t 1350
For 20 s < t = 35 s, the initial condition is s = 5167 ftatt = 20s.
s t
/ ds = / (—10r + 350) dt } } — s
5167 ¢ 205 o 10 20 35
‘ )
s — 5167 = (=5t + 350¢)
20s
s = {=5t2 + 350t + 167} ft Ans.
Att = 35s,

= —5(35%) + 350(35) + 167 = 6292 ft
t=35s
using these results, the s-f graph shown in Fig. b can be plotted.

N

Q) S=Z tist +550¢ - 1147
s={—5t*+350% +b7

6292

5167 -

3000 Ans:

: t'=35s
Y For0 =t < 105,
s = {3001} ft
v = 300 ft/s
! 16 For10s <t < 20,
0 ) 20 35 1
(b) s = {8’3 — 15¢% + 550t — 1167} ft

1
v = {5’2 — 30t + 550} ft/s

For20s <t =35s,
s = {=5t2 + 350t + 167} ft
v = (—=10r + 350) ft/s
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¥12-44,

The v—t graph for a particle moving through an electric field
from one plate to another has the shape shown in the figure.
The acceleration and deceleration that occur are constant
and both have a magnitude of 4 m/s’. If the plates are
spaced 200 mm apart, determine the maximum velocity vy,
and the time ¢’ for the particle to travel from one plate to
the other. Also draw the s— graph. When ¢ = t'/2 the
particle is at s = 100 mm.

SOLUTION

a. = 4 m/s?
=100 mm = 0.1 m

s
2
V¥ =5 + 2als — sp)
U

o = 0+ 2(4)(0.1 —0)

VUpar = 0.89442 m/s = 0.894 m/s
V=1 + a. t
l/
0.89442 = 0 + 4()
t' = 0.44721s = 0447 s

1
s:so-i-vot-i-iactz

s=0+0+%(4)(t)2

s =27
When t = 044721 _ 0.2236 = 0.224 s,
s =01m
v t
/ ds = — / 4 drt
0.894 0.2235
v = —41+1.788
N t
/ ds = / (—4r+1.788) dt
0.1 0.2235
s= —2F+1788¢— 02

When t = 0.447 s,

s =02m

| Smax |
v Q@
vmax §
t
12 r
Ans.
(s
Ans.
Ans:
t' = 0447s
s =02m
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12-45.

The v—t graph for a particle moving through an electric field
from one plate to another has the shape shown in the figure,
where t'=0.2 s and vmax= 10 m/s. Draw the s— and a— graphs
for the particle. When 7 =1¢'/2 the particle is at s = 0.5 m.

SOLUTION
For0 < ¢t < 0.1,
v=100¢
dv

=— =100
“ dt
ds = vdt

S t
/a’s=/100tdt
0 0
s =501
Whent = 0.1s,
s =05m

For0.1s < t < 0.2s,
v=—100¢ + 20

dv
=— = —100
“ dt

ds = vdt

S t
/ ds = / (—100f + 20)dt
0.5 0.1

s —05=(-502+20¢t— 1.5)

s= —50+20r—1
Whent = 0.2s,
s=1m

Whent = 0.1s, s = 0.5 m and a changes from 100 m/s?

to—100 m/s%2. Whent=0.2s, s = 1 m.

Vmax

Smax

e

a(rm/s2)

loo

o

0.].

100 L

5 (m\)

e

Ans:
When 't = 0.1s,

s = 0.5 m and a changes from
100 m/s? to —100 m/s>. When ¢ = 0.2 s,

s = 1m.
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12-46.

The a—s graph for a rocket moving along a straight track has
been experimentally determined. If the rocket starts at s =0
when v = 0, determine its speed when it is at
s =75 ft, and 125 ft, respectively. Use Simpson’s rule with
n =100 to evaluate v at s = 125 ft.

SOLUTION
0=s<100

Ats = 75 1t, v = V750 = 274f1t/s
Ats = 100 ft, v = 31.623

vdv = ads

v 125
vdv = / [5+6(Vs —10)%] ds
31.623 100

v

2 = 201.0324

31.623

v = 3741t/s

Ly
2

Ans.

Ans.

a (ft/s?)
a=5+6(s— 10)"
5
ft
100 s (f)
Ans:
v = 274f1t/s
s=75 ft
v = 37.41t/s
s=125ft
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12-47.
A two-stage rocket is fired vertically from rest at s = 0 with a (m/s?)
the acceleration as shown. After 30 s the first stage, A, burns
out and the second stage, B, ignites. Plot the v—t and s—¢ B
graphs which describe the motion of the second stage for o
0=t=60s. A
12
SOLUTION
v—t Graph. The v—t function can be determined by integrating dv = a dt.
12 2
For0 =t <30s,a = %z = (gt) m/s%. Using the initial condition v = 0 at ¢t = 0, ()
) 30 60 *
t
2
/ dv = / g tdt
0 0 ‘]}(mls-)
_il,
v = {gl }m/s Ans. G0+
Att = 30s,
1
v = 5(302) = 180 m/s V=24t -540
t=30s
For30 <t =60s,a =24 m/sz. Using the initial condition v = 180 m/s at =305,
v t
/ dv = / 24 dt
180 m/s 30s
18
t _ Lo
v — 180 = 24¢ V=5t
30s {_’Cs
- as — o 30 ’
v = {24t — 540} m/s Ans.
(&)
Att = 60s,
Iem)
v = 24(60) — 540 = 900 m/s
r=60s / 1800
Using these results, v—¢ graph shown in Fig. a can be plotted.
s—t Graph. The s—¢ function can be determined by integrating ds = v dt. For
0 = t < 30s, the initial conditioniss = O att = 0.
s “h, =/i2ttaot+:
ds = —tedt
0 03
1
s = {E[3} m Ans.
Skt
Att = 30s,
1800 \
1
s — —(30°) = 1800 m i@
r=30s 15 30) g 30 60
(k)
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12-47. Continued

For 30s < t = 60 s, the initial conditioniss = 1800 m at¢=30s.

s t
/ ds = / (24t — 540)dt
1800 m 30s

t

s — 1800 = (122 — 540r)
30s

s = {1262 — 540t + 7200} m

Att = 60s,
s = 12(60%) — 540(60) + 7200 = 18000 m
t=60s

Using these results, the s—¢ graph in Fig. b can be plotted.

Ans:
For 0 =t < 30s,

v = {étz} m/s
5= {%ﬁ} m

For30 =t =60s,

v = {24t — 540} m/s
s = {1262 — 540t + 7200} m
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*12-48.

The race car starts from rest and travels along a straight
road until it reaches a speed of 26 m/s in 8 s as shown on the
v—t graph. The flat part of the graph is caused by shifting
gears. Draw the a—t graph and determine the maximum
acceleration of the car.

SOLUTION
For0 =r<4s

_Av 14 2
a—At—4—3.5m/s
Fords =t <S5s

Av

==" -9
“ At
For5s =1t <8s
_Av 26— 14

= = = 2
a A7 - 4m/s

@ max = 4.00 m/s?

v (m/s)
26
v=4t—6
14
v = 3.5t
4 5 8 1)
a("s)
&5
W5 > #(9)
Ans.
Ans:

Amax = 4.00 m/s?
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12-49.

The jet car is originally traveling at a velocity of 10 m/s
when it is subjected to the acceleration shown. Determine
the car’s maximum velocity and the time ¢’ when it stops.
Whent=0,s=0.

SOLUTION

v—t Function. The v—¢ function can be determined by integrating dv = a dt. For
0 =t < 15s,a = 6 m/s% Using the initial condition v = 10 m/s at ¢ = 0,

v t
/ dv = / 6dt
10 m/s 0

v — 10 = 6t
v = {6t + 10} m/s
The maximum velocity occurs when ¢ = 15 s. Then
Vmax = 0(15) + 10 = 100 m/s Ans.

For15s <t = t',a = —4 m/s, Using the initial condition v = 100 m/sat¢ = 15,

v t
/ dv = / — 4dt
100 m/s 15s

t

v — 100 = (—41)

15s
v = {—4t + 160} m/s
Itis required that v = O at¢t = t'. Then
0= —4t" + 160 ' =40s Ans.

a (m/s?)

—4

t(s
s (s)
Ans:
Vmax = 100 m/s
t" =40s
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12-50.

The car starts from rest at s = 0 and is subjected to an
acceleration shown by the a—s graph. Draw the v—s graph
and determine the time needed to travel 200 ft.

SOLUTION
For s < 300 ft

ads = vdv

N v
/12 ds = /v dv
0 0

1
uSzgﬁ
v = 49052
Ats =300ft, v = 84.85ft/s
For 300 ft < s < 450 ft

ads =vdv
v

(24 — 0.045) ds = / v dv
84.85

s
300

245 — 0.025> — 5400 = 0.5 v> — 3600

v = (—0.04 5% + 485 — 3600)"/?

Ats = 450 ft, v = 99.5ft/s

v =490s"2

ds
— =490s'?
dr 90s

200 t
/ s P ds = / 4.90 dt
0 0

200

=4.90¢
0

t=1577s

2s1/2

ft /s?
a (ft/s’) Z7 L\
12
a= —0.04s + 24
6
s (ft
300 450 (£t)

U(.F!}d(': 3 y=(-D.045 4 HE3 ~3bo0)’?
T

e L S5
Joo  H50

v =1408"

Ans.

Ans:

For 0 = s < 300 ft,

v = {4.905"2} m/s.

For 300 ft < s = 450 ft,

v = {(—0.045> + 485 — 3600)'2} m/s.
s = 200 ft when ¢t = 5.77 s.
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12-51.

The wv-t graph for a train has been experimentally v (m/s)

determined. From the data, construct the s—¢ and a—t graphs
for the motion for 0 =¢=180s. When r=0,s=0.

10

SOLUTION

s—t Graph. The s— function can be determined by integrating ds = v dt.

1
For0 =t < 60s,v = it = (* t) m/s. Using the initial condition

s=0ats =0, 60 \10 60 120
s t 1
ds = (7 t)dt
/0 0 10
_J1,
= {20 t }m Ans.
When ¢t = 60 s,

1
sl,_ﬁos=%(602) = 180 m

For 60s <t < 120s, v = 6 m/s. Using the initial condition s = 180 m at¢ = 60s,

N t
/ ds = / 6 dt
180 m 60s

t

s — 180 = 6¢
60's
s= {6t — 180} m Ans.
Att=120s,

S|t—1205 = 6(120) — 180 = 540 m

- 10 — 1
For120s < 1 = 1805, >0 — 10=6 {

0 - 130120 " \55' 2} m/s. Using the initial

condition s = 540m at¢ = 120 s,

N t 1
/ ds:/ (—t—z)dz
540 m 120s 15
1
— 540 = ( —1* — 2t
’ (30 )

1
5= {%tz -2t + 300} m Ans.

t

120's

Att=180s,
1
S| im150s = %(1802) — 2(180) + 300 = 1020 m

Using these results, s— graph shown in Fig. a can be plotted.

180

t(s)
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12-51. Continued

d
a—t Graph. The a—t function can be determined using a = dit)
d(t
For0 =t <60s, a= <cll: ) =0.1m/s Ans.
d(6)
For60s <t < 120s, a=7=0 Ans.
d(ist —2)
For120s < ¢t = 180s, a=-——" = 0.0667 m/s’ Ans.

dt

Using these results, a—t graph shown in Fig. b can be plotted.

5[m)

fo204
_5'=3'L0 + z’z‘t +300
aimjs2)
S=bt-180
o
80 +———~ 0667 4
5= 25t ’
} > . — £(s)
9 60 20 40 &0 120 180

Ans:
For 0 =t < 60s,

_J1,
Lol
a=01m/s%
For 60s <t < 120s,
s = {6t — 180} m,
a=0.For120s <t = 180s,

1,
=92 -2+
s {30t 2t 300} m,

a = 0.0667 m/s%
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*12-52.

A motorcycle starts from rest at s = 0 and travels along a
straight road with the speed shown by the v-¢ graph.
Determine the total distance the motorcycle travels until it
stops when ¢ = 15 s. Also plot the a—f and s—t graphs.

SOLUTION
Fort < 4s
dv
=—=1.25
“ dt
s t
/ds: /l.ZStdt
0 0
s = 062512
Whent = 4s, s =10m
Fords <t <10s
dv
==2=0
“T
s t
/ds= /Sdt
10 4
s=5t—10
Whent = 10, s =40m

For10s <t < 15s

dv

===~
dt

a

s t
/ ds= [ (15— dt
4

0 10
s=15t— 05— 60
Whent = 155, s =525m

v (m/s)

=125 s

v=—-t+15
4 10 15 1)
(")
!
8-+ Jf IE—
T ,."' 5
.-.1 4 l{- | ' I i t(s}
S(m}
1 §= 158 0.5¢msp

bo
o
B
S0, pa54n
Ans.
Ans:
Whent = 155, s =1525m
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12-53.

A motorcycle starts from rest at s = 0 and travels along a

straight road with the speed shown by the v-t graph. v (m/s)
Determine the motorcycle’s acceleration and position when
t=8sandt=12s. v = 1.25¢

v=>5

t(s)

SOLUTION
Att = 8s

d
—l—O Ans.

“Ta T

As = fvdl
1
s—0= 5(4)(5) + (8 = 4)(5) =30
s =30m Ans.
Attt =12s

d =5
_ v:7=—1m/82 Ans.

“Ta T s

As = fv dt
1 1 1/3 3
s—0= 5(4)(5) + (10 — 4)(5) + 5(15 - 10)(5) — E(g)(S)(g)(S)

s =48 m Ans.

Ans:

Att = 8s,
a=0ands = 30 m.
Att = 12s,
a=—-1m/s*

and s = 48 m.
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12-54.

The v-t graph for the motion of a car as it moves along a
straight road is shown. Draw the s—¢ and a-t graphs. Also
determine the average speed and the distance traveled for
the 15-s time interval. When r =0, s = 0.

SOLUTION

v (m/s)

15 +
v = 0.612

s—t Graph. The s—t function can be determined by integrating ds = v dkt. 5 15

For0 =t < 5s,v = 0.6 Using the initial conditions = O at¢ = 0,

s t
/ ds = / 0.6¢2dt
0 0

s=1{02} m
Att =55,
s|i=ss = 02(5°) =25m

-15 0-15
F0r55<t515s,vt =

-5 15 -5

s=25mattr = 5s,

s t
/ ds = / Lis - 31)dt
25m Ss 2

45

3
—25=—¢t—"¢*—-9375
s 2Ty

s = {%(90; -3 — 275)} m

Att=15s,

1

s = Z[90(15) - 3(15?) = 275] = 100m
Thus the average speed is

st 100 m
Vavg = 7 = K = 667m/s

using these results, the s—¢ graph shown in Fig. a can be plotted.

Ans.

1
;v = 5(45 — 3¢). Using the initial condition

Ans.

Ans.

Ans.

1(s)
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12-54. Continued

a—t Graph. The a—t function can be determined using a =

For0 =t <5s,

d(0.6 1?)
g==0)

dt

Att=5s, a=12(5 =6m/s

For5s <t =15s,

=(m)

“= d

d[ 545 — 31|

= {12¢} m/s’

= —15m/s’

o+

A5

SeF(J0t-3t*27)

K5= o2t?

I 5

&)

t(s)

dr’
Ans.
Ans.
Ans.
armjs?)
é e e ——
A= /2t
J,
0 5 ¢ls)
-5+
(b)
Ans:
For0 =t <S5s,
s= {02} m

a = {12y m/s?
For5s <t=15s,

s = {%(90: -3 - 275)} m

a=—-15m/s
Attr=15s,
s = 100 m

Vayg = 6.67m/s
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12-55.

An airplane lands on the straight runway, originally traveling
at 110 ft/s when s = 0. If it is subjected to the decelerations
shown, determine the time ¢ needed to stop the plane and

construct the s— graph for the motion.

SOLUTION

vy = 110 ft/s

Av= [adt

0 — 110 = =3(15 — 5) — 8(20 — 15) — 3(¢' — 20)
' =333s

sl,_ s = 5501t
|, 15, = 1500 ft
|, 50 = 1800 ft

|, - 333 = 2067 ft

a (ft/s?)

N
N=rrmmr=_

15 20 t'

Ans.

ts)

Ans:
t" =333s
s|;=55 = 5501t

S|[=155 = 1500 ft
N | =20s — 1800 ft
s|=3335 = 2067 ft
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*12-56.

Starting from rest at s = 0, a boat travels in a straight line a (f)s?)
with the acceleration shown by the a—s graph. Determine
the boat’s speed when s = 50 ft, 100 ft, and 150 ft.

SOLUTION s (ft)
100 150

v—s Function. The v—s function can be determined by integrating v dv = a ds.

-8 6—38 1
a — = {7—s + 8} ft/s>. Using the initial

=5 < = =
For 0 =& 100ft,s_0 100_0,a 50

condition v—0 ats = 0,

v s 1
vdvz/(—fs+8>ds
/0 0 50

v = {1 l%(SOOs - sz)}ft/s

Ats = 50 ft,

I
]y —son = \/5 [800 (50) — 507 = 27.39 ft/s = 27.4 ft/s Ans.

Ats = 100 ft,

1
V1008 = \/% [800 (100) — 100%] = 37.42 ft/s = 37.4 ft/s Ans.

a-0 6-0
s —150 100 — 150 ¢
initial condition v = 37.42 ft/s at s = 100 ft,

v K 3
/ vdv = / (_73 + 18) ds
37.42 ft/s 00fe \ 25

2 |v 3
= (_7 §2+ ISS)
37.421t)s 50

v
2
1 2
v = gv —3s2 + 900s — 25000 p ft/s

3
For 100 ft < s = 150 ft, {—gs + 18} ft/s?. Using the

N

100 ft

Ats = 150 ft

Vsm1s08 = %\/ —3(150%) + 900 (150) — 25000 = 41.23 ft/s = 41.2 ft/s Ans.

Ans:

v|s:50ft :274ft/S
V|5 =100t = 37.41t/s
v|s—1s0n = 41.2ft/s
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12-57.
Starting from rest at s = 0, a boat travels in a straight line a (ft/s?) g A
with the acceleration shown by the a—s graph. Construct the Ea/
v-s graph.
8
6
SOLUTION o s s (ft)
v—s Graph. The v—s function can be determined by integrating v dv = a ds. For
a—8 6 -8 1 ) . L
=5 < = =< ——g +
0 =5 <100 ft, o0 10-0 ¢ { 50° 8} ft/s* wusing the initial

condition v = Qats = 0,

w(ys)

v s
vdv = / (*fs + S)ds
/o o\ 30 42 Ve J5p(8005-5") /fu.—. %, [357F 900525000
vz ( 1 5 ) K "
—| =(———=s5" +8s o~ -
2 330
1 =85 — LSZ
2 100 274
1 2
= %(SOOS — 5% ¢ ft/s 197 1+
Ats = 25 ft, 50 ft, 75 ft and 100 ft
_ /L e =
DI \/50 [800 (25) —257] = 19.69 ft/s L | SC)
: ol 25 50 75 o0 125 (B0
V|50 = \/5 [800 (50) —50%] = 27.39 ft/s
1 2
V=755 = 50 [800 (75) —757] = 32.98 ft/s
1 2
V=100 = 50 [800 (100) —1007] = 37.42 ft/s
a—20 6-0 3
<s§s = = . =< -9+ 2 :
For 100 ft < s = 150 ft, T~ 150 ~ 100 = 150,(1 { 25s 18} ft/s” using the
initial condition v = 37.42 ft/s at s = 100 ft,
/U vdv /-“ ( & +18)d
= - K
37.42 ft/s ot \ 25
1)2 v < 3 5 ) N
- =|——-s5"+ 18s
2 13742115 50 100 ft
_ Il -
v = { 5\/ 3s% + 900s 25000} ft/s Ans:

Ats = 125ftand s = 150 ft For0 = s < 100 ft,

|1 2
1 v = { f(SOOs—s)}ft/s
V|gm15g = g\/—3(1252) +900 (125) —25000 = 40.31 ft/s 50

For 100 ft < s = 150 ft,
1
olsmison = 5 V/=3(150%) +900 (150) ~25000 = 4123 £t/s Y — {%\/_362 0005 — 25000} f /s
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12-58.

A two-stage rocket is fired vertically from rest with the
acceleration shown. After 15 s the first stage A burns out and
the second stage B ignites. Plot the v—¢ and s— graphs which
describe the motion of the second stage for 0=¢=40s.

SOLUTION
For0 =1 <15

a=t
v t
/dv=/tdt
0 0
L,
= —t
Y72
v = 112.5 whent = 15s

s t
1
ds = / —2dt
/o 02

13
=t
76

s = 562.5whent = 15s
For15 <1< 40

a =20
v t

/ dv = / 20 dt
112.5 1.5

v =20t — 187.5

v = 6125whent = 40s

s t
/ ds = / (20¢ — 187.5) dt
562.5 15

s =104 — 187.5¢ + 1125
s = 9625 whent = 40s

a (m/s?)
B
A
20
15 3
5 m t(s)
(%) () §» fot 1375¢
v=aot-875 a5 |- — —-,‘f— i
5 - — = m & ya
L~ [
125 |- 5 : S5 :
L
G o ) 5 b s
V=gt s« 41

Ans:
For0 =t < 15s,

v = {%tz}m/s
s = {éﬁ}m

For15s <t =40s,

v = {20t — 187.5 m/s}
s = {102 — 187.5t + 1125} m
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12-59.

The speed of a train during the first minute has been
recorded as follows:

t(s) 0 20 40 60

v (m/s) 0 16 21 24
Plot the v—t graph, approximating the curve as straight-line
segments between the given points. Determine the total
distance traveled.

SOLUTION

The total distance traveled is equal to the area under the graph.

1 1 1
sp= 5 (20)(16) + 2 (40 = 20)(16 + 21) + (60 — 40)(21 + 24) = 980m  Ans.

Ans:
st = 980 m
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*12-60.

A man riding upward in a freight elevator accidentally
drops a package off the elevator when it is 100 ft from the
ground. If the elevator maintains a constant upward speed
of 4ft/s, determine how high the elevator is from the
ground the instant the package hits the ground. Draw the
v—t curve for the package during the time it is in motion.
Assume that the package was released with the same
upward speed as the elevator.

SOLUTION

For package:

(+1)  0* =5 + 2a(s,— s0)
v = (4)* + 2(—32.2)(0 — 100)
v = 80.35ft/s |

+1 v=wv, + as

—80.35 = 4 + (—32.2)t
t=2620s

For elevator:

(+1)  sy=so+ vt
s =100 + 4(2.620)

s = 110 ft

=845

Ans.

Ans:
s = 110 ft
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12-61.

Two cars start from rest side by side and travel along a
straight road. Car A accelerates at 4 m/s? for 10 s and then
maintains a constant speed. Car B accelerates at 5m/s’
until reaching a constant speed of 25 m/s and then
maintains this speed. Construct the a—t, v—t, and s—t graphs
for each car until = 15 s. What is the distance between the
two cars when ¢t = 15s?

SOLUTION
Car A:
v =1 t a.t
aC 51\
UA:0+4Z A W
Att=10s, v, = 40m/s
4
1
s =59+ vt + Zal £(8)
2 v s

sA:0+0+%(4)12:2t2

Att = 10s, s4 =200 m
t > 10s, ds = vdt
N t
S
/ ds:/40dt ' TR €
200 10
s4 = 40t — 200
Att = 15s, s4 = 400 m
Car B:

When vg = 25 m/s, t=-—=35s
1
s =9 + Vot + 5616[2

1
sp=0+0+ E(5)t2 = 2.5¢

When t = 108, v4= (V1) max= 40 m/s and s , =200 m.
When ¢t = 55,55 = 62.5m.

When ¢t = 155,54 = 400 m and sz = 312.5m.
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12-61. Continued

Att=S5s, sp = 62.5m

t>S5s, ds = vdt

sp t
/ ds / 25 dt
62.5 5

sg — 62.5 = 25t — 125

sg = 25t — 62.5
When ¢t = 15, sp = 312.5

Distance between the cars is
As = s4 — sg = 400 — 312.5 = 87.5m

Car A is ahead of car B.

G-g(m/jg )
5
5 T
Mg (/)
Ans. 28 |T A i
| |
| |$ :r £(O
53:25'{-(42.3'

Ans:

Whent = 5s,

sp = 62.5m.

Whent = 10s,

V4 = (Va)max = 40 m/s and
s, = 200 m.

Whent = 15,

s4 = 400 m and sp = 312.5m.
As =54 —sp = 87.5m
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12-62.

If the position of a particle is defined as s = (5t — 3¢%) ft,
where ¢ is in seconds, construct the s—, v—f, and a—t graphs
forO0 =t = 10s.

SOLUTION
s(4t)
$-5t-3t%
’f‘°5, 167 Jo
¢ \\jt ¢es)
0-833
V(fYs)

[
2¢s)

a(fs*)

tes)

Ans:
v = {5 — 6t} ft/s
a= —6ft/s
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12-63.

From experimental data, the motion of a jet plane while

traveling along a runway is defined by the v — ¢ graph. v (mls) = _——— —
Construct the s — ¢ and a — ¢ graphs for the motion. When
t=0,s =0.
60
20
SOLUTION
t(s)
20 30
s — t Graph: The position in terms of time ¢ can be obtained by applying
d 20
v = d;: For time interval 0 s = ¢ < 5 s,v = ?z = (4t) m/s.
ds = vdt
s t
/ ds = / 4tdt
0 0
s = <2t2) m
Whent = 5, s =2(5%) = 50m,
Sim)
For time interval 5 s < ¢ < 20 s,
750 f=—m=m = o .
ds = vdt |
S=at*-eot1%0/ |
s t |
/ ds = / 20dt |
50m 5a 350 F——————==— | !
! I
|
s = (20¢ — 50) m S=2t% i 5
so+-L—" S=20t-50 | f
f t —t6)
Whent = 205, s = 20(20) — 50 = 350 m ol = 20 30
. v—20 60 —20 almfs*)
<t = = = — .
For time interval 20 s < ¢ < 30 s, 20 30 -20" (4t — 60) m/s
00 Ay = e
ds = vdt 4
N t
/ ds = (4t — 60) dt t5)
350 m 20a g 5 20 30
s = (222 = 60t + 750) m
When ¢ = 30, s =2(30%) — 60(30) + 750 = 750 m
a — t Graph: The acceleration function in terms of time ¢ can be obtained by
d
applying a = Y For time interval 0s=1¢<5 s, Ss<tr<20s and
dt Ans:

d d d
0s<t=30s, a=—=400m/s>, a="—>=0 and a=d—’t’=4.00m/sz,

. dt dt
respectively.

For0 =1t <35s,

s = {2t2} manda = 4m/s>.

For5s <r<20s,

s = {20t — 50} mand a = 0.

For20s <t =30s,

s = {22 =60t + 750} m

anda = 4m/s’.
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*12-64.

The motion of a train is described by the a—s graph shown. )
Draw the v—s graphif v=0ats=0. a (m/s")

3
T s (m)
300 600
SOLUTION Y(mls)
v—s Graph. The v—s function can be determined by integrating v dv = a ds.
P 3 1 v grating U= [123 ~7ip 5>~ 1800
For 0 =5 <300m, a = (*) s = (75) m/s?. Using the initial condition
300 100 . (
v=_0ats =0, 424
v - /
/ vdv = / (ms)ds 50--
0 0 ,v_.,l.é_s
v_ 1,
2 200
1 i Sm)
v = {ES} m/s Ans. 0 300 600
Ats = 300 m,

1
V|s=300m = 5(300) =30m/s

a—3 0-3 1 5 .
<§5 = = ca =<4 =
For300m < s = 600 m,s 300~ 600 — 300,61 { 100 s+ 6} m/s°, using the

initial condition ¥ = 30 m/s at s = 300 m,

» R
1
/ vdv=/ (—fs+6)ds
30 m/s 300 m 100

2|V 1 s
v = (—752 + 6 s)
2 130 mys 200 300m
v? 1,
5 450 = 65 — 200° —1350
L,
v = 12s — —— " — 1800 p m/s Ans.
100
Ats = 600 m,

v = ,/12(600) — L 600%) —1800 = 42.43m/s
100

Using these results, the v—s graph shown in Fig. a can be plotted.

Ans:
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12-65.
The jet plane starts from rest at s = 0 and is subjected to the a (ft/s%)
acceleration shown. Determine the speed of the plane when
it has traveled 1000 ft. Also, how much time is required for
it to travel 1000 ft?

75 a=75-0.025s

50

s (ft)

SOLUTION 1000

v—s Function. Here, a=75 _ 07
s

= C— _ ) ]
-0 1000 — 0° @ {75 — 0.025s} ft/s*. The function v,
can be determined by integrating v dv = a ds. Using the initial condition v = 0 at

s =0,
v s
/ vdv = / (75 — 0.0255) ds
0 0
vz
5= 75s — 0.0125 5%
v = { V150s — 0.025s2} ft/s
Ats = 1000 ft,

v = V150 (1000) — 0.025(10002)

= 353.55ft/s = 354 ft/s Ans.

. . . . ds . L
Time. ¢ as a function of s can be determined by integrating dt = —. Using the initial
conditions = Q0 att = 0; v

t N
ds
dt = -—
0 0 V 150 s — 0.025 52
1 . (150 = 0.05s
r=1— sm \ —————
V0.025 150 o

o1 F - Sin,1<150 - o.oss)}
V0.025 | 2 150

Ats = 1000 ft,

s

1 {E . 7{150 - 0.05(1000)”
Voo lz " 150

=5319s = 5325 Ans.

Ans:
v = 354 ft/s
t=1532s
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12-66.

The boat travels along a straight line with the speed
described by the graph. Construct the s— and a—s graphs.
Also, determine the time required for the boat to travel a
distance s = 400 mif s = 0 when ¢ = 0.

SOLUTION

s—t Graph: For 0 = s < 100 m, the initial conditionis s = 0 whent = 0s.

()@=

v
! s
ds
a- |
/0 o0 2512
t = s'?
s=(2)m

When s = 100 m,

100 = £ t=10s

For 100 m < s = 400 m, the initial condition is s = 100 m when ¢t = 10s.

_ds

dt
v
t s
d
/ dt = o
10 100m 0.2s
s
t—10 = Sll’lﬁ
t

N
g-Z—lnm

i5-2 _ S
100
P s
¢ 100
s = (13.53¢°) m

()

When s = 400 m,
400 = 13.53¢7°
t =1693s = 169s

The s—t graph is shown in Fig. a.

a—s Graph: ForOm = s < 100 m,
_ AV 1) 2
a—vg—(Zs/)(s /)—Zm/s
For 100 m < s = 400 m,
d
a= vd—: = (0.25)(0.2) = 0.04s

When s = 100 m and 400 m,

a|s=100m = 0.04(100) = 4 m/s>

a

s—a00m = 0.04(400) = 16 m/s?

The a—s graph is shown in Fig. b.

v (m/s)
80
v=02s
v? = 4s
20—
T T s (m)
100 400
almig®)
Ans. /64
a=255
T f~a=2
2
> } Scm)
100 400
(b)
Ans:

When s = 100 m,

t=10s.

When s = 400 m,

t =169s.

aly—100m = 4m/s®
aly—s0m = 16 m/s?
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12-67.

The v—s graph of a cyclist traveling along a straight road is

shown. Construct the a—s graph. v (ft/s)
15

v=—-0045+19

v=01s+5
5 |
SOLUTION ‘
T T s (ft)
a-s Graph: For 0 = 5 < 100 ft, 100 350
(%) a= v% = (015 + 5)(0.1) = (0.01s + 0.5) ft/s? i
s alft/s?

Thus at s = 0 and 100 ft

al_o = 0.01(0) + 0.5 = 0.5 ft/s

i
al—i0r = 0.01(100) + 0.5 = 1.5 ft/s? 05 100 350 sch)
—O0RT
For 100 ft < s = 350 ft, - OB ?
=Z55 -0/
dv as= 2;
+ _ _ _ 2

(5) a=v - =(-004s + 19)(-004) = (0.00165 — 0.76) ft/s
Thus at s = 100 ft and 350 ft (.a)

aly—100r = 0.0016(100) — 0.76 = —0.6 ft/s?

aly_ssor = 0.0016(350) — 0.76 = —0.2 ft/s?
The a—s graph is shown in Fig. a.
Thus at s = 0 and 100 ft

aly—g = 0.01(0) + 0.5 = 0.5 ft/s?

aly—100r = 0.01(100) + 0.5 = 1.5 ft/s?
Ats = 100 ft, a changes from ay,,, = 1.5 ft/s* to ap;, = —0.6 ft/s%.

Ans:
Ats = 100,

a changes from a,,,, = 1.5 ft/s’
t0 dpin = —0.6 ft/s%.
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*12-68.

The v-s graph for a test vehicle is shown. Determine its
acceleration when s = 100 m and when s = 175 m.

SOLUTION
1
0=s = 150m: V=§s,
1
dv —gds
vdv = ads
1/1
gs(gds) =ads
a 1s
9
1 2
Ats = 100 m, a= 5(100) =11.1m/s
150 = s = 200 m; v =200 — s,
dv = —ds
vdv = ads
(200 — s)( — ds) = ads
a=s— 200
Ats=175m, a =175 —200= — 25m/s?

v (m/s)

50

Ans.

Ans.

‘ s (m)
150 200

Ans:
Ats =100s, a = 11.1m/s?
Ats =175m, a = —25m/s*
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12-69.

If the velocity of a particle is defined as v(f) = {0.8#4 +
12¢1/2j + 5k} m /s, determine the magnitude and coordinate
direction angles «, B, y of the particle’s acceleration when
t=2s.

SOLUTION
v(r) = 0.8%i + 12t'%j + 5k
dv

= — = 16i + 6t'%
a dt 1 )

Whent =25,  a = 32i+ 4243
a=\V(32)?+ (4243)* = 531 m/s*
u, = % = 0.6022i + 0.7984j

= cos 1(0.6022) = 53.0°

R
|

cos 1 (0.7984) = 37.0°

®
Il

y = cos '(0) = 90.0°

Ans.

Ans.

Ans.

Ans.

Ans:

a =531m/s
a = 53.0°

B = 37.0°

v = 90.0°
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12-70.

The velocity of a particle is v = {3i + (6 — 2¢)j} m/s, where ¢
is in seconds. If r=0whens =0, determine the
displacement of the particle during the time interval
t=1stot =3s.

SOLUTION

Position: The position r of the particle can be determined by integrating the
kinematic equation dr = wdt using the initial condition r = 0 at t = 0 as the
integration limit. Thus,

dr = vdt

/Ordr = /Ot[3i + (6 — 20)jdr

r= {3& + (6t — t2>j}m
Whent = 1sand3s,
Mliers = 3D + [6(1) — 12]j = [3i + 5§] m/s

s = 303)i + [6(3) — 3*]j = [9i + 9j] m/s

Thus, the displacement of the particle is

Ar = l.|r:35 - l“t:ls

9 + 9§) — (3i + 5j)

= {6i + 4j} m Ans.

Ans:
Ar = {6i + 4§} m
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12-71.

A particle, originally at rest and located at point (3 ft, 2 ft, 5 ft),
is subjected to an acceleration of a = {6ti + 1267k} ft/s’.
Determine the particle’s position (x, y, z) att = 1.

SOLUTION

Velocity: The velocity expressed in Cartesian vector form can be obtained by
applying Eq. 12-9.

dv = adt

/ dv = / (66i + 127k) dt
0 0

v = (3£ + 4F°K) ft/s

Position: The position expressed in Cartesian vector form can be obtained by
applying Eq. 12-7.

dr = vdt

/dr = /(3z2i + 47k) dt
1] 0

r— (Gi+2j+5k) =7ri+rk
r={(A+3)i+2j+  + 5Kk}t
Whent = 1s,r = (13 + 3)i + 2j + (1* + 5)k = {4i + 2j + 6k} ft.
The coordinates of the particle are

(41,2 t, 6 ft) Ans.

Ans:
@ ft, 2 ft, 6 ft)
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*12-72.

The  velocity of a  particle is given by
v = {16¢% + 4% + (5t + 2)k} m/s, where ¢ is in seconds. If
the particle is at the origin when ¢ = 0, determine the
magnitude of the particle’s acceleration when ¢ = 2's. Also,
what is the x, y, z coordinate position of the particle at this
instant?

SOLUTION

Acceleration: The acceleration expressed in Cartesian vector form can be obtained
by applying Eq. 12-9.

v _

a:dt_

{32¢i + 12¢% + Sk} m/s?

Whent = 2s,a = 32(2)i + 12(22)j + 5k = {64i + 48 + 5k} m/s’. The magnitude
of the acceleration is

a=Va+d+a=\64+48 + 5 =802m/s Ans.

Position: The position expressed in Cartesian vector form can be obtained by
applying Eq. 12-7.

dr = vdt
r t
/ dr = / (16 + 4c%j + (5t + 2)k) dr
0 0
_ (16 5 4 <§z ) }
r—{3t1+t.]+ 21‘ + 2t |k |m
Whent = 25,
r=E(23>i+ (24 + F(zz) +2(2)}k= {42.7i + 16.0j + 14.0k} m
2 5 : . Ok} m.

Thus, the coordinate of the particle is

(42.7,16.0, 14.0) m Ans.

Ans:
(42.7, 16.0,14.0) m
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12-73.

The water sprinkler, positioned at the base of a hill, releases
a stream of water with a velocity of 15 ft/s as shown.
Determine the point B(x, y) where the water strikes the
ground on the hill. Assume that the hill is defined by the
equation y = (0.05x2) ft and neglect the size of the sprinkler.

SOLUTION

v, = 15cos 60° = 7.5 ft/s vy, = 15sin 60° = 12.99 ft/s

() s =t

x = 7.5t
Lo,
(+T) s =5, + vt + 5t

1
y =0+ 12.99 + 5(—32.2)t2
y = 1.732x — 0.286x?

Since y = 0.05x%,

0.05x2 = 1.732x — 0.286x>
x(0.336x — 1.732) = 0

x = 5.15ft

y = 0.05(5.15)> = 1.33 ft
Also,

(5) s =op
x = 15 cos 60°t
1 2
(+1) s =50+ vpt + 5t
1
y =0 + 155sin 60°t + 5(—32.2)t2

Since y = 0.05x>

12.99t — 16.1£> = 2.8125¢> t = 0.6869 s
So that,

x = 15 cos 60° (0.6868) = 5.15 ft

y = 0.05(5.15)> = 1.33 ft

y = (0.05x2) ft

15 fit/s

P!
iSoffe
wp? +
— X
b4
Ans.
Ans.
Ans.
Ans.
Ans:

(5.15 ft, 1.33 ft)
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12-74.

A particle, originally at rest and located at point (3 ft,2 ft, 5 ft),
is subjected to an acceleration a = {6ti + 124k} ft/s%.
Determine the particle’s position (x, y, z) when t=2s.

SOLUTION

a = 6i + 12’k

v t
/dv= / (6ti + 127°k) dt
0 0

v = 3% + 4°k

T t
/ dr = / (3% + 4°Kk) dt
T, 0

r— (3i +2j +5k) =i+ 'k
Whent = 2s
r = {11i + 2j + 21Kk} ft Ans.

Ans:
r = {11i + 2j + 21k} ft
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12-75.
A particle travels along the curve from A to B in ¥
2 s. It takes 4 s for it to go from B to C and then 3 s to go
from C to D. Determine its average speed when it goes from D
A toD. Sm
— 15m
Bl
e e c
lom
™~
SOLUTION A
1 1
st = 2(277)(10)) + 15 + Z(Q/TT(S)) = 38.56
_Sr_ 3856
Vyp = t, —2+4+3—428m/s Ans.
Ans:

(’Usp)avg =428 m/s
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*12-76.

A particle travels along the curve from A to B in 5 s. It
takes 8 s for it to go from B to C and then 10 s to go from
C to A. Determine its average speed when it goes around
the closed path.

SOLUTION

The total distance traveled is

Stot = Sap + Spc + Sca

=20 (g) + V202 + 30% + (30 + 20)
— 11747 m

The total time taken is
Itot = tap T Igc t+ tca
=5+8+10

= 23s

Thus, the average speed is

S 117.47
(vsp)avg = tTot = Tm = 5.107 m/s =511 m/s
Tot S

Ans.

20 m

30 m c

Ans:
(Vsp)avg = 5.11m/s
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12-717.

The position of a crate sliding down a ramp is given by
x = (025 m,y = (1.57) m, z = (6 — 0.75t%) m, where
is in seconds. Determine the magnitude of the crate’s
velocity and acceleration whent = 2s.

SOLUTION

Velocity: By taking the time derivative of x, y, and z, we obtain the x, y, and z
components of the crate’s velocity.

v, =k = % (0.25¢) = (0.752) m/s

v = 3= 2 (152) = (3t) mys

v,== % (6 —0.75°72) = (—1.875/7) m/s
When r = 2,

v, =075(2%) =3m/s v, =3(2)=6m/s v, = —18752)¥2 = —5303 m/s

Thus, the magnitude of the crate’s velocity is

v="Vov2+0? +v2=V3"+ 6 + (-5.303)> = 8551 ft/s = 8.55 ft Ans.

Acceleration: The x,y, and z components of the crate’s acceleration can be obtained
by taking the time derivative of the results of v, v,, and v_, respectively.

a, = b, = % (0.752) = (1.51) m/s?
d
a, = b, = E(SI) = 3m/s?

a, =, = %(—1.875?/2) = (—2.815('?) m/s?

Whent = 25,
a,=152) =3m/s>  a,=3m/s a, = —2.8125(21) = =3.977 m/s?

Thus, the magnitude of the crate’s acceleration is

a=Val+a? +a’=V3+3"+ (-3977) = 5815m/s* = 582 m/s Ans.

Ans
v = 8.55ft/s
a=1582m/s
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12-78.

A rocket is fired from rest at x = 0 and travels along a
parabolic trajectory described by y? = [120(10%)x] m. If the

Lo 1 .
x component of acceleration is a, = (Z t2) m/s?, where ¢ is

in seconds, determine the magnitude of the rocket’s velocity
and acceleration when 7= 10's.

SOLUTION

Position: The parameter equation of x can be determined by integrating a, twice
with respect to «.

/dvx = /axdt
v t
* 1
dv, = / = 2dt
XS ¥
(L5
v, = (12t )m/s
/dx = /vxdt
X t
- L s
l dx = A B rdt
R
x = (48t )m
Substituting the result of x into the equation of the path,

¥ = 120(103)(41—8 z4>

y = (SOIZ) m
Velocity:
v, == %(soﬂ) = (100¢) m/s
Whent = 10,
v, = 11—2(103) = 8333 m/s v, = 100(10) = 1000 m/s

Thus, the magnitude of the rocket’s velocity is

v="\Vo?+ v = V83337 + 1000 = 1003 m/s Ans.

Acceleration:

. d
a, = v, = Z(lom) = 100 m/s?

Whent = 105,

a, = %(102) = 25m/s?

Ans:
Thus, the magnitude of the rocket’s acceleration is v = 1003 m/s
a =103m/s’

a=Va?+al =25+ 100’ = 103 m/s’ Ans.
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12-79.

The particle travels along the path defined by the parabola
y = 0.5x2. If the component of velocity along the x axis is
v, = (5¢) ft/s, where ¢ is in seconds, determine the particle’s
distance from the origin O and the magnitude of its
acceleration when t = 1s. Whent =0, x =0, y = 0.

SOLUTION

Position: The x position of the particle can be obtained by applying the v, = di);
dx = v.dt

X t
/dx = /Stdt
0 0

x = (2.502) ft

Thus, y = 0.5(250%) = (3.125¢*)ft. At r=1s, x=25(1%) =250t and
y = 3.125(14> = 3.125 ft. The particle’s distance from the origin at this moment is

d = V(250 — 0)2 + (3.125 — 0)% = 4.00 ft Ans.

Acceleration: Taking the first derivative of the path y = 0.5x%, we have j = xi.
The second derivative of the path gives

y =i+ xx (00

However, ¥ = v, X = a,and y = a,.Thus, Eq. (1) becomes

a, = V2 + xa, ?)
d
When ¢t = 1s, v, = 5(1) = 5ft/s a, = U 5ft/s2, and x = 2.50 ft. Then, from
dt
Eq.(2)
a, = 5% + 2.50(5) = 37.5 ft/s’
Also,

a=Vd+d=\5+37.5 =3781t)s Ans.

y = 0.5x°
X
Ans:
d = 4.00 ft
a = 378ft/s
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*12-80.

The motorcycle travels with constant speed v, along the y
path that, for a short distance, takes the form of a sine curve.
Determine the x and y components of its velocity at any

instant on the curve. —> -
y = csin (fx)

S
S
SOLUTION

y = csin (%x)

y = %c(cos%x)k

a o
’l)y = zC’Ux COSzx

Ans.

vy TC 2 -2
vy = OZ (cos Zx)[l + (%c) cos? (% x)j| Ans.

<
=
Il
=
1
—
+
/N
~a
o
~—
LS}
o
]
w
[ )
7N
~1a
=
~—

Ans:
1

7 \? Sf T 2
vy =171+ zc cos Zx
v 2 -
v, = OLTrC (cos%x) {1 + <%c> cos? <%x)} ’

X
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12-81.

A particle travels along the circular path from A to Bin 1s.
If it takes 3 s for it to go from A to C, determine its average
velocity when it goes from B to C.

SOLUTION

Position: The coordinates for points B and C are [30 sin 45°, 30 — 30 cos 45°] and
[30 sin 75°,30 — 30 cos 75°]. Thus,

rp = (30sin 45° — 0)i + [(30 — 30 cos 45°) — 30]j
= [2121i — 2121j} m
re = (30sin 75° — 0)i + [(30 — 30 cos 75°) — 30]j

= (28.98i — 7.765)} m

Average Velocity: The displacement from point B to C is Argc = rc — Ip
= (28.98i — 7.765j) — (21.21i — 21.21j) = {7.765i + 13.45j} m.

Al'BC 7765i + 1345j . .
(VaQdae = 5, = P = {3.88i + 6.72j} m/s Ans.

y
30° C
l-45°
30 m
B
A X
%
30°
re
o~ I~
— x
Ans:

(VBC)ave = {3.88i + 6.72j} m/s
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12-82.

The roller coaster car travels down the helical path at
constant speed such that the parametric equations that define _
its position are x = ¢ sin k¢, y =c cos kt, z=h — bt, where c, h,
and b are constants. Determine the magnitudes of its velocity

and acceleration.

SOLUTION L

X = csin kt x = ck cos kt ¥ = —ck?sin kt

y = ccos kt y = —ck sin kt y = —ck?cos kt ??i{*

z=h—bt z=-b 7=0 ’
v = \/(ck cos kt)? + (—ck sin kt)? + (—=b)* = V2 + b2 Ans.

a = \V(—ck*sin kt)* + (—ck*cos kt)> + 0 = ck? Ans.

Ans:
v =Nk + b
a= ck?
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12-83.

Pegs A and B are restricted to move in the elliptical slots
due to the motion of the slotted link. If the link moves with
a constant speed of 10 m/s, determine the magnitude of the
velocity and acceleration of peg A when x = 1m.

SOLUTION

Velocity: The x and y components of the peg’s velocity can be related by taking the
first time derivative of the path’s equation.

2
X 2
Try=1
4 y

%(Zx)’c) +2yy =0

1
Exic+2yj/:0
or
1
Exvx + 2yv, =0 @
Atx = 1m,
>, V3
+y? = =—
y Tyl y=om

Here, v, = 10 m/s and x = 1. Substituting these values into Eq. (1),
1 V3
S(H(0) + 2<2>vy =0 v, = —2.887m/s = 2.887m/s |

Thus, the magnitude of the peg’s velocity is

v="Vo?+ 02 =V10" + 2.887 = 104 m/s Ans.

Acceleration: The x and y components of the peg’s acceleration can be related by
taking the second time derivative of the path’s equation.

1 . .. .
5(5656 + xx) +2(yy + yy) =0

1()'c2+ xi) +2(y2+y¥) =0

2
or
1
5(1))(2 + xax) + 2<vy2 + yay) =0 2)
. . 3
Since v, is constant, a, = 0. When x =1m, y =—m, v, = 10m/s, and

2
v, = —2.887 m/s. Substituting these values into Eq. (2),

Lo asgr 4 V3 }_
5 (10 +0)+2[( 2887)° + —~a,| =0
a, = —3849 m/s’ = 3849 m/s* |

Thus, the magnitude of the peg’s acceleration is

a=Va?+a?= V0 + (-3849) = 38.5m/s Ans.

Ans:
v =104m/s
a = 38.5m/s’
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*12-84.

The van travels over the hill described by y
y = (—1.5(1073) x> + 15)ft. If it has a constant speed of
75ft/s, determine the x and y components of the van’s
velocity and acceleration when x = 50ft.

15 ft y = (—15(107%) x% + 15) ft

== *
SOLUTION 100 ft

Velocity: The x and y components of the van’s velocity can be related by taking the
first time derivative of the path’s equation using the chain rule.

y = —15(107%)x% + 15
v = =3(107)xk
or
v, = —3(1073))(1),(
When x = 50 ft,
v, = =3(107)(50)v, = —0.15v, )
The magnitude of the van’s velocity is
v="Vo?’+0° (¥))
Substituting v = 75 ft/s and Eq. (1) into Eq. (2),

75 = Vo, 2 + (—0.150,)?

v, = 742 ft)s < Ans.

Substituting the result of v, into Eq. (1), we obtain

v, = —0.15(=74.17) = 1112 ft/s = 11.1 ft/s T Ans.

Acceleration: The x and y components of the van’s acceleration can be related by a#
taking the second time derivative of the path’s equation using the chain rule. '
V=75 $/s

~~——

y = =3(1073)(ix + xi)

or

= —3(107)(v,* + xa,
o = =3(109)(0,? + xa, Ot
@,
When x = 50 ft,v, = —74.17 ft/s. Thus,
a, = —3(10*3)[(—74.17)2 + 504
a, = —(16.504 + 0.15a,) 3)
Since the van travels with a constant speed along the path,its acceleration along the tangent
of the path is equal to zero. Here, the angle that the tangent makes with the horizontal at
d
x=50ftis6 = tan1<y> = tan*l{—3(10*3)x} = tan"!(—0.15) = —8.531°.
dx /| =501t x=50 ft
Thus, from the diagram shown in Fig. a,
a, cos 8.531° — a,sin 8.531° = 0 4
Ans:
Solving Egs. (3) and (4) yields v, = T421t/s <
a, = —2.42ft)s = 2.42 ft/s> < Ans. v, = 11.11t/s |
) a, = 242 1t/s*
a, = —16.1ft/s = 16.1 ft/s*] Ans. a, = 16.11t/5° |
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12-85.
The flight path of the helicopter as it takes off from A is y )
defined by the parametric equations x = (2t) m and =

y = (0.04r%) m, where ¢ is the time in seconds. Determine
the distance the helicopter is from point A and the
magnitudes of its velocity and acceleration when ¢ = 10s.

SOLUTION Y

x=27 y=004"
Att = 10s, x =200 m y =40m
d =V (200)> + (40)?> = 204 m Ans.

_dx

=— =4

YT

e _
S = T

dy )
v, = o = 0.12t

dv,
ay, = E = 0.24¢
Attr=10s,

v =V (40)% + (12)* = 41.8 m/s Ans.
a="V(4)?+ (24)* = 4.66 m/s? Ans.

Ans:

d =204 m

v =41.8m/s
a = 4.66m/s*
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12-86.

Determine the minimum initial velocity v, and the
corresponding angle 6, at which the ball must be kicked in
order for it to just cross over the 3-m high fence.

SOLUTION

Coordinate System: The x—y coordinate system will be set so that its origin
coincides with the ball’s initial position.

x-Motion: Here, (vg), = vy cosf, xqg = 0,and x = 6 m. Thus,

(i)) x = xg + (v)x'

6 =0 + (vgcosO)t
6
g cos

@

y-Motion: Here, (v), = v sinf,a, = —g = —9.81m/s% and y, = 0.Thus,

1
(+1)  y =0+ (W)t + antz

3=0+ v, (sinh)r + %(—9.81);2
3 = v, (sin@)r — 4.905¢ Q?)

Substituting Eq. (1) into Eq. (2) yields

/ 58.86
— VoY 3
v sin 20 — cos?6 3

From Eq. (3), we notice that v, is minimum when f(#) = sin26 — cos®6 is
ar®) _
=0
db

maximum. This requires

dar(e)
do
tan26 = -2

= 2co0s26 + sin26 = 0

20 = 116.57°

0 = 58.28° = 58.3° Ans.

Substituting the result of # into Eq. (2), we have

58.86
. ~ 976 Ans.
(V)i \/sin 116.57° — cos? 58.28° my/s ns

Ans:
0 = 58.3°
(vO) min 9.76 m/s
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12-87.

The catapult is used to launch a ball such that it strikes the
wall of the building at the maximum height of its trajectory.
If it takes 1.5 s to travel from A to B, determine the velocity
v, at which it was launched, the angle of release 6, and the
height h.

SOLUTION
(5) s =g
18 = w4 cos 0(1.5)

(+T) v = v + 2a. (s — sp)
0

(v45in 0)? + 2(—322)(h — 3.5)
(+T) v = + at
0 = vysin — 32.2(1.5)

To solve, first divide Eq. (2) by Eq. (1) to get 6. Then

0 = 76.0°
vy = 49.8ft/s
h = 39.7ft

h
350 S |5
| 18 ft |
) k4
)
[ 4
s !
2) .
it
Ans.
Ans.
Ans.
Ans:
0 = 76.0°
v, = 49.8 ft/s
h = 39.7ft
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*12-88.

Neglecting the size of the ball, determine the magnitude v4

of the basketball’s initial velocity and its velocity when it 30° B —
passes through the basket. V4 ‘
i
A 3m
T |
10 m
SOLUTION o
Coordinate System. The origin of the x-y coordinate system will be set to coinside
with point A as shown in Fig. a
Horizontal Motion. Here (v,), = v, cos 30°—, (s4), = 0 and (s), = 10 m —. %
. 8
(5) (n)e = (sa)e + (et Al 30’ T
— —X
10 =0 + vy cos 30°¢ m 3m
10
f= ——7™ 1
vy cos 30° o /1om
A
Also, ( )
(5) @) = (@A) = w4 cos 30° @
Vertical Motion. Here, (v,), = v4sin 30°T, (s4), = 0, (sg), =3 — 2 = 1m1 and
a, =981 m/s* |
— L,
(+T) (SB)y - (SA)y + (UA)yt + ant
1
1 =10+ vysin30°¢ + 5(—9.81)r2
49052 — 05v,t+1 =0 3)
Also
(+T) (vB)y = (vA)y + ayt
(’I)B)y = Vy sin 30° + (_981)t
('I)B)y =05 Vyp — 9.81t (4)
Solving Eq. (1) and (3)
vy = 11.705m/s = 11.7m/s Ans.
t = 0.9865s
Substitute these results into Eq. (2) and (4)
(vg), = 11.705 cos 30° = 10.14 m/s —
(vp)y = 0.5(11.705) — 9.81(0.9865) = —3.825m/s = 3.825m/s !
Thus, the magnitude of vp is
vg = V(vp)2 + (vp)2 = V10.14 + 3.825% = 1083 m/s = 108 m/s Ans.
And its direction is defined by
(v5) 3.825 Ans:
6z = tan ! { B } = tan™! (—) = 20.67° = 20.7° Ans. vy = 11.7m/s
(vp)« 10.14
vg = 10.8m/s
0 =20.7°%
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12-89.

The girl at A can throw a ball at v, = 10 m/s. Calculate the
maximum possible range R = R, and the associated angle
0 at which it should be thrown. Assume the ball is caught at
B at the same elevation from which it is thrown.

v, =10m/s

>
=

SOLUTION gy, At

(i) s =S8yt vt 3:54}.29
R =0+ (10 cos 0)t

(+T) v=1y+ a.t

s
—10sin® = 10sin # — 9.81¢

t:@Sinﬂ

200 .
Thus, R = msm 0 cos 0

100 .
= 931 sin 26 @
Require,

dR _
de
100
981 CO8 20(2) =0

cos20 =0

0

6 = 45° Ans.

100
R = 981 (sin90°) = 10.2m Ans.

Ans:
Ry = 102 m

0 = 45°
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12-90.

Show that the girl at A can throw the ball to the boy at B
by launching it at equal angles measured up or down v =10m/s
from a 45° inclination. If v, = 10 m/s, determine the range

R if this value is 15°, i.e., 0; = 45° — 15° =30° and 0, = 45° + 4
15°=60°. Assume the ball is caught at the same elevation
from which it is thrown.

>
=

SOLUTION

(i>) s =8y + vyt
R =0+ (10 cos 0)t
(+T) v =1y + at

—10sin# = 10sin § — 9.81¢

t= ﬁ sin 6
200 .
Thus, R = msm 0 cos 0
100
R =—sin20 @

9.81

Since the function y = sin 26 is symmetric with respect to § = 45° as indicated,
Eq. (1) will be satisfied if | ¢1| = | ¢5 |

Choosing ¢ = 15°0r6; = 45° — 15° = 30° and 6, = 45° + 15° = 60°, and
substituting into Eq. (1) yields

R = 883m Ans.

Ans:
R = 8.83m
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12-91.

The ball at A is kicked with a speed v, = 80 ft/s and at an
angle 6, = 30°. Determine the point (x, —y) where it strikes
the ground. Assume the ground has the shape of a parabola
as shown.

SOLUTION

(v4)x = 80 cos 30° = 69.28 ft/s
(va)y = 80sin 30° = 40 ft/s

(i)s = 5y + vyt

x =0 + 69.28¢
L 5
(+T) s =59+ vOZJ’_Eac[

1
—y =0+ 40r + 5(—32.2)t2
y = —0.04x?

From Egs. (1) and (2):

—y = 0.5774x — 0.003354x>
0.04x% = 0.5774x — 0.003354x?
0.04335x% = 0.5774x

x = 1331t

Thus

y = —0.04 (13.3)> = —7.09 ft

@

¢

Ans.

Ans.

Ans:
(13.3 ft, —7.09 ft)
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*12-92,
The ball at A is kicked such that 6, = 30°. If it strikes the y
ground at B having coordinates x = 15ft, y = —9ft,
determine the speed at which it is kicked and the speed at v
which it strikes the ground. -
«%& 10
X

SOLUTION

(i) s = 8y + vt
15=0+ vycos30°¢

1
(+T) § =89+ vot + Eact2
1
-9 =0+ vysin30°¢ + 5(—32.2)t2

v, = 16.51ft/s Ans.
t=1.047s

(5) (vg)x = 16,54 cos 30° = 14.32 ft /s

(+1) v=vy + at

(vg), = 1654 5in 30° + (—32.2)(1.047)

—25.45 ft/s

vp = V(1432)2 + (-25.45)> = 292 ft/s Ans.

Ans:

vy = 16.51t/s
t=1.047s

vg = 29.2 ft/s
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12-93.

A golf ball is struck with a velocity of 80 ft/s as shown.
Determine the distance d to where it will land.

SOLUTION

(i>)s =59 + vyt
dcos10° = 0 + 80 cos 55°¢

(+T) s =59+ Uot+%acl‘2

1
dsin10° = 0 + 80sin 55°¢ — 5(32.2)(12)

Solving
t =3.568s
d = 166 ft Ans.

Ans:
d = 166 ft
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12-94.

A golf ball is struck with a velocity of 80 ft/s as shown.
Determine the speed at which it strikes the ground at B and

the time of flight from A to B.

SOLUTION

(v4), = 80 cos 55° = 44.886
(va)y = 80sin 55° = 65.532
(i) s =8y + vyt

d cos 10° = 0 + 45.886¢
1 2
(+1) s =50 + vt + S ad
1
dsin10° = 0 + 65.532 (1) + 5(732.2)(9)

d = 166 ft
t = 3.568 = 3.57s
(vB)x = (’UA)X = 45.886

(+T) v =y + at
(vg), = 65.532 — 32.2(3.568)

(vp), = —49.357

v = V/(45.886)> + (—49.357)2

vp = 67.4ft/s

Ans.

Ans.

Ans:
t =3.57s

Vg = 67.4 ft/S
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12-95.

The basketball passed through the hoop even though it barely
cleared the hands of the player B who attempted to block it.
Neglecting the size of the ball, determine the magnitude v, of

its initial velocity and the height % of the ball when it passes
over player B.

SOLUTION
(5) s =8y + vt

30 =0+ vy cos30° t4¢

1
(+T) s =9 + Vot + Eactz

1
10 =7 + v, 5in 30° 14 — 5(32.2)(&0

Solving

vy = 36.73 = 36.7 ft/s
tac = 0943 s

(5) s =8y + vt

25 =0 + 36.73 cos 30° t45

1
+h s:s0+7)0t+5actz

1
h =7+ 36.73sin30°t45 — 5(32.2)(5,3)

Solving
tap = 0.786 s

h=1151t

_— 2t
32§>/w . B ‘
/ h 10f
7? l
25 ft 5 ft»\
Ans.
Ans.
Ans:
vy = 36.7 ft/s
h=115f1t
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