© 2010 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.

e12-1. A car starts from rest and with constant
acceleration achieves a velocity of 15m/s when it travels a
distance of 200 m. Determine the acceleration of the car
and the time required.

Kinematics:
vo = 0,v = 15m/s,sy = 0,and s = 200 m.
(—_t>) V2 =12 + 2a.(s — sg)
152 = 0% + 2a,(200 — 0)
a, = 0.5625 m/s? Ans.
(—t ) v=vy+ adt
15 = 0 + 0.5625¢

t=1267s Ans.

12-2. A train starts from rest at a station and travels with
a constant acceleration of 1 m/s?. Determine the velocity of
the train when ¢ = 30s and the distance traveled during
this time.

Kinematics:

a, =1m/s?,vy = 0,50 = 0,and ¢t = 305s.
(—'t>) vV =vy+ al

=0+ 1(30) = 30 m/s Ans.
+ L)
( ) s=s0+vot+5act
=0+0+ l(1)(302)
2

=450 m Ans.
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12-3. An elevator descends from rest with an acceleration
of 5ft/s? until it achieves a velocity of 15 ft/s. Determine the
time required and the distance traveled.

Kinematics:

a, = 5ft/s%, vy = 0,v = 15 ft/s,and sy = 0.

(+1) v =vy+ at

15=0 + 5t

t=3s Ans.
(+1) V2 = 1% + 2a.(s — s0)

152 = 02 + 2(5)(s — 0)

s =2251t Ans.

*12-4. A car is traveling at 15m/s, when the traffic light
50 m ahead turns yellow. Determine the required constant
deceleration of the car and the time needed to stop the car
at the light.

Kinematics:
vo= 0,5 = 0,5 = 50m and vy = 15m/s.
(—_t>) V2 =vy% + 2a.(s — sp)

0 = 15% + 2a,(50 — 0)

a, = —225m/s*> = 225 m/s> « Ans.
(5) V= + at

0 =15+ (-225)

t =6.67s Ans.
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*12-5. A particle is moving along a straight line with the
acceleration a = (12t — 3t"?)ft/s?, where ¢ is in seconds.
Determine the velocity and the position of the particle as a
function of time. Whent = 0,v = O and s = 15ft.

Velocity:
( - ) dv = adt

v t
_ _ a2
A dv % (126 = 3¢Y%)ar

t

o= (62 — 207)

V‘o

0
v = <6t2 - 2t3/2)ft/s Ans.

Position: Using this result and the initial condition s = 15ftats = Os,

(i>) ds = vdt

s t
/ ds = / (61‘2 - 213/2)dz
15 ft 0

s 4 !
— 3 5/2
SLSfI = (Zt - gl‘/)

0

s = (2t3 - %ﬁ/z + 15>ft Ans.

12-6. A ball is released from the bottom of an elevator
which is traveling upward with a velocity of 6ft/s. If the ball
strikes the bottom of the elevator shaft in 3 s, determine the
height of the elevator from the bottom of the shaft at the
instant the ball is released. Also, find the velocity of the ball
when it strikes the bottom of the shaft.

v =6+ (-322)3)

Kinematics: When the ball is released, its velocity will be the same as the elevator at ’U ~,

the instant of release. Thus, vy = 6ft/s. Also, t =3s, 5o =0, s = —h, and '0-’-6 5’ | — 2. M 2
a. = =322 ft/s%. ﬂ/ ) :1%'32‘ &3t

1, T' ]

(+T) s=so+voz+5act —][—OI

]

1

~h =0+ 6(3) + - (—-322)(3 |

(3) + 5 (-322)(%) :

h= 127t Ans. =

(+T) v =y + at h '

|

|

|

—90.6 ft/s = 90.6 ft/s | Ans.
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12-7. A car has an initial speed of 25 m/s and a constant
deceleration of 3 m/s%. Determine the velocity of the car
when t = 4 s. What is the displacement of the car during the
4-s time interval? How much time is needed to stop the car?

v=vy+ at

<
Il

25 + (=3)(4) = 13m/s Ans.

1
As:s—sozvot-i-iazcl2

As=s—0=254) + %(—3)(4)2 =76m Ans.
Vv =y t+ a.t

0=25+(-3)@®

t =833s Ans.

*12-8. If a particle has an initial velocity of v, = 12 ft/s to
the right, at s, = 0, determine its position when ¢ = 10s, if
a = 2 ft/s? to the left.

(=) s

L 5
so + vot + Eact

0 + 12(10) + %(—2)(10)2

= 20 ft Ans.

©12-9. The acceleration of a particle traveling along a
straight line is @ = k/v, where k is a constant. If s = 0,
v = vy when ¢t = 0,determine the velocity of the particle as
a function of time ¢.

Velocity:

() =

t v

dv
e
fa= [
t v

1
dt:/*vdv
IKENE:

t 1 )

=
o 2k

Vo

(=5 (- w)

v =V2kt + vy? Ans.
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12-10. Car A starts from rest at + = 0 and travels along a
straight road with a constant acceleration of 6 ft/s> until it
reaches a speed of 80 ft/s. Afterwards it maintains this

60 ft /s

B
/A"l\\
=)

speed. Also, when ¢ = 0, car B located 6000 ft down the
road is traveling towards A at a constant speed of 60 ft/s.
Determine the distance traveled by car A when they pass
each other.

Distance Traveled: Time for car A to achives v = 80 ft/s can be obtained by
applying Eq. 12-4.

(—t) v =+ a.t
80 =0 + 6¢
t =13.33s

The distance car A travels for this part of motion can be determined by applying
Eq. 12-6.

(—t) V2 = v} + 2a, (s — so)
807 = 0 + 2(6)(s; — 0)
s; = 533.33 ft

For the second part of motion, car A travels with a constant velocity of v = 80 ft/s
and the distance traveled in ¢’ = (¢; — 13.33) s (¢, is the total time) is

(5) 5 = ' = 80( — 13.33)

Car B travels in the opposite direction with a constant velocity of v = 60 ft/s and
the distance traveled in ¢, is

($) S3:‘Ut]:60[1
It is required that
AN + A\Y) + §3 = 6000
533.33 + 80(¢; — 13.33) + 60t; = 6000
ty = 46.67s
The distance traveled by car A is

sS4 =58 + 5 = 53333 + 80(46.67 — 13.33) = 3200 ft Ans.

Sl
I

6000 ft—»‘
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12-11. A particle travels along a straight line with a
velocity » = (12 — 3r%) m/s, where ¢ is in seconds. When
t = 1s, the particle is located 10 m to the left of the origin.
Determine the acceleration when ¢ = 4 s, the displacement
from ¢ = 0 tot = 10, and the distance the particle travels
during this time period.

v =12 — 3
d
a= ?: = —6t - = —24m/s2

4
N t t

/ ds = /th= /(12*31‘2)61[
—-10 1 1

s+10=12t — £ - 11
s=12 -1 -21

Sli=g = —21

Sli=10 = —901

As = —901 — (—21) = —880m
From Eq. (1):

v = Owhent = 2s

sl—y =122) = 2 =21 = =5

st =21 -5)+ (901 = 5) =912m

@

Ans.

| 9ol m

ZIm

~5m

= ~ . 4
t=10s t 01 -»—-)-’lj-/L‘ t=2s

T

———m e — e ———— == —
t } I+ scm)
o1 =2l -5 0

Ans.

Ans.
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*12-12. A sphere is fired downwards into a medium with
an initial speed of 27 m/s. If it experiences a deceleration of
a = (—6t) m/s?>, where ¢ is in seconds, determine the
distance traveled before it stops.

Velocity: vy = 27 m/s at t, = 0s. Applying Eq. 12-2, we have

(+4)

dv = adt

v t
/ dv = / —6tdt
27 0

v=(27-32)m/s [1]

Atv = 0,from Eq.[1]
0=27-3%> t=300s

Distance Traveled: s, = 0 m at ¢, = 0's. Using the result v = 27 — 3¢? and applying
Eq. 12-1, we have

(+4)

ds = vdt

N t
= _ 742
/0 ds /0 (27 — 362) dr

s= (271 = F)m 121
Att = 3.00s, from Eq. [2]
s = 27(3.00) — 3.00° = 54.0m Ans.
*12-13. A particle travels along a straight line such that in
2 s it moves from an initial position s, = +0.5m to a
position sz = —1.5 m. Then in another 4 s it moves from sz
to sc = +2.5 m. Determine the particle’s average velocity
and average speed during the 6-s time interval.
As = (s¢c — s4) =2m
st =(05+15+15+25)=6m
t=Q2+4)=6s
A 2
Vavg = 25 I 0.333 m/s Ans.
St 6
(Vsplavg = i 1m/s Ans.
25m J
L l5m 0-5i
t2s
\L;——*---¢ ’ff=0 t=6s-
O ettt L LS
1 t —~5(m)

1

g
1
05 R

%)
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12-14. A particle travels along a straight-line path such
that in 4 s it moves from an initial position s, = —8m to a
position s = +3 m. Then in another 5 s it moves from s to
sc = —6 m. Determine the particle’s average velocity and
average speed during the 9-s time interval.

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

As 2
Vae = 3 T 45 0.222 m/s Ans.

Average Speed: The distances traveled from A to B and B to C are
Sg>p=8+3=11.0m and sg_c =3 + 6 = 9.00m, respectively. Then, the
total distance traveled is sy = S4 —p + Sp—c = 11.0 — 9.00 = 20.0 m.

( ) _ STot _ 20.0
UspJae = A T 4+ 5

=222m/s Ans.

L 8m ;]l 3m ]l
©] > .
em }
O-(——————-—(——/
| 1 1
— —t
S57-8m Sz-om SO Ipm3m

12-15. 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!

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 sy = d’ = 33.0ftand v = 0.

(—t) vzzv%+2ac(s—s0)
07 = 44> + 2(-2)(d — 33.0)

d = 517 ft 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 s = d’ = 132 ftand v = 0.

(=) v = v + 2a. (s — )
07 = 44> + 2(-2)(d — 132)

d = 616 ft Ans.
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*]12-16. As a train accelerates uniformly it passes
successive kilometer marks while traveling at velocities of
2 m/s and then 10 m/s. Determine the train’s velocity when
it passes the next kilometer mark and the time it takes to
travel the 2-km distance.

Kinematics: For the first kilometer of the journey, vy = 2m/s, v = 10 m/s, sy = 0,
and s = 1000 m. Thus,

(—t) V=2 + 2a. (s — )
10? = 22 + 2a, (1000 — 0)
a, = 0.048 m/s?

For the second kilometer, v, = 10m/s, sy = 1000m, s = 2000m, and
0.048 m/s>. Thus,

($) V2= vy + 2a. (s — sp)

v? = 10% + 2(0.048)(2000 — 1000)

v =14m/s Ans.
For the whole journey, vy = 2 m/s,v = 14 m/s, and 0.048 m/s2. Thus,
(ﬁ) v =vy+ at

14 = 2 + 0.048¢

t =250s Ans.

*12-17. A ball is thrown with an upward velocity of 5 m/s
from the top of a 10-m high building. One second later
another ball is thrown vertically from the ground with a
velocity of 10 m/s. Determine the height from the ground
where the two balls pass each other.

Kinematics: First, we will consider the motion of ball A with (v4)y = 5m/s,
(54)0 = 0,54 = (h — 10)m, ¢, = t',and a. = —9.81 m/s%. Thus,

<+T) sa=(sa)o+ (va)oia + %actAz

1
h—10=0+ 5t' + E(—9.81)(:')2
h =5t — 4.905(t')* + 10 )

Motion of ball B is with (vg)y = 10m/s, (sz)g =0, sp =h, tp=1t" — 1 and
a, = —9.81 m/s*. Thus,

1
(*T) sg = (sg)o + (v)otp + 5 e tg’

h=0+10( —1) + %(—9.81)0’ - 1)

h = 19.81 — 4.905(r')* — 14.905 Q)

Solving Egs. (1) and (2) yields

h=454m Ans.

t' =1.68m

W),=5mis

1om

N

[y pp—_—

=i

g

O
J
]

2.81m|s?
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12-18. A car starts from rest and moves with a constant
acceleration of 1.5 m/s” until it achieves a velocity of 25 m/s.
It then travels with constant velocity for 60 seconds.
Determine the average speed and the total distance traveled.

Kinematics: For stage (1) of the motion, v =0, s =0, v =25m/s, and
a, = 1.5m/s%

($) v =vy+ at

25 =0+ 1.54
1 = 16.67 s
($) V2 =vy% + 2a.(s — sp)

252 =0 + 2(1.5)(s; — 0)
s; = 208.33 m

For stage (2) of the motion, sy = 108.22 ft, vy = 25 ft/s,t = 60s,and a. = 0.Thus,

(—_t>) s:so-l-vot-i—%actz

s = 208.33 + 25(60) + 0

= 1708.33ft = 1708 m Ans.

The average speed of the car is then

s 1708.33
Vo = =
M+t 16.67 + 60

=223 m/s Ans.

12-19. A car is to be hoisted by elevator to the fourth
floor of a parking garage, which is 48 ft above the ground. If
the elevator can accelerate at 0.6 ft/s?, decelerate at
0.3 ft/s?, and reach a maximum speed of 8 ft/s, determine
the shortest time to make the lift, starting from rest and
ending at rest.

+1 Vv =i+ 2a. (s — sg)

Vi = 0+ 2(0.6)(y — 0)

0=12, + 2(—0.3)(48 — y)
0=12y —0.6(48 — y)

ey

y=1601t,  vpa = 4382 ft/s < 8 ft/s

+1 v=vy+a.t

#3-1

4382 =0+ 061
t=17303s
0=4382 - 031,
t, = 14.61s

t=1t +1t,=219s Ans.

10
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*12-20. A particle is moving along a straight line such that
its speed is defined as v = (—4s%) m/s, where s is in meters.
If s=2m when ¢ =0, determine the velocity and
acceleration as functions of time.

v = —4s?
ds
7_,42
dr s

s t
/s’zds= /—4dt
2 0
=575 = —4uff

1
t= Z(s—1 - 0.5)

2
ST 8+ 1
2\ 16
v = _4(8t n 1) = (—7(& n 1)2) m/s Ans.
L dv 6@+ 1)) [ 256
Cdar (S + 1t ((St + 1)3) m/s* Ans

11
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*12-21. Two particles A and B start from rest at the origin
s =0 and move along a straight line such that
ay = (6t — 3) ft/s?> and ag = (12¢> — 8) ft/s?, where ¢ is in
seconds. Determine the distance between them when
t = 4 s and the total distance each has traveledin¢ = 4.

Velocity: The velocity of particles A and B can be determined using Eq. 12-2.

dUA = LlAdt
vy t
dvy = /(6t — 3)dt
A b 7 0.5 ft
— 22 _
Vyq = 3[ 3[ (O
dUB = aBdl ******** O
s ‘ L d05f
/ dvg = /(12t2 — 8)dt Sg=-050t $,=0 $4 =400 ft
0 0 t=1s t=0s (=4s
vp =48 — 8
%-J_f‘_.i
The times when particle A stops are Q’;—~0
32 -3t =0 t=0sand = 1s S S O o
e -l
. . ; . 19 ft o
The times when particle B stops are Sp=-4.0ft S4=0 Sp=192

=\1' =03 -
43 -8 =0 t=0sands = \V2s r=N2s 1=0s 1=4s

Position: The position of particles A and B can be determined using Eq. 12-1.

dSA = 'UAdt

Sa t
/ ds, / (3> — 3t)dt
0 0

3 3 2

Sqa =10 — t

2
dSB = UBdt

sp t
/ dsg / 48 — 8)dt
0 0

SB:l4_4t2

The positions of particle A att = 1sand 4 s are

3
Salieiy =17 = > (1%) = —0.500 ft

3
Splieas =4 — 2 (4%) = 40.0 ft
Particle A has traveled

d, = 2(0.5) + 40.0 = 41.0 ft Ans.

The positions of particle B at t = \V2sand4sare
spli—va = (V2)* — 4(V2)2 = —41t
Splims = (4 — 4(4)* = 192 ft
Particle B has traveled
dp = 2(4) + 192 = 200 ft Ans.

Att = 4 s the distance beween A and B is
As p = 192 — 40 = 152 ft Ans.

12
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12-22. A particle moving along a straight line is subjected
to a deceleration a = (—2v%) m/s?, where v is in m/s. If it
has a velocity v = 8 m/s and a position s = 10 m when
t = 0, determine its velocity and position when ¢t = 4s.

Velocity: The velocity of the particle can be related to its position by applying

Eq. 12-3.
ds = vdv
a
N v d
Lo L2
10m 8m/s 2v
1 1
S — 10 = % - R
8
Y7 T6s — 159 &

Position: The position of the particle can be related to the time by applying Eq. 12-1.

dz=@

v
t N 1
/dz = / —(16s — 159) ds
0 10m 8

8¢ = 8% — 159s + 790

Whent = 4s,
8(4) = 85> — 1595 + 790
8s* — 1595 + 758 = 0
Choose the root greater thanl0ms = 11.94m = 11.9m Ans.

Substitute s = 11.94 m into Eq. [1] yields

8

- °  __02 Ans.
V= l6(1194) — 159 ~ 020m/s ns

13
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12-23. A particle is moving along a straight line such that
its acceleration is defined as @ = (—2v) m/s?, where v is in
meters per second. If v = 20 m/s when s = 0 and ¢t = 0,

determine the particle’s position, velocity, and acceleration
as functions of time.

a= —2v
dv

= -2

dt Y

vd t
V:/—Zdt
20 V 0

In— = 2
20
v = (20e”*)m/s Ans.
a= fl‘; = (—40e™)m/s? Ans.

s t t
/ds = /vdt = /(ZOele)dt
0 0 0

s = —10e72) = —10(e™* — 1)

s =10(1 — e™*)m Ans.

14
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*12-24. A particle starts from rest and travels along a
straight line with an acceleration a = (30 — 0.20) ft/s?,
where v is in ft/s. Determine the time when the velocity of
the particle is v = 30 ft/s.

Velocity:

() =

a
t v
d
0 0 30 — 0.2v

1
| — —
t 02 In(30 — 0.2v)

v

0

30
=Sl 0
30
=Sl = 112 Ans.
L= S0 2(50) s ns

¢12-25. When a particle is projected vertically upwards
with an initial velocity of vy, it experiences an acceleration
a = —(g + kv*) ,where g is the acceleration due to gravity,
k is a constant and v is the velocity of the particle.
Determine the maximum height reached by the particle.

Position:

vdy

(—i—T) ds =

a
/ s = / o v
0 Vo F4 + kV
sy = —{Lln(g + kvz)}
0 2k

1 WK + kvy?

T M\ g+ 2
The particle achieves its maximum height when v = 0. Thus,

1 g + kvy?
hmax = 2kln<g

1 k
= 2kln<1 + gV02> Ans.

4

Vo

15
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12-26. The acceleration of a particle traveling along a
straight line is @ = (0.02¢") m/s?, where ¢ is in seconds. If
v=0, s =0 when ¢ =0, determine the velocity and
acceleration of the particle at s = 4 m.

Velocity:  ; = 0.02¢°3° = 413 m /s? Ans.
( 5 ) dv = adt

v t
/ dv = / 0.02¢' dt
0 0

t

v], = 0.02¢"

0
v =[0.02(e" — 1)] m/s o))

Position:

(ﬁ) ds = vdt

N t
= L
/0 ds /0 0.02(¢' — 1)dt

t

sly = 0.02(¢" — 1)

0
s = 0.0Z(el —t— 1>m

When s = 4m,
4=002e —r—1)
e —1—-201=0
Solving the above equation by trial and error,
t=5329s
Thus, the velocity and acceleration when s = 4 m (¢ = 5.329 s) are
v =002(e>? — 1) = 411 m/s Ans.

a = 0.02¢%% = 413 m/s? Ans.

12-27. A particle moves along a straight line with an
acceleration of a = 5/(3s'3 + 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 Simpson’s rule to
evaluate the integral.

5

‘T (3s% + s%)

ads =vdy
2 v
5d
/%=/Vdv
1 (3 +52)  Jo
08351—l 2
. —2V

v =129m/s Ans.

16
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*12-28. 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 ¢ = 5s, and (b) the body’s terminal or
maximum attainable velocity (as t — 00).

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

_dv
a

(+1) dt

t v
dv
/ i = / .
o b 9.81[1 — (0.01v)?]

‘= 1 { dv . dv }
9.81 [ Jo 2(1 + 0.01v) o 2(1 — 0.01v)

1+ 0.0lv)

9.81r = 501n< T

B 100(60.1962[ _ 1)

v 1]
1962 |

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

100[60.1962(5) _ 1]

v=—"——""——""=455m/s Ans.
019625 4 | /

0.1962r __ 1

b) Ift > — 1.Then, from Eq.[1]

P
60'1962t +1

Umax = 100 m/s Ans.
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*12-29. The position of a particle along a straight line is
given by s = (1.5 — 13.5t + 22.5¢) ft, where ¢ is in
seconds. Determine the position of the particle when
t = 6s and the total distance it travels during the 6-s time
interval. Hint: Plot the path to determine the total distance
traveled.

Position: The position of the particle when ¢t = 6sis

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

Ans.

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

Eq.12-1.

d
v = d—j = 4.50% — 27.0¢ + 22.5

The times when the particle stops are
4.506% — 27.06 + 225 =0

t=1s and t=135s

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

slmis = 1.5(1%) = 135(1%) + 22.5(1) = 105 ft
s’,ZSS = 1.5(5%) — 13.5(5%) + 22.5(5) = =375t
From the particle’s path, the total distance is

Sor = 10.5 + 48.0 + 10.5 = 69.0 ft

Ans.

(a-o o

4

/Mkl I/a-sftl

¥

== - |

= ?
Se3I5ft S:20ft  Sw0 Sw05dt
te55 t= 65 tso t:=is
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12-30. The velocity of a particle traveling along a straight
lineis v = vy — ks, where k is constant. If s = O when ¢ = 0,
determine the position and acceleration of the particle as a
function of time.

Position:

() =%

v
t N
d
o= 50
0 o vo — ks
1 s
t|6 =% In (vo — ks) .
1 Vo
t=—Inl —
k n(vo - ks>
kt _ Yo
¢ vo — ks
_Y —k
s—?(lfe ’) Ans.
Velocity:
ds d | v k }
=22 MY t
YT a T [k ( )
v =ve ¥
Acceleration:
dv d —k
-
a= —kve ™ Ans.

12-31. 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 = 1 mand v = 2 m/s when = 0, determine the
particle’s velocity and position when ¢ = 6 s. Also, determine
the total distance the particle travels during this time period.

/Ot(Zt —1)dt

=2 —t+2

N t
/ds:/(tz—t-i-Z)dt
1 0
1

1
s=*t3—5t2+2t+1

S—
Q‘<
<

[

<
I

3
Whent = 65,
v =32m/s Ans.
s =67m Ans.
Since v # 0 then
d=67—-1=66m Ans.
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*]12-32. 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.

Origin at roof:

Ball A:
(+T) S:SO+V01‘+1H [2
2 C
1 2
—s =0+ 5t — 5(9.81)t
Ball B:

+T s=s0+v0t+lact2
(+1) 5

1
—s = —30 + 20t — 5 (9.81)¢

Solving,
t=2s Ans.
s =9.62m

Distance from ground,

d = (30 — 9.62) = 20.4m Ans.

Also, origin at ground,
Lo,
s =Sy + vyt + —a.t
2
1 2
sq =30+ 5+ 5(*9.81)t
1 2
sp =0+ 20r + 5(—9.81)[

Require
S4 = Sp

1 1
30 + 5t + 3 (—9.81)2 = 20t + 5(79.81)12

t=2s Ans.

sg = 204 m Ans.

J

-+
[0}
-———y

; v

3

=2

— e &
|

> D>

I

535S

a5

3om
+3 }
T ?ZOM/S
L3t

origin at ?muno(
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*12-33. A motorcycle starts from rest at ¢+ = 0 and travels
along a straight road with a constant acceleration of 6 ft/s
until it reaches a speed of 50 ft/s. Afterwards it maintains
this speed. Also, when ¢ = 0, a car located 6000 ft down the
road is traveling toward the motorcycle at a constant speed
of 30 ft/s. Determine the time and the distance traveled by

the motorcycle when they pass each other.

Motorcycle:

(i>> v=vy+ta.t
50 =0+ 6t
t'=833s

v =% + 2a. (s — sp)

(502 = 0 + 2(6)(s’ — 0)

s" = 208.33 ft

In ¢ = 8.33 s car travels

s" = vot' = 30(8.33) = 250 ft
Distance between motorcycle and car:

6000 — 250 — 208.33 = 5541.67 ft

When passing occurs for motorcycle,
s =Vt x = 50(t")
For car:

s=vot;  5541.67 — x = 30(")

Solving,
x = 3463.54 ft
t" =69.27s

Thus, for the motorcycle,
t =6927 + 833 =776s

5, = 208.33 + 3463.54 = 3.67(10)° ft

+.8.23¢ $-8.335

) 50#s 30&/5\ +0
B N NI
] 4 o
VA P 554147 -X  250ft
208-33ft

Ans.

Ans.
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12-34. A particle moves along a straight line with a
velocity v = (200s) mm/s, where s is in millimeters.
Determine the acceleration of the particle at s = 2000 mm.
How long does the particle take to reach this position if
s = 500 mm when ¢t = 0?

Acceleration:

(5) %=200s

Thus,a = v% = (2005)(200) = 40(10%)s mm/s?

When s = 2000 mm,
a = 40(10°)(2000) = 80(10°) mm/s? = 80 km/s? Ans.
Position:

()@=

v
t N
d
J= Ly
0 500 mm 200s
t s
1

t| =—lIns
0 200 500 mm
PR T
200 500
At s = 2000 mm,
_ 12000 .
= oo gy = 6:93(107)s = 6.93 ms Ans.
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®]12-35. A particle has an initial speed of 27 m/s. If it
experiences a deceleration of a = (—6t) m/s?, where ¢ is in
seconds, determine its velocity, after it has traveled 10 m.
How much time does this take?

Velocity:
( o ) dv =adt

t t
/dv = /(—6t)dt
27 0

t
_(_ap2
27 ( u )

v =(27 — 3t) m/s

14

0

(ﬁ) ds = vdt

s t
= _ 242
A ds A (27 = 32%)dt

s t
= (27t - t3)
0

s = (27t — ) m/s

N

0

When s = 100 m,
t=0372s Ans.
v = 26.6m/s Ans.

*12-36. The acceleration of a particle traveling along a
straight line is @ = (8 — 2s) m/s?, where s is in meters. If
v =0 at s = 0, determine the velocity of the particle at
s = 2m, and the position of the particle when the velocity
is maximum.

Velocity:
(i>) vdv = ads

/vdv: /(8—2s)ds

0 0

v N

—| = (8s - sz)

21, 0

v = V16s — 25’ m/s
Ats =2m,

v

s=2m = V16(2) — 2(22) = +4.90 m/s Ans.

d
When the velocity is maximum df‘; = (0. Thus,

dv_ 1645
ds  2\V/16s — 25

16 —4s =0

s=4m Ans.
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¢12-37. 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 ¢ < 29/, from the instant ball A is thrown to
when the balls pass each other, and find the velocity of each
ball at this instant.

Kinematics: First, we will consider the motion of ball A with (v4)y = vg, (s4)o = 0,
Sq4 = h,[A = t’,and (aC)A = —4.

(“‘T) sa= (sa)o + (Vadota + %(%)A ta®

1
h:0+mﬂ+§k@@Y

h=vt' — gt'z a
<+T) va= (a)o + (@)ata ~

va=vo + (=8)1)

va=vo— gt @ —
The motion of ball B requires (vg)g = vo, (5g)o =0, s = h, tg =t'—t, and
(ac)B = —&

&—-

|

<+T) sg = (splo + (vp)oip + %(ac)z;fz;2

h:0+%0—0+%&@@—ﬁ

—

h=m@—ﬂ—§@—02 3) A >B
<+T) vg = (Vg + (a)plp Ca)

vp=vo + (=g)t'— 1)

vg=vy— gt —1) @

Solving Egs. (1) and (3),

- ) 8,
Vo' — Etz = vt =) = S ('~ 1)?
2vy + gt
=25 g Ans.
2
Substituting this result into Eqgs. (2) and (4),
2vy + gt
VA= Vo= 8\ T 5
8
1 1
= —Egt=5gtl Ans.
_ (ZVO + gt t)
Vp=Vo— § 2
1
=_—gt Ans.
28 1 ns
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12-38. 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 thatv = Oas y — ©0.

vdv = ady
0 00
d
/vdv:—gORz/ 7))2
v 0 (R+y)
v g R |
2 v R+y0

= V/2(9.81)(6356)(10)

= 11167 m/s = 11.2 km/s Ans.

12-39. Accounting for the variation of gravitational
acceleration a with respect to altitude y (see Prob. 12-38),
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. 12-38.

From Prob. 12-38,

R2
N a=-g 5
(R + y)’
Since ady = v dv
then
Y dy v
—go R? — = d
s /yo (R +y) /ov '
1 Y V2
RZ -
go {R + yL 2
1 1 V2
g R[ - 1=+

Thus

v = —R | 2800~y
(R + y)(R + yo)

When yy = 500km, y =0,

<
Il

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

v = —3016 m/s = 3.02km/s | Ans.
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*12-40. 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 vy. If this variation of
the acceleration can be expressed as a = (g/ vzf)(vzf — %),
determine the time needed for the velocity to become
v = vy/2. Initially the particle falls from rest.

1 Vit VAL g
——In =t
2vy vi—vVv/)lo vf

vy vy + v
t=—In
2g Ve — v
vy <Vf + Vf/2>
t=—1In
2g Vf Vf/2
1%
t = 0.549(?) Ans.
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*12-41. A particle is moving along a straight line such that
its position from a fixed point is s = (12 — 152 + 5¢%) m,
where ¢ is in seconds. Determine the total distance traveled
by the particle from ¢ = 1stot = 3s. Also, find the average
speed of the particle during this time interval.

Velocity:

(&) v=§=%(12—15t2+513)

v = =30t + 15 m/s

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

v =30t + 15> = 0
(=30 + 15¢r) = 0
t=0and2s
Position: The positions of the particle at# = 0's, 15,25, and 3 s are
slieos = 12 = 15(0%) + 5(0°) = 12m
she1s =12 = 15(1%) + 5(1°) = 2m
slmas = 12 = 15(2%) + 5(2°) = -8 m
Sliess =12 = 15(3%) +5(3%) = 12m

Using the above results, the path of the particle is shown in Fig. a. From this figure,
the distance traveled by the particle during the time intervalt = 1stot = 3sis

St = (2 +8) + (8 +12) =30m Ans.

The average speed of the particle during the same time interval is

_ STot _ 30 _
Vo = A T3 o1 15 m/s Ans.

R —— ——— A S =

|

N o o v o > - - ———— - -

+t=25% t=15 t=0s,3s
| - p———5(m)
-8 o 2 12

(@)
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12-42, 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—¢ graph, approximating the curve as straight-line
segments between the given points. Determine the total
distance traveled.

The total distance traveled is equal to the area under the graph. Vmk »
1 1 1 2
St =5 (20)(16) + ) (40 — 20)(16 + 21) + ) (60 — 40)(21 + 24) = 980m  Ans. ¢
211
16
o f (s

<0 +0 60
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12-43. A two-stage missile is fired vertically from rest B
with the acceleration shown. In 15 s the first stage A burns
out and the second stage B ignites. Plot the v—¢ and s—¢ a(m/?) A
graphs which describe the two-stage motion of the missile
for0 =t = 20s.
25
181
t { 1 (s)
15 20
Since v = / a dt, the constant lines of the a—¢ graph become sloping lines for the v—¢ graph.
The numerical values for each point are calculated from the total area under the a— graph to
the point.
Att =155, v = (18)(15) = 270 m/s
Att = 20s, v =270 + (25)(20 — 15) = 395 m/s
Since s = / v dt, the sloping lines of the v—¢ graph become parabolic curves for the s— graph.
The numerical values for each point are calculated from the total area under the v— graph to
the point.
1
Att =15s, s = 5(15)(270) =2025m
1
Att = 20s, s = 2025 + 27020 — 15) + 5(395 — 270)(20 — 15) = 3687.5m = 3.69 km
Also: V(mls)
0=t=15: 395 +
a=18 2704+
v=vygt+at=0+ 18t
L 2
s=5y+vot +—-a.t"=0+0+ 9
2 : ——t—t0
/5 20
Att = 15:
v = 18(15) = 270
3{m)
= 9(15)* = 2025
§ = 9(15) 366751
15 =t = 20:
a=125
ROR5 1
v=vg+at=270 + 25(t — 15)
Lo 1 2
s=sy+ vot + Eact = 2025 + 270(t — 15) + 5(25)(t - 15)
5 ? { ——105)
When ¢ = 20: } = 20

v =395m/s

s = 3687.5m = 3.69 km
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*12-44. 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 ¢ = 160 s it has traveled 2000 ft.
Determine the time ¢’ and draw the v—¢ graph for the motion.

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

1
(—t) s=s0+v0t-i-§azct2
1
s1=0+0+ 5(0.5)(1")2 = 0.25(t')
The velocity at time ¢ can be obtained by applying Eq. 124 with v, = 0.
(5) v=uvy+at =0+ 0.5 = 0.5¢ 1

The time for the second stage of motion is £, = 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

(5) 5, = vty = 0.5¢'(160 — ') = 80t' — 0.5(t")?
If the total distance traveled is st,; = 2000, then
STot = 1 + 82
2000 = 0.25(z')> + 80t' — 0.5(¢')?
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]. When ¢ = t' = 27.34s5,
v = 0.5(27.34) = 13.7 ft/s.

VCRs)
3117 :
L-v=05t :
i L
°l 273 160

tes)
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e12-45. If the position of a particle is defined by
s = [2sin (7r/5)t + 4] m, where ¢ is in seconds, construct
the s—t,v—t,and a—t graphs for 0 = ¢ = 10s.

ol s=2sin(%t)+4

2,—;-
- ' } : — tes)
25 5 7.5 /10
v{mfs)
AT
J ’2/=-2?77(05[%t)
25 &5
5 } — 7(s)
75 /0
21
5

_ar¢
25
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12-46. A train starts from station A and for the first
kilometer, it travels with a uniform acceleration. Then, for
the next two kilometers, it travels with a uniform speed.
Finally, the train decelerates uniformly for another
kilometer before coming to rest at station B. If the time for
the whole journey is six minutes, draw the v—¢ graph and
determine the maximum speed of the train.

For stage (1) motion,
<i’> vi = v+ (ad t

Vimax = 0+ (a1 11

Vmax = (@111 @
<i’> vi? = vo® + 2(a)i(s1 — s0)

Vmax> = 0 + 2(a,);(1000 — 0)

_ Vmax2 2)
(ac)l - 2000 (

Eliminating (a.); from Egs. (1) and (2), we have
2000

f 3

Vmax

For stage (2) motion, the train travels with the constant velocity of v, for
t = (t — t1). Thus,

1
<__t)> S2:S1+V1[+E(LZC)2[2
1000 + 2000 = 1000 + vy (12 — 1) + O
2000
Lh—h= N @
max

For stage (3) motion, the train travels for t = 360 — t,. Thus,

(+) V3 = vy + (a.)st

0 = Vinax — (a0)3(360 — 1)

Vimax = (a)3(360 — 1) ©)
(+) 32 = 1,2 + 2(a)s3(s3 — )

0 = Vmax” + 2[—(a.)3](4000 — 3000)

2

Vmax
(as = oo (©)

Eliminating (a.); from Egs. (5) and (6) yields

2000
360 — 1, = )
Vmax
Solving Egs. (3), (4), and (7), we have
t; = 120s t, = 240s
Vmax = 16.7 m/s Ans.

Based on the above results the v—¢ graph is shown in Fig. a.

Ylmfs)

/67 +—

i
Q

Zlé o f(f)
€Y
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12-47. The particle travels along a straight line with the v (m/s)
velocity described by the graph. Construct the a—s graph.
o
134 ‘
10— Ly=5+7
~v=2s+4
T
T T s (m)
a—s Graph:For 0 = s < 3m, 3
dv 5
(5) a=v-=(2s+ 42 = @5+ 8 ms
Ats = 0m and 3 m,
aly—om = 4(0) + 8 = 8 m/s?
aly—3m = 4(3) + 8 = 20 m/s?
For3m < s = 6m,
__t) dV )
(5) a=voo=(s+ N0 = (s +ms
Ats =3 mand 6 m,
aly—3m =3 + 7 = 10 m/s?
aly—gm = 6 + 7 = 13 m/s?
The a—s graph is shown in Fig. a.
A
almfs*)
a=4518
201+ a=8t+7
134
/O~
8 e
|
= | 3(m)
3 G
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*12-48. The a—s graph for a jeep traveling along a straight a(m/sd)
road is given for the first 300 m of its motion. Construct the
v-s graph. Ats = 0,v = 0. I%
B B
2
|
200 300 ° @
a—s Graph: The function of acceleration a in terms of s for the interval
Om =< s <200mis
a—-0_ 2-0 _ )
=0 2000 a = (0.01s) m/s
For the interval 200 m < s = 300 m, vimk) A ,]‘—Om
a—2 0—-2 7 - e
= = (—0.02s + 6) m/s*
s =200 300 —200 = (002 F6)m/s 2004 o |
|
. . L . . V=045 | |
v —s Graph: The function of velocity v in terms of s can be obtained by applying i I
vdv = ads. For the interval 0m < s < 200 m, ; i
| |
vdv = ds 5 ZJT 3i 5(my
00 0
v s
/ vdv = / 0.01sds
0 0
v = (0.1s) m/s
Ats = 200 m, v = 0.100(200) = 20.0 m/s

For the interval 200 m < s =< 300 m,

vdv = ads

v s
/ vdv = (—0.02s + 6)ds
2

0.0m/s 200m

v = (V-0.025* + 125 — 1200) m/s

Ats =300m, v = \V—-002(300% + 12(300) — 1200 = 24.5 m/s

34




© 2010 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.

*12-49. A particle travels along a curve defined by the
equation s = (> — 3r% + 2¢) m. where ¢ is in seconds. Draw
the s — ¢, v —t, and a — ¢ graphs for the particle for
0=r=3s.

s=0 3%+ 2

ds
= —=3%—-6t+2
Y dt
dv
=—=6—6
a dt

v=0at0 =326t +2

t = 1.577s,and t = 0.4226 s,
Sli=1577 = —0.386 m

Sli=0.4226 = 0.385 m

S(m) vmfs)
/ a(m/s)
4 I J2+
a=6t-6
PUTI V=3t-6t+2
i f(s )
2 ° ! 2 3
\){425 ] /
0 f tes)
0385 I 158 I LA gy 3 3 —o
0| < —# ] f(s)
-0385 +— 2 3
0423
12-50. A truck is traveling along the straight line with a
velocity described by the graph. Construct the a—s graph
for 0 = s = 1500 ft. v (ft/s)
v = 0.6 s34
a—s Graph: For 0 = s < 625 ft, 75%
() a=v2_ (0.6s3/4)F(O.6)s’1/4} = (0.275"2)tt /s?
ds 4
] | s(ft)
Ats = 625t 625 1500
tlc2
dlyes . = 0.27(625'2) = 6.75ft/s> acdfs*)
- %
For 625 ft < s < 1500ft, a=0-275
A
dv
- =v—=750) =0
(=) a=v =750
_ . - } 4 SO
The a—s graph is shown in Fig. a. Fo) i o
()
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12-51. A car starts from rest and travels along a straight
road with a velocity described by the graph. Determine the
total distance traveled until the car stops. Construct the s—¢
and a—t graphs.

s —t Graph: For the time interval 0 = ¢ < 30, the initial condition is s = 0 when
t=0s.

(ﬁ) ds = vdt
s t
/ds= /tdt
0 0
2
s = 5 m
When ¢t = 305,

30?
S :7:450m

For the time interval 30s < ¢t = 90 s, the initial condition is s = 450 m when
t = 30s.

( 5 ) ds = vdt
s t
/ ds = (—=0.5t + 45)dt
450 m 30s
1,
s = th + 45t — 675 | m
Whent = 90,

_ 1

2 p—
o005 =~ (907) + 45(90) — 675 = 1350 m

s‘ Ans.

The s —t graph shown is in Fig. a.

a—t Graph: For the time interval 0 < ¢ < 305,

dv d
=—=—@)=1 2
¢ dt dt() m/s
For the time interval 30s < t = 90,
dv d
=—=—(-05¢+ = —0. 2
a=— dt( 0.5t + 45) 0.5m/s

The a—t graph is shown in Fig. b.

Note: Since the change in position of the car is equal to the area under the v—¢
graph, the total distance traveled by the car is

As = / vdt

1
0 = - (90)(30)

S|t=90s -

S|, oo, = 1350's

v(m/s) T
30 4——
o= v=—05t+45
T T T t(S)
30 60 90
3(m) N
S=-Lt¥+45t-C]5
/350 1 )
1 2
450 4= %
; —t(s)
30 )
(A
aimls®)
4=
30 7 ts)
o
=ga7 A=05
(b
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*]2-52. A car travels up a hill with the speed shown. v (m/s)
Determine the total distance the car travels until it stops
(t = 60s). Plot the a—t graph.
104
Distance traveled is area under v—t graph. 30 go 1)
1 2
s = (10)30) + 5 (10)(30) = 450m Ans. amls?)
p 30 60
t(s)
-0-333
¢12-53. The snowmobile moves along a straight course v (m/s)
according to the v—t graph. Construct the s— and a—t graphs &
for the same 50-s time interval. When ¢t = 0,s = 0. d
R

s —t Graph: The position function in terms of time ¢ can be obtained by applying

ds 12
= — For ti int 10s=¢r<30 =—t=|=t .
v dl‘ Oor time mterva S S,v 30 5 m/s

ds = vdt
s t
2
ds:/*tdt
Lo )3
1
= (57)m
Atr =30s s=1(302)=180m
’ 5

For time interval 30 s < ¢t = 50 s,

ds = vdt

N t
/ ds = / 12dt
180 m 30s

s = (12t — 180) m

Att = 50s, s = 12(50) — 180 = 420 m

a— t Graph: The acceleration function in terms of time ¢ can be obtained by applying

a= @ For time interval 0s =< 30s and 30s <t =150s, a= dv = 2
dt J dt 5
=04m/s’and a = de; = 0, respectively.

30

t(s)

50

—_—t()

30

50
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12-54. A motorcyclist at A is traveling at 60 ft/s when he
wishes to pass the truck 7" which is traveling at a constant
speed of 60 ft/s. To do so the motorcyclist accelerates at
6 ft/s? until reaching a maximum speed of 85 ft/s. If he then
maintains this speed, determine the time needed for him to
reach a point located 100 ft in front of the truck. Draw the
v—t and s—¢ graphs for the motorcycle during this time.

Motorcycle:

Time to reach 85 ft/s,

v=vy+ a.t

o0
O
Il

60 + 6t

4.167 s

-
Il

<
Il

2 =3+ 2a, (s — s0)
Distance traveled,
(85)% = (60)* + 2(6)(s,, — 0)
S, = 302.08 ft
Int = 4.167 s, truck travels

s, = 60(4.167) = 250 ft

()1 = 60 ft/s

(V)2 = 85 ft /s

Further distance for motorcycle to travel: 40 + 55 + 250 + 100 — 302.08

=142.92 ft
Motorcycle:
s =95y + vyt
(s +142.92) = 0 + 85¢'
Truck:

s =0 + 60t
Thust' = 5.717 s
t = 4167 + 5717 = 9.88 s

Total distance motorcycle travels

st = 302.08 + 85(5.717) = 788 ft

=
-@,A v, = 60 ft/s <P
- s
40 ftd—s5 ft— 100 ft —
S54=302.08ft,  Sp
’ [ Motarbike
i-(\:%5 -302.08
=42-92ft
! 1 Truck.
D7 5 A
k S5t t 100,
345t
V(Hs)
85
60
7 + t(s)
417 988
S
788
302
t(s)
of 417 988

Ans.
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12-55. An airplane traveling at 70 m/s lands on a straight a(m/s%) D
runway and has a deceleration described by the graph. =

Determine the time ¢’ and the distance traveled for it to
reach a speed of 5 m/s. Construct the v— and s—t graphs for

this time interval, 0 = ¢t = ¢'. 5 r
! ! [(S)
|
v —t Graph: For the time interval 0 = ¢ < 5 s, the initial condition is v = 70 m/s
whent = 0Os. ~10 1
( % ) dv = adt

v t
/ dv = / —10dt
70 m/s 0

v = (=10t + 70) m/s

Whent =5,
V=55 = —10(5) + 70 = 20 m/s

For the time interval 5s < ¢ < ¢, the initial condition is v = 20 m/s whent = 5s.

(i>) dv = adt

v t
/ dv = /—4dt
20 m/s Ss

v = (—4t + 40) m/s

When v = 5m/s,
5= —4" + 40 t' =875s Ans.

Also, the change in velocity is equal to the area under the a—f graph. Thus,

Av = /adt

5 — 70 = —[5(10) + 4" - 5)]
t' = 8.75s'

The v—t graph is shown in Fig. a.

A (mls)

S=-2¢*440t #]s
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12-55. Continued

s—t Graph: For the time interval 0 = ¢ < 5, the initial condition is s = 0 when
t =0s.

($) ds = vdt

s t
/ds = /(—10[ + 70)dt
0 0

s = (—5t2 + 701)m
Whent =S5,

= —5(5%) + 70(5) = 225m

S’z:S s

For the time interval 5 < t = t' = 8.75 s the initial condition is s = 225 m when
t=135s.

(5) ds = vdt

N t
/ ds = /(*41‘ + 40)dt
225m 5

s = (=22 + 40 + 75)m

Whent =t = 8.75s,

S|, g5, = —2(8.75%) + 40(8.75) + 75 = 271.875m = 272m Ans.

Also, the change in position is equal to the area under the v— graph. Referring to
Fig. a, we have

As = /vdt

1 1
S|, _grs.— 0 = S (70 +20)(5) + (20 + 5)(375) = 271875 m = 272m  Anms.

The s—t graph is shown in Fig. b.
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*]12-56. The position of a cyclist traveling along a straight
road is described by the graph. Construct the v— and a—t

graphs.
s (m)
s = —0.625 £ + 27.5t — 162.5
137.5
v —t Graph: For the time interval 0 < ¢ < 10,
ds d
(&) v= o= o (0057) = (0157 mys
When ¢t = 0s and 10 50
en s an S, *‘/s 0055
v],_, = 0.15(0?) = 0 vy, = 015(10%) = 15 m/s | 1)
10 20
For the time interval 10s < ¢t = 20s,
(&) pod_d (—0.6252 + 27.5¢ — 162.5) = (—1.25¢ + 27.5) m/s
dt dt
Whent = 10s and 20 s,
V10 = —125(10) + 27.5 = 15m/s
Vim0 = —125(20) + 27.5 = 25 m/s
The v—t graph is shown in Fig. a.
a—t Graph: For the time interval 0 = ¢ < 105,
dv d
5 -2 2\ — 2
(&) a =" = (015%) = (0.30) m/s
Whent = 0sand 10 s,
d,_,. = 03(0) =0 d,_,, = 03(10) = 3m/s’
For the time interval 10s < t = 205,
dv d
- = = S (—125t + 275) = —1. 2
(&) a =" = (-125 +27.5) = ~125m/s
the a—t graph is shown in Fig. b.
2
vm/s) , a(mis®)
2
=0/5t .
v a=0-3t
15 T°777 31+~
l -
. V=-/251+2]5
| 2 tes)
$
! 70 !
25 LAy ~125 T
} 1 t( 5)
0 A0

(&)
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¢12-57. The dragster starts from rest and travels along a
straight track with an acceleration-deceleration described
by the graph. Construct the v—s graph for 0 < s < s', and
determine the distance s’ traveled before the dragster again
comes to rest.

v —s Graph: For 0 =< s < 200 m, the initial conditionisv = 0 ats = 0.

( 5 ) vdv = ads
v N
/ vdv = / (0.1s + 5)ds
0 0
> 4 s
—| = (O.OSS2 + SS)
0 0
v = < \V0.1s? + 10s) m/s
Ats =200 m,

v

a(m/s?)

254
a=01s+5—

—15-

s=200m = V0.1(2002) + 10(200) = 7746 m/s = 77.5 m/s

For 200 m < s =< s', the initial condition is v = 77.46 m/s at s = 200 m.

()

vdv = ads

v N
/ vdyv = / —15ds
77.46 m/s 200 m

4

2
v = 155
2 77.46 m/s

v = (V/=30s + 12000) m/s

Whenv = 0,

s
‘200 m

0 =V -30s" + 12000 s'" =400 m

The v—s graph is shown in Fig. a.

Ans.

Vm(s*)

775+

1200

‘ s (m)

=75 524103

Y= [-305 +/2000

()

1 sim
i )
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12-58. A sports car travels along a straight road with an
acceleration-deceleration described by the graph. If the car
starts from rest, determine the distance s’ the car travels
until it stops. Construct the v—s graph for 0 = s = s'.

v —s Graph: For 0 = s < 1000 ft, the initial conditionis v = 0 at s = 0.

($) vdv = ads
v S
/vdv= /6ds
0 0
2
%:6s

v = <\@sl/2) ft/s
When s = 1000 ft,

v = V12(1000)2 = 109.54 ft/s = 110 ft/s

a(ft/s?)

1000 s

s(ft)

For 1000 ft < s = s’, the initial condition is v = 109.54 ft/s at s = 1000 ft.

( 5 ) vdv = ads
/ vdy = / —4ds
109.54 ft/s 1000 £t
2 v
V s
) = —45|1000
109.54 ft/s
v = (V20000 — 8s) ft/s
Whenv = 0,

0 ="V20000 — 8’

s" = 2500 ft

The v—s graph is shown in Fig. a.

//0 1

Ans.

v (ffs)
Y= JZS*
V= },wooo -85

{ VR S(ff)
1000 5=2500

(~)
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12-59. A missile starting from rest travels along a straight a(m/s)
track and for 10 s has an acceleration as shown. Draw the
v—t graph that describes the motion and find the distance i
traveled in 10 s. 40
/‘“a =2t+ 20
30 +——
Fort = S,
| ——a=6t
a= 6t
dv = adt
v t
/ dv = / 6t dt 1(s)
0 0 5 10
v =3
Whent =5,
vimls)
v =75m/s
04
For5 <t < 10s, <
a=72t+20
dv = adt
v t
/dv = /(2t+20)dt 75
75 5
v —75 =7+ 200 — 125 = (s
5 /

v=7~+20t — 50

Whent = 10s,
v = 250 m/s

Distance att = 5's:

ds = vdt

s 5
/ ds / 3% dt
0 0

s=()P=125m

Distance att = 10s:

ds = vdy

s 10
/ ds = / (2 + 20t — 50)dt
125 S

1 10
s— 125 ==+ 10 - SOt}
3 5

s =917m Ans.
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*12-60. A motorcyclist starting from rest travels along a
straight road and for 10 s has an acceleration as shown.
Draw the v—t graph that describes the motion and find the
distance traveled in 10 s.

For0=1<6 dv = adt
v t
1
dv=/*t2dz
A o 6
1 5
=t
T
ds = vdt
s t
1 3
ds=/—t‘dt
L= [
1y
=t
T
Whent = 65, v =12m/s s =18 m

For6 <t =10 dv = adt

v t
/dv= /6dt
12 6

v==6t —24

s =vdt

d

N t
/ds: /(6t—24)dz
18 6

s =312 — 24t + 54

When ¢ = 105, v = 36 m/s

s =114 m

a (m/s?)

Ans.

V(ms)

12+

V=6t-24-

10

(O o

/0

1(s)

t(s)
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*12-61. The v—t graph of a car while traveling along a
road is shown. Draw the s—¢ and a— graphs for the motion.

Ay 20

=t =< =— =" =4m/s
0=t=5 a=- 5 m/s
Av 20— 20 5
=t =< =—= =
5=1t=20 a=y 20 =5 0m/s
Av._ 0-20 )
< < = — = = —
20 =t =30 = T 30-20 2m/s

From the v— graph at¢; = 5,1, = 20 s,and t3 = 305,
1

5= A = 5(5)(20) =50 m

sp = Ay + A, =50 + 2020 — 5) = 350 m

1
s3= A1+ Ay + A3 =350 + 5(30 — 20)(20) = 450 m

The equations defining the portions of the s— graph are

v (m/s)

20

i t(s)

1)

s t
0=r=S5s v=4r, ds=vdt /ds=/4tdt; s =2
0 0
s t
5=t=20s v = 20; ds = v dt, /ds=/20dt; s =20t — 50
50 5
s t
20=t=130s v =230 — 1) ds = vdt, /ds=/2(30—t)dt; s = —12 + 60t — 450
350 20
3¢m)
amls*) S=—t*bot-450
450 1+ '
4 350+
20 30 5=20t-50
tes)
0 =
-2
504
} }
0 : 2 3
5 0 0
L5-2zt’“
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12-62. The boat travels in a straight line with the
acceleration described by the a—s graph. If it starts from rest,
construct the v—s graph and determine the boat’s maximum
speed. What distance s’ does it travel before it stops?

v —s Graph: For 0 = s < 150 m, the initial conditionis v = O ats = 0.

( 5 ) vdv = ads
/vdv = /(—0.025 + 6)ds
0 0
v2|"

- (~0.015> + 65)),

v = (\/ —0.025* + 12s) m/s

alm/s) e
6,
a=—002+6
3
y(m
150 g
_4,

The maximum velocity of the boat occurs at s = 150 m, where its acceleration

changes sign. Thus,

Vaax = Vsmisom = V=0.02(1502) + 12(150) = 36.74 m/s = 36.7 m/s

For 150 m < s < s', the initial condition is v = 36.74 m/s at s = 150 m.

( - ) vdv = ads
/ vdy = / —4ds
36.74 m/s 150 m
2 v S
v = —4s
2 36.74 m/s 150 m

v="V-8s + 2550 m/s
Thus, when v = 0,

0="V-=8s + 2550 s"=3187m = 319m

The v—s graph is shown in Fig. a.

Ans.

Ans.

v(mls)

367 T

V= |-255>+/25

V- [z ram

|
150 31875 sCm)

(A4)
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12-63. The rocket has an acceleration described by the
graph. If it starts from rest, construct the v—¢ and s—¢
graphs for the motion for the time interval 0 < ¢ < 14s.

v — t Graph: For the time interval 0 < ¢ < 9 s, the initial conditionis v = 0 ats = 0.

(+1)

dv = adt

v t
/ dv = / 6t'2dt
0 0

v = <4t3/2)m/s

Whent = 9s,
Vo, = 4(97%) = 108 m/s

The initial conditionis v = 108 m/s att = 9s.

(+1)

dv = adt

v t
/ dv = | (4 — 18)dt
108 m/s 9s

v = (22 — 181 + 108) m/s

Whent = 14 s,

Vzias = 2(142) — 18(14) + 108 = 248 m/s
The v—t graph is shown in Fig. a.

s —t Graph: For the time interval 0 = ¢ < 9 s, the initial condition is s = 0 when
t=0.

(+T) ds = vdt
s t
/ ds = / 4832 dt
0 0
3 5
= Spn
75
Whent = 9s,
Sli=os = §(95/2) = 388.8m
oy = %

For the time interval 9s < ¢t =< 14 s, the initial condition is s = 388.8 m when
t =9s.

(+1)

ds = vdt

N t
/ ds = /(212 — 18t + 108)dt
388.8 m 9s

2
s = <§ £ — 9% + 108t — 340.2> m
Whent = 14,
2 3 2
Sli-1as = 5 (14°) - 9(14%) + 108(14) — 3402 = 1237 m

The s—t graph is shown in Fig. b.

a(m/s?)
38
@ = 36t Ca=d4r—18
84— \—
T T t(s)
9 14
v(mls)
VY=21t>18t+108
248 -
/08T
tls)

(@)

SCm)  5=5t-g¢*p08t-340

/.237 .

369

)

_B8.54
S'—;f

1+

N

%)

t(5)
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*12-64. The jet bike is moving along a straight road v(m/s)
with the speed described by the v—s graph. Construct the
a—s graph.
v =557
75—
0= =025+ 120

15 | |

a — s Graph: For 0 =< s < 225m, T T s(m)
225 525

W can\(dip) 2
(—t) a—va—(Ss/)(Es 2) =125m/s
For225m < s = 525m,
(&) a= v% = (=025 + 120)(—0.2) = (0.04s — 24) m/s>
A

At s = 225 m and 525 m,

dsmapsm = 0.04(225) — 24 = —15m/s’

aly—s25m = 0.04(525) — 24 = —3 m/s?

The a—s graph is shown in Fig. a.

a(mfs®

125
12.5 A=l

} 5Cm)

P d:i{;S—Z‘f

(a)
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¢12-65. The acceleration of the speed boat starting from a(ft/s?)
rest is described by the graph. Construct the v—s graph.

10
a=0.04s + 2~

v —s Graph: For 0 =< s < 200 ft, the initial conditionis v = 0 ats = 0. 200

($> vdv = ads

/ vdv = / (0.04s + 2)ds
0 0
2 4

= 0.025% + 2s
0

v = V0.04s% + 4s ft/s

Ats = 200 ft,

‘ s
0

14

w00 = V0.04(2002) + 4(200) = 4899 ft/s = 49.0t/s
For 200 ft < s = 500 ft, the initial condition is v = 48.99 ft/s at s = 200 ft.
( 5 ) vdv = ads

/ vdy = / 10ds
48.99 fit/s 200 ft

2 4
Vv s
) - 103‘200 ft
4899 ft/s
v = V20s — 1600 ft/s
At s = 500 ft,

s=s00e = V20(500) — 1600 = 91.65 ft/s = 91.7 ft/s

The v—s graph is shown in Fig. a. (V (ftlﬁ )

14

o= 205-/600
)

9/.7 -+

49.0°

|

500

s(ft)

S(ft)
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12-66. The boat travels along a straight line with the
speed described by the graph. Construct the s—t and a—s
graphs. Also, determine the time required for the boat to
travel a distance s = 400 m if s = 0 when ¢t = 0.

s—t Graph: For 0 = s < 100 m, the initial conditionis s = 0 when ¢ = O's.

($) dt = dS
/dl /2sl/2
t = s

s = (tz)m

When s = 100 m,
100 = £ t=10s
For 100 < s = 400 m, the initial conditionis s = 100 m when ¢ = 10s.

(_-I:)) dr ds

dt =
/(n /00m02s

t 0= 5n100
t

ST

t5-2 _ S
100

& 100
= (13.53¢°) m

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

The s—t graph is shown in Fig. a.

a—s Graph: ForOm = s < 100 m,
= (2s1/2>(s71/2) =2m/s?
For 100 m < s = 400 m,

d
vd—: = (0.25)(0.2) = 0.04s

When s = 100 m and 400 m,

aly—100m = 0.04(100) = 4 m/s?

aly—400m = 0.04(400) = 16 m/s>

The a—s graph is shown in Fig. b.

Ans.

v(m/s)
NG
80
v =025 —_
v? = 4s
o
T T s(m)
100 400
SCM) ) &5’6{_/5
==
400} )
S=t%
100 1+
-+ t(s)
10 &9
()
almls
16+
A=2%5
T f~a=2
2
{ Sim)
o 100 400
(b)
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12-67. The s—t graph for a train has been determined

experimentally. From the data, construct the v—¢ and a—¢ stm
graphs for the motion.
600
5 = 24t — 360~
360
s = 0.4t2\
ds 30 40 ‘©

v —t Graph: The velocity in terms of time ¢ can be obtained by applying v = o /
For time interval 0s = ¢ = 30, vims)

d

v = U 0.8t 2Ei0sb e

dt z }

When ¢ = 305, v = 0.8(30) = 24.0 m/s | E
| |
For time interval 30s < t = 40s, 0 3{0 4%0 s
ds
U=E=24.Om/s almfs®)
Lo . . . dv 0800
a—t Graph: The acceleration in terms of time ¢ can be obtained by applying a = a
d
For time interval 0s =t < 30s and 30s <t =40s, a = ¥~ 0.800 m/s?> and — ¢
J dt 0 J 5
v
=—=0, tively.

a=—_ respectively.
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*12—-68. The airplane lands at 250 ft/s on a straight
runway and has a deceleration described by the graph.
Determine the distance s’ traveled before its speed is
decreased to 25 ft/s. Draw the s—¢ graph.

v —s Graph: For 0 = s < 1750 ft, the initial condition is v = 250 ft/s at s

(=)

vdv = ads

/ vdv = /—15ds
250 ft/s 0

v
v2

s
= —15s’0
250 ft/s

v = (V62500 — 30s) ft/s

Ats = 1750 ft,

wison = V62500 — 30(1750) =

v 100 ft/s

For 1750 ft < s < s’, the initial condition is v =

( 5 ) vdv = ads
v N
/ vdv = / —7.5ds
100 ft/s 1750 ft
2 4
14 K
2l = (_7'5s)‘1750ft
100 ft/s

v =V36250 — 15s

When v = 25 ft/s
25 = V36250 — 15s

s’ = 2375 ft

The v—s graph is shown in Fig. a.

Il
o
@

100 ft/s at s = 1750 ft.

Ans.

V(3s)
250

a(ft

/%)

—7.54

—15-4

/00 ¥+

V=l62500-205

VY=36250 /55

29 -

—— < (5t)

1750 2375

(%)
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©12-69. The airplane travels along a straight runway with a(m/s?) \
an acceleration described by the graph. If it starts from rest %

and requires a velocity of 90 m/s to take off, determine the
minimum length of runway required and the time ¢’ for take
off. Construct the v—t and s—¢ graphs.

v —t graph: For the time interval 0 < ¢ < 10 s, the initial condition is v = 0 when / a=08t
t=0s. \

T 1(s)
(—t) dv = adt

10 r
v t
/dv = /O.Stdz
0 0

v = <0.4t2) m/s

Whent = 10s,
v = 04(10%) = 40 m/s

For the time interval 10 s < ¢t =< ¢’, the initial condition is v = 40 m/s whent = 10s.

(—t) dv = adt

v t
/ dv = / 8dt
40 m/s 10s

v t
V‘4Om/s = 8t|105
v = (8 — 40) m/s

Thus, when v = 90 m/s,

90 = 8' — 40 t' =16.25s Ans.
Also, the change in velocity is equal to the area under the a—¢ graph. Thus,

Av = / adt

1
90 — 0 = 5 (8)(10) + 8(¢' — 10)
t' =16.25s Ans.

The v—t graph is shown in Fig. a.

y{mfs)

90 +
o= 8t-40

401
V=04t

= —t— 1)
9 /leas

CY)
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¢12-69. Continued

s —t Graph: For the time interval 0 =< ¢ < 10 s, the initial condition is s = 0 when
t=0s.

(—_t>) ds = vdt

s t
/ ds = / 0.4£%dt
0 0

s = (01333) m

Whent = 10,

Sli—10s = 0.1333(10%) = 133.33m

For the time interval 10s < t = ¢’ = 16.25 s, the initial condition is s = 133.33m
whent = 10s.

(ﬁ) ds = vdt

s t
/ ds = (8¢ — 40)dt
133.33 m 10s

t
A

13333m (4t2 - 40t>
10s

s = (422 — 40r + 133.33)m

N

Whent =t =1625s

S|, 1605 = 4(16.25)> — 40(16.25) + 133.33 = 539.58 m = 540 m Ans.

The s—t graph is shown in Fig. b.

sm)

5404+ —m—o

- S=4t% 40t +/33

0133t
133+

} } Y43
o 10 1625 )

(&)
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12-70. The a—t graph of the bullet train is shown. If the
train starts from rest, determine the elapsed time ¢ before it
again comes to rest. What is the total distance traveled
during this time interval? Construct the v— and s— graphs.

v —t Graph: For the time interval 0 < ¢ < 30 s, the initial condition is v = 0 when
t =0s.

(—_t>) dv = adt

When ¢ = 305,
V305 = 0.05(30?) = 45 m/s

For the time interval 30 s < ¢ =< ¢', the initial conditionis v = 45m/s att = 30s.

(—t) dv = adt

v t
1
/ dv = / (l + 5>dt
45 m/s 30s 15
(Leis—us m/s
"7\ T30

Thus, whenv = 0,

1
0=———t?+5'-75

30
Choosing the root ¢’ > 75's,
t' =133.09s = 1335 Ans.

Also, the change in velocity is equal to the area under the a—¢ graph. Thus,

Av = /adl

0= 2009 + 2| (5 + ) -9

1
0=——t?+5"'-75
30

a(m/s?)

a = 0.1t |
( _a= (s

t
T | ‘ t(s)
30 75
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12-70. Continued

V(m[s) ,
=~ Z. _
This equation is the same as the one obtained previously. ==3o t 5t 4
1125~
d

The slope of the v—t graph is zero when ¢ = 75 s, which is the instant a = dil; = 0.Thus,

1 2

Wirss = 34 (75%) + 5(75) — 75 = 112.5m/s 45 4+— yeds
20
The v—t graph is shown in Fig. a.
+ ! t(s)

s —t Graph: Using the result of v, the equation of the s—t graph can be obtained by 0 ”z 133

integrating the kinematic equation ds = vdt. For the time interval 0 = ¢ < 30 s, the

initial condition s = 0 at ¢t = 0 s will be used as the integration limit. Thus, Q)
( - ) ds = vdt
s t j(m) 5- ...»-L' 3, 5.2
= TSt% 50
/ds = /0.05r2 dt 8es7 + AR
0 0
(L,
o= (0)m
When ¢ = 305, 45001
1 3
sli=30s = o (30°) = 450 m
For the time interval 30s <t = ¢’ = 133.09 s, the initial condition is s = 450 m
when t = 30s. ot f 4 f t(s)
(50 75 133
5 = =
( ) ds = vdt ‘S_ZLo'fg

s t
1
/ ds = / (——tz + 50— 75>dt (&
450 m 30s 30

15,5, )
=(- + =2 =5t +
s ( 90t 2t 75t + 750 | m

Whent = 75sandt’ = 133.09 s,

sliz7ss = —% (75°) + %(752) — 75(75) + 750 = 4500 m

|- 133005 = 791—0 (133.09%) + %(133.092) — 75(133.09) + 750 = 8857m  Aums.
The s—t graph is shown in Fig. b. s /W\>
(/>
i 8es 1T
1128 +
ol
450 1
+ t (s
30 75 133 )
4 ¢ls)
E2)
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12-71. The position of a particle is r = {(3t> — 2¢)i
- (4" + 1)j + (3> — 2)k}m, where ¢ is in seconds.
Determine the magnitude of the particle’s velocity and
acceleration when ¢t = 2 s.

Velocity:
v = % = % {(3:3 —20)i — (42 + 1)j + (32 - 2)4 = {(9:2 —2)i— (202 + 1) + (6t)k} m/s
Whent = 2,

v = H9<22) _ 2} _ {2(2—1/2) + 1}j + 6(2)k} m/s
= [34i — 2.414j + 12k] m/s

Thus, the magnitude of the particle’s velocity is

v=Vr2+ v+, = V34 + (-2414)> + 122 = 361 m/s Ans.

Acceleration:

a-tr_4 {(9# —2)i— (272 + 1)j + (6t)k} m/s = [(180)i + t% + 6k| m/s?
dr — dt

Whent = 2,

a = [18(2)i + 27¥% + 6k| m/s> = [36i + 0.3536j + 6k] m/s?

Thus, the magnitude of the particle’s acceleration is

a=Va?+a?+a?=\36+ 03536 + 6 = 36.5 m/s’ Ans.

*12-72. The velocity of a particleis v = {3i + (6 — 2¢)j} m/s,
where ¢ is in seconds. If r = 0 when ¢t = 0, determine the
displacement of the particle during the time interval
t=1stot =3s.

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

dr = vdt

[dr = [[ﬁ + (6 — 20)j]dt

r= {3zi + (6t — tz)j}m
Whent = 1sand3s,
rliois = 3D + [6(1) — 17]j = [3i + 5] m/s
Mi_ss = 33 + [6(3) — 3%]j = [9i + 9] m/s
Thus, the displacement of the particle is

Ar = r|t=3s - r‘rzls

(9 + 9§) — Gi + 5j)

= [6i + 4j] m Ans.
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®12-73. A nparticle travels along the parabolic path
y = bx?. If its component of velocity along the y axis is
v, = ct?, determine the x and y components of the particle’s
acceleration. Here b and ¢ are constants.

Velocity:
dy = v,dt
y t
/ dy = /Ct2 dt
0 0
c
y= §t3

Substituting the result of y into y = bx?,

_ € 3p
= .|t
ERVET)

Thus, the x component of the particle’s velocity can be determined by taking the
time derivative of x.

. d c 4 3 /c
= x = — Eic Vo N S V)
e T dt[\/,%bt J AT

Acceleration:
. d (3 |c, 3 /c _ 3 /c 1
e _ a2 |Cap)\_2 /€ ap_> /¢ L
=y, = t = t = Ans.
AT <2\/ 3b > 4\ 3b N3b/ e
d
a,=v, = E(ctz) = 2ct Ans.

59




© 2010 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.

12-74. 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?

Acceleration: The acceleration expressed in Cartesian vector form can be obtained
by applying Eq. 12-9.
d
a= d—: = (320 + 123 + 5k) m/s?
When ¢ = 2s,a = 32(2)i + 12(22)j + 5k = {64i + 48j + 5k} m/s’. The magnitude
of the acceleration is

a=Vd +d+da=Ve# + 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 = /(1612i + 405 + (5t + 2)k) dt
0 0
16 3. 4 (5 2 ) :|
=|=ri+j+ (-t +
r {3 ri+ 1 2t 2t |k |m
Whent = 25,
= @)+ (i + | 32) + 20k = 127+ 1605 + 140K m
5 5 . . . .

Thus, the coordinate of the particle is

42.7,16.0,14.0) m Ans.
(
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12-75. A particle travels along the circular path
x? + y? = r2.If the y component of the particle’s velocity is
v, = 2r cos 2t, determine the x and y components of its
acceleration at any instant.

Velocity:

dy = v,dt

y t
/dy = /Zr cos 2tdt
0 0

y = rsin 2t
Substituting this result into x> + y> = r2, we obtain
x>+ r?sin?2t = 12
22 =131 — sin2t)

X = Frcos2t

Thus,
. d .
Ve =X = (Frcos2t) = F2rsin 2t
Acceleration:
. d .
4y = vy = (F2r sin 2t) = F4r cos 2t Ans.
. d .
ay =y = (2r cos 2t) = —4r sin 2t Ans.
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*12-76. The box slides down the slope described by the
equation y = (0.05x%) m, where x is in meters. If the box has
x components of velocity and acceleration of v, = -3 m/s
and a, = -1.5m/s? at x = 5m, determine the y components
of the velocity and the acceleration of the box at this instant.

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

y = 0.05x?

y = 0.1xx
or

vy = 0.1xv,

Atx = 5m,v, = =3 m/s. Thus,

v, = 01(5)(-3) = ~1.5m/s = 1.5m/s | Ans.

Acceleration: The x and y components of the box’s acceleration can be obtained by
taking the second time derivative of the path’s equation using the chain rule.

y = 01[kk + x¥] = 0.1(i? + x¥)
or
a, = 0.1<VX2 + xax)
Atx =5m,v, = —3m/s and a, = —1.5 m/s%. Thus,

a, = 01[(=3)* + 5(-1.5)] = 0.15m/s> 1 Ans.

y = 0.05 x?
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®12-77. The position of a particle is defined by
r = {5cos2ti + 4sin2¢j} m,where ¢is in seconds and the
arguments for the sine and cosine are given in radians.
Determine the magnitudes of the velocity and acceleration
of the particle when ¢ = 1 s. Also, prove that the path of the
particle is elliptical.

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

d
=2 {=10sin 2¢i + 8 cos 2§} m/s

V—E—

When ¢t = 1s,v = —10sin 2(1)i + 8 cos 2(1)j = {—9.093i — 3.329j} m/s. Thus, the
magnitude of the velocity is

v=V+ vk = V(-9.093) + (-3.329)> = 9.68 m/s Ans.

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

_dv

=, = {720cos 21i — 165sin 2§} m/s?

a

Whent = 1s,a = —20cos 2(1)i — 16sin 2(1)j = {8.323i — 14.549j} m/s%. Thus, the
magnitude of the acceleration is

a=Vd +d =\8323 + (14549 = 168 m/s’ Ans.

Traveling Path: Here, x = 5 cos 2t and y = 4 sin 2¢. Then,

2

X2
25 cos“ 2t [1]
2
Yo
16 = sin 2t [2]
Adding Eqs [1] and [2] yields
2 2

X y ) .
— 4+ = +
» T 16 cos” 2t + sin” 2t

However, cos® 2¢ + sin?2¢ = 1. Thus,

—+—==1 (Equation of an Ellipse) (Q.E.D.)
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12-78. 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.

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
—+ =1
2ty

1
3 (2xd) 2y =0
L o=0
2.X'X yy =

or

1
Exvx +2yv, =0 (4))

Atx = 1m,

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

Thus, the magnitude of the peg’s velocity is

v=Vr2+v,7=VI10 + 2887 = 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
E(ic)'c + xx) +2(yy + yy) =0

L wax) 427+ 35) =0

2
or
10 2 2
S+ xa) +2(v, + ya) = 0 @
3
Since v, is constant, a, = 0. When x =1m, y = Tm, v, = 10 m/s, and

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

%(102 +0) + 2[(—2.887)2 + \fay} =0

a, = —38.49m/s’ = 3849 m/s* |

Thus, the magnitude of the peg’s acceleration is

a= \/axz + ayz = V0 + (—38.49)? = 38.5m/s? Ans.
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12-79. A particle travels along the path y?> = 4x with a
constant speed of v = 4m/s. Determine the x and y
components of the particle’s velocity and acceleration when
the particle is at x = 4 m.

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

2yy = 4x
.2,
y=—x
y
or
2
vy=;vx (§))

Vy = 5 Vx )

v="Vv?2+v? A3

Substituting v = 4 m/s and Eq. (2) into Eq. (3),

1 2
4 = VXZ + (E VX>
v, = 3578 m/s = 3.58 m/s Ans.

Substituting the result of v, into Eq. (2), we obtain

vy = 1789 m/s = 1.79 m/s Ans.

Acceleration: The x and y components of the particle’s acceleration can be related
by taking the second time derivative of the path’s equation using the chain rule.
2(yy +yy) = 4x
V+yy=2x
or

2 -
vy, + ya, = 2a,

When x = 4m,y = 4m,and v, = 1.789 m/s. Thus Eq. (4) becomes

1.789* + 4a, = 2a,
a, = 0.5a, — 0.8 5) Path )

Since the particle 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

= tan_1<1>
x=4m Xl/z

= tan"' (0.5) = 26.57°.

d
horizontal at x = 4mis 6 = tan_1<dy>
x

Thus, from the diagram shown in Fig. a, o
a, cos 26.57° + a, sin 26.57° = 0 (6)
Solving Egs. (5) and (6) yields
a, = 032 m/s? a, = —0.64m/s’ = 0.64 m/s* | Ans.
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*12-80. The van travels over the hill described by y
y = (—1.5(10) x> + 15)ft. If it has a constant speed of
75ft/s, determine the x and y components of the van’s 15 y = (—1.5(1073) x% + 15) ft
velocity and acceleration when x = 50ft.
- o
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(1073)xi
or
v, = —3(1073)xvx
When x = 50 ft,
v, = =3(1073)(50)v, = —0.15v, )
The magnitude of the van’s velocity is
v="\Vv?+ v’ 2
Substituting v = 75 ft/s and Eq. (1) into Eq. (2),
75 = Vv, 2 + (—0.15v,)°
v, = T42ft/s < Ans.
Substituting the result of v, into Eq. (1), we obtain
v, = —0.15(=74.17) = 1112 ft/s = 11.1 ft/s 1 Ans. dv
Acceleration: The x and y components of the van’s acceleration can be related by ’\):79'\ﬂ/4 .
taking the second time derivative of the path’s equation using the chain rule. 8=853/

y = —3(1073)(ix + xx)

or : Path
a, = f3<10_3)(vx2 + xax)

When x = 50 ft,v, = —74.17 ft/s. Thus,

a

. —3(10*3){(—74.17)2 + 504

a, = —(16.504 + 0.15a,) A3
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 = tan—1<y> = tan_l{—3(10_3)X} = tan'(-0.15) = —8.531°.

dx

x=50 ft x=50ft
Thus, from the diagram shown in Fig. a,
a, cos 8.531° — a,sin 8.531° = 0 4
Solving Egs. (3) and (4) yields
a, = —2.42ft/s = 2.42 ft/s* — Ans.
a, = —16.1ft/s = 16.1 ft/s*| Ans.
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*12-81. A particle travels along the circular path from A
to Bin 1 s. If it takes 3 s for it to go from A to C, determine
its average velocity when it goes from B to C.

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
= {21.21i — 21.21j} m

rc = (30sin 75° — 0)i + [(30 — 30 cos 75°) — 30]j
= {28.98i — 7.765j} m

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

Arge  7.7651 + 13.45j . .
(VBC)avg = A 31 = {3.88i + 6.72j} m/s Ans.

y
30° C
l-45°
30m @
\B
O
X
%
30°
re
o~ -
= x

12-82. A car travels east 2 km for 5 minutes, then north
3 km for 8 minutes, and then west 4 km for 10 minutes.
Determine the total distance traveled and the magnitude
of displacement of the car. Also, what is the magnitude of
the average velocity and the average speed?

Total Distance Traveled and Displacement: The total distance traveled is

s=2+3+4=9km Ans.
and the magnitude of the displacement is
Ar = V(2 + 4> + 32 = 6.708 km = 6.71 km Ans.

Average Velocity and Speed: The total timeis Ar = 5 + 8 + 10 = 23 min = 1380 s.
The magnitude of average velocity is

_Ar 6708(10°)

Vavg = E = W = 4.86 m/s Ans.
and the average speed is
9(10°)
s
(Usp)avg = E = W = 6.52 m/s Ans.
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12-83. The roller coaster car travels down the helical path at z
constant speed such that the parametric equations that define

its position are x = csin kt,y = c cos kt,z = h — bt,where 7
¢, h, and b are constants. Determine the magnitudes of its
velocity and acceleration. d =

x = csin kt x = ck cos kt X = —ck?sin kt
y = ccos kt y = —ck sin kt y = —ck?cos kt y_
z="h— bt 1=-b 7=0
X
v = V(ck cos ki) + (—ck sin kt)* + (=b)2 = V%2 + b? Ans.
a = \V(—ck*sin kt)? + (—ck*cos kt)? + 0 = ck? Ans.

#12-84. The path of a particle is defined by y*> = 4kx, and
the component of velocity along the y axis is v, = ct, where
both k and c¢ are constants. Determine the x and y
components of acceleration when y = y,.

y? = 4kx
2yv, = dkv,
2v3 + 2ya, = 4ka,

v, = ct

y

a, =c Ans.

y
2(ct)? + 2yc = 4ka,

_ ¢

K (y + ctz) Ans.

ay

68




© 2010 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.

*12-85. A particle moves along the curve y = x — (x%/400),
where x and y are in ft. If the velocity component in the x
direction is v, = 2 ft/s and remains constant, determine the
magnitudes of the velocity and acceleration when x = 20 ft.

2
Velocity: Taking the first derivative of the path y = x — = we have

400°
R (2xi)
YT 400
. . X .
=X 5008 [1]
However, x = v, and y = v,.Thus, Eq. [1] becomes
X
Uy = Uy — % Uy 2]
Here, v, = 2 ft/s at x = 20 ft. Then, From Eq. [2]
20
vy, = 2 — ﬁ(Z) = 1.80ft/S
Also,
v ="V + k= V2 + 1.80% = 2.69 ft/s Ans.
2
Acceleration: Taking the second derivative of the path y = x — 200" V€ have
y=x- i(;cZ + x¥) [3]
200
However, ¥ = a, and y = a,.Thus, Eq. [3] becomes
L (s
ay=a;— 5o (vx + xax) [4]
Since v, = 2 ft/s is constant, hence a, = 0 at x = 20 ft. Then, From Eq. [4]
L2 2
ay=0- 2o [22 + 20(0)] = —0.020 ft/s
Also,
a=Vd +a=\V0+ (—0020) = 0.0200 ft/s’ Ans.
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12-86. The motorcycle travels with constant speed v y
along the 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. Yo,

é y=csin(%x)
X
y = cSsin Zx ¢
e L —— L —

=T c(cos T x>)'c
YL L

<
Il

w o™
y zCVx COSZx

2 2
vy T vy

<
(=)
Il

Ans.

Vo TTC 2 -
vy = OL (cos Zx)[l + <% c) cos? (% x)} Ans.

< <
= o
| Il
S o
| T —
—_ —
+ +
/N T N
S~ o~
[ [
— —
[SS) 8]
) o
] ]
wl\) ml\)
N TN
=~ ~(a
= =
~—  ~—
I [ I |
|

12-87. The skateboard rider leaves the ramp at A with an V4 .,%
initial velocity v, at a 30° angle. If he strikes the ground at A 43; .
B, determine v 4 and the time of flight. M 1
1m
4 ] B

Coordinate System: The x—y coordinate system will be set so that its origin coincides
with point A. Sm \

x-Motion: Here, (v4), = v, cos30°,x, = 0 and xz = 5 m. Thus,

(i)) xp = x4+ (Va)ud
5=0+vycos30°¢

f=— o))

v 4 cos 30°

y-Motion: Here, (v,), = v, sin30°,a, = —g = —9.81 m/s*,and yz = —1 m. Thus,

1
(+T) yB:yA+(VA)yl+ant2

1
—1=0+v,sin30°t + 5(79.81)1‘2

4905t — v,sin30°t — 1 =0 ?)
Solving Egs. (1) and (2) yields

va = 649m/s t =0.890s Ans.
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*12-88. The pitcher throws the baseball horizontally with
a speed of 140 ft/s from a height of 5 ft. If the batter is 60 ft

A

o R,

away, determine the time for the ball to arrive at the batter ]h
and the height 4 at which it passes the batter. ‘ ‘
| 60 ft |
(&)  s=wy  60=140r
t = 04286 = 04295 Ans. t
(+T) s:so+v0t+lact2
2 140ftfs
e ——————— “(_—"Tsft
1 2 %
h=5+0+ 5(—32.2)(0.4286) = 2.04 ft Ans -1
h K 6O ft
*12-89. The ball is thrown off the top of the building. If it Va
strikes the ground at B in 3 s, determine the initial velocity v 4 /@'A
and the inclination angle 6 4 at which it was thrown. Also, find A
the magnitude of the ball’s velocity when it strikes the ground. =
Coordinate System: The x—y coordinate system will be set so that its origin coincides :—'--
with point A. _.,_-=-'
=== 75 ft
x-Motion: Here, (v4), = v4cos6,x, = 0,and xz = 60 ft,and r = 3 s. Thus, =
I
( - ) xp = x4+ (Va)t =:_.-
o —
60 =0 + vy cos 6(3) ——
vycosf =20 ) s 7= oB

y-Motion: Here, (v4), = v, sinf,a, = —g = —32.2ft/s’, y, = 0,and yp = —75 ft,
and ¢t = 3 s.Thus,

_ L 5
(+1) Yo = ya+ (VA + Jay

75 =0+ v, sin 6(3) + %(—32.2)(32)

vasing = 233 )
Solving Egs. (1) and (2) yields
0 = 49.36° = 49.4° va = 30.71 ft/s = 30.7 ft/s Ans.

Using the result of 6 and v 4, we obtain

(v4)x = 30.71 cos 49.36° = 20 ft/s (v4)y = 30.71 sin 49.36° = 23.3 fit/s

Thus,
(+1)

(VB)y = (VA)y + ayt

(vg), = 233 + (=322)(3) = —73.3ft/s = 733 ft/s |

Thus, the magnitude of the ball’s velocity when it strikes the ground is

vg = V20% + 73.32 = 76.0 ft/s

Ans.

| 60 ft
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12-90. A projectile is fired with a speed of v = 60 m/s at y
an angle of 60°. A second projectile is then fired with the
same speed 0.5 s later. Determine the angle 6 of the second
projectile so that the two projectiles collide. At what
position (x, y) will this happen?

x-Motion: For the motion of the first projectile, v, = 60 cos 60° = 30 m/s, x, = 0,
and t = t;.Thus,

(—_t>) X = X9+ vt

0 + 30¢, )

X

For the motion of the second projectile, v, = 60 cos 6, xo = 0, and ¢t = t; — 0.5.
Thus,

(=)«

Xog + vyt

x =0+ 60cos 6(; — 0.5) ?)

y-Motion: For the motion of the first projectile, v, = 60 sin 60° = 51.96 m/s, y; = 0,
anda, = —g = —9.81 m/s?. Thus,

1
(+T) y=yo+vyt+§ayt2

y =0+ 51.96t; + %(—9.81)t12

y = 51.96t; — 4.905¢,2 3)

For the motion of the second projectile, v, = 60sin6, y, =0, and
a,=—g=-981 m/s?. Thus,

(+1) y=y0+vyt+%ayt2

1
y =0+ 60sin6(t; — 0.5) + 5(—9.81)(:1 - 0.5)?
y = (60sin 6)t; — 30sin 6 — 4.905 ;> + 4.905t, — 1.22625 “@
Equating Egs. (1) and (2),

30t; = 60 cos 6(t; — 0.5)

cos 6

= ——— 5
L 2cos0 — 1 )

Equating Egs. (3) and (4),
51.96t, — 4.905t,% = (60sin 0)t; — 30sin 6 — 4.905¢,> + 4.9051, — 1.22625
(60 sin & — 47.06)t; = 30sin § + 1.22625

_ 30sin 6 + 1.22625
L™ 60sin6 — 47.06

()
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12-90. Continued

Equating Egs. (5) and (6) yields

cos 0 _ 30sin 6 + 1.22625
2cosf — 1 60 sin § — 47.06

49.51 cos @ — 30sin 6 = 1.22625

Solving by trial and error,

6 = 57.57° = 57.6° Ans.

Substituting this result into Eq. (5) (or Eq. (6)),

fH= ZCC‘:’Z;% = 73998
Substituting this result into Egs. (1) and (3),
x = 30(7.3998) = 222 m Ans.
y = 51.96(7.3998) — 4.905(7.3998?) = 116 m Ans.
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12-91. The fireman holds the hose at an angle 6 = 30°
with horizontal, and the water is discharged from the hose
at A with a speed of v, = 40ft/s. If the water stream strikes
the building at B, determine his two possible distances s -
from the building.

vy =40 ft/s

ft

Coordinate System: The x—y coordinate system will be set so that its origin coincides ‘
with point A. ‘ s ‘

x-Motion: Here, (v ), = 40 cos 30° ft/s = 34.64 ft/s, x4 = 0,and xp = s.Thus,
(i’) xp = x4+ (Va)d

s =0 + 34.64t

s = 34.64¢ a

y-Motion: Here, (v4), = 40sin 30° ft/s = 20 ft/s, a, = —g = —32.2 ft/s%, y, = 0,
and yp = 8 — 4 = 4 ft. Thus,

1
(+1) yB=yA+(VA)yt+antz

4=0+20 + %(—32.2)t2
1612 — 20t + 4 =0
t = 0.2505 s and 0.9917 s
Substituting these results into Eq. (1), the two possible distances are
s = 34.64(0.2505) = 8.68 ft Ans.

s = 34.64(0.9917) = 34.4 ft Ans.
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*12-92. Water is discharged from the hose with a speed of
40ft/s. Determine the two possible angles 6 the fireman can
hold the hose so that the water strikes the building at B.
Take s = 20 ft.

Coordinate System: The x—y coordinate system will be set so that its origin coincides ‘
with point A. ‘ s ‘

x-Motion: Here, (v4), = 40 cos 0, x4, = 0,and xp = 20 ft/s. Thus,

(i’) xp = x4+ (Va)d
20 = 0 + 40 cos 0t

= 1
2cos 6

@

y-Motion: Here, (v4), = 40sin 6, a, = —g = —3221ft/s>, y, = 0,and yz = 8 — 4
= 4 ft. Thus,

1
(+1) yB=yA+(VA)yt+§aytz

1
4 =0+ 40sin 6r + E(—32.2)z2
16.1#% — 40sin 6z + 4 = 0 )

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

1 \? 1
16.1 — 40 sin 6 +4=0
2 cos 6 2 cos 6

20 sin 8 cos  — 4 cos? 6 = 4.025
10 sin 6 cos § — 2 cos® 6 = 2.0125

5sin20 — (2cos’6 — 1) — 1 = 2.0125
5sin 26 — cos 26 = 3.0125

Solving by trial and error,

0 = 23.8° and 77.5° Ans.
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*12-93. The pitching machine is adjusted so that the
baseball is launched with a speed of v, = 30m/s. If the ball

strikes the ground at B, determine the two possible angles 6 4 _
at which it was launched. 12m

vy =30m/s

A K¢
R

Coordinate System: The x—y coordinate system will be set so that its origin coincides
with point A.

x-Motion: Here, (v4), = 30 cos 04, x4 = 0 and xz = 30 m. Thus,
(i’) xp = x4+ (Va)d

30 =0 + 30 cos 04

— )

cos 04

y-Motion: Here, (v4), = 30sinf4,a, = —g = —9.81 m/s?,and yz = —1.2 m. Thus,

1
(+1) yB:yA-‘r(vA)yt-i-antz

1
—12 =0 + 30sin 64 + 5(*9.81)t2
4,905 — 30sinf,t —12=0 Q?)

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

1\ 1
4.905 —30sinfy —— | —12=0
cos O, cos 04

1.2cos?0, + 30sin 64 cos 6, — 4.905 = 0

Solving by trial and error,

0,4 = 7.19° and 80.5° Ans.
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It is observed that the time for the ball to strike the
ground at B is 2.5 s. Determine the speed v 4 and angle 6 4 at
which the ball was thrown.

Va

1.2m
Coordinate System: The x—y coordinate system will be set so that its origin coincides
with point A.

50 m

|
x-Motion: Here, (v4), = v4cos04,x4 = 0,xp = 50 m,and ¢t = 2.5s. Thus,
(=)

50

=x4t (VA)xt

=0+ vycos 04(2.5)
vaqcosf, =20

@
y-Motion: Here, (va)y =vasinf,, y,=0, yp=-12m, and a, = —¢
= —9.81 m/s. Thus,
L s
(+1) yB:yA-i-(VA)yt-i-ant
1
—12 =10+ v,sin6, (2.5) + E(—9.81)(2.52)
vasinf, = 11.7825 ?2)
Solving Egs. (1) and (2) yields
0,4 = 305° va =232m/s Ans.
12-95. If the motorcycle leaves the ramp traveling at
110 ft/s, determine the height 2 ramp B must have so that
the motorcycle lands safely.

110 ft/s
S
ot ] Ko
4 350 ft | B
Coordinate System: The x—y coordinate system will be set so that its origin coincides
with the take off point of the motorcycle at ramp A.

|
x-Motion: Here, x4 = 0, x5 = 350 ft,and (v4), = 110 cos 30° = 95.26 ft/s. Thus,
()

Xg = x4+ (va)t
350 = 0 + 95.26¢
t =3.674s

y-Motion: Here, y, = 0, yz = h — 30, (v4), = 1105sin 30°
= —32.2 ft/s?. Thus, using the result of ¢, we have

(+1)

55 ft/S’ and a,=—g

1
yp=Yyat (va)t + anfz

1
h —30 =0 + 55(3.674) + E(—32.2)(3.6742)
h =147 ft

Ans.
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*12-96. The baseball player A hits the baseball with @
vy, = 40 ft/s and 6,4 = 60°. When the ball is directly above va=401tfs
of player B he begins to run under it. Determine the 9,
constant speed vy and the distance d at which B must run in A B Vg ¢
order to make the catch at the same elevation at which the -
ball was hit.
} 15 ft } d l

Vertical Motion: The vertical component of initial velocity for the football is
(vo)y = 405sin 60° = 34.64 ft/s. The initial and final vertical positions are (sg), = 0
and s, = 0, respectively.

G = G+ o+ (@),

1
0 =0+ 34.64t + 5 (—32.2)F

t=2152s

Horizontal Motion: The horizontal component of velocity for the baseball is
(vg)x = 40 cos 60° = 20.0 ft/s. The initial and final horizontal positions are
(s0)x = Oand s, = R, respectively.

(5) 5e = (50); + (Wo)x t
R =0 + 20.0(2.152) = 43.03 ft

The distance for which player B must travel in order to catch the baseball is

d=R—15=43.03 — 15 =28.0ft Ans.

Player B is required to run at a same speed as the horizontal component of velocity
of the baseball in order to catch it.

vg = 40 cos 60° = 20.0 ft/s Ans.
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*12-97. A boy throws a ball at O in the air with a speed v,
at an angle ;. If he then throws another ball with the same o

speed v, at an angle 6, < 6, determine the time between
the throws so that the balls collide in mid air at B. %02
6
I

o

Vertical Motion: For the first ball, the vertical component of initial velocity is X
(vo)y = vpsin 6; and the initial and final vertical positions are (so), = 0 and s, =y,
respectively.

G s = G ot @), P

1
y =0+ vysin 6ty + 5(—g)t% [1]

For the second ball, the vertical component of initial velocity is (vy), = vysin 6, and
the initial and final vertical positions are (sy), = 0 and s, = y, respectively.

(+T) sy = (SO)y + (UO)yt + %(ac)y 12

1
y =0 + vysin ¢, + E(—g)t% [2]

Horizontal Motion: For the first ball, the horizontal component of initial velocity is
(vp)x = vgcos 0; and the initial and final horizontal positions are (sp), = 0 and
s, = x,respectively.

(5) se = (s0)x + (Wo)i t

x =0+ vygcos b, 4 [3]

For the second ball, the horizontal component of initial velocity is (vy), = vocos 6,
and the initial and final horizontal positions are (sq), = 0 and s, = x, respectively.

() 5= (s0)e + (o)t

x =0+ vycosb,t, 4]

Equating Eqgs. [3] and [4], we have

cos 6,

= t [5]

1
cos 0,

Equating Egs. [1] and [2], we have
1
vl sin 01 — vyl sin 02 = 5 g([% - [%) [6]

Solving Eq. [5] into [6] yields

_ 2uycos 0 sin(6; — 6,)

g(cos? 8, — cos? ;)

_ 2uycos 0y sin(6; — 0,)

g(cos? 6, — cos?9;)

Thus, the time between the throws is

2vugsin(6; — 6,)(cos 6, — cos 6;)
At = tl - tz = 2 B
g(cos® 6, — cos” 6;)
21)0 sin (91 - 92)

= Ans.
g(cos 6, + cos ;)
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12-98. The golf ball is hit at A with a speed of
vy = 40m/s and directed at an angle of 30° with the
horizontal as shown. Determine the distance d where the
ball strikes the slope at B.

Coordinate System: The x—y coordinate system will be set so that its origin coincides
with point A.

5
x-Motion: Here, (v,), = 40 cos 30° = 34.64 m/s, x4 = 0, and xp = d<>
= 0.9806d. Thus, V5?41
(i’) xp = xa+ (Vaud

0.9806d = 0 + 34.64t

t = 0.02831d @

1
y-Motion: Here, (v4), = 40sin30° =20m/s, y, =0, yz= d<\/27>
5+ 1

=0.1961d,and a, = —g = —9.81 m/s”.
Thus,
(+1) yB=yA+(VA)yt+%aylz
0.1961d = 0 + 20t + %(—9.81):‘2
4.905¢ — 20t + 0.1961d = 0 ()
Substituting Eq. (1) into Eq. (2) yields
4.905(0.02831d)? — 20(0.02831d) + 0.1961d = 0
3.9303(107%)d? — 0.37002d = 0
d[3.9303(1073)d — 0.37002] = 0
Since d # 0, then

3.9303(107%)d = 0.37002 = 0

d=941m Ans.
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12-99. If the football is kicked at the 45° angle, determine

its minimum initial speed v 4 so that it passes over the goal )
post at C. At what distance s from the goal post will the % /<:

football strike the ground at B?

4| 160 £t —s—B

Coordinate System: The x—y coordinate system will be set so that its origin coincides
with point A.

x-Motion: For the motion from A to C, x4 = 0,and x¢ = 160 ft, (v4), = v4 cos 45°,
and t = t4¢. Thus,

(i)) xe= x4+ (VA
160 = 0 + VACOS4SOZAC

160

tye = ————— 1
Ac v 4 cos 45° M

For the motion from A to B, x4 = 0, and xz = 160 + s, (v4), = v4 cos 45°, and
t = [AB.T}luS,

(i’) xp= x4+ (Va)ud
160 + s =0 + VACOS4SOIAB

§ = v4COS 450(IAB) — 160 (2)

y-Motion: For the motion from A to C, y, = 0, and yc = 20ft, (v4), = v 4 sin 45°,
anda, = —g = —32.2 ft/s2. Thus,

(+T) yC:yA—i-(vA)yt-i-%aytz

20::04—vAgn4§nAC+-%(—3zzyAc2

161t 40 — v, sin45° 140 + 20 = 0 3)
For the motion from A to B, y4 = yg = 0.Thus,
(+T) yg=yat+ (vayt + %aylz

1
o=o+umM§mg+5ean;
tAB (161[AB — Vg sin 450) =0

Since t 45 # 0, then

16.1t 45 — v4sin45° = 0 @)

Substituting Eq. (1) into Eq. (3) yields

160 \? 160
161l ———— | — in45°| ————— | +20=0
<VA cos 45") vasi <vAcos 45°>

va = 76.73 ft/s = 76.7 ft/s Ans.

Substituting this result into Eq. (4),
16.1t 45 — 76.73sin 45° = 0
taop = 3.370s

Substituting the result of ¢ 45 and v 4 into Eq. (2),

s = 76.73 cos 45°(3.370) — 160
=229 ft Ans.
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*12-100. The velocity of the water jet discharging from the
orifice can be obtained from v = V2gh, where & = 2m is
the depth of the orifice from the free water surface. Determine
the time for a particle of water leaving the orifice to reach
point B and the horizontal distance x where it hits the surface.

Coordinate System: The x—y coordinate system will be set so that its origin coincides
with point A. The speed of the water that the jet discharges from A is

va = V2(9.81)(2) = 6264 m/s
x-Motion: Here, (v4), = v4 = 6264 m/s, x4 = 0,x3 = x,and t = 4. Thus,
(—t) xp = x4+ (Vaud
x =0+ 6.264t,4 @

y-Motion: Here, (v4), =0, a, = —g = —9.81 m/sz, Y4 =0m, yg = —1.5m, and
t = t4. Thus,

1
(+T) yB:yA—i-(1/A)yt+§ayt2

1
-15=0+0+ 5(—9.81):A2

tqy = 0553s
Thus,

x =0+ 6.264(0.553) = 3.46 m Ans.
*12-101. A projectile is fired from the platform at B. The B

shooter fires his gun from point A at an angle of 30°. \
Determine the muzzle speed of the bullet if it hits the ¢

projectile at C. {
M V4 10m
Coordinate System: The x—y coordinate system will be set so that its origin coincides 30° l
with point A. ﬁ/ [L8m
20 m

x-Motion: Here, x4 = 0 and x = 20 m. Thus,
($) xe= x4+ (vad
20 =0 + v, cos 30° ¢t @

y-Motion: Here, y, = 1.8,(v4), = v4sin30°,and a, = —g = —9.81 m/s?. Thus,

1
(+1) yC=yA+(vA)yt+§ayt2

1
10 = 1.8 + v, sin 30°(¢) + 5(—9.81)(:)2

Thus,
10 - 18 = <m>(z) — 4.905(¢)*
t = 0.8261s
So that
vy = m = 28.0m/s Ans.
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12-102. A golf ball is struck with a velocity of 80 ft/s as
shown. Determine the distance d to where it will land.

Horizontal Motion: The horizontal component of velocity is (vy), = 80 cos 55°
= 45.89 ft/s.The initial and final horizontal positions are (s;), = O and s, = d cos 10°,
respectively.

(i)) Sy = (SO)X + (UO)xt

dcos 10° = 0 + 45.8%¢ [1]

Vertical Motion: The vertical component of initial velocity is (vg), = 80 sin 55°
= 65.53 ft/s. The initial and final vertical positions are (so), = 0 and s, = d sin 10°,
respectively.

1
(+T) Sy = (SO)y + (UO)yt + E(ac)y r
dmﬂW=O+6ﬁ$+%&ﬂ@ﬂ [2]
Solving Egs. [1] and [2] yields

d = 166 ft Ans.
t = 3.568s

12-103. The football is to be kicked over the goalpost,
which is 15 ft high. If its initial speed is v, = 80 ft/s,
determine if it makes it over the goalpost, and if so, by how

—

much, A. vy =80ft/s 5
15 ft]

| . . i |
Horizontal Motion: The horizontal component of velocity is (vy), = 80 cos 60° ‘ ‘ ‘
= 40.0 ft/s. The initial and final horizontal positions are (sy), = 0 and s, = 25 ft, \ 25 ft \ 30 ft x|
respectively.
(%) se = (S0)e + (W)t

25 =0 + 40.0¢
t =0.625s

Vertical Motion: The vertical component of initial velocity is (vp), = 80 sin 60°
= 69.28 ft/s. The initial and final vertical positions are (sp), =0 and s, = H,
respectively.

<+T) sy = (s0)y T (vo)yt + %(ac)y 2

H=o+w%m&$+%@ngm&ﬂ

H = 37011t
Since H > 15 ft, the football is kicked over the goalpost. Ans.
h=H—15=23701 — 15 = 22.0ft Ans.
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*12-104. The football is kicked over the goalpost with an
initial velocity of v, = 80 ft/s as shown. Determine the
point B (x, y) where it strikes the bleachers.

vy = 80 ft/s

B
15 ft
Horizontal Motion: The horizontal component of velocity is (vy), = 80 cos 60° %O" \ 459
= 40.0 ft/s. The initial and final horzontal positions are (sy), = 0 and s, = (55 + x), ‘ ‘ ‘
respectively. 25 ft— 301t ]
(i’) sy = (s0)x + (vo)x
55+ x =0+ 40.0¢ 11
Vertical Motion: The vertical component of initial velocity is (vg), = 80 sin 60°
=69.28 ft/s. The initial and final vertical positions are (sg), =0 and
s, = y = xtan 45° = x,respectively.
1 2
<+T> sy = (so)y + (vo)yt + E(GC)yl
1
x =0+ 6928 + > (—32.2)2 [2]
Solving Egs. [1] and [2] yields
t =2969s
y=x=638ft Ans.
¢12-105. The boy at A attempts to throw a ball over the e
roof of a barn with an initial speed of v, = 15m/s. \
Determine the angle 6 4 at which the ball must be thrown so ‘
that it reaches its maximum height at C. Also, find the A
m

distance d where the boy should stand to make the throw.

Vertical Motion: The vertical component, of initial and final velocity are
(vo)y = (15sin 6,4) m/s and v, = 0, respectively. The initial vertical position is
(So)y =1m.

(+T> vy:(v0)+act
0=15sin6, + (—9.81)¢ 1
1
(+1) 5, = (s0)y + (o)t + - (a0), 2
8 =1+ 15sin ¢ + %(—9.81):2 [2]

Solving Egs. [1] and [2] yields
0,4 = 51.38° = 514° Ans.
t=1195s

Horizontal Motion: The horizontal component of velocity is (vy), = v,4 cos 6,4
=15 cos 51.38° = 9.363 m/s. The initial and final horizontal positions are (sy), = 0
and s, = (d + 4) m, respectively.

(&) se = (50)x + (Wo)i 1
d+ 4 =0+ 9.363(1.195)

d="718m Ans.

i

4 m—
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12-106. The boy at A attempts to throw a ball over the
roof of a barn such that it is launched at an angle 6, = 40°.
Determine the minimum speed v, at which he must throw

="-N

the ball so that it reaches its maximum height at C. Also,
find the distance d where the boy must stand so that he can V4 8 m
make the throw. A 64 NN
| im ‘ﬂM
Vertical Motion: The vertical components of initial and final velocity are \ 4 \ 4 ‘
(vg)y = (v4sin40°) m/s and v, = 0, respectively. The initial vertical position is ! !
(s0)y = 1m.
(—i—T) vy=(v0)+act
0 =v,sin40° + (—9.81) ¢ 11
1 2
(+1) sy = (s0)y + o)yt + 5 (a0 1
1
8 =1+ v,sin40° + 5(—9.81) 2 [2]
Solving Egs. [1] and [2] yields
vy = 1823 m/s = 182 m/s Ans.
t=1.195s
Horizontal Motion: The horizontal component of velocity is (vg), = v4 cos 64
= 18.23 cos 40° = 13.97 m/s. The initial and final horizontal positions are (sg), = 0
and s, = (d + 4) m, respectively.
(+) 5e = (50)x + (o) !
d+ 4 =0+ 13.97(1.195)
d=127m Ans.
12-107. The fireman wishes to direct the flow of water —
from his hose to the fire at B. Determine two possible
angles 0, and 6, at which this can be done. Water flows from
the hose at v, = 80 ft/s.
20 ft
(—_t)) S=S0+V0[ 377
35 =0 + (80) cos 6
L 5
(+T) s:s0+vot+£act 35 ft |
. 1 )
—20=0—80sinfr + —(—322)¢
2 f
Thus,
20 = 80sin 6 222 1 4 169 ( 291 &
cos 6 cos~ 0 )/
20 cos® 6§ = 17.5sin 26 + 3.0816 X
: ZDft
!
0; = 25.0° (below the horizontal) Ans. o & 7( L~ ;
6, = 85.2° (above the horizontal) Ans.
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*12-108. Small packages traveling on the conveyor belt
fall off into a I-m-long loading car. If the conveyor is running
at a constant speed of v = 2 m/s, determine the smallest
and largest distance R at which the end A of the car may be v.=2m/s
placed from the conveyor so that the packages enter the car. 2 30°

{5

T

Vertical Motion: The vertical component of initial velocity is (vp), = 2 sin 30°
= 1.00 m/s. The initial and final vertical positions are (sp), = 0 and s, = 3m,
respectively.

1
(+1) 5= (so)y + (W)t + 5 (@), 2
1 2
3=0+L%@+5@&xq
Choose the positive root ¢ = 0.6867 s

Horizontal Motion: The horizontal component of velocity is (vg), = 2 cos 30°
= 1.732 m/s and the initial horizontal position is (sg), = 0.If s, = R, then

(+) se = (s0)x + (vo)xt
R =0+ 1.732(0.6867) = 1.19m Ans.
If s, = R + 1,then
(+) se = (s0)x + (v)y f
R+ 1 =0+ 1.732(0.6867)

R =0.189 m Ans.
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¢12-109. Determine the horizontal velocity v, of a tennis
ball at A so that it just clears the net at B. Also, find the e
distance s where the ball strikes the ground.

e — 21 ft }

Vertical Motion: The vertical component of initial velocity is (vg), = 0. For the ball
to travel from A to B, the initial and final vertical positions are (sp), = 7.5 ft and
s, = 3 ft, respectively.

1
(+1) 5y = (s0)y + (wo)y t + - (a0)y s
1
3=754+0+ 3 (—32.2)t2
t; = 0.5287 s

For the ball to travel from A to C, the initial and final vertical positions are
(so)y = 7.5 ft and s, = 0, respectively.

1
(+1) 5, = (s0)y + (o)t + - (a0), 2
1
0=75+0+ 5(—32.2):%
t, = 0.6825s

Horizontal Motion: The horizontal component of velocity is (vy), = v 4. For the ball
to travel from A to B, the initial and final horizontal positions are (sy), = 0 and
s, = 21 ft, respectively. The time is t = ¢, = 0.5287 s.

(&) S = (s0)y + (Vo) !
21 = 0 + v, (0.5287)
vy = 39.72 ft/s = 39.7 ft/s Ans.

For the ball to travel from A to C, the initial and final horizontal positions are
(so)x = 0and s, = (21 + s) ft, respectively. The time is t = t, = 0.6825 s.

(&) se = (s0)x + (vo)it
21 + s = 0 + 39.72(0.6825)
s = 6.11 ft Ans.
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12-110. Itis observed that the skier leaves the ramp A at an
angle 6, = 25° with the horizontal. If he strikes the ground
at B, determine his initial speed v 4 and the time of flight ¢ 4.

(j:)) s = VU[
4
100(§> = v 408 25° 4

(+T) s=s0+v0l+%act2

3 1
—4 — 100(§> =0+ v,sin25% 45 + 5(—9.81)1343

Solving,
Va
va =194 m/s Ans.
25°
tap = 4545 Ans.  4m << #e
\\\
N
100 (Z)m o™ \\\
\
\,
\
\
B
100(Z)m

12-111. When designing a highway curve it is required
that cars traveling at a constant speed of 25 m/s must not
have an acceleration that exceeds 3 m/s%. Determine the
minimum radius of curvature of the curve.

Acceleration: Since the car is traveling with a constant speed, its tangential
component of acceleration is zero, i.e., a, = 0.Thus,

v
a=a,=—
p
22
L2
p
p =208 m Ans.

*12-112. At a given instant, a car travels along a circular
curved road with a speed of 20 m/s while decreasing its speed
at the rate of 3 m/s?. If the magnitude of the car’s acceleration
is 5 m/s%, determine the radius of curvature of the road.

Acceleration: Here, the car’s tangential component of acceleration of
a, = —3 m/s% Thus,

a, = 4m/s?
2
a, = —
p
2 2
L2
p
p =100 m Ans.
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¢12-113. Determine the maximum constant speed a
race car can have if the acceleration of the car cannot
exceed 7.5 m/s? while rounding a track having a radius of
curvature of 200 m.

Acceleration: Since the speed of the race car is constant, its tangential component of
acceleration is zero, i.e., ¢, = 0. Thus,

v
a=a,=—
p
2
v
v = 387m/s Ans.

12-114. An automobile is traveling on a horizontal
circular curve having a radius of 800 ft. If the acceleration of
the automobile is 5 ft/sz, determine the constant speed at
which the automobile is traveling.

Acceleration: Since the automobile is traveling at a constant speed, a, = 0.
2

Thus, a, = a = 5 ft/s. Applying Eq. 12-20, a,, = 1, we have
p

v = Vpa, = V/800(5) = 632 ft/s Ans.

12-115. A car travels along a horizontal circular curved
road that has a radius of 600 m. If the speed is uniformly
increased at a rate of 2000 km/h?, determine the magnitude
of the acceleration at the instant the speed of the car is
60 km/h.

2000 km \ /1000 m 1h \?
= = 0.154 2
“ < h )( 1km )(36005) 0.1543 m/s

60 km \/ 1000 m 1h
Ve ( h )( 1km )(3600s) = 16.67m/s

v 16.67%
== e T 0.4630 m/s?
a=\Va+ a = V015432 + 0.4630> = 0.488 m/s> Ans.
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*12-116. The automobile has a speed of 80 ft/s at point A
and an acceleration a having a magnitude of 10 ft/s?, acting
in the direction shown. Determine the radius of curvature
of the path at point A and the tangential component of
acceleration.

Acceleration: The tangential acceleration is

a, = a cos 30° = 10 cos 30° = 8.66 ft/s’ Ans.

and the normal acceleration is a, = asin 30° = 10 sin 30° = 5.00 ft/s>. Applying
2

Eq.12-20,a, = i, we have
p

2 2

80
p —;n— m— 1280 ft Ans.

©12-117. Starting from rest the motorboat travels around

the circular path, p = 50m, at a speed v = (0.8¢) m/s, p=50m
where ¢ is in seconds. Determine the magnitudes of the —
boat’s velocity and acceleration when it has traveled 20 m.

Velocity: The time for which the boat to travel 20 m must be determined first. @
—_—
ds = vdt v
20 m t
/ ds = / 0.8tdt
0 0
t =7071s

The magnitude of the boat’s velocity is

v = 0.8(7.071) = 5.657 m/s = 5.66 m/s Ans.

Acceleration: The tangential accelerations is

a, = v = 0.8 m/s’

To determine the normal acceleration, apply Eq. 12-20.

2 2
5.657
a, = ”; =0y = 0640m/s’
Thus, the magnitude of acceleration is
a=Va+ d=\08 + 0.640> = 1.02 m/s? Ans.
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12-118. Starting from rest, the motorboat travels around

the circular path, p = 50 m, at a speed v = (0.2r%) m/s, p=50m
where ¢ is in seconds. Determine the magnitudes of the —
boat’s velocity and acceleration at the instant t = 3 s.

Velocity: When ¢ = 3 s, the boat travels at a speed of = 84 ,
—
v
v=102(3%) = 1.80m/s Ans.

Acceleration: The tangential acceleration is a, = v = (0.4¢) m/s>. Whent = 3s,
a, =04 (3) = 120 m/s?

To determine the normal acceleration, apply Eq. 12-20.

v 1.80°
= = = 0.064 2
a, p 20 0.0648 m/s
Thus, the magnitude of acceleration is
a=Va + d=\V120" + 0.0648 = 1.20 m/s? Ans.

12-119. A car moves along a circular track of radius 250 ft,
and its speed for a short period of time 0 <t < 25 is
v = 3(t + ) ft/s, where t is in seconds. Determine the
magnitude of the car’s acceleration when ¢t = 2's. How far
has it traveled in t = 2 s?

V=3<t+t2)
dv
=—=3+6¢
“ =
Whent = 2s,

a, =3 + 6(2) = 15 ft/s?
2 [Be+2)P

= == @@ 4 = 2
a, p 750 1.296 ft/s
a ="V (15?2 + (1.296)* = 15.1 ft/s? Ans.
ds = vdt

2
/ds = / 3(t + 2)d
0
3 2

As = 5[2 + [3:|0
As = 14 ft Ans.
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*12-120. The car travels along the circular path such that
its speed is increased by a, = (0.5¢") m/s%, where ¢ is in
seconds. Determine the magnitudes of its velocity and
acceleration after the car has traveled s = 18 m starting
from rest. Neglect the size of the car.

v t
/ dv = / 0.5¢" dt
0 0

v =050 —1)

18 t
/ ds = 0.5/ (e' = 1)dt
0 0

18 =05(e' — 1 — 1)

Solving,

3.7064 s
v = 050> — 1) = 19.85m/s = 19.9 m/s
=9y = 0'56t|t:3A7064s = 20.35 m/82

vt 1985
p 30

= V& + & = V2035 + 1314 = 242 m/s’

-
Il

82
I

= 13.14 m/s?

Q
I

\

s=18m

p=30m

Ans.

Ans.

¢12-121. The train passes point B with a speed of 20 m/s
which is decreasing at a, = —-0.5m/s>. Determine the
magnitude of acceleration of the train at this point.

Radius of Curvature:

x
y = 200e1000

4 _ 200< 1 ) 10X00 =02 1(;;)0
dx  “\1000/)¢ T ¢

&2 1 _x _x
ar_ 0.2( >e1000 = 0.2(107%)eT000"

dx? 1000

3/2

x 2
dy\21?2 1+ {0.2el000
(@)
dx

p= = = 3808.96 m

dzy
dx?

’0.2(103)ew)50

x=400 m

Acceleration:
a,=v=—05m/s
V2 20?

Iy T 3808.96

= 0.1050 m/s?

The magnitude of the train’s acceleration at B is

a=Va +d;= V(05 + 0.1050> = 0.511 m/s’

x

¥ = 200 100

~——400 m——

an=0./050M/5 ¢=/érb/’

Ans.
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12-122. The train passes point A with a speed of 30 m/s y
and begins to decrease its speed at a constant rate of x
a, = -025m/s?. Determine the magnitude of the y =200 1000
acceleration of the train when it reaches point B, where
Sap = 412 m.

x
Velocity: The speed of the train at B can be determined from ~——400 m—

vg2 = vs% + 2a, (sg — s4)

v? = 30% + 2(—0.25)(412 — 0)

vp = 26.34 m/s

Radius of Curvature:

y = 200e1®
dy x
— = (0.2¢00
dx ¢
d*y .
—3 = 02(107)en
27132
H(ﬂ)z 211 4+ | 0.2¢m0
dx 3808.96
= = = . m
' &y 0.2(107%)ews
de - ( )e
x=400 m
Acceleration:
a, =v=—-025m/s?
2 2
v 26.34
= — == = (.1822 m/s*
Tn = T 3808.96 m/s
The magnitude of the train’s acceleration at B is
a=\Vd+d = \/<_0.5)2 + 0.18222 = 0.309 m/s? Ans.
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12-123. The car passes point A with a speed of 25 m/s y

after which its speed is defined by v = (25 — 0.15s) m/s. y=16 - %f
Determine the magnitude of the car’s acceleration when it (
reaches point B, where s = 51.5 m. B /\ s

16m \74

Velocity: The speed of the car at B is

vg = [25 = 015(515)] = 17.28 m/s
Radius of Curvature:

1
y=16 — —x*

625
dy 3
2o = ~32(107)x
d*y
— = —32(107°
de ( )
dy\?| 32 273/2
=7 -3
[1 + <dx) [ [1 + (—3.2(10 )x> }
p= 7 = = 324.58 m
2 -3.2(107%)
dx* x=50m
Acceleration:
2 2
_ Vi _ 17.28 _ 2
a, = ) 32458 0.9194 m/s
dv 2
a, = v = (25 - 0155)(-0.15) = (02255 — 3.75) m/s
When the car is at B (s =515 m)
a, = [0225(51.5) — 3.75] = —2.591 m/s?
Thus, the magnitude of the car’s acceleration at B is
a=Va+ d=\V(-2591)7+ 09194 = 2.75m/s? Ans.
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*12-124. If the car passes point A with a speed of 20 m/s y 1

and begins to increase its speed at a constant rate of y=16— @xz

a, = 0.5m/s?, determine the magnitude of the car’s (

acceleration when s = 100 m. B S s

16 m \KX

Velocity: The speed of the car at Cis

vC2 vt + 2a,(sc — S4)

ve? =207 + 2(0.5)(100 — 0)
ve = 22.361 m/s

Radius of Curvature:

1
y=16 - ——x°

625
dy 5
o= ~32(107)x
d*y
— = -32(107°
de ( >

dy\? |2 273/2
ntd -3
[1 + (dx) } {1 + (—3.2(10 )x) } .
p= = =3125m
&’y -3.2(107%)|
dx? x=0
Acceleration:
a,=v=05m/s
2 2
ve 22.361 )
=—= = 1.60
=y T 3125 m/s
The magnitude of the car’s acceleration at C is
a=Va +d=\V05 + 160> = 1.68 m/s Ans.
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*12-125. When the car reaches point A it has a speed of
25m/s. If the brakes are applied, its speed is reduced by
a, = (—% tm) m/s%. Determine the magnitude of acceleration
of the car just before it reaches point C.

/W 200 m

Velocity: Using the initial condition v = 25m/satt = Os,

dv = a,dt
v t
1
/ dv = /—— 112 dr
25m/s 0 4
1 3p
v=125—- gt m/s @

Position: Using the initial conditions s = 0 whent = O,

/ ds = / vdt
s t 1
/ ds = / (25—7t3/2)dt
0 0 6
s = (25t - lt‘s/z)m
15
Acceleration: When the car reaches C, sc = 200 + 250(%) = 330.90 m. Thus,

1
330.90 = 25t — — 12
15

Solving by trial and error,

t =15942s
Thus, using Eq. (1).

1
ve =25 — g(15.942)3/2 = 14.391 m/s

1
(a)c = v = — (15.942'%) = 09982 m/s’

2
(ar)e = vet _ 14391°

= 0.8284 m/s?
p 250 0.8284 m/s

The magnitude of the car’s acceleration at C is

a= \/<a,)cz + (a,)c? = V/(~09982)2 + 0.8284° = 130 m/s? Ans.
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12-126. When the car reaches point A, it has a speed of
25 m/s. If the brakes are applied, its speed is reduced by
a, = (0.001s — 1) m/s>. Determine the magnitude of
acceleration of the car just before it reaches point C.

Velocity: Using the initial condition v = 25m/satt = Os,

dv = ads

/ vdv = / (0.001s — 1)ds
25 m/s 0

v = V0.001s% — 25 + 625

Acceleration: When the car is at point C, sc = 200 + 250(%) = 330.90 m. Thus,
the speed of the car at Cis

ve = \/0.001(330.902) — 2(330.90) + 625 = 8.526 m/s’

(a)c = © = [0.001(330.90) — 1] = —0.6691 m/s>

@) v’ 85267
e == 77 7950

= 0.2908 m/s?

The magnitude of the car’s acceleration at C is

a= V@) + (@)= V(-0.6691)> + 0.2908> = 0.730 m/s> Ans.

200 m

12-127. Determine the magnitude of acceleration of the
airplane during the turn. It flies along the horizontal
circular path AB in 40 s, while maintaining a constant speed
of 300 ft/s.

Acceleration: From the geometry in Fig. a, 2¢ + 60° = 180° or ¢ = 60°. Thus,

0
5 = 90° — 60°or 6 = 60° = grad.
sap = vt = 300(40) = 12 000 ft
Thus,
p=——= = ft
0 /3 T
V2 3002
= = = 7854ft/s?
I =y T 36000/ /s

Since the airplane travels along the circular path with a constant speed, a, = 0.Thus,
the magnitude of the airplane’s acceleration is

a=Va’+ a2 = V0 + 78542 = 7.85 ft/s? Ans.
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*12-128. The airplane flies along the horizontal circular path
AB in 60 s. If its speed at point A is 400 ft/s, which decreases at
a rate of a, = (<0.1¢) ft/s?, determine the magnitude of the
plane’s acceleration when it reaches point B.

Velocity: Using the initial condition v = 400 ft/s whent = Os,
dv = a,dt

v t
/ dv = / —0.1¢tdt
400 ft/s 0

v = (400 — 0.052%) ft/s

Position: Using the initial condition s = O when ¢ = O,

/ds= /vdz
/ds—/ (400 — 0.05¢2)dr

(400 — 0.016677) ft

0

Acceleration: From the geometry,2¢p + 60° = 180° or ¢ = 60".Thus,5 = 90° —

orf = 60° = grad

Sap = 400(60) — 0.01667(60%) = 20 400 ft

Sap _ 20400 _ 61200 it
0 /3 T

vg = 400 — 0.05(60?) = 220 ft/s

2 2
VB 220 2
0B 2T o uss
(an)s p 61200/ /s

(a,)p = ¥ = —0.1(60) = —6ft/s”

The magnitude of the airplane’s acceleration is

a=Va’+ a,>=\V(—6) + 2485 = 649 ft/s>

60°

Ans.

60°
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*12-129. When the roller coaster is at B, it has a speed of y R
25 m/s, which is increasing at @, = 3 m/s>. Determine the Y = 100"
magnitude of the acceleration of the roller coaster at this \/
instant and the direction angle it makes with the x axis. /\

Radius of Curvature: = >/ /< X

L,
=_—x
100 —30 m—»‘
_1
dx 50"
dy _1 %
27 20 m/,»
dx? 50 a,=7681"%
dy\2 |2 ( 1 )z 32
1+ 1+ =
[ (dx) } 50" a
p= = = 79.30 m
&y 1
dx* 50 . .
6 »=3096
Acceleration: X
at=5m/5"
a, =v=3m/s?
VB2 252 oc
= — = = 2
a, p 7930 7.881 m/s (a')
The magnitude of the roller coaster’s acceleration is
a= \/a,2 + a,’ = V32 + 7.881% = 8.43 m/s’ Ans.

d
The angle that the tangent at B makes with the x axis is ¢ = tan1<y

4| 1 _ 0
. X_30m> = tan 1{%(30)} = 30.96°.

As shown in Fig. a, a, is always directed towards the center of curvature of the path. Here,

4 n [ 7.881 .
a =tan | — | = tan 3 )= 69.16°. Thus, the angle 6 that the roller coaster’s acceleration makes

a;
with the x axis is

0=a— ¢ =382° Ans.
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12-130. If the roller coaster starts from rest at A and its y 1,
speed increases at a, = (6 — 0.065) m/s?, determine the Y= 100"
magnitude of its acceleration when it reaches B where w

SB:4OII1. /\

Velocity: Using the initial condition v = O ats = 0, >/

dv = a,dt

/0 vdy = /0 (6 — 0.065)ds

v = (\/ 125 — 0.06s2) m/s )

Thus,

vp = \/12(40) — 0.06(40) = 19.60 m/s

Radius of Curvature:

_ Lo
~ 100"
dy _ 1
dx 50"
Py 1
dx* 50
dy\2 32 1 )z 32
+ == o e~
[1 (dx> } ! (50" 2030
= = = 7930 m
P 2y 1
dx* 50
x=30m
Acceleration:
a, =v =6 — 0.06(40) = 3.600 m/s’
2 2
1% 19.60
=—= = 4.842 m/s?
T 7930 m/s
The magnitude of the roller coaster’s acceleration at B is
a=\Va?+ a,> = \V3.600* + 48422 = 6.03 m/s> Ans.
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12-131. The car is traveling at a constant speed of 30 m/s.
The driver then applies the brakes at A and thereby reduces
the car’s speed at the rate of ¢, = (—0.08v) m/s?, where v is
in m/s. Determine the acceleration of the car just before it
reaches point C on the circular curve. It takes 15 s for the
car to travel from A to C.

Velocity: Using the initial condition v = 30 m/s whent = Os,

dt=ﬂ

a
t v
/dt:/ _dv
0 30 m/s 0.08v
30

t=125In—
v

v = (306_0'08[) m/s

Position: Using the initial condition s = O when ¢t = Os,

ds = vdt

s t
/ ds = / 30e 008 gy
0 0

s =[375(1 — ¢*%)|m
Acceleration:

se = 375(1 — e 0%019) = 262.05m

Spc =S¢ — sp = 262.05 — 100 = 162.05m

spc _ 162,05
0 /4

ve = 30e 008015 = 9,036 m/s

p= = 206.33 m

p 20633
(a)c = ¥ = ~0.08(9.036) = ~0.7229 m/s?

2 2
9.036
(ay)e =5 = = 03957 m/s?

The magnitude of the car’s acceleration at point C is

a= V(@) + (@)= V(-0.7229)% + 03957 = 0.824 m/s>

A

100 m\‘/ s

@

(2)

Ans.
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*12-132. The car is traveling at a speed of 30 m/s. The
driver applies the brakes at A and thereby reduces the
speed at the rate of a, = (*gt) m/s°, where ¢ is in seconds.
Determine the acceleration of the car just before it reaches
point C on the circular curve. It takes 15 s for the car to
travel from A to C.

Velocity: Using the initial condition v = 30 m/s whent = Os,

dv = a,dt

v t
1
/ dv = /—*tdt
30 m/s 0 8
_ 1,
= (30 16t )m/s

Position: Using the initial condition s = O when ¢t = O,

ds = vdt

flas= [ (o)
(30"@)

Acceleration:

se = 30(15) — % (15°) = 379.6875 m

Spc = S¢ — sg = 379.6875 — 100 = 279.6875 m

. Spc _ 279.6875 _ 35611 m
0 /4

ve =30 — % (15%) = 15.9375m/s

1
(a)c=7v= —5(15) = ~1.875 m/s

2 2
vt 1593750 5
(a,)c = = Isen - 0.7133 m/s

The magnitude of the car’s acceleration at point C is

a= \/(a,>c2 + (a,)c? = \/(—1.875)2 +0.7133> = 2.01 m/s? Ans.
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*12-133. A particle is traveling along a circular curve
having a radius of 20 m. If it has an initial speed of 20m/s
and then begins to decrease its speed at the rate of
a, = (—0.255)m/s?, determine the magnitude of the
acceleration of the particle two seconds later.

Velocity: Using the initial condition v = 20 m/s at s = 0.

vdv = ads

/ vdy = / —0.25 sds
20 m/s 0
v = (\/ 400 — 0.25s2) m/s

Position: Using the initial condition s = O when ¢ = Os.

ar =%
v

/fdt/s ds 72/‘; ds

0 0 V400 — 0.255% 0 V1600 — 2
—2ein3 (S

t = 2sin (40)

s = (40sin (#/2)) m

Whent = 25,
s = 40sin (2/2) = 33.659 m

Acceleration:

a, = v = —0.25(33.659) = —8.415 m/s’

v = Voo - 0.25(33.659%) = 10.81 m/s

v 10.81

_ 2
= 20 5.8385 m/s

The magnitude of the particle’s acceleration is

a= \/a,2 + a2 = \/(—8.415)2 + 5.8385% = 10.2 m/s? Ans.
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12-134. A racing car travels with a constant speed of
240 km/h around the elliptical race track. Determine the
acceleration experienced by the driver at A.

Radius of Curvature:

2
2 _ _x
y (1 16)

dy X
2y — i 2 @
dy X
x4y ?2)

Differentiating Eq. (1),

d d d
o y)( y) T
dx/\dx d 2

dx2
dy\?
1+ 4( =2
d’y (dx)
il BT ®

Substituting Eq. (2) into Eq. (3) yields

&y |4+
dx* 16y°
Thus,

dy\2 ]2 « \2 P ¥ \32
[, 1+ —
|:1 * (dx) :| |:1 * ( 4y) :| 16y? (16y2 + x2)3/2

- B ‘ B <4y2 + x2> C4(ay 4 2)

d*y 4y? + x?
dx? 16y° 16y°

Acceleration: Since the race car travels with a constant speed along the track, a, = 0.
Atx =4kmandy = 0,

(165 + x2)¥2 _(o+apn

= — 1km = 1000
4(4y* + 22) 4(0 + 4) " "

Pa =

x=4km
y=0

The speed of the race car is
km )/ 1000 m 1h

v 66.67° )
a, = or 1000 4.44m/s Ans.

Thus,
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12-135. The racing car travels with a constant speed of
240 km/h around the elliptical race track. Determine the
acceleration experienced by the driver at B.

Radius of Curvature:

2
2 _ _
y (1 16)

dy_ X

ZYE = @
dy X
x4y ?2)

Differentiating Eq. (1),

dy dy) d?y 1
_7 _7 + N
2(dx)<dx 2y dx? 2
1 dy\?
2 -5 — 2=
day 2 dx
dx? 2y
dy\?
b [ed®) 3
dx* 4y ®

Substituting Eq. (2) into Eq. (3) yields

dzy _ 4y2 + x?
dx* 16 y?

Thus,
dy\2 32 X )2 32 ¥ \32
|:1+<dx) :| 1+< 4y 16y? (16y2 + x2)3/2
p= = = =
L%’ 4y* + x? 4y? + x* 4<4y2 + xz)
dx? 16y3 16y3

Acceleration: Since the race car travels with a constant speed along the track, a, = 0.
Atx =0and y = 2km

(165> + x2)?2 [16(22) + 0]
pp= = =8km = 8000m
4(4y” + 2% =0 4[4(2%) + 0]

The speed of the car is
km \/ 1000 m 1h

V2 66.67 5
-V _ =0. Ans.
ag s 8000 0.556 m/s ns

Thus,
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*]12-136. The position of a particle is defined by
r= {2sin(Pri + 2cos(§)rj + 3tk} m, where r is in
seconds. Determine the magnitudes of the velocity and
acceleration at any instant.

Velocity:
r = {2 sin (%I)i + 2 cos (% t)j + Szk} m

dr T T T T
= — = |— — 1 — — g1 — i+
v dr {zcos(“t)l > s1n<4t)1 Bk} m/s

The magnitude of the velocity is

2 2
v = \/Vx2+Vy2+Vz2:\/(;rcosZt) +(—zsin%t) + 32

2

P
=, /% +9=339m/s Ans.

Acceleration:

L (2 T (2 )]
a=—_ g sin{ gt fi—gcos{1)j s

Thus, the magnitude of the particle’s acceleration is

2 2 2 2 2
a=Va?+ 01y2 +ta” = \/<—7;sinZz> + <—7T cosﬂt> = % m/s’> = 123 m/s> Ans.

8 4
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¢12-137. The position of a particle is defined by
r = {3i + 3r%j + 8tk} m, where ¢is in seconds. Determine
the magnitude of the velocity and acceleration and the
radius of curvature of the path whent = 2 s.

Velocity:
r=[Fi + 3% + 8k m
dr 2 .
V=T [3Zl+6tj +8k]m/s
Whent = 25,
v= [S(ZZ)i +6(2)j + Sk} = [12i + 12j + 8k] m/s

The magnitude of the velocity is

v= V2424, = V122 + 122 + 82 = 1876 = 188m/s  Aus.

Acceleration:

dv _

dt
Whent = 25,

[64i + 6j] m/s?

a=[6(2)i + 6j] = [12i + 6j] m/s?

Thus, the magnitude of the particle’s acceleration is

a=Va’+a’+a’=V122+6 +0*=1342 =134m/s> Ans.

Since a, is parallel to v, its magnitude can be obtained by the vector dot product

a;, = a-u,, where u, = Y- 0.63961 + 0.6396j + 0.4264k. Thus,

<

a, = (12i + 6j) - (0.6396i + 0.6396j + 0.4264k) = 11.51 m/s’

Thus,
a = \/azt2 + a,,2
13.42 = V11.51% + a,?

a, = 6.889 m/s’

W2
a, = —
p
2
6.880 — 18.76
p=511m Ans.
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12-138. Car B turns such that its speed is increased by
(a)p = (0.5¢") m/s?, where ¢ is in seconds. If the car starts
from rest when 6 = 0°, determine the magnitudes of its
velocity and acceleration when the arm AB rotates 6 = 30°.
Neglect the size of the car.

d
Velocity: The speed v in terms of time ¢ can be obtained by applying a = &

dt
dv = adt
v t
/ dv = / 0.5¢" dt
0 0
v =05(e - 1) 1]
. 30°
When 6 = 30°, the car has traveled a distance of s = r0 = 5 180° 7| = 2.618 m.
The time required for the car to travel this distance can be obtained by applying
_ds
v dt
ds = vdt
2618 m t
/ ds = / 0.5(e — 1) dr
0 0
2.618 = 0.5 (e — 1 — 1)
Solving by trial and error ¢ = 2.1234s
Substituting t = 2.1234 s into Eq. [1] yields
v =05 (e — 1) = 3680 m/s = 3.68 m/s Ans.

Acceleration: The tangential acceleration for the car at ¢ = 2.1234s is
a, = 0.5¢>1%3* = 4,180 m/s?. To determine the normal acceleration, apply Eq. 12-20.

v’ 3.680%

=" s = 2708 m/s?
The magnitude of the acceleration is
a=\a + dai=\V4180> + 2.708 = 4.98 m/s> Ans.
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12-139. Car B turns such that its speed is increased by
(a)p = (0.5¢") m/s?, where ¢ is in seconds. If the car starts
from rest when 6 = 0°, determine the magnitudes of its
velocity and acceleration when ¢t = 2 s. Neglect the size of
the car.

d
Velocity: The speed v in terms of time ¢ can be obtained by applying a = &

d
dv = adt
v t
/ dv = / 0.5¢" dt
0 0
v=05(c - 1)
Whent = 2, v=05(e - 1) = 3.195m/s = 3.19m/s Ans.

Acceleration: The tangential acceleration of the car at ¢=2s is
a, = 0.5¢* = 3.695 m/s2. To determine the normal acceleration, apply Eq. 12-20.

2 2
v. 3195
i 2.041 m/s?
The magnitude of the acceleration is
a=Va + d=\3.695+ 2.041% = 422 m/s? Ans.

*12-140. The truck travels at a speed of 4 m/s along a
circular road that has a radius of 50 m. For a short distance
from s = 0, its speed is then increased by a, = (0.05s) m/s?,
where s is in meters. Determine its speed and the magnitude
of its acceleration when it has moved s = 10 m.

Velocity: The speed v in terms of position s can be obtained by applying vdv = ads.
vdv = ads
v N
/ vdv = / 0.05sds
4m/s 0
v = (V0055 + 16 ) m/s
Ats =10m, v = V0.0510% + 16 = 4.583 m/s = 4.58 m/s Ans.

Acceleration: The tangential acceleration of the truck at s=10m is
a, = 0.05 (10) = 0.500 m/s% To determine the normal acceleration, apply Eq. 12-20.

v 45832

an =" o - 0.420 m/s?
The magnitude of the acceleration is
a=\Va + d=\0500° + 0.420* = 0.653 m/s> Ans.
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*12-141. The truck travels along a circular road that has a
radius of 50 m at a speed of 4 m/s. For a short distance when —0
t = 0, its speed is then increased by a, = (0.4t) m/s?, where

t is in seconds. Determine the speed and the magnitude of

the truck’s acceleration when ¢ = 4s.

50 m

/

Velocity: The speed v in terms of time ¢ can be obtained by applying a = ar

dv = adt

v t
/ dv / 0.4tdt
4m/s 0

v=(022+4)m/s
( ) m/

Whent = 4, v=02(4) +4=720m/s Ans.

Acceleration: The tangential acceleration of the truck when ¢ =4s is
a, = 0.4(4) = 1.60 m/s%. To determine the normal acceleration, apply Eq. 12-20.

2 2
7.20
a, = ”; =5y = 1037 mys?
The magnitude of the acceleration is
a=Va + d=\V160*+ 1.037* = 1.91 m/s? Ans.
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12-142. Two cyclists, A and B, are traveling
counterclockwise around a circular track at a constant speed
of 8 ft/s at the instant shown. If the speed of A is increased
at (a,)4 = (s,) ft/s?, where s, is in feet, determine the
distance measured counterclockwise along the track from B
to A between the cyclists when ¢t = 1s. What is the
magnitude of the acceleration of each cyclist at this instant?

Distance Traveled: Initially, the distance between the cyclists is dy = p6

180° "
= 8 ft. The distance traveled by cyclist A can be obtained as follows

120°
= 50( ) = 104.72 ft. When ¢ = 15, cyclist B travels a distance of sz = 8(1)

'UAd'UA = dayu dSA

vy Sa
/ Vg d'UA = / SA dSA
8 ft/s 0
vy = Vs4 + 64 [
_ dSA

dt =
VA

/15 dl 3 /SA dSA
0 0 Vs + 64

P Sa
1 =sinh' (=
s <8)

sS4 = 9.402 ft

Thus, the distance between the two cyclists after ¢t = 1 s is

d=dy+ s, —sg= 10472 + 9.402 — 8 = 106 ft Ans.

Acceleration: The tangential acceleration for cyclist A and B at ¢t = 1s is
(@)a = 54 = 9402 ft/s> and (a,)p = 0 (cyclist B travels at constant speed),

respectively. At ¢ =1s, from Eq. [1], vs = V9.402> + 64 = 12.34 ft/s. To
determine normal acceleration, apply Eq. 12-20.

2 2
Cvh 1234 s
(a)a = S50 T 3.048 ft/s
2 2
VB 8 >
=—= = 1.28f
(an)B p 30 8 t/S

The magnitude of the acceleration for cyclist A and B are

ay = V(a)i + (a,)4 = V9.4022 + 3.0482 = 9.88 ft/s> Ans.

ag = \/(a,)23 + (a,)p = V0 + 1282 =128 ft/s? Ans.
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12-143. A toboggan is traveling down along a curve which y
can be approximated by the parabola y = 0.01x%
Determine the magnitude of its acceleration when it
reaches point A, where its speed is v, = 10 m/s, and it is y =001
increasing at the rate of (a,), = 3 m/s.

36 m
Acceleration: The radius of curvature of the path at point A must be determined /% l x

**60m4>‘

. dy d’y
first. Here,—~ = 0.02x and — = 0.02, then
dx dx

14 (dy/dx)* %  [1 + (0.02x)*]?
p:[ (Zy/ 2)] [+ )71 — 19057 m
ld°y/dx?| 0.02] x=60m

To determine the normal acceleration, apply Eq. 12-20.

v 107

= = 0.524 2
a, ) = 19057 0.5247 m/s

Here, a, = v, = 3 m/s. Thus, the magnitude of accleration is

a= \/a,z + a2 = V32 + 0.5247* = 3.05 m/s? Ans.

*12-144. The jet plane is traveling with a speed of 120 m/s y
which is decreasing at 40 m/s’> when it reaches point A.
Determine the magnitude of its acceleration when it is at this
point. Also, specify the direction of flight, measured from the

X axis.
X
y=15 ln<%)
dy 1
w_1 ~ 0.1875
dx X |x=80m
d? 15
2.2 = —0.002344
dx X | x=80m
{1 + (%)2}3/2
P =0
&y
x=80m ax’ x=80m
[+ (018757 1494
T —0.002344] oM
v (120)%
=—= = 32.04 m/s’
W= gy T 3204/
a, = —40 m/s?

a = V(—40)® + (32.04)> = 51.3 m/s? Ans.

Since

dy

—— = tan 6 = 0.1875
dx
0 = 10.6° Ans.
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*12-145. The jet plane is traveling with a constant speed
of 110 m/s along the curved path. Determine the magnitude
of the acceleration of the plane at the instant it reaches
point A (y = 0).

X
y=15 ln<%)

dy 1
@ _15 ~ 0.1875
dx X | x=80m
d? 15
i = —0.002344
dx X7 [x=80m
LR
g &
x=80m ax’ =80m
[1+ (0.1875)2*?
= 4494
|—0.002344] m
2 (110)?
_y_ 1oy 26.9 m/s?

=y T 4494

Since the plane travels with a constant speed, a, = 0. Hence

a=a, =269m/s

y:151n($)

Ans.

12-146. The motorcyclist travels along the curve at a
constant speed of 30 ft/s. Determine his acceleration when
he is located at point A. Neglect the size of the motorcycle
and rider for the calculation.

dy 500
— = - = —0.05
dx x? x=100 ft
d? 1000
—ﬁ =— = 0.001
dx X7 | x=100ft
[1+ (7
8 R
x=100 ft ' x=100 ft
[1 + (—0.05)7?
=27 = 1003.8 ft
|0.001]
v? 307
=—= = (.897 ft/s?
I = T 1003.8 /s

Since the motorcyclist travels with a constant speed, a, = 0. Hence

a = a, = 0.897 ft/s

| 100 ft 4

Ans.
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12-147. The box of negligible size is sliding down along a
curved path defined by the parabola y = 0.4x%. When it is at
A(xy =2m,y, = 1.6 m), the speed is vy = 8 m/s and the
increase in speed is dvg/dt = 4 m/s>. Determine the
magnitude of the acceleration of the box at this instant.

y = 0.4x2
y = 0.4 X2 \\\
X
d
0 —osx] =16 2m
dx x=2m x=2m
dZ
X —os
dx x=2m
[1+ @22 [1+ (1622
= =————"—=2839
p iy 0.8] o
dxz x=2m
2 2
Up 8 2
=—= = 7.622

I = T 8396 m/s
a=Va+ d=\V@)?+ (1.622)2 = 8.61 m/s Ans.
*12-148. A spiral transition curve is used on railroads to y
connect a straight portion of the track with a curved
portion. If the spiral is defined by the equation
y = (107%)x% where x and y are in feet, determine the (1093

y= X

magnitude of the acceleration of a train engine moving with
a constant speed of 40 ft/s when it is at point x = 600 ft.

y = (10)™%%3

dy

— = 3(10)°x? =1.08

dx | =600t (10) x=600 ft

d2

£ = 6(10)°x — 3.6(10) NG
dx”| x=600 t X=600 ft

[1+ @2 [1+ (1.08)2

- = — 885.7ft
p &y 13.6(10) 7]
=600 ft @’ =600 ft
v 40?
=—= = 1.81 ft/s?
I = T 8857 /s
a=\Vd+dat =0+ (181)2 = 1.81 ft/s> Ans.

|
F—— 600 ft
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*12-149. Particles A and B are traveling counter- A
clockwise around a circular track at a constant speed of A
8m/s. If at the instant shown the speed of A begins to
increase by ()4 =(0.4s,) m/s?>, where s, is in meters,
determine the distance measured counterclockwise along
the track from B to A whent = 1 s. What is the magnitude
of the acceleration of each particle at this instant?

Distance Traveled: Initially the distance between the particles is

o

12
dy = pdf = 5( 0 )'n' = 1047 m

180°
When t = 1, B travels a distance of

The distance traveled by particle A is determined as follows:

vdv = ads

/ vdy = / 0.4 sds
8m/s 0

v =0.6325Vs* + 160 @

dr = ds

/ [ 0.6325Vs? + 160

1 | Vs? + 160 + s
06325 " /160

s = 8.544 m

1=

Thus the distance between the two cyclists after t = 1sis
d =1047 + 8544 — 8 =11.0m Ans.
Acceleration:
For A,whent = 15,
(a/)a = V4 = 0.4(8544) = 3.4176 m/s?
v, = 0.6325V/8.544% + 160 = 9.655 m/s

2 2
9.655
(a4 =2 = o = 18.64m)s?
p

The magnitude of the A’s acceleration is

a, = V34176 + 18.64* = 19.0 m/s’ Ans.

For B,whent = 1s,

(at)B = ‘.}A =0
2 2
8

(a,)p = % =3 " 12.80 m/s?

The magnitude of the B’s acceleration is

ag = V0 + 12.80° = 12.8 m/s? Ans.
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12-150. Particles A and B are traveling around a circular
track at a speed of 8 m/s at the instant shown. If the speed of B
is increasing by (a,)5 = 4 m/s?, and at the same instant A has
an increase in speed of (a,) 4 = 0.8t m/s?, determine how long
it takes for a collision to occur. What is the magnitude of the
acceleration of each particle just before the collision occurs?

Distance Traveled: Initially the distance between the two particles is dy = p6

120°
= 5( 1 80°7T> = 10.47 m. Since particle B travels with a constant acceleration,

distance can be obtained by applying equation
L 5
sg = (so)p + (vo)pt + 5 et

1
s3=0+8t+5(4)t2=(8t+2t2)m [1]

The distance traveled by particle A can be obtained as follows.

d‘UA = day dt
vy t
/ dv, = / 0.8 tdt
8m/s 0
vy = (0472 + 8) m/s 2]
dSA = Uy dt

/ ds, = /l (0.472 + 8) dt
0 0

s4 = 013333 + 8¢

In order for the collision to occur
sq+ d() = 8B

0.1333¢° + 8t + 1047 = 8¢ + 272
Solving by trial and error ¢t = 2.5074s = 2.51 s Ans.

240°
180° "

Note: If particle A strikes B then, s, = 5( ) + sp.This equation will result in

t =14.6s > 2.51s.

Acceleration: The tangential acceleration for particle A and B when ¢ = 2.5074 are
(a)4 = 0.8t = 0.8(2.5074) = 2.006 m/s> and (a,)5 = 4 m/s?, respectively. When
t = 2.5074s,fromEq.[1],v, = 0.4(2.5074%) + 8 = 10.51 m/sand vy = (vo) + a.t
=8 + 4(2.5074) = 18.03 m/s.To determine the normal acceleration, apply Eq. 12-20.

v 10512

(a)q = " s = 22.11 m/s?
2 2
18.03
(a,)p = & = o = 6501 m/s
p

The magnitude of the acceleration for particles A and B just before collision are

as = V(a)i + (a,)4 = V2.006% + 22.112 = 222 m/s? Ans.

ag = Vi(a)h + (a) = V& + 65012 = 651 m/s> Ans.
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12-151. The race car travels around the circular track with y
a speed of 16 m/s. When it reaches point A it increases its
speed at a, = (%vl/“) m/s?, where v is in m/s. Determine the A
magnitudes of the velocity and acceleration of the car when
it reaches point B. Also, how much time is required for it to
travel from A to B?
200 m
B
4.4
a =Zv
3
dv = a, dt
4
dv = Zvi dt
3
v t
dv
/ 075— = / dt
16 iz 0
1|v
4 =
V6 t
3
vi—8=t
4
v=_(t+8)p
ds = vdt

s t
/ds=/(t+8)%dz
0 0
t

3 2
== (t + 8)
s 7(t 8)

3
s=20+ 8): — 54.86

3
Fors = %(200) = 100m =5 (t + 8) — 54.86

t =10.108s = 10.1 s Ans.

y = (10.108 + 8)' = 47.551 = 47.6 m/s Ans.

4
a, = 5(47.551)% = 3.501 m/s?

v: o (47.551)° 5
a, = b T 00 11.305 m/s
a = V(3501 + (11.305)% = 11.8 m/s> Ans.
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*]12-152. A particle travels along the path y = a + bx
+ ¢x?, where a, b, c are constants. If the speed of the particle
is constant, v = v,, determine the x and y components
of velocity and the normal component of acceleration
when x = 0.

y=a-+ bx + cx?
y=bx +2cxx
y =b¥ + 2¢ (¥)® + 2cx¥
When x = 0, y=bx

Vi + 1% + b2 k2

. Vo
V= X = ————— Ans.
* 1+ b
V0b
v, = —F—— Ans.
' 1+ 5
Vo
a, = —
p
[+ (2)F
pP=""_ T
dzy
@
d
?i =b+2cx
d2
% =2c
dx
(1 + b?)¥?
Atx =0, P = 27
c
. 2c v}
a, = m AllS.
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*12-153. The ball is kicked with an initial speed y
v4 = 8 m/s at an angle 6,4 = 40° with the horizontal. Find
the equation of the path, y = f(x), and then determine the —
normal and tangential components of its acceleration when _— OT
t=025s. va=8m/s
y
0, = 40° ‘
X
A B ‘

Horizontal Motion: The horizontal component of velocity is (vy), = 8 cos 40°
= 6.128 m/s and the initial horizontal and final positions are (s;), = 0 and s, = x,
respectively.

(__t)) Sx = (SO)X + (UO)xt
x =0+ 6128 1]

Vertical Motion: The vertical component of initial velocity is (vg), = 8 sin 40°
=5.143m/s. The initial and final vertical positions are (sp), =0 and s, =y,
respectively.

(41) = o+ ot 3 (@),
1
y =0+ 5143 + (=9.81) () 2]

Eliminate ¢ from Egs [1] and [2], we have

y = {0.8391x — 0.1306x*} m = {0.839x — 0.131x*} m Ans.

3.644
The tangent of the path makes an angle § = tan™* 4 42.33° with the x axis.

Acceleration: When ¢t = 0.25 5, from Eq. [1],x = 0 + 6.128(0.25) = 1.532 m. Here,

d d
?i = 0.8391 — 0.2612x. At x = 1.532m, ?i = 0.8391 — 0.2612(1.532) = 0.4389

and the tangent of the path makes an angle § = tan™! 0.4389 = 23.70° with the x axis.
The magnitude of the acceleration is @ = 9.81 m/s? and is directed downward. From
the figure, « = 23.70°. Therefore,

a, = asin @ = 9.81 sin 23.70° = 3.94 m/s? Ans.

a, = acosa = 9.81 cos 23.70° = 8.98 m/s’ Ans.
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12-154. The motion of a particle is defined by the
equations x = (2f + *)m and y = () m, where t is in
seconds. Determine the normal and tangential components
of the particle’s velocity and acceleration when ¢t = 2s.

Velocity: Here,r = {(2t + t2) i+ 2 J} m.To determine the velocity v, apply Eq. 12-7.

&

Vo

={2+2)i+2j}m/s

When ¢ =2s, v=[2+2Q2)]i+2Q2)j={6i +4jjm/s. Then v= V6> + 4
= 7.21 m/s. Since the velocity is always directed tangent to the path,

v,=0 and v, = 721 m/s Ans.

4
The velocity v makes an angle § = tan™! i 33.69° with the x axis. a=282pmls™
Acceleration: To determine the acceleration a, apply Eq. 12-9.

d
a= 0= i+ 24 m/s

Then

a=\V2*+22=288m/s?

1

2
The acceleration a makes an angle ¢ = tan™ 5= 45.0° with the x axis. From the

figure, @ = 45° — 33.69 = 11.31°. Therefore,

a, = asin a = 2.828 sin 11.31° = 0.555 m/s? Ans.

a, = acosa = 2.828 cos 11.31° = 2.77 m/s* Ans.
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12-155. The motorcycle travels along the elliptical track
at a constant speed v. Determine the greatest magnitude of
the acceleration if a > b.

. I . . b
Acceleration: Differentiating twice the expression y = —Va?> — x, we have
a

y __ bx
dx aVa® — x?
A w

d® (@ - x2)3/2

The radius of curvature of the path is

2732 272 22 T2
@] )] adts
dx aVa* — x* (@ — x%)

p= = ‘ = 1]

& 9 T a
e (@ — )P (@ — x?)?

To have the maximum normal acceleration, the radius of curvature of the path must be
a minimum. By observation, this happens when y = 0 and x = a. When x —a,

B2 IR ) JEI RS E b33
(> — x?) a(d® — xz)} Lzz(a2 — xz)} - (@ — PP

>>>1.Then, {1 +

b2
Substituting this value into Eq. [1] yields p = 7x3. Atx = a,
a

To determine the normal acceleration, apply Eq. 12-20.

2
_vyr_v _42.,
(an)max_ p - bz/a - bz”

Since the motorcycle is traveling at a constant speed, a, = 0. Thus,

a
? v? Ans.

amax = (an)max =
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*12-156. A particle moves along a circular path of radius
300 mm. If its angular velocity is # = (2¢%) rad/s, where ¢ is
in seconds, determine the magnitude of the particle’s
acceleration when t = 2s.

Time Derivatives:
r=r=0
0 =214,_,, = 8rad/s 6 = 4t‘t:23 = 8rad/s’

Velocity: The radial and transverse components of the particle’s velocity are
v, =i =0 ve = rf = 0.3(8) = 2.4m/s

Thus, the magnitude of the particle’s velocity is

v= V24 v = VO + 242 =24m/s Ans.

Acceleration:
a, =¥~ ré? =0 - 03(8) = ~192m/s’
ag =16 + 26 = 03(8) + 0 = 2.4 m/s?

Thus, the magnitude of the particle’s acceleration is

a=Va?+a?=\V(-1927 + 242 = 193 m/s Ans.
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*12-157. A particle moves along a circular path of radius
300 mm. If its angular velocity is 8 = (3¢%) rad/s, where ¢ is
in seconds, determine the magnitudes of the particle’s
velocity and acceleration when 6 = 45°. The particle starts
from rest when § = 0°.

Time Derivatives: Using the initial condition § = 0° whent = O,

de = 3i%dt

0 ot
/d0= / 312 dt
0 0

0= (t3) rad

At6 = 45° = %rad,

T_p = 09226

4

r=r=0

é = 3t2 1=0.9226s — 2554 rad/s 0 = 61‘110.92265 = 5536 rad/52
Velocity:

v, =F=0 ve = rf = 0.3(2.554) = 0.7661 m/s

Thus, the magnitude of the particle’s velocity is

v =Vy,2 + v2 = VO? + 076612 = 0.766 m/s Ans.
Acceleration:

a, =7 —rg? =0 — 0.3(2.554%) = —1.957 m/s?

ag=rf + 2i6 = 03(5.536) + 0 = 1.661 m/s?

Thus, the magnitude of the particle’s acceleration is

a=Va?+ a’ = \V(-1957) + 1.661% = 2.57 m/s> Ans.

2

%

\ V=0766mfs |

@ 9=45"

()

\a&=/b6/ M/.Sz r

¢ &=45°

o

b) An=1-957mjs>
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12-158. A particle moves along a circular path of radius
5 ft. If its position is § = (e*)rad, where ¢ is in seconds,
determine the magnitude of the particle’s acceleration
when 6 = 90°.

Time Derivative: At 0 = 90° = grad,

T _ o5 = 09032

Using the result of ¢, the value of the first and second time derivative of r and 6 are

F=7=0

'\/
| a,=0 771 f4*

6 = 0.5¢"%|, o903 = 0.7854 rad/s

6 = 0.25¢%%|, o903 = 03927 rad/s’

Acceleration:
a, =7 — rg? = 0 — 5(0.7854%) = —3.084 ft/s>
ag=rf + 210 = 5(0.3927) + 0 = 1.963 ft/s>

Thus, the magnitude of the particle’s acceleration is

a=Va?+ a?=V(-3.084) + 1.963% = 3.66 ft/s Ans.
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12-159. The position of a particle is described by
r=(E+4—4mm and 6 = (¥*)rad, where ¢ is in
seconds. Determine the magnitudes of the particle’s
velocity and acceleration at the instant ¢ = 2s.

Time Derivatives: The first and second time derivative of r and 6 when t = 2 s are

r=r+4 -4 _, =12m g = >
. 2 ; 3 1/2
F=3C+4,_,, =16m/s 0=t = 2.121 rad/s
t=2s
o _ 2 w3 -1/2 _ 2
F=6l_,, = 12m/s ="t = 0.5303 rad/s
) 4 t=2s
Velocity:
v, =F=16m/s v = rf = 12(2.121) = 25.46 m/s
Thus, the magnitude of the particle’s velocity is
v=Vy2+ vl = V162 + 25.462 = 30.1 m/s Ans.
Acceleration:
a, =7 —ré* = 12 — 12(2.1212) = —42.0 m/s’
ag = rf + 2i0 = 12(0.5303) + 2(16)(2.121) = 74.25 m/s’

Thus, the magnitude of the particle’s acceleration is

a=Va?+a?=\V(-420)7 + 7425 = 853 m/s? Ans.
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*12-160. The position of a particle is described by
r = (300e)mm and # = (0.3r?) rad, where ¢ is in seconds.
Determine the magnitudes of the particle’s velocity and
acceleration at the instant ¢+ = 1.5s.

Time Derivatives: The first and second time derivative of r and § when ¢t = 1.5 s are

r = 3005, 5, = 141.77 mm 9 = 0.3~ rad
7= —150e %%, 5, = —70.85 mm/s 6 = 0.6t], 15, = 0.9 rad/s
¥ =750 |y 5 = 35.43 mm/s? 6 = 0.6 rad/s>
Velocity:
v, =7 = —70.85 mm/s v = r6 = 141.71(0.9) = 127.54 mm/s

Thus, the magnitude of the particle’s velocity is

v = V1,2 + v? = V(-70.85)2 + 127.542 = 146 mm/s Ans.

Acceleration:
a, =¥ — rf* = 3543 — 141.71(0.9?) = —79.36 mm/s”

ag = ro + 210 = 141.71(0.6) + 2(—70.85)(0.9) = —42.51 mm/s>

Thus, the magnitude of the particle’s acceleration is

a=Va?+a’=\V(-7936)2 + (—42.51)> = 90.0 mm/s’ Ans.

¢12-161. An airplane is flying in a straight line with a
velocity of 200 mi/h and an acceleration of 3 mi/h. If the
propeller has a diameter of 6 ft and is rotating at an
angular rate of 120 rad/s, determine the magnitudes of
velocity and acceleration of a particle located on the tip
of the propeller.

200mi\/5280 £t/ 1h
VeI _< h >< 1 mi ><36OOS> = 29331s

3mi\(5280ft\[ 1h \?
=\~ ——— | =0.00122 ft/s’
a ( h >< Imi ><3600s> 0.001 22 ft/s

vp, = 120(3) = 360 ft/s

v =V + vh = V(2933)2 + (360)> = 464 ft/s Ans.
3 360)?
apy = 2~ B0 ooty
p 3
a=\ay + ap, = V(0.00122) + (43200)* = 43.2(10%) ft/s’ Ans.
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12-162. A particle moves along a circular path having a
radius of 4 in. such that its position as a function of time is
given by 6 = (cos 2t) rad, where t is in seconds. Determine
the magnitude of the acceleration of the particle when

0 = 30°.
When 6 = % rad, % = cos 2t t = 0.5099 s
. do .
0= = —2sin 2t = —1.7039 rad/s
dt 1=0.5099 s
. d%
0 =—— = —4cos 2t = —2.0944 rad/s’
dt 1=0.5099 s
r=4 Fr=0 F=0

a, =¥ — rf® = 0 — 4(—=1.7039)> = —11.6135 in./s>

ag = rf + 279 = 4(—2.0944) + 0 = —8.3776 in./s’

a=\Va+ d = V(-116135)7 + (-83776)> = 14.3 in./s> Ans,

12-163. A particle travels around a limacon, defined by
the equation r = b — a cos 6, where a and b are constants.
Determine the particle’s radial and transverse components
of velocity and acceleration as a function of 6 and its time

derivatives.
r=b—acosb
F = asin 60

F = acos 06° + asin 69
v, = F = asin 60 Ans.
vo =10 = (b — acos6)f Ans.
a, =7 — r6* = acos 06> + asin 60 — b - a cos 0)6?

= (2acos — b) 6% + asin 66 Ans.
ag =16 + 276 = (b — acos 0)6 + Z(a sin eé)é

= (b — acos 6) + 2absin 6 Ans.
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*12-164. A particle travels around a lituus, defined by the
equation %0 = a°, where a is a constant. Determine the
particle’s radial and transverse components of velocity and
acceleration as a function of # and its time derivatives.

_ (_1)9—%é
r=a ) .

1 3 3. 3
——a —50 207 + 620

~
I

2
. 1 5.
v, =r=——af"26 Ans.
2
Vg = r0 = af 2 Ans.
y . 1 3 . s L
a, =7 —ré? = —*a(—*e 207 + ¢ 30) — ah 0
2 2
3 . 1 ..
= KZW - 1)9*% 0 — 5070} Ans.
.. ) e 1\ s./. S
ag =10 + 2r0 = a6 20 + 2(a) —59200 =a0—;02 Ans.

©12-165. A car travels along the circular curve of radius
r = 300 ft. At the instant shown, its angular rate of rotation
is 0 = 0.4rad/s, which is increasing at the rate of

6 =02 rad/s?. Determine the magnitudes of the car’s 4

velocity and acceleration at this instant. \

Velocity: Applying Eq. 12-25, we have 6=04radss 3001t
. 6 =02rad/s2 %~
v=i=0  v,=r0=30000.4) = 120 ft/s g

Thus, the magnitude of the velocity of the car is

v =Vl + )= V0 + 120* = 120 ft/s Ans.
Acceleration: Applying Eq. 12-29, we have
a, =7 — ré®> = 0 — 300(0.42) = —48.0 ft/s>
ag = rf + 279 = 300(0.2) + 2(0)(0.4) = 60.0 ft/s>

Thus, the magnitude of the acceleration of the car is

a=\Vda+ a = V(—48.0)2 + 60.02 = 76.8 ft/s> Ans.
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12-166. The slotted arm OA rotates counterclockwise
about O with a constant angular velocity of 6. The motion of
pin B is constrained such that it moves on the fixed circular
surface and along the slot in OA. Determine the magnitudes
of the velocity and acceleration of pin B as a function of 6.

Time Derivatives:

r = 2acos 6

—2a'sin 60

~-
Il

¥ = —Za[cos 000 + sin 00] = —Za[cos 06 + sin 99]
Since 6 is constant,é = 0. Thus,
7 = —2a cos 06

Velocity:

v, = F = —2asin 06 Ve = rf = 2a cos 60

Thus, the magnitude of the pin’s velocity is

v="Vv2+v?= \/(,20 sin 6é)2 + (2a cos 6@))2

= \/4a292(sin20 + COSZO) = 246 Ans.
Acceleration:
a, =71 — r? = —2a cos 06* — 2a cos 00 = —4a cos 6°
ay =18 + 276 = 0 + 2(—2asin §0)6 = —4a sin 96°

Thus, the magnitude of the pin’s acceleration is

Va,? + a* = \/(—4a cos 992)2 + (—4a sin 092)2

S
Il

\/16a 2é4(00529 + sin 29) = dab? Ans.
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12-167. The slotted arm OA rotates counterclockwise
about O such that when 0 = m/4, arm OA is rotating with
an angular velocity of 6 and an angular acceleration of 6.
Determine the magnitudes of the velocity and acceleration
of pin B at this instant. The motion of pin B is constrained
such that it moves on the fixed circular surface and along
the slot in OA.

Time Derivatives:
r = 2acos 6

—2a'sin 60

~-
Il

—Za[cos 000 + sin 09] = —Za[cos 06 + sin 9(9]

~:
Il

When 6 = %rad,

1
o= - 2"(@) -V
1 . .
i’|6 = % = —2a<\/§>0 = _\/5(19
1 . 1 .. . ..
'r"(, = % = 261(\/292 + \/50> = *\/id(@z + 9)
Velocity:

v,=i=—\f2a[9 v92r9=\/2a[9
Thus, the magnitude of the pin’s velocity is

v=Vy2+ vl = \/<—\/Zaé)2 + (\/Zaé)z = 246 Ans.

Acceleration:
a, =7 — re* = —\/Za(éz + 9) — \V2af? = —\fZa(Zéz + 0)
ag = ro + 2i6 = \V2ab + 2(—\&519)(9) = \661(6 - 292)

Thus, the magnitude of the pin’s acceleration is
0= Na? + a = V[-Vaa26 + 6)P + [Vaa(6 - 2)]
=24\ 46% + 62 Ans.
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*12-168. The car travels along the circular curve having a
radius r = 400 ft. At the instant shown, its angular rate of

rotation is 6 = 0.025 rad/s, which is decreasing at the rate -
6 = —0.008 rad/s’>. Determine the radial and transverse
components of the car’s velocity and acceleration at this = 400 ft
instant and sketch these components on the curve. . |
0y |

+
r =400 r=20 =20
6=0025 6 =-0008 r’
v,=r=0 Ans.

. Wy = =9, g*
vy = r = 400(0.025) = 10 ft/s Ans. b=10ftfs | de=3204
) 2 2 6
a, =r —rf6° =0 — 400(0.025)" = —0.25 ft/s Ans. @:0.25/,3/;»
ag =r0 + 2r6 = 400(—0.008) + 0 = —3.20 ft/s? Ans.
Me400fNy_
©12-169. The car travels along the circular curve of radius
r = 400 ft with a constant speed of v = 30 ft/s. Determine _—
the angular rate of rotation 6 of the radial line r and the
magnitude of the car’s acceleration.
r =400 ft

\
r = 400 ft r=0 =0 6,7

+
v,=r=20 v9=r9=400(0)

/ \2

v= V(0?2 + (400 0) =30
0 = 0.075 rad/s Ans.
6=0
a, =¥ — r6® =0 — 400(0.075)> = —2.25 ft/s>
ag = r0 + 276 = 400(0) + 2(0)(0.075) = 0
a = V(=225 + (0)* = 2.25 ft/s’ Ans.
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12-170. Starting from rest, the boy runs outward in the
radial direction from the center of the platform with a
constant acceleration of 0.5 m/s? If the platform is rotating
at a constant rate § = 0.2 rad/s, determine the radial and
transverse components of the velocity and acceleration of
the boy when ¢ = 3 s. Neglect his size.

Velocity: When ¢ = 3 s, the position of the boy is given by
1
s = (SO)Y + (UO)rt + E(ac)r 12
1 2
r=0+0+-(05)(3%) =225m
2
The boy’s radial component of velocity is given by

U = (UO)r + (ac)rt

=0+ 0.5(3) = 1.50m/s

The boy’s transverse component of velocity is given by

vy = rf = 2.25(0.2) = 0.450 m/s

6 =02rad/s

Ans.

Ans.

Acceleration: When ¢ = 3s, r = 225m, 7 = v, = 1.50m/s, ¥ = 0.5m/s% 6 = 0.

Applying Eq. 12-29, we have

a, =¥ — rf? = 05 — 2.25(0.22) = 0.410 m/s?

ag = rf + 2r6 = 2.25(0) + 2(1.50)(0.2) = 0.600 m/s>

Ans.

Ans.

12-171. The small washer slides down the cord OA. When it
is at the midpoint, its speed is 200 mm/s and its acceleration
is 10 mm/s%. Express the velocity and acceleration of the
washer at this point in terms of its cylindrical components.

0A = V(400)> + (300)> + (700)% = 860.23 mm
OB = V(400)*> + (300)> = 500 mm

500
860.23

v, = (200)( ) = 116 mm/s

V9:0

700
v, = (200)(860 23) = 163 mm/s

Thus,v = {—116u, — 163u,} mm/s

700
=10 =814
@ (860.23)

Thus,a = {—5.81u, — 8.14u.} mm/s?

700 mm

S0

Ans. A

V=200 mm/s
ac=/p mmjs =

Ans.
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*12-172.

If arm OA rotates counterclockwise with a

constant angular velocity of 6= 2 rad/s, determine the

magnitudes of the velocity and acceleration of

peg P at

0 = 30°. The peg moves in the fixed groove defined by the

lemniscate, and along the slot in the arm.

Time Derivatives:
r* = 45sin 26

2ri = 8 cos 260

. 4 cos 260 .
Sl B m/s 0 = 2rad/s
2(r'r' + i'2> = 8<—2 sin 206% + cos 205)
4(cos 266 — 2 sin 2092) - ..
F= m/s? 0=0
r
At = 30°,
o=z = V4sin60° = 1.861 m
. (4 cos 60°)(2)
r’9=300 = T = 2.149 m/s
} 4[0 — 25sin 60°(22)] — (2.149)? ,
Homaor = el = 1737 m/s
Velocity:

v, = = 2149 m/s

Thus, the magnitude of the peg’s velocity is

v = rf = 1.861(2) = 3.722 m/s

v = V2 + v? = V21497 + 37222 = 430 m/s

Acceleration:

a, =

- re? = —17.37 — 1.861(2%)

ag

Thus, the magnitude of the peg’s acceleration is

a=Va?+a?=\V(-2482) + 8597

—24.82 m/s?

r6 + 276 = 0 + 2(2.149)(2) = 8.597 m/s’

= 26.3 m/s?

= (4sin 2 §)m>

Ans.

Ans.
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©12-173. The peg moves in the curved slot defined by the ) P = (45in 2 6)m>
lemniscate, and through the slot in the arm. At § = 30°, the
angular velocity is § = 2 rad/s, and the angular acceleration
is # = 1.5 rad/s>. Determine the magnitudes of the velocity
and acceleration of peg P at this instant.

Time Derivatives:

2ri = 8 cos 260

. 4 cos 200 .
Pl m/s 0 = 2rad/s

Z(r'r' + i2> = 8(—2 sin 266 + cos 20é2)

4(cos 200 — 2 sin 2092) - i?

V= p m/s? 6 = 1.5 rad/s®
At = 30°,

o=z = V4sin60° = 1.861 m

. _ (4cos 60°)(2)

Hosor = el = L149m/s

) 4[cos 60°(1.5) — 2'sin 60°(22)] — (2.149) ,

r‘9=30° = 1.861 = —15.76 m/s
Velocity:

v, =i = 2149 m/s ve = rf = 1.861(2) = 3.722 m/s

Thus, the magnitude of the peg’s velocity is

v =Va?+ a2’ = V2.149> + 37222 = 430 m/s Ans.

Acceleration:
a, =7 —r6® = —1576 — 1.861(2%) = —23.20 m/s’

ag = rf + 276 = 1.861(1.5) + 2(2.149)(2) = 11.39 m/s>

Thus, the magnitude of the peg’s acceleration is

a=Va?+ a’ =V (-2320)7 + 1139 = 258 m/s> Ans.
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12-174. The airplane on the amusement park ride moves
along a path defined by the equations r = 4m,
6 = (0.2t) rad, and z = (0.5 cos ) m, where ¢ is in seconds.
Determine the cylindrical components of the velocity and
acceleration of the airplane when ¢t = 6.

r=4m 0 = 0.2t,—6, = 1.2 1ad

F=0 6 = 0.2 rad/s

F=0 6=0

z=05cosf Z = —0.55in06]p—1 5 r0a = —0.0932 m/s

7z = —0.5[cos 067 + sin 06|y=12raa = —0.007247 m/s>

v,=r=20 Ans.
vy = rf = 4(0.2) = 0.8 m/s Ans.
v, = z = —0.0932 m/s Ans.
a,=7%—rf =0 - 402> = —0.16 m/s> Ans.
ag = r6 + 2i6 = 4(0) + 2(0)(0.2) = 0 Ans.
a, = 7 = —0.00725 m/s? Ans.
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12-175. The motion of peg P is constrained by the
lemniscate curved slot in OB and by the slotted arm OA. If
OA rotates counterclockwise with a constant angular
velocity of 6 = 3 rad/s, determine the magnitudes of the
velocity and acceleration of peg P at 6 = 30°.

0

P2 = (4 cos 2 f)m>

Time Derivatives:

1> = 4cos 26

2ri = —8sin 260

, —4 sin 266 ,

L m/s 6 = 3rad/s

2(rF + #2) = —8(sin 206 + 2 cos 26 6?)

74(Sin 200 + 2 cos 29(92) — 2 ..
P = ; m/s? 6=0

6=23 rad/s. Thus, when 6 = 30°,

r|@:300 = V4cos60° = V2m

ZAsnO0G) _ 48 mys

f|o:30° = N

—4[0 + 2 cos 60°(3)?| — (—7.348)?

7’9:300 = NG = —63.64 m/s’
Velocity:

v, = i = —7.348 m/s ve = 0 = V2(3) = 4243 m/s
Thus, the magnitude of the peg’s velocity is

v=V,2 + 2 = V73487 + (—4.243)2 = 849 m/s Ans.

Acceleration:
a, =7 — rf? = —63.64 — \V2(3)? = —76.37 m/s?

ag =10 + 2i0 = 0 + 2(—7.348)(3) = —44.09 m/s>

Thus, the magnitude of the peg’s acceleration is

a=Va’+ a? = \V(-7637)" + (—44.09)> = 882 m/s’ Ans.
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*]12-176. The motion of peg P is constrained by the
lemniscate curved slot in OB and by the slotted arm OA.
If OA rotates counterclockwise with an angular velocity of
6 = (3t**) rad/s, where ¢t is in seconds, determine the
magnitudes of the velocity and acceleration of peg P at
60 = 30°.Whent = 0,0 = 0°.

0
2 = (4 cos 2 )m>

Time Derivatives:
1> = 4cos 20

2ri = —8 sin 2600

. —4 sin 200
L m/s

2(rF + #2) = —8(sin 206 + 2 cos 26 6?)

—4(sin 206 + 2 cos 266*) — i?
¥ = m/s
r

2

dt
] t
/ de = / 36324y
0° 0
6
0= <5 t5/2> rad

A0 = 30° = %rad,

T 6 s
—=_t t = 0.7177
6 5 *
6 =33 = 1.824 rad/s
t=0.7177s

5 _ 9 ap 2
0=—1t = 3.812 rad/s

20 imom7rs

Thus,

r|@:300 = V4cos60° = V2m
_ —4 sin 60°(1.824)
Homsr = ———— = = —4468 m/s

V2

—4[sin 60°(3.812) + 2 cos 60°(1.824)%] — (—4.468)?
7’0:30" = = —32.86 m/s’

V2
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12-176. Continued
Velocity:
v, = i = —4.468 m/s ve = 10 = V2(1.824) = 2.579 m/s

Thus, the magnitude of the peg’s velocity is

v = V2 + 2 = V(—4.468)2 + 2579 = 516 m/s Ans.
Acceleration:

a, =¥ — r6* = —32.86 — \/2(1.824)> = —37.57 m/s*

ag = 6 + 20 = \/2(3.812) + 2(—4.468)(1.824) = —10.91 m/s>

Thus, the magnitude of the peg’s acceleration is

a=Va?+ a? =V (=3757) + (=10.91)2 = 39.1 m/s’ Ans.
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¢12-177. The driver of the car maintains a constant speed
of 40 m/s. Determine the angular velocity of the camera
tracking the car when 6 = 15°.

Time Derivatives:
r = 100 cos 26
7 = (—200 sin 200) m/s
At 6 = 15°,
Ply=15 = 100 cos 30° = 86.60 m

Horss = —200sin 30°0 = —1000 m/s

Velocity: Referring to Fig. a,v, = —40 cos ¢ and v, = 40 sin ¢.

v, =F

—40 cos ¢ = —1000
and

Vg = ré

40 sin ¢ = 86.600
Solving Egs. (1) and (2) yields

¢ = 40.89°

6 = 0.3024 rad/s = 0.302 rad/s

®

r = (100 cos 26) m

\

Ans.
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12-178. When 6 = 15°, the car has a speed of 50 m/s
which is increasing at 6 m/s’. Determine the angular
velocity of the camera tracking the car at this instant.

Time Derivatives:

r = 100 cos 20 r = (100 cos 26) m

\

= (=200 sin 260) m/s

I3 fZOO[sin 266 + 2 cos 206"2} m/s?

At = 15°,
Ply=15 = 100 cos 30° = 86.60 m
Ho-1s = —2005in 30°6 = —1006 m/s
Ho-1s» = —200[sin 30°6 + 2 cos 30°6%] = (—1006 — 346.416?) m/s>

Velocity: Referring to Fig. a,v, = —50 cos ¢ and v, = 50 sin ¢. Thus,

v, =F

—50 cos ¢ = —1008 §))
and

Vg = ré

50 sin ¢ = 86.600 )

Solving Egs. (1) and (2) yields
¢ = 40.89°

6 = 0.378 rad/s Ans.

12-179. If the cam rotates clockwise with a constant
angular velocity of 6 = 5rad/s, determine the magnitudes
of the velocity and acceleration of the follower rod AB at
the instant & = 30°. The surface of the cam has a shape of
limacon defined by » = (200 + 100 cos ) mm.

Time Derivatives:

r = (200 + 100 cos #) mm

= (=100 sin #6) mm/s 6 = 5rad/s

r —100[sin 66 + cos 992] mm/s? 6=0

When 6 = 30°,
r’9:3oo = 200 + 100 cos 30° = 286.60 mm

Ho=sr = —1005in 30°(5) = —250 mm/s

#o=30- = —100[0 + cos 30°(5%)] = —2165.06 mm/s?
Velocity: The radial component gives the rod’s velocity.

v, = F = —250 mm/s Ans.

Acceleration: The radial component gives the rod’s acceleration.

a, =7 — r® = —2156.06 — 286.60(5%) = —9330 mm/s’ Ans.

140




© 2010 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.

*12-180. At the instant § = 30°, the cam rotates with a
clockwise angular velocity of § = 5rad/s and and angular
acceleration of § = 6 rad/s”. Determine the magnitudes of
the velocity and acceleration of the follower rod AB at this
instant. The surface of the cam has a shape of a limagon
defined by r = (200 + 100 cos 6) mm.

Time Derivatives:
r = (200 — 100 cos ) mm

(—100 sin 66) mm/s

¥

—100[sin 66 + cos 052] mm/s?

~-
Il

When 6 = 30°,
r’(,:mo = 200 + 100 cos 30° = 286.60 mm
Ho=sr = —1005in 30°(5) = —250 mm/s

Flo—s0- = —100[sin 30°(6) + cos 30°(5%)] = —2465.06 mm/s?
Velocity: The radial component gives the rod’s velocity.

v, =7 = —250 mm/s
Acceleration: The radial component gives the rod’s acceleration.

a, =7 — r6® = —2465.06 — 286.60(5%) = —9630 mm/s

Ans.

Ans.

__ r=(200 + 100 cos #) mm
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*12-181. The automobile travels from a parking deck
down along a cylindrical spiral ramp at a constant speed of
v = 1.5 m/s. If the ramp descends a distance of 12 m for
every full revolution, 6 = 27 rad, determine the magnitude
of the car’s acceleration as it moves along the ramp,
r = 10m. Hint: For part of the solution, note that the
tangent to the ramp at any point is at an angle of
¢ = tan"! (12/[27(10)]) = 10.81° from the horizontal. Use
this to determine the velocity components v, and v,, which
in turn are used to determine 6 and z.

12
= 71 = o
¢ = tan (27(10)> 10.81
v =15m/s

v, =0
vg = 1.5 cos 10.81° = 1.473 m/s

v, = —1.5sin 10.81° = —0.2814 m/s

Since

r=10 F=20 r=20

. 1.473
vg =r6 = 1473 0= 0 " 0.1473

Since § = 0

a, =r — 6> =0 — 10(0.1473)> = —0.217

ay = 8 + 2r6 = 10(0) + 2(0)(0.1473) = 0

a,=7=0

a = \V(-0217)2 + (0)2 + (0) = 0.217 m/s> Ans.
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12-182. The box slides down the helical ramp with a
constant speed of » = 2 m/s. Determine the magnitude of
its acceleration. The ramp descends a vertical distance of
1m for every full revolution. The mean radius of the ramp is
r=05m.

L 1
Velocity: The inclination angle of the ramp is ¢ = tan™ S tanl[zﬂ_ ©. 5)} = 17.66°.

Thus, from Fig. a, vy = 2 cos 17.66° = 1.906 m/s and v, = 2 sin 17.66° = 0.6066 m/s. Thus,

Vg = I’é
1.906 = 0.50

6 = 3.812rad/s

. .. = o
Acceleration: Since r = 0.5 m is constant, 7 = ¥ = 0. Also, 6 is constant, then 6 = 0. % ¢ /7 éé
Using the above results,

a, =7 — ré* =0 — 0.5(3.812)> = —7.264 m/s>

ag = r6 + 2i0 = 0.5(0) + 2(0)(3.812) = 0 /Uz,z,m/$ &
Since v, is constant a, = 0. Thus, the magnitude of the box’s acceleration is Lﬂ )
a=Va’+a’+a’=\V(=7264) + 0> + 0 = 7.26 m/s> Ans.
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12-183. The box slides down the helical ramp which is
defined by r = 0.5m, 0 = (0.5/)rad,and z = (2-0.2/>) m,
where ¢ is in seconds. Determine the magnitudes of the
velocity and acceleration of the box at the instant
0 = 2mrad.

Time Derivatives:

r=05m

F=7F=0

6 = (1.51)rad/s 6 = 3(31) rad/s?

z7=2-027

z = (—0.4t) m/s 7 = —0.4m/s?
When 0 = 27 rad,

27 = 0.56 t =2325s
Thus,

6123055 = 1.5(2.325)” = 8.108 rad/s

8123055 = 3(2325) = 6.975 rad/s’

Zmamss = —0.4(2.325) = —0.92996 m/s

Zmamss = —0.4m/s?
Velocity:

v,=F=0

ve = rf = 0.5(8.108) = 4.05385 m/s

v, = z = —0.92996 m/s

Thus, the magnitude of the box’s velocity is

v= V2 + v? + 1,2 = VO + 4.05385% + (—0.92996)2 = 416 m/s  Awns.
Acceleration:
a,=7%—r6® =0 — 058.108)> = —32.867 m/s’
ag=rf + 276 = 0.5(6.975) + 2(0)(8.108)> = 3.487 m/s>
a,=7=—04m/s*

Thus, the magnitude of the box’s acceleration is

a=Va?+ a?+a?=\V(-32867)> + 3487> + (—0.4)2 = 33.1m/s> Ans.
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*12-184. Rod OA rotates counterclockwise with a constant
angular velocity of # = 6 rad/s. Through mechanical means
collar B moves along the rod with a speed of i = (4t>)m/s,
where ¢ is in seconds. If » = 0 when ¢ = 0, determine the
magnitudes of velocity and acceleration of the collar when
t = 0.75s.

Time Derivatives: Using the initial condition » = O when ¢t = O,

dar

= j = 44
dt 4
r t
/ dr = / 48 dt
0 0
4
r = |:§ 13:| m
r=dp = 0.5625 m
3 |i=075s
F= 47 =225m/s 6 = 6rad/s
t=0.75s
F=8 = 6m/s’ 6=0
t=0.75s
Velocity:
v, = F=225m/s ve = rf = 0.5625(6) = 3.375 m/s

Thus, the magnitude of the collar’s velocity is

v = V7,2 + v2 = V2252 + 33752 = 4.06 m/s Ans.
Acceleration:
a, =7 —re® =6 — 0.5625(6?) = —14.25m/s’

ag =rf + 276 = 0.5625(0) + 2(2.25)(6) = 27 m/s?

Thus, the magnitude of the collar’s acceleration is

a=Va?+ a? = V(-1425) + (=27)? = 30.5 m/s Ans.
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*12-185. Rod OA is rotating counterclockwise with an
angular velocity of # = (2¢2) rad/s. Through mechanical means
collar B moves along the rod with a speed of 7 = (4t%)m/s. If
0 = 0 and r = 0 when ¢ = 0, determine the magnitudes of
velocity and acceleration of the collar at 6§ = 60°.

Position: Using the initial condition # = 0 whent = Os,

e .
—=0=2¢

dt

0 t
/ do = / 27%dt
0° 0

2
0= {gﬁ} rad

Atf = 60° = ~ rad,
T _Zy f=1.162s

Using the initial condition r = O whent = 0s,

dr

— =i =47
dt ’

r t
/dr= 47 dt
0 0

4
I’_|:513:|m

Whent = 1.162 s (9 = grad),

4
r=-r =2.094m
3 |i—1a62s
Time Derivatives:
F= 47 = 5.405 m/s 6 =27 = 2.703 rad/s
=1.162s =1.162
P=8 = 9.300 m/s” 6 =4 = 4.650 rad/s’
=1.162s t=1.162s
Velocity:
v, =7 = 5405m/s Ve = rf = 2.094(2.703) = 5.660 m/s
Thus, the magnitude of the collar’s velocity is
v = V9,2 + v2 = V54052 + 5.6602 = 7.83 m/s Ans.

Acceleration:

a, =¥ — r6? = 9300 — 2.094(2.703%) = —5.998 m/s’

ag = rf + 219 = 2.094(4.650) + 2(5.405)(2.703) = 38.95 m/s>

Thus, the magnitude of the collar’s acceleration is

a=Va?+ a = V(-5998) + 3895 = 39.4 m/s> Ans.
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12-186. The slotted arm AB drives pin C through the spiral
groove described by the equation r = af. If the angular
velocity is constant at 0, determine the radial and transverse
components of velocity and acceleration of the pin.

Time Derivatives: Since 6 is constant, then 6 = 0.

Velocity: Applying Eq. 12-25, we have
v, = F = ab Ans.
vy = r6 = ab Ans.
Acceleration: Applying Eq. 12-29, we have
a, =7 — r0? = 0 — ab6* = —abb> Ans.

ag = rf + 270 = 0 + 2(ad)() = 2ab> Ans.

12-187. The slotted arm AB drives pin C through the
spiral groove described by the equation r = (1.5 6) ft, where
0 is in radians. If the arm starts from rest when 6 = 60° and
is driven at an angular velocity of 6 = (4¢) rad/s, where ¢ is
in seconds, determine the radial and transverse components
of velocity and acceleration of the pin C whent = 1.

Time Derivatives: Here, 0 = 47 and 6 = 4 rad/s?.

r=1560 i=150=15@) =61 F=1560=15(4)=6ft/s2

0 t
1
Velocity: Integrate the angular rate, / de = / 4tdt, we have 6 = 3 (62 + ) rad.
3 0
1 1
Then, r = {2(6t2 + 77)} ft.Att = 1s,r = 5 [6(12) + ﬂ = 4.571 ft,i = 6(1) = 6.00 ft/s
and 6 = 4(1) = 4 rad/s. Applying Eq. 12-25, we have

v, = F = 6.00 ft/s Ans.

vy = rf = 4571 (4) = 183 ft/s Ans,
Acceleration: Applying Eq. 12-29, we have
a, =7 —r* = 6 — 4.571(4?) = —67.1 ft/s? Ans.

ag = r6 + 276 = 4.571(4) + 2(6) (4) = 66.3 ft/s Ans.
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*12-188. The partial surface of the cam is that of a
logarithmic spiral 7 = (40¢%?) mm, where 6 is in radians. If
the cam rotates at a constant angular velocity of 6 =4 rad/s,
determine the magnitudes of the velocity and acceleration of
the point on the cam that contacts the follower rod at the
instant = 30°.

— 40,0050 .
r = 40e 0= 4rad/s

i = 20050

2

v
0=—

6
0=4
6=0

r = 40e *%() = 41.0610
i = 2¢00) (4) = 82122

¥ = 0.1e %956) (4)2 + 0 = 1.64244

v, =i = 82122
vy = 1 = 41.0610(4) = 164.24
v = V/(82122)> + (164.24)2 = 164 mm/s Ans.

a, =7 — r6® = 1.642 44 — 41.0610(4)> = —655.33

ag = r6 + 276 = 0 + 2(8.2122)(4) = 65.6976

a = \V(-65533)2 + (65.6976)* = 659 mm/s> Ans.
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*12-189. Solve Prob. 12-188, if the cam has an angular
acceleration of § = 2rad/s> when its angular velocity is

0 = 4rad/s atf = 30°.

6=14 rad/s

o
6=—
6
0 =4
0=2

40e 295 () = 41.0610

.
r =296 4) = 82122

¥ = 0.1e"%6) (4)2 + 2¢ 0056) (2) = 5.749
v, =r = 82122

Ve = rf = 41.0610(4) = 164.24

v = V/(82122)> + (164.24)2 = 164 mm/s Ans.
a, = F — r6® = 5749 — 41.0610(4)> = —651.2

ag = rf + 2i0 = 41.0610(2) + 2(8.2122)(4) = 147.8197

a = V(-6512)% + (147.8197)> = 668 mm/s> Ans.
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12-190. A particle moves along an Archimedean spiral
r = (80) ft, where 6 is given in radians. If 6 = 4 rad/s
(constant), determine the radial and transverse components
of the particle’s velocity and acceleration at the instant
6 = /2 rad. Sketch the curve and show the components on
the curve.

Time Derivatives: Since 6 is constant,é = 0.

r=289 = 8(%) —4nmft =80 =8(4) =320fts F

/

r=(86)ft

I r
Velocity: Applying Eq. 12-25, we have | ,=32.00s
. grsrol a,=201 f¢fs>
v, =7 = 32.01t/s Ans. g— 60—
vo = 16 = 4w (4) = 503 ft/s Ans. %5038 Q2563
Acceleration: Applying Eq. 12-29, we have
a4, =7 —re*=0— 477(42) = —201 ft/s? Ans.
ag = rf + 276 = 0 + 2(32.0)(4) = 256 ft/s> Ans.
9= % rad. 8= %md
12-191. Solve Prob. 12-190 if the particle has an angular y
acceleration § = 5 rad/s? when 6 = 4 rad/s at 6 = 7/2 rad.
Time Derivatives: Here, r=(86)ft
r=280 = 8(5) = 4 ft =860 =8(4) =32.01ft/s r
.. I
7 =86 = 8(5) = 40 ft/s 9:
X
Velocity: Applying Eq. 12-25, we have
v, = i = 32.0ft/s Ans. r : I
== = Yo=320fYs
vg = r6 = 4mw(4) = 50.3 ft/s Ans. g\ a,,=5/¢ff/:‘
Acceleration: Applying Eq. 12-29, we have 0 —<r e é a.=/6! ftfe >
S Vp=50.3 /s
a, =7 — r6® = 40 — 4m(4?) = —161 ft/s’ Ans.
ag = rf + 270 = 47 (5) + 2(32.0)(4) = 319 ft/s? Ans.
l s
8="Lrad 9:%
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*12-192. The boat moves along a path defined by
r? = [10(10%) cos 20]ft?>, where @ is in radians. If
6 = (0.4¢%) rad, where ¢ is in seconds, determine the radial
and transverse components of the boat’s velocity and
acceleration at the instant# = 1.

Time Derivatives: Here, 6 = 0.41%, 9 =08¢ and 6 = 0.8 rad/sz. When ¢t = 1s,

6 =04(12) = 0.4rad and 6 = 0.8 (1) = 0.8 rad/s.

= 10(10°) cos 20 r = 100V cos 26
10(10) sin 26 ;

2ri = —20(10%) sin 200 i =
r
2r7 + 2i% = =20(10%) (2 cos 266> + sin 266)

- —10(10% (2 cos 200* + sin 206) — ;>

r =

P
10(10°) sin 0.8
At = 0.4rad, r = 100\ cos 0.8 = 83.47 ft, i = —%
~10(10%)[2 cos 0.8(0.8%) + sin 0.8(0.8) | — (—68.75)?
and 7 = G4 = —232.23 ft/s%.

Velocity: Applying Eq. 12-25, we have

(0.8) = —68.75 ft/s

Gy

v, =1 = —68.8 ft/s Ans.
vy = rf = 83.47(0.8) = 66.8 ft/s Ans.
Acceleration: Applying Eq. 12-29, we have
a, =7 — r6® = 23223 — 83.47(0.82) = —286 ft/s> Ans.
ag = rf + 270 = 83.47(0.8) + 2(—68.75)(0.8) = —43.2 ft/s> Ans.
*12-193. A car travels along a road, which for a short distance
is defined by r = (200/6) ft, where 6 is in radians. If it
maintains a constant speed of v = 35 ft/s, determine the radial
and transverse components of its velocity when 6 = /3 rad.
200 600
r=— = —ft
0 0=1/3 rad ™
200 . 1800 .
F=—— (7] =-— 6
0 0=/3 rad ™
1800 . . 600 -
v =r= o vg=r0 =—80
T T
v = v% + vé
1800 - \* . (600 . \2
352 = <—20> + (9)
T T
6 = 0.1325 rad/s
1800
v, = — — (0.1325) = —24.2ft/s Ans.
T
600
vy = (0.1325) = 25.3 ft/s Ans.

T
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12-194. For a short time the jet plane moves along a path
in the shape of a lemniscate, 7> = (2500 cos 26) km?. At the
instant 6 = 30°, the radar tracking device is rotating at
6 = 5(107%) rad/s with # = 2(107%) rad/s®. Determine the
radial and transverse components of velocity and
acceleration of the plane at this instant.

7 = 2500 cos 20

Time Derivatives: Here, § = 5(1073) rad/s and 6 = 2(107%) rad/s’.

r? = 2500 cos 26 r = 50\cos 20
2ri = —5000 sin 200 o _2500sin26

p
2rF + 2% = —5000(2 cos 200* + sin 260

. —2500(2 cos 206> + sin 260) — >
r =

r

At6 = 30°,r = 50V cos 60° = 3536 km, i = —%{s(wﬂ)} = —0.3062 km/s
° - : o -3
g ~2500{2 cos 60°[5(107) |2 J;Ss13n6 60°[2(107) ]} — (—0.3062)? 01269 k)
Velocity: Applying Eq. 12-25, we have
v, = r = —0.3062 km/s = 306 m/s Ans.
vy = rf = 35.36[5(103)] = 0.1768 km/s = 177 m/s Ans.
Acceleration: Applying Eq. 12-29, we have
a, =7 — r6? = —0.1269 — 35.36[5(107%) ?
= —0.1278 km/s?> = —128 m/s? Ans.
ag = ré + 219 = 35.36[2(1073) | + 2(-0.3062)[5(107%)]
= 0.06765 km/s*> = 67.7 m/s? Ans.
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12-195. The mine car C is being pulled up the incline
using the motor M and the rope-and-pulley arrangement
shown. Determine the speed vp at which a point P on the
cable must be traveling toward the motor to move the car
up the plane with a constant speed of v = 2 m/s.

ZSC+(S67SP):l

Thus,

3ve —vp =10

Hence,
vp=3(-2)=—-6m/s = 6m/s / Ans.
%
%
*12-196. Determine the displacement of the log if the
truck at C pulls the cable 4 ft to the right.
2SB + (SB - Sc) =1
3sg — sc =1
3ASB - ASC =0
Since Asc = —4,then
SASB = —4
Asg = —133ft = 1.33ft— Ans.
8

*12-197. If the hydraulic cylinder H draws in rod BC at A
2 ft/s, determine the speed of slider A. : —

B c ; 7

r 5) € %))
ZSH + Sq4 = l =
o —

2VH = —Vyu
2(2) = —Vy
vy = —4ft/s = 4ft/s— Ans.

153




© 2010 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.

12-198. If end A of the rope moves downward with a speed
of Sm/s, determine the speed of cylinder B.

Position Coordinates: By referring to Fig. a, the length of the two ropes written in
terms of the position coordinates s 4, sg, and s¢ are
SB+2a+2SC:ll

SB+2SC:11_211 (1)

and

sat (sa—5c)=1h
2SA - Sc = lz (2)
Eliminating s¢ from Eqgs. (1) and (2) yields

SB+4SA:ll_2(l+212

Time Derivative: Taking the time derivative of the above equation,

(+l) vgt4v, =0

Here,v, = 5 m/s. Thus,

v+ 4(5) =0

vg = —20m/s = 20 m/s Ans.

12-199. Determine the speed of the elevator if each
motor draws in the cable with a constant speed of Sm/s.

Position Coordinates: By referring to Fig. a, the length of the two cables written in
terms of the position coordinates are

Sgt (Sgp —sq) +sc =14

2SE_SA+SC:ll (1)

and

(sg = sp) + 2(sg — s¢) = b

SSE_SB_ZSCZIQ (2)

Eliminating s from Egs. (1) and (2) yields

7SE_2SA_SB:211+12

Time Derivative: Taking the time derivative of the above equation,

(+l) Tvg —2vy —vp =10

Here,v, = vg = —5 m/s. Thus,
7ve = [2(-5)] = (=5) =0
vg = —214m/s = 2.14m/s T Ans.
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*12-200. Determine the speed of cylinder A, if the rope is
drawn towards the motor M at a constant rate of 10 m/s.

Position Coordinates: By referring to Fig. a, the length of the rope written in terms
of the position coordinates s 4 and sy, is

3SA+SM:l

Time Derivative: Taking the time derivative of the above equation,

(+J,) vy +tvy =0

Here, vy, = 10 m/s. Thus,

3VA+10:0

vy =-333m/s =333m/s | Ans.

*12-201. If the rope is drawn towards the motor M at a
speed of vy, = (5r¥?) m/s, where ¢ is in seconds, determine
the speed of cylinder A when ¢ = 1s.

Position Coordinates: By referring to Fig. a, the length of the rope written in terms
of the position coordinates s, and s, is

3SA+SM:I

Time Derivative: Taking the time derivative of the above equation,

(+1)  3vatwvy=0

Here, vy = (513/2) m/s. Thus,

vy + 557 =0

V= <§t3/2> m/s = (2[”) m/s

=1.67m/s 1 Ans.

t=1s

SN
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12-202. If the end of the cable at A is pulled down with a
speed of 2 m/s, determine the speed at which block B rises.

Position-Coordinate Equation: Datum is established at fixed pulley D. The position
of point A, block B and pulley C with respect to datum are s,, sp and sc,
respectively. Since the system consists of two cords, two position-coordinate

equations can be developed.
2sc +s4 =11
sp + (sB - sc) =1
Eliminating s¢ from Eqs. [1] and [2] yields
Sp tdsg =1 + 20,
Time Derivative: Taking the time derivative of the above equation yields
vy t4vg =0
Since v, = 2 m/s, from Eq. [3]
(+1) 2+ dvg =0

vp = —05m/s = 0.5m/s |

1]
(2]

[31

Ans.

12-203. Determine the speed of B if A is moving
downwards with a speed of v, = 4 m/s at the instant shown.

Position Coordinates: By referring to Fig. a, the length of the two ropes written in

terms of the position coordinates s 4, sg, and s¢ are
Sq+2s¢c =1
and
sg+ (s = sc) =
Eliminating s¢ from Egs. (1) and (2),
dsp + 54 =20, + [
Time Derivative: Taking the time derivative of Eq. (3),
(+l) 4vg +vy=0
Here, v, = 4 m/s. Thus,
dvp+4=0

vg=—1m/s =1m/s T

@

(2

3

Ans.

A lvA:4m/s

&

Datum

C)
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*12-204. The crane is used to hoist the load. If the motors
at A and B are drawing in the cable at a speed of 2 ft/s and
4 ft/s, respectively, determine the speed of the load.

Position-Coordinate Equation: Datum is established as shown. The positon of point

A and B and load C with respect to datum are s 4, sg and s¢, respectively.

4sc + 54+ sp+2h =1

Time Derivative: Since £ is a constant, taking the time derivative of the above

equation yields

[OXeXe)

dve +vy+vp=0 1]
Since v, = 2 ft/s and vy = 4 ft/s, from Eq. [1]
dve+2+4=0
ve = —1.50ft/s = 1.50 ft/s 1 Ans.
*12-205. The cable at B is pulled downwards at 4 ft/s, and
the speed is decreasing at 2 ft/s?. Determine the velocity
and acceleration of block A at this instant.
254 + (h —s¢) =1
2V, = ve
sc + (sc = sp) =1
2vc = vp
vp = 4vy,
ag = 4ay,
Thus, el s,
—4 =4y,
vy = —1ft/s = 1ft/s | Ans. .Dm‘z/m
2 =4ay T-
ay = 05ft/s = 0.5 ft/s?> | Ans

Datum
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12-206. If block A is moving downward with a speed of 4 ft/s
while C is moving up at 2 ft/s, determine the speed of block B.

SA+2SB+SCZZ
VA+2VB+VC:0
44205 -2=0

vg = —1ft/s = 1ft/s | Ans.

12-207. If block A is moving downward at 6 ft/s while block
Cis moving down at 18 ft/s, determine the speed of block B.

SA:2SB+SC:l
VA:2VB+VC:0
6+ 2vg + 18 =0

vg = —121ft/s = 12 ft/s | Ans.

*12-208. If the end of the cable at A is pulled down with a
speed of 2 m/s, determine the speed at which block E rises.

Position-Coordinate Equation: Datum is established at fixed pulley. The position of
point A, pulley B and C and block E with respect to datum are sy4, s, sc and s,
respectively. Since the system consists of three cords, three position-coordinate
equations can be developed.

ZSB + Sq = ll [1]
sc+ (sc —sp) =1 [2]
spt+ (sg—s¢) =1 [3]

Eliminating s¢ and sg from Egs. [1], [2] and [3], we have
SA +8SE:ll +2[2+4l3

Time Derivative: Taking the time derivative of the above equation yields

vy + 8up =0 (4]

Since v, = 2 m/s, from Eq. [3]
(+1) 2+ 8u; =0

vp = —0.250 m/s = 0.250 m/s 1 Ans.
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*12-209. If motors at A and B draw in their attached
cables with an acceleration of a = (0.2¢) m/s?, where  is in
seconds, determine the speed of the block when it reaches a
height of & = 4 m, starting from rest at & = 0. Also, how
much time does it take to reach this height?

SA+2SD:l
(SC_SD)+SC+SBZI,

Asy = —2Asp 2As¢c — Asp + Asp =0

If Asc = —4 and As, = Asp, then,

As, = —2Asp 2(—=4) — Asp + As, =0
Asp = —2.67Tm Asy, = Asp =533 m
Thus,

va= —2vp

ZVC_VDJFVB:O
a= 0.2t

dv = adt

v t
/ dv = / 0.2¢t dt
0 0

v =012

ds = vdt

s t
/ ds = / 0.1 dt
0 0

0.1 ,
=P =533
)

t =5428s =543s

v = 0.1(5.428)% = 2.947 m/s
vy =vp = 2947 m/s

Thus, from Egs. (1) and (2):
2947 = 2vp

vp = —1.474

2ve — (—1.474) + 2.947 = 0

ve = —221m/s =221 m/s 1

h
295 oS
@
2

Ans.

Ans.
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12-210. The motor at C pulls in the cable with an
acceleration ac = (3t%) m/s?, where ¢ is in seconds. The
motor at D draws in its cable at ap, = 5 m/s% If both motors
start at the same instant from rest when d = 3 m, determine
(a) the time needed for d = 0, and (b) the velocities of
blocks A and B when this occurs.

For A:

SA+(SA_Sc):l

ZVA = Vc
2a4 = ac = =31
a, = —15% = 15—

vy = 057>
s4 = 0.125t* —
For B:

ag = 5m/s? —
vp = St

sp =252«

Require s, + sp = d L

0.125¢* + 252 =3

Setu =¢*  0.1254% + 2.5u =3

The positive root is # = 1.1355. Thus, l(——
Se

t = 1.0656 = 1.07 s Ans.
vy = .0.5(1.0656)> = 0.605 m/s Ans.
vp = 5(1.0656) = 533 m/s Ans.
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12-211. The motion of the collar at A is controlled by a
motor at B such that when the collar is at s, = 3 ft it is
moving upwards at 2 ft/s and decreasing at 1 ft/s’.
Determine the velocity and acceleration of a point on the
cable as it is drawn into the motor B at this instant.

Vsh + 4+ sg =1

%(sg +16)72(254)54 + 55 =0

§p = —saS (54 + 16)72

s3=—{(y)7ﬁ4~m)L+Mh@§+1®%+s@4giygr+m)%?hv)}
(sasa)t (sa) + saSa

(% +16) (54 +16)
Evaluating these equations:
sp = —3(-2)((3)* + 16)72 = 120 ft/s | Ans.

(OGP (22 +3()
PU@GR 16 (3 + 16)

—1.11 ft/s* = 111 ft/s* T Ans.

4ft

|
|
A

*12-212. The man pulls the boy up to the tree limb C by
walking backward at a constant speed of 1.5 m/s.
Determine the speed at which the boy is being lifted at the
instant x4 = 4m. Neglect the size of the limb. When
x4 = 0, yp = 8m, so that A and B are coincident, i.e., the
rope is 16 m long.

Position-Coordinate Equation: Using the Pythagorean theorem to determine /4,

we have [, = Vx4 + 8. Thus,
L=1ac+ yp
16 = \/m + yp
yg =16 — Vx% + 64 [

dx
Time Derivative: Taking the time derivative of Eq. [1] and realizing that v, = dizA
and vg = s we have
BT Tar
dyB XA dXA
vyp= = e ——
dt Vx4 + 64 dt
= 2]
Up = ——————vy
Vx4 + 64
At the instant x4, = 4 m, from Eq. [2]
4 (1.5) 0.671m/s = 0.671 m/s 1 Ans
UYp = = —/— . = —Uu. = U. o
V42 + 64

Note: The negative sign indicates that velocity vy is in the opposite direction to that
of positive yp.

XA
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¢12-213. The man pulls the boy up to the tree limb C by

walking backward. If he starts from rest when x, = 0 and
moves backward with a constant acceleration a, = 0.2 m/s2,
determine the speed of the boy at the instant yz = 4 m.
Neglect the size of the limb.When x4, = 0,y = 8 m,so that A
and B are coincident, i.e., the rope is 16 m long.

Position-Coordinate Equation: Using the Pythagorean theorem to determine / 4¢,
we have [, = Vx4 + 8. Thus, X,

l=1lac+ yp
16 = Vxi + 8 + yp
yp =16 — Vx4 + 64 1

dx
Time Derivative: Taking the time derivative of Eq. [1] Where v, = = and

dt
d
v = ﬂ, we have
dt
oo Bys x4 dxy
Prodt N 1 e4 di
Xa

vp= A, 2]
NV re

At the instant yz = 4m, from Eq. [1], 4 = 16 — Vx% + 64, x, = 8.944 m. The
velocity of the man at that instant can be obtained.

Vi = (w)h + 2a)a[sa — (s0)]
v4 = 0 + 2(0.2)(8.944 — 0)

vy = 1.891 m/s

Substitute the above results into Eq. [2] yields

8.
vp = 8944 1.891) = —1.41m/s = 1.41 m/s? Ans.
B

\/8.944% + 64

Note: The negative sign indicates that velocity vy is in the opposite direction to that
of positive yp.
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12-214. If the truck travels at a constant speed of xe | XT*,‘ T vy
vp = 6 ft/s, determine the speed of the crate for any angle 6 A‘ —
of the rope. The rope has a length of 100 ft and passes over Q ‘ﬁ'

a pulley of negligible size at A. Hint: Relate the coordinates
x7 and xc to the length of the rope and take the time
derivative. Then substitute the trigonometric relation
between x. and 6.

V(20)2 + x2 + xp =1 =100
1 2 2\-1 . .
E ((20) + (Xc) ) 2 ZXCXC + X = 0

Since xp = vy = 6 ft/s,vc = Xc,and

xc =20ctn 6
Then,
(20 ctn O)vc Xe | 5
=6 A >
(400 + 400 ctn? §)2
G T
Since 1 + ctn? 6 = csc? 6, 2044
tn 6 -
(c 1 )vc = cosOve = —6 ¢
csc
ve = —6secH = (6sec)ft/s— Ans.
12-215. At the instant shown, car A travels along the
straight portion of the road with a speed of 25m/s. At this
same instant car B travels along the circular portion of the
road with a speed of 15m/s. Determine the velocity of car B 157
relative to car A.
Velocity: Referring to Fig. a, the velocity of cars A and B expressed in Cartesian
vector form are
V4 = [25cos 30°i — 25sin 30° jl m/s = [21.65i — 12.5j] m/s e —
vg = [15cos 15°i — 15sin 15° j] m/s = [14.49i — 3.882j] m/s
Applying the relative velocity equation,
VB =Vy + VB/A
14.49i — 3.882j = 21.65i — 12,5 + vg/4 Yy
vp/a = [—7.162i + 8.618j] m/s
o4
. . y
Thus, the magnitude of v/, is given by ﬁ g' é / 5 ’”/5
vea = V(-7.162)" + 8618 = 11.2m/s Ans.
The direction angle 0, of vg,4 measured from the x axis, Fig. a is 94/
X
.61
0, = tan_l(%) = 50.3° Ans. 7/42//’7/5

G
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*]12-216. Car A travels along a straight road at a speed of
25 m/s while accelerating at 1.5 m/s%. At this same instant
car C is traveling along the straight road with a speed of
30 m/s while decelerating at 3 m/s?. Determine the velocity
and acceleration of car A relative to car C.

Velocity: The velocity of cars A and B expressed in Cartesian vector form are
V4 = [—25cos 45° — 25sin 45°%] m/s = [-17.68i — 17.68j] m/s
ve = [—30j] m/s

Applying the relative velocity equation, we have
Vq=Vc TtV AJC
—17.68i — 17.68j = —30j + v4/c

vac = [—17.68i + 12.32j] m/s

Thus, the magnitude of v, is given by

vae = V(-17.68) + 12327 = 21.5m/s Ans.

and the direction angle 6, that v, makes with the x axis is

6, = tan‘(%) = 34.9° % Ans.

Acceleration: The acceleration of cars A and B expressed in Cartesian vector form are
a, = [—1.5cos 45°i — 1.5sin 45%] m/s? = [~1.061i — 1.061j] m/s>
ac = [3j]m/s?
Applying the relative acceleration equation,
ay =ac t+ ayc
—1.061i — 1.061j = 3j + a4c

a,c = [~1.061i — 4.061j] m/s

Thus, the magnitude of a, ¢ is given by

age = V(=1.061)° + (—4.061)° = 420 m/s Ans.

and the direction angle 6, that a,, makes with the x axis is

4.061
0, = tan_1<m> =754 Ans.
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*12-217. Car B is traveling along the curved road with a
speed of 15 m/s while decreasing its speed at 2 m/s>. At this
same instant car C is traveling along the straight road with a
speed of 30 m/s while decelerating at 3 m/s>. Determine the
velocity and acceleration of car B relative to car C.

Velocity: The velocity of cars B and C expressed in Cartesian vector form are
v = [15cos 60°i — 15sin 60° j] m/s = [7.51 — 12.99j] m/s
ve = [—30j] m/s
Applying the relative velocity equation,
Vg = Ve + VB/C
751 — 12.99j = —30j + vgc
vgic = [1.51 + 17.01j] m/s

Thus, the magnitude of v/ is given by

vge = V1.52 + 17.012 = 18.6 m/s Ans.

and the direction angle 6, that vy, makes with the x axis is

17.01
0, = tan’1<?> = 66.2° Ans.
. . V32
Acceleration: The normal component of car B’s acceleration is (ap), = 7
15° .
=100 = 2.25m/s%. Thus, the tangential and normal components of car B’s

acceleration and the acceleration of car C expressed in Cartesian vector form are
(ag), = [-2cos 60°i + 2sin 60°%] = [—1i + 1.732j] m/s?
(ag), = [2.25 cos 30° i + 2.25 sin 30° j] = [1.9486i + 1.125j] m/s>
ac = [3j] m/s?
Applying the relative acceleration equation,
ag = ac + agc
(=1 + 1.732j) + (1.9486i + 1.125j) = 3j + ag;c

agc = [0.9486i — 0.1429j] m/s’

Thus, the magnitude of ag/c is given by

agic = 1V0.94862 + (—0.1429)* = 0.959 m/s> Ans.

and the direction angle 6, that ag,- makes with the x axis is

0.1429
= tan"! = 8.57° Ans.
6a = tan (0.9486) s
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12-218. The ship travels at a constant speed of v, = 20 m/s
and the wind is blowing at a speed of v,, = 10 m/s, as shown.
Determine the magnitude and direction of the horizontal
component of velocity of the smoke coming from the smoke
stack as it appears to a passenger on the ship.

Solution I

Vector Analysis: The velocity of the smoke as observed from the ship is equal to the
velocity of the wind relative to the ship. Here, the velocity of the ship and wind
expressed in Cartesian vector form are v, = [20 cos45°i + 20 sin 45° j| m/s
= [14.14i + 14.14j] m/s and v, = [10 cos 30°i — 10 sin 30° j]= [8.660i — 5j] m/s.
Applying the relative velocity equation,

Vi = VotV
8.660i — 5j = 14.14i + 14.14j + Vi/s
Vyss = [—5.482i — 19.14j] m/s

Thus, the magnitude of v, is given by

vy = V(=5482)7 + (~19.14)> = 19.9m/s Ans.

and the direction angle 6 that v,,, makes with the x axis is

19.14
0 = tan_l<m> = 74.0° Ans.

Solution I1

Scalar Analysis: Applying the law of cosines by referring to the velocity diagram
shown in Fig. a,

Vs = V207 + 107 — 2(20)(10) cos 75°
= 1991 m/s = 19.9 m/s Ans.

Using the result of v,,; and applying the law of sines,

sing  sin 75°
10 19.91

é = 29.02°

Thus,

0 =45° + ¢ = 74.0° Ans.
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12-219. The car is traveling at a constant speed of 100 km/h.
If the rain is falling at 6 m/s in the direction shown, determine
the velocity of the rain as seen by the driver.

302

ve =100 km /K
—

=

Solution I
1000 m 1h
Analysis: Th f th is v =(100— || ———
Vector Analysis e speed of the car is v, ( 00 h )< T km >(36005)
= 27.78 m/s.The velocity of the car and the rain expressed in Cartesian vector form
are v, = [—-27.78i]lm/s and v, = [6sin30°% — 6 cos30°%] = [3i — 5.196j] m/s.
Applying the relative velocity equation, we have

Ve = Vet Ve
3i — 5.196j = —27.78i + A\

Ve = [30.78i — 5.196j] m/s

Thus, the magnitude of v, is given by

Ve = V30782 + (—5.196)* = 31.2m/s Ans.

and the angle x,,. makes with the x axis is

0= tan’(ilﬂ) = 9.58° Ans.

Solution II

Scalar Analysis: Referring to the velocity diagram shown in Fig. a and applying the
law of cosines,

Ve = V2778 + 6% — 2(27.78)(6) cos 120°
r/c

=1991m/s = 199 m/s Ans.

Using the result of v,,. and applying the law of sines,

sinf _ sin 120°

6 31.21

6 = 9.58° Ans.

Y,=2]76mjs

G Vryc

)

120°

'Ur= 6'",9

30
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*12-220. The man can row the boat in still water with a
speed of 5 m/s. If the river is flowing at 2 m/s, determine
the speed of the boat and the angle 6 he must direct the
boat so that it travels from A to B.

Solution I

Vector Analysis: Here, the velocity v, of the boat is directed from A to B. Thus,

50
¢ = tan’l(g) = 63.43°. The magnitude of the boat’s velocity relative to the

flowing river is vy, = 5 m/s. Expressing v, v,,, and v, in Cartesian vector form,
we have v, = v, cos 63.43i + v, sin 63.43j = 0.4472v,i + 0.8944v,j, v,, = [2i] m/s,
and vy, = 5 cos 6i + 5 sin 6. Applying the relative velocity equation, we have

Vp = Vy, + Vb/w
0.4472v,i + 0.8944v,j = 2i + 5 cos 0i + 5 sin 6

0.4472v,i + 0.8944v,j = (2 + Scos 6)i + 5 sin 6j

Equating the i and j components, we have
0.4472v;, = 2 + Scos 6 (1))
0.8944v;, = 5sin 6 2)
Solving Egs. (1) and (2) yields

vy = 5.56 m/s 0 = 84.4° Ans.

Solution I1

Scalar Analysis: Referring to the velocity diagram shown in Fig. a and applying the
law of cosines,

52 =22 + v,2 — 2(2)(v,) cos 63.43°

vp? — 1.789v, — 21 =0

_ —(—1.789)+V/(—1.789) — 4(1)(-21)
Vo = 2(1)

Choosing the positive root,

v, = 5.563m/s = 5.56 m/s Ans.

Using the result of v, and applying the law of sines,

sin 180° — §  sin 63.43°
5.563 5

0 = 84.4° Ans. ¢=6343.
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*12-221. At the instant shown, cars A and B travel at speeds
of 30 mi/h and 20 mi/h, respectively. If B is increasing its
speed by 1200 mi/h?, while A maintains a constant speed,
determine the velocity and acceleration of B with respect to A.

Vp = Vy + vB/A

20 30°
=30 + (vga)x T (vBra)y
«— — T
(B)  —20sin30° = =30 + (vg/a)s

(+1)  20c0s30° = (vga),

Solving

(va/a)x = 20—

(vaa)y = 17321

via = V(20) + (17.32)> = 26.5 mi/h

17.32
= 71 _— = °
6 = tan” '( 20 ) = 40.9°

= (207 = 13333
(aB)n - 03 - .

ag = a,y + aB/A
1200 30°
1333.3
+ %0 =0+ (aB/A)x + (aB/A)y
’ A A
(&)  —1200sin30° + 1333.3 cos 30° = (ap/a)x

(+1) 1200 cos 30° + 1333.35in30° = (ag,),

Solving

(apa)x = 5547— ; (apa)y = 17059 1

aga = V(5547)* + 1705.9)* = 1.79(10%) mi/h’

1705.9

a1
0 =tan" (557

) =72.0°

Ans.

Ans.

Ans.

Ans.

30°
0.3 mi

B

vp =20 mi/‘lk

A
v4 = 30 mi/h «——— CED
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12-222. At the instant shown, cars A and B travel at

speeds of 30m/hand 20 mi/h, respectively. If A is

increasing its speed at 400 mi/h? whereas the speed of B is 30°
decreasing at 800 mi/h?, determine the velocity and &

acceleration of B with respect to A. G

vg =20 mi/‘}R

A
Vg =Vaqt Vpa 04 = 30mi/h <@

20 30°
=30 + (vgia)x + (VBra)y
«— — T
(B)  —20sin30° = =30 + (vg/a)s

(—i—T) 20 cos 30° = (vp/a),

Solving

(vBa)x = 20—

(vga)y = 17321

vea = V(20) + (17.32)> = 26.5 mi/h Ans.

17.32
6= tan’l(T) = 40.9° v Ans.

ap + Ay + aB/A

202

= =1333.3] + [800] = [400] + [(aB/A)l] + [(aB/?)y]

0.3 .
<0 a0 30°A

(&) 13333 cos30° + 800 sin 30°

—400 + (aB/A)x
(ag/a)x = 19547 —

(+1)  1333.35in30° — 800 cos 30°

(aB/A) y

(ag/a)y = —26.154 = 26.154 |

(aga) = V(1954.7) + (26.154)°

a4 = 1955 mi/h? Ans.
26.154
= 71 = o
0 = tan (1954.7) 0.767° %o Ans.
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12-223. Two boats leave the shore at the same time and travel
in the directions shown. If v, = 20ft/s and vy = 15ft/s,
determine the velocity of boat A with respect to boat B. How
long after leaving the shore will the boats be 800 ft apart?

V4 = Vg + VA/B
—20sin 30°i + 20 cos 30°j = 15 cos 45°1 + 15sin 45% + v
vap = {—20.61i + 6.714j} ft/s

va = V(=20.61)7 + (+6.714)> = 21.7 ft/s Ans.

6.714
0=tan!(——) = 18.0° = Ans.

20.61 800
(800)% = (20 ¢)? + (151)> — 2(20 £)(15 1) cos 75°
t =3069s Ans. 20t 15°
Also

800 800
=20 = 20 369 Ans.
vas 2168 s ns

*12-224. At the instant shown, cars A and B travel at speeds
of 70 mi/h and 50 mi/h, respectively. If B is increasing its speed
by 1100 mi/h?, while A maintains a constant speed, determine
the velocity and acceleration of B with respect to A. Car B
moves along a curve having a radius of curvature of 0.7 mi.

vy = 70 mi/h—|

Relative Velocity:
Vg = Vat+ Vg
50 sin 30° + 50 cos 30°% = 70j + vp/4

via = (25.0i — 26.70j} mi/h

Thus, the magnitude of the relative velocity v/, is
vpa = V25.0° + (—26.70)* = 36.6 mi/h Ans.

The direction of the relative velocity is the same as the direction of that for relative
acceleration. Thus

26.70
— -1 — o
0 = tan 5.0 46.9° % Ans.
Relative Acceleration: Since car B is traveling along a curve, its normal
2 2
50
acceleration is (ag), = - 07" 3571.43 mi/h%. Applying Eq. 12-35 gives
p E

aAp = Ay + aB/A
(1100 sin 30° + 3571.43 cos 30°)i + (1100 cos 30° — 3571.43 sin 30°)j = 0 + apg/\
ag/, = {3642.95i — 833.09j} mi/h?

Thus, the magnitude of the relative velocity ag/, is

aga = V364295 + (—833.09)* = 3737 mi/h’ Ans.

And its direction is
_, 833.09 _
3642.95

¢ = tan 12.9° % Ans.
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12-225. At the instant shown, cars A and B travel at
speeds of 70 mi/h and 50 mi/h, respectively. If B is
decreasing its speed at 1400 mi/h? while A is increasing its
speed at 800 mi/h?, determine the acceleration of B with
respect to A. Car B moves along a curve having a radius of ﬁg

curvature of 0.7 mi. .
va = 70mi/h— vy = 50 mi/h

Relative Acceleration: Since car B is traveling along a curve, its normal acceleration

2 2
VB 50 -2 . .
— = = 3571.43 mi/h*. Applying Eq. 12-35 gives

is (ag), = > " 07

ag = a, + aB/A

(3571.43 cos 30° — 1400 sin 30°)i + (—1400 cos 30° — 3571.43 sin 30°)j = 800j + ap/4

ap 4 = {2392.95i — 3798.15j} mi/h?

Thus, the magnitude of the relative acc. ag,, is

aga = V239295 + (—3798.15)7 = 4489 mi/h Ans.

And its direction is

. 3798.15

239295 =578°% Ans.

¢ = tan

12-226. An aircraft carrier is traveling forward with a
velocity of 50 km/h. At the instant shown, the plane at A
has just taken off and has attained a forward horizontal air
speed of 200 km/h, measured from still water. If the plane
at B is traveling along the runway of the carrier at
175 km/h in the direction shown, determine the velocity of
A with respect to B.

Vg = Vc t Vg

v 5 = 50i + 175 cos 15% + 175 sin 15°% = 219.04i + 45.293j
Va=Vpt Vyp

2000 = 219.04i + 45.293j + (va/p).d + (Vasp), J

200 = 219.04 + (va/p)»

0 = 45293 + (va/p)y 19, 0t kg,
(Vasp)x = —19.04 I
(vVasp)y = —45293 4c293 by
Vap = V/(-19.04)> + (—45.293)2 = 49.1 km/h Ans.

45293
6 = tan~! (—) =672°> Ans. 73‘/5

19.04
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12-227. A car is traveling north along a straight road at
50 km/h. An instrument in the car indicates that the wind is
directed towards the east. If the car’s speed is 80 km/h, the
instrument indicates that the wind is directed towards the
north-east. Determine the speed and direction of the wind.

Solution I

Vector Analysis: For the first case, the velocity of the car and the velocity of the wind
relative to the car expressed in Cartesian vector form are v. = [50j] km/h and
vivje = (vwc)1 1. Applying the relative velocity equation, we have

Ve =V T Ve
VY = SOj + (Vw/c)li
Yy = (Vw/c)li + 50.] (1)

For the second case, ve = [80j] km/h and vy ;e = (V)2 0s 45° + (v c), sin 45° .
Applying the relative velocity equation, we have

Vi = Ve T Vye

Vi = 80j + (Vipse)2 €08 45 + (Vo) Sin 45° §

Vi = (Vje)2 €08 45% i + [80 + (v,,/0), sin 45°j Q)
Equating Egs. (1) and (2) and then the i and j components,

(Vw1 = (Viye)2 cos 45° &)

50 = 80 + (vyc)z sin 45° @
Solving Egs. (3) and (4) yields

(V)2 = —42.43 km/h (Vw1 = —30km/h
Substituting the result of (v,,); into Eq. (1),

v,, = [—30i + 50j] km/h
Thus, the magnitude of vy, is

vy = V(=30)? + 50 = 58.3 km/h Ans.

and the directional angle 6 that vy, makes with the x axis is

50
6 = tan ! (%) = 59.0° =~ Ans.
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*12-228. At the instant shown car A is traveling with a
velocity of 30 m/s and has an acceleration of 2 m/s? along
the highway. At the same instant B is traveling on the
trumpet interchange curve with a speed of 15 m/s, which is
decreasing at 0.8 m/s%. Determine the relative velocity and
relative acceleration of B with respect to A at this instant.

Vp = Vy + vB/A

15 cos 60°1 + 15sin 60°% = 30i + (vp/a)d + (Vaia)yi

15 cos 60° = 30 + (VB/A)x ”“’P’B;g IZ."‘?/)!‘)/S
155in 60° = 0 + (vg/a),
(vBia)x = —22.5 = 225 m/s < ..____L
22,54
(vg/a)y = 12.99m/s 1
veia = V(22.5)* + (12.99)* = 26.0 m/s Ans.
12.99
— -1 — o

6 = tan (22.5) 30° > Ans.

v 15 X
(aB),, = — = ﬁ =09 I]fl/S2 1777

p w0’ Y v

(ag)n'. Oo 9 49

ap =a, t+ ag),y 0,5/)77/51.
—0.8 cos 60°i — 0.8 sin 60°% + 0.9 sin 60°i — 0.9 cos 60°j = 2i + (ap/a),i + (ap/a)yj
—0.8 cos 60° + 0.9 sin 60° = 2 + (ap )«
—0.8sin 60° — 0.9 cos 60° = (ag/4),

- _ 2 _ 2
(ap/a)x = —1.6206 ft/s* = 1.6206 m/s" < . 6200 Mg

(ag/a), = —1.1428 ft/s* = 1.1428 m/s* |

1.4z fﬂyg .

aga = V(1.6206)° + (1.1428)> = 1.98 m/s? .
1.1428
— gan—1[ 22720 _ o
¢~ tn <1.6206> 352 F Ans.
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*12-229. Two cyclists A and B travel at the same constant
speed v. Determine the velocity of A with respect to B if A
travels along the circular track, while B travels along the
diameter of the circle.

vy = vsinfi + vcos@j v = vi 4 s C&F
(2
Va/B = Va — VB
= (vsinfi + vecosOj) — vi
= (vsin § — v)i + v cos 6j
Va/p = \/(v sin 6 — v)? + (v cos 6)?
= V2v* — 2v7sin @
= vV2(1l — sin §) Ans.
12-230. A man walks at 5 km/h in the direction of a
20-km/h wind. If raindrops fall vertically at 7 km/h in still air,
determine the direction in which the drops appear to fall with
respect to the man. Assume the horizontal speed of the vy = 20km/h

raindrops is equal to that of the wind.
Relative Velocity: The velocity of the rain must be determined first. Applying
Eq. 12-34 gives

v, =V, + v, =20i + (7)) = {20i — 7j} km/h
Thus, the relative velocity of the rain with respect to the man is

Ve = Vit Vo
20i — 7j = 5i + v,
Vym = {151 — 7j} km/h

The magnitude of the relative velocity v,,, is given by

Vym = V157 + (=7)% = 16.6 km/h Ans.

And its direction is given by

7
6 = tan" ! 5 25.0° % Ans.
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12-231. A man can row a boat at 5 m/s in still water. He
wishes to cross a 50-m-wide river to point B, 50 m
downstream. If the river flows with a velocity of 2 m/s,
determine the speed of the boat and the time needed to l

2m/s

j;
W
3
=

make the crossing.

Relative Velocity: S

Vp =V, TV, _t
vy, sin 45°1 — vy, cos 45°) = —2j + 5 cos Oi — 5 sin 6
Equating i and j component, we have
vy, sin 45° = 5 cos 6 11
—vpc0s45° = —2 — S5sin 6 [2]
Solving Egs. [1] and [2] yields
0 = 28.57°

v, = 6210 m/s = 6.21 m/s Ans.

Thus, the time ¢ required by the boat to travel from point A to B is

sag V507 + 507
f=" = T = 114s Ans.
v 6.210

176




