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12-1.

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

SOLUTION
a=2t—6
dv = adt

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

s t
/ds: /(t2—6t)dt
0 0

A

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

Ans.

Ans.

v =.0
s = 80.7m
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12-2.

The acceleration of a particle as it moves along a straight
line is given by a = (4t~ 1) m/s?, where ¢ is in seconds. If
s=2m and v =35m/s when =0, determine the
particle’s velocity and position when ¢ = 5s. Also,
determine the total distance the particle travels during this
time period.

SOLUTION

v t
/dv /(4?— 1) dt
5 0

v=r"—t+5

N t
/ds:/(t4—t+5)dz
2 0
1

1
— 5 2
=P —Zt"+5t+2
*T5s 2

Whent = 5,

v = 625m/s
s = 639.5m

Since v # 0 then
d=6395—-2=6375m

Ans.
Ans.

Ans.

Ans:
v = 625m/s
s = 6395m

d = 6375m
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12-3.

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

SOLUTION
v = 6t — 3¢
dv

=—=6- 6t
“ dt
Att =3s
a=—-12m/s Ans.
ds = vdt

s t
/ds = /(6t — 31%)dt

0 0
s=32-1
Atr =3s
s =0 Ans.

Sincev = 0 = 6t — 32, whent = Oandt = 2s.

whent=2s, s =3(2)>—- (27> =4m

s7=4+4=8m Ans.
(vsp)mg =, =3 2.67m/s Ans.

4.
ey a—
bmr—— g e

£204 t*24
12".-3.,
Ans:
a=—-12m/s’
s=0
St = 8m

(Vgp)avg = 2.67m/s
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*12-4,

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

average velocity of the particle during this time interval,
and (c) the acceleration when ¢ = 1s.

SOLUTION
s =102 + 20
(a) slls

S|5S

10(1)* + 20 = 30 mm

10(5)> + 20 = 270 mm
As = 270 — 30 = 240 mm

(b) At =5—-1=4s

As 240
Vavg = Tt = T = 60rnm/s
s

(c) a= 2o 20 mm/s? (for all r)

Ans.

Ans.

Ans.

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

a = 20 mm/s?
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12-5.

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

SOLUTION
s=t—6t+5
ds
v—dt—2t76
dv
a—E—2

v =0whent =3

Sli=o =135
Sli=3 = —4
Sli=6 =5
As 0
Vavg = E*g: 0
St 9+9
(vsp)avg = E = 6 = 311’1/5

[ PN
Fx3

Ans.

Ans.

Ans.

5= Sm
PP £= a
Ans:
Vavg = 0

(vsp)avg =3 m/s

ali—gs = 2m/s’




© Pearson Education Limited 2017. 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.

12-6.

A stone A is dropped from rest down a well, and in 1 s
another stone B is dropped from rest. Determine the
distance between the stones another second later.

SOLUTION

1
+ls:s1+v1t+§actz

1
s4=0+0+ 5(9.81)(2)2
s4 = 19.62 m

1 2
s4=0+0+ 5(9.81)(1)

sp =491 m

As =19.62 — 491 = 1471 m

Ans.

Ans:
As = 1471 m
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12-17.

A bus starts from rest with a constant acceleration of 1 m/s2.
Determine the time required for it to attain a speed of 25 m/s
and the distance traveled.

SOLUTION

Kinematics:

vy = 0,v =25m/s, s, = 0,and a, = 1 m/s.

(i)) v =12yt ad
25=0+ (1)
t=125s Ans.
(%) ? = 0+ 2005 — %)
252 =0+ 2(1)(s — 0)
Ans.

s =3125m

Ans:
t=25s
s = 3125 m
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*12-8.

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

SOLUTION
v =12 — 3 @
d
a=% = —6t|,—4 = —24 m/s? Ans.
dt
s t t
= = — 2
/—mds /1@dt /1(12 31%)dt o
5= -2t tzZa
t- 104 - S=-3
s+10 =12t — £ — 11 ° ~ = 5=
S
s=12t— ¢ -21 $=—1Dmm
§$=-901m

si=o = —21

s|i=10 = —901

As = =901 — (=21) = —880m Ans.

From Eq. (1):

v = 0whent = 2s

sli=y =122 — (2)* =21 = -5

s7= 21 —-5)+ (901 —5) =912m Ans.
Ans:
a=-24m/s
As = —880m
s =912m




© Pearson Education Limited 2017. 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.

12-9.

When two cars A and B are next to one another, they are
traveling in the same direction with speeds v, and vp,
respectively. If B maintains its constant speed, while A
begins to decelerate at a,, determine the distance d
between the cars at the instant A stops.

SOLUTION
Motion of car A:
v =1y + at
)
0= Vg — apl t = A
ap

V¥ = 1)6 + 2a.(s — sq)

0=1v4 +2(—ay)s, —0)
_ v
54 ZaA

Motion of car B:

Vg V4UB
Sp = 'UBt = V| — | =

aa au

The distance between cars A and B is

VAVB 7)124

Spa = |sg — sal =

2v 05 — UZA‘

as ZaA ZaA

B
-
‘ ‘ ©) @ -
\ \
Ans.
Ans:
20,V — Vi
Spa = B
ap
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12-10.

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

SOLUTION

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

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

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

_ Ster 200
(vsp)avg - Al - 4 + 5

=222m/s Ans.

8m 13m |
’I

3 P%

O-.Q—é_ﬂ:’._.____(__/-

O =

| [ ]
- . f

Somsrom SO Gpram

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

10
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12-11.

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

SOLUTION

v=0 +a.t

120 = 70 + 6000(1)
t=833(10"3) hr = 30s

v =01+ 2a(s — s)

(120)* = 70% + 2(6000)(s — 0)

s = 0.792km = 792 m

Ans.

Ans.

Ans:
t =30s
s =792 m

11
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*12-12.

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 a numerical method to evaluate
the integral.

SOLUTION

5

ads = vdv
2 v
5d
/71 SS :/vdv
1 (3s5+s5) 0
08351—1112
’ 2

v =129m/s

Ans.

Ans:
v=129m/s

12
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12-13.

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

SOLUTION
a=2t—1
dv = adt

v 1
/ dv = /(Zt — 1)dt
2 0

v=r>—t+2

dx = vdt

s 1
/ds=/(z2—z+2)dt
t 0

13 12
= PP+ u+l
ST30 T,

Whent =65

v =232m/s

s =67m

Sincev # Ofor0 =t = 65, then

d=67—-1=66m

$F6 7

Ans.
Ans.

Ans.

Ans:

v =232m/s
s = 67m
d = 66 m

13
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12-14.

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

SOLUTION

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

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

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

1
<i)> S:S()‘l’v()t‘l’gaclz

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

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

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

L+

1 2
s =5 + Vot + Eact

1
s3 = 27900 + 30(30) + E(—1)(302)

= 28350m = 28.4 km Ans.

Ans:
s = 28.4km

14
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12-15.

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

SOLUTION
v = —4s?
% = —4¢%

v

e}

8 +1
2
_4( 2 )= 16 e

8 + 1 G+ 12
dv 6@+ D) 256
d B+ 1) Bt +1)

m/s?

Ans.

Ans.

Ans:
16
v = o 0
@8t + 1)
256
a=—"">3
@&+ 1)

m/s

m/s?

15
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*12-16.

Determine the time required for a car to travel 1 km along
aroad if the car starts from rest, reaches a maximum speed
at some intermediate point, and then stops at the end of
the road. The car can accelerate at 1.5 m/s? and decelerate
at 2 m/s%

SOLUTION

Using formulas of constant acceleration:

V) = 1.5 t

1
x = S(15)@)
0= Vy — 2 t

1000 — x = vot, — %(2)(:%)

Combining equations:

tt =1338; v,=2n
x=13343

1000 — 1335 =25 - 3

t, = 20.702s; t; = 27.603 s

l=t1+t2=48.3s

Ans.

157> 252
=, Va -« Vs=0
2k —
x 1000-x
Ans:
t=483s

16
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12-17.

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

SOLUTION
dv
=— = — ki
a dr v
v t
/u*d];:/ — kdt
v0 0
1, _ _
—E(V 2—V02)= — kt
1\\ "z
v = (Zkt + <7)) Ans.
Yo
ds = vdt

Vo

Ly

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

1
> - } Ans.
Yo

Ans:

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

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

17
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12-18.

A particle is moving along a straight line with an initial
velocity of 6 m/s when it is subjected to a deceleration of
a = (—1.50"2) m/s? where vis in m/s. Determine how far it
travels before it stops. How much time does this take?

SOLUTION

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

ds:@

a
N v v
/ ds = / cdv
0 6m/s —1.502

v
s = / —0.6667 v* dv
6

m/s

= (—0.44441)% + 6.532) m

3

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

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

Eq. 12-2.
ar =
a
t v
d
fo- L
0 6m/s 1.50?2
[ = —1.333(v%)|§m/s = (3.266 - 1.333v%)s
When v = 0, t = 3266 — 1.333(0%) =327s Ans.

Ans:
s = 6.53m
t=327s

18




© Pearson Education Limited 2017. 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.

12-19. The acceleration of a rocket traveling upward is
given by a= (6 +0.02s) m/s?, where s is in meters. Determine
the rocket’s velocity when s =2 km and the time needed to
reach this attitude. Initially,» =0 and s = 0 when = 0.

SOLUTION
b =6m/s c=0025s"2 Spl = 2000 m
dv
14
ap:b+csp:vp— 4
dsp
Vp Sp
J Vp dvp = J (b+ csp) dsp
0 0
v 2
92 2
— =bsy+ sy
dsp 2 [ 2
vp — E = 2bSp + csp vp1 = 2bsp1 + CSp] Vp[ = 322.49 m/s Ans.
Sp | pl 1
f= —ds, t = —ds, t; =19.27s Ans.

J 2bsp + csp2

Ans:

vy = 322490
S

f =1927s

19
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*12-20.

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

SOLUTION

ads = vdy

N 14
/(6+0.02s)ds= /Vdv
0 0

6s + 001s> = %VZ

v=V12s + 0.02 s

ds = vdt

100 ¢
d.
e
0 V12s + 0.02 s 0

100

1 12 _
In| V12s + 0.0282 + s\V0.02 + } =1
1V0.02 [ 27/0.02 o

t=3562s

Ans.

Ans:
t=1562s

20
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12-21.

When a train is traveling along a straight track at 2 m/s, it s
begins to accelerate at a = (60 v™*) m/s?, where v is in m/s.
Determine its velocity v and the position 3 s after the

acceleration.
SOLUTION
o dv
dt
i ="
a
3 v
/dt _ / dv74
0 2 60v
1 5
= — - 32
3 300 (v 32)
v =3.925m/s = 3.93m/s Ans.
ads = vdv
_vdv _ 1
ds = P 60U dv
s 1 39
ds = — Sd
/0 s 60 /, v dv
1 /05 ]3925
s =— —
60( 6 ) 2
=998 m Ans.

Ans:
v =393m/s
s =9.98m

21




© Pearson Education Limited 2017. 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.

12-22.

The acceleration of a particle along a straight line is defined
by a = (2t — 9) m/s?, where ¢ is in seconds. At ¢ = 0,
s = 1m and v = 10 m/s. When ¢ = 95, determine (a) the
particle’s position, (b) the total distance traveled, and
(c) the velocity.

SOLUTION
a=2t-9

v t
/ dv = / (2t — 9) dr
10 0
t=701s 1=9s %i-ﬂx
U_10212—9l —— _ . i =1.298s

- 30.50m im
v=Fr—-9r+10 ~8b.63m 73m
S t
/ ds = / (2 — 9t + 10) dt
1 0
1
s71=§z374.5r2+101
1
s=§t3—4.5t2+10t+1
Note whenv = — 9¢ + 10 = 0:
t=1298sandt = 7.701 s

When r = 1.298 s, s =7.13m

When ¢ = 7.701 s, s = —36.63m

Whent = 9s, s = —30.50m

(a) s= —-305m Ans.

) s, = (713 = 1) + 7.13 + 36.63 + (36.63 — 30.50)

S7o: = 56.0 m Ans.

(c) v=10m/s Ans.
Ans:
(a)s = =30.5m
(b) s1or = 56.0m
(c)v =10m/s

22
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12-23.

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

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

(+1) dt:@

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

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

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

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

100[60.1962(5) _ 1]
v=—_———=455m/s Ans.
Q019620 4 /

0.1962¢ __ 1

b) Ift — oo — 1.Then, from Eq. (1)

b
e().l%Zt +1

Vmax = 100 m/s Ans.

Ans:
(a) v =455m/s
(b) Ve = 100m/s

23
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*12-24.

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

SOLUTION
(+1) s:s0+v0t+%act2
h =0+ (—6)8) + %(9.81)(8)2

= 26592 m

During t = 8 s, the balloon rises

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

v=—6+ 9.81(8) = 72.5m/s

Ans.

Ans.

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

24
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12-25.

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

SOLUTION

a= —2v

v = (20e) m/s Ans.

a=— = (—40e?) m/s> Ans.

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

s = —10e [ = —10(e™ — 1)

s=10(1 — e?*)m Ans.

Ans:

v = (20e ) m/s

a = (—40e ) m/s?
s=10(1 —e¢?)m

25
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12-26.

The acceleration of a particle traveling along a straight line

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

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

SOLUTION
Velocity:
( * ) vdv = ads
/vv dv = /Sls'/zds
0 1 4
2|V
v 153/2 *
o 6 1
1
v=—(s" - 1)1/2 m/s
V3
Whens = 2m,v = 0.781 m/s. Ans.

Ans:
v =0.781 m/s

26
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12-27.

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

SOLUTION
d
o3

v d t
[
ovjzc*v V5 Jo

Ans.

Ans:

v
' = 0.549<—f)
g

27
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*12-28.

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

SOLUTION
Velocity: vy = 27 m/s at t, = 0s. Applying Eq. 12-2, we have
(+l) dv = adt
v t
/ dv = / —6rdt
27 0
v = (27 - 3t2) m/s @

At v = 0, from Eq. (1)

0=27-3> t=300s

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

(+1) ds = vdt
s _ t o
/Ods A(ﬂ 3¢2) dt
s=(27t = F)m )]

Att = 3.00s, from Eq. (2)

s = 27(3.00) — 3.00° = 54.0m Ans.

Ans:
s =54.0m

28




© Pearson Education Limited 2017. 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.

12-29.

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

SOLUTION

Origin at roof:

Ball A:

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

|
[
Il

1
0+y—5&&w

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

|
©
Il

1
—ar+xn—5@snﬂ

t=12s Ans.

s =9.62m

Distance from ground,

d= (30 —9.62) =204 m Ans.

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

1
30—F5t+-5(—981y2

Sq =

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

1 1
30-%5r+—5(—931y2::20:+—5(—931y2

t=2s Ans.

sp = 204 m Ans.

=

G

£
%9

2

Ir

f"vs

¥

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

A boy throws a ball straight up from the top of a 12-m high
tower. If the ball falls past him 0.75 s later, determine the
velocity at which it was thrown, the velocity of the ball when
it strikes the ground, and the time of flight.

SOLUTION

Kinematics: When the ball passes the boy, the displacement of the ball in equal to zero.

Thus, s = 0. Also, sy = 0, vy = vy, ¢ = 0.75s, and a, = —9.81 m/s’.

+1 s =59+ vt + 1actz
(+1) 5

1
0 =0+ v,(0.75) + E(—9.81)(0.752)

vy = 3.679 m/s = 3.68 m/s Ans.
When the ball strikes the ground, its displacement from the roof top is s = —12 m.
Also, vy = v, = 3.679m/s,t = t,,v = vy, and a, = —9.81 m/s>.
<+T) s=s0+v0t+lat2
2 C
1 2
12 =0 + 3.679%, + E(—9.81)12
4,905t — 3.679t, — 12 =0
3.679 + \/(—3.679)2 — 4(4.905)(—12)
H =
: 2(4.905)
Choosing the positive root, we have
t, = 1.983s = 1.98s Ans.
Using this result,
(+T) v =y + adt
vy = 3.679 + (—9.81)(1.983)
= -158m/s = 158 m/s | Ans.

..J

ldc =98im|s*

[2m

(a’)

I
=
o o = O

4—-
N

Ans:

v, = 3.68m/s
= 198s

v, = 158m/s |
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12-31.

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

SOLUTION

Position:

() a=y

v
t s
ds
dt = —_—
/0 /Ovo—ks

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

Ans

)
s = ;0(1 —eH)
a = —kvye X
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*12-32.

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

SOLUTION

Kinematics: First, we will consider the motion of ball A with (v4)y = vg, (s4)0 = 0,

Sq4=h,ty =1t and (a)4 = —g.
1 2
(+T> sa= (sa)o + (va)ota + E(ac)A A
1
h=0+ vyt + E(—g)(t’)2
8.
h=vt' — 2t
Vo )

(+1) s

va =g+ (—g)t")

(va)o + (a)ata

va = vy — gt

@

¢

The motion of ball B requires (vg)y = vy, (sg)o =0, sz = h, tg =t'— t, and

(a)p = —¢g
(*T) sg = (sg)o + (vp)otp + %(ac)Bth
h=0+v(t'—1)+ %(—g)(t'— 1)?

h=vyt'— 1) — %(r’— 1)?

(+1) va

vg =vo + (=g)(t'— 1)

(vB)o + (ac)ptsp
vg = vy — g(t" — 1)
Solving Egs. (1) and (3),
' g ’ ’ g ’
Vot —Etz = vt = 1) = S ('~ t)?
_ 2v + gt

2g
Substituting this result into Egs. (2) and (4),

2vy + gt
va=Vvo— 8\ 5

’

28
1 1
=-—_gt=_gt
p 8= stk
2vy + gt
Vp=Vy — & T—l‘
1
_ gtT

T2

3

)

Ans.

Ans.

Ans.

)
|-

&

|
s

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

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

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

<
Il

V2g)R
= V/2(9.81)(6356)(10)°

= 11167 m/s = 11.2 km/s

Ans.

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

Accounting for the variation of gravitational acceleration
a with respect to altitude y (see Prob. 12-33), 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. 12-33.

SOLUTION

From Prob. 12-33,
R2

+h  a= —gom

Since ady = vdv

then

Yo dy v
- Rz/ 5 = /'Ud'U
S0 Yo (R + y)2 0

1 Y v

R2 -
go {R + y} 2
1 1

Yo

] =

2
2 v
go R 2

Thus
v=—R.|_ 28000 —Y)

(R + y)(R + yo)
When yg = 500 km, y =0,

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

v = —3016 m/s = 3.02km/s |

Ans.

Ans.

Ans:

280(yo — )
CT N R Y)(RH )
v = 3.02km/s
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12-35.

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.

SOLUTION
For stage (1) motion,
(%) v = vy + (act
Vmax = 0 + (a.)ity
Vmax = (ac)ity @
(i)) of = ug + 2(ac)i(s1 — )

Vmax> = 0 + 2(a,);(1000 — 0)

(ay = Jnms @
<17 2000

Eliminating (a.); from Egs. (1) and (2), we have
2000
h =" 3)

vmax
For stage (2) motion, the train travels with the constant velocity of v, for
t = (t, — t1). Thus,
1
(i)) Sy = 851 + 1)1[ + 5(“6)212

1000 + 2000 = 1000 + vyay(ts — 1) + 0
2000

)

[2_[1:

Umax

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

(%) v

0= Vpax — (06)3(360 - t2)
VUmax = (06)3(360 - tZ) 3
) v = 0 + 2(a)s(s3 — )

0 = Vpax> + 2[—(a.)3](4000 — 3000)

([l ) — vmaxz (6)
/372000

vy + (ac)st

1+

I+

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

2000
360 — t, = W)
/Um'dX
Solving Egs. (3), (4), and (7), we have
t; = 120s 1, =240s
Vmax = 16.7 m/s Ans.

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

V = Vpax fOr 2 min < £ < 4 min.

Ymis)

/7 +—

£(s)

240
(a)

ZIéa

Ans:
Vmax = 16.7m/s
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*12-36.
If the position of a particle is defined by

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

SOLUTION

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

4

Q
N
R
)|
~
)
S

vmfs)
AT

<5
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12-37.

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

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

Vjers =22 —4(2) + 3= —-1m/s

-y

V)jmys = 4> — 4(4) + 3 =3m/s

The v—t graph is shown in Fig. b.

Ans:
al—g = —4m/s?
a|t:25 =0

a|t:4s = 4m/52
v]=p = 3m/s
v];=s = —1m/s
P 3m/s
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12-38.

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

SOLUTION
For rocket A & {:N!y"
Fort <12s 20
+1 vg = (a)o + aut " > 1(3)
vy =0+ 20t . Sa (m) Sas L0+ Byo! §-12)
vy =20t

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

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

sp =107
Whent = 125, vy = 240m/s
s, = 1440 m
Fort > 125
vy = 240 m/s
sq = 1440 + 240(t — 12)
For rocket B
Fort < 10s
+1 vg = (vg)y + agt
vp =0+ 15¢ Gs(T{S’)

—15¢
B 15

+1 55 = (spo + (vt + %03 r L > 1(5)
38[‘“) Se=750t ol t-10)

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

- ]
s =750 TONE ‘_f:sa'm::tsh
When ¢ = 105, vg = 150 m/s ) .
sg = 750 m
Fort > 10s
vg = 150 m/s
sp = 750 + 150(t — 10)
Whent = 20, s4 = 3360 m, sg = 2250 m Ans:
As = 1.11 km

As = 1110 m = 1.11 km Ans.
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12-39.

If the position of a particle is defined by
s = [3sin (7/4)t + 8] m, where ¢ is in seconds, construct
the s—t,v—t,and a—t graphs for 0 = ¢ = 10s.

SOLUTION
15
g
R
8 5,0 10 -
3
2
5 | | | |
0 2 4 6 8 10
t
Time in Seconds
4 | |
g
R
z YO
k3
ie]
2
4 | | | |
0 2 4 6 8 10
1
Time in Seconds
2
N
g
R
g 40 o
=
3
()
3
<
-2

Time in Seconds

Ans:

s
s 3sm(4t)+8
_ 37 <’7T)
v—4cos 4t
3
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*12-40.

The s—t graph for a train has been experimentally
determined. From the data, construct the v—¢ and a—¢ graphs
for the motion; 0 =t = 40 s. For 0 =t = 30 s, the curve is
s = (0.4#%) m, and then it becomes straight for t =30 s.

SOLUTION
0=1t=30:
s = 0.4¢2 Ans.
d.
v = ;i = 0.8t Ans.
dv
=—=038 3
a ot Ans,
30 =t = 40:
600 — 360
s — 360 = (ﬂ>(t — 30)
s = 24(t — 30) + 360 Ans.
d
v = j; =24 Ans.
d
a= ?1; =0 Ans.

s (m)

600

360

30

t
40 ©
{5y
M- -~ -gl
I\ 1
e F16))
o(mg)
¢l
_m_.g{,;
L]
Ans:
= 0.412
ds
= — = 0.8¢
Y dt
dv
=—=08
T
s = 24(t — 30) + 360
ds
=—=24
T a
dv
=22 =0
T
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12-41.

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

Construct the a—t graph.
10
SOLUTION .
S
Distance Traveled: The total distance traveled can be obtained by computing the 40 80
area under the v — ¢ graph.
1
s = 10(40) + 5(10)(80 — 40) = 600 m Ans.
a - t Graph: The acceleration in terms of time ¢ can be obtained by applying a = dfv
For time interval 0s = ¢t < 40s, !
_dv
“= amls?)
L v—10 0-10 1
For time interval 40s < ¢t = 80s, 40 = 80 — 40,1) = <*Zt + 20) m/s. 40 8o
. ts)
dv 1 -O-ﬁo‘lr
=—=—=-02 2
a= 1 0.250 m/s
For 0 =¢<40s,a=0.
For 40s <t = 80,a= —0.250 m/s’.
Ans:
s = 600 m.
For0 =11 < 40s,
a=0.

For40s <t = 80s,
a=—-0250m/s?
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12-42. The snowmobile moves along a straight course v (m/s)
according to the v— graph. Construct the s— and a—t graphs
for the same 50-s time interval. Whent = 0,s = 0. (
12
SOLUTION
t
s —t Graph: The position function in terms of time ¢ can be obtained by applying 30 50 ©
12 2
v = ;j.FortimeintervalOs =t <30s,v= %z = gt my/s.
ds = vdt

s t

2
ds=/*tdt

fa= [
s=(%t2>m

Atr =30, s:%<302):180m

For time interval 30 s < ¢t = 50 s,

ds = vdt
s t 04.
/ ds = / 12dt
180 m 30s | f(b)

s = (12t — 180) m

Atr =505, s = 12(50) — 180 = 420 m

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

a:l. For time interval 0s =¢<30s and 30s<r=50s, a=—=—
dt dt 5

d
=04m/s’anda = dfl; = 0, respectively.
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12-43.

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

SOLUTION

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

s
2
V¥ =5 + 2als — sp)
U

o = 0+ 2(4)(0.1 —0)

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

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

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

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

When t = 0.447 s,

s =02m

Vmax

I Smax |

e

12

Ans.
(s

Ans.
Ans.

Ans:

Vpar = 0.894m/s

" = 0.447 s

s =02m
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*12-44.

The v—t graph for a particle moving through an electric field } Smax |
from one plate to another has the shape shown in the figure,

where t'=0.2 s and vmax= 10 m/s. Draw the s— and a— graphs

for the particle. When 7 =1¢'/2 the particle is at s = 0.5 m. v @

e

Vmax

SOLUTION

For0 < ¢t < 0.1,

v =100¢

dv
=— =100
“ dt

ds = vdt

s t a(m/s2)
/ds = / 100 ¢t dt
0 0

s =507

loo

Whent = 0.1s, s o1
o.]

s =05m '
-100

For0.1s < t < 0.2s,

e

v=—100¢ + 20

dv
a = E = — 100 5(,,,,\)

ds =vdt I

S t
/ ds = / (—100¢ + 20)dt
0.5 0.1 0,

s —05=(-502+20¢t—1.5)

(%2

s= —502+20¢—1 t(s)
2

Whent = 0.2s,

s=1m

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

to—100 m/s%2. Whent=0.2s, s = 1 m.

Ans:

When 't = 0.1s,

s = 0.5 m and a changes from

100 m/s? to —100 m/s>. When ¢ = 0.2 s,
s =1m.
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12-45. The motion of a jet plane just after landing on a
runway is described by the a—t graph. Determine the time ¢’
when the jet plane stops. Construct the v—¢ and s—t graphs

for the motion. Here s =0, and v =150 m /s when ¢ = 0. a (m/s)
10 20
—10 ’
—20
SOLUTION

v—t Graph. The v—t function can be determined by integrating dv = a dt. For 0 <t <
10 s,a = 0. Using the initial condition v = 150 m/s at t =0,

v t
/ dv = / 0 dt
150 m/s 0

v—150=0

v = 150 m/s Ans.
For 10s< <205 o 10) _ =5~ (~10) —(1 15) 2 Using th
or 10 s <t S, T~ 10 - -1 ,a = 2t m/s”. Using the

initial condition v = 150 m/s at t=10s,

v t 1
/ dv = / (7t - 15>dt
150 m/s 10s 2

1
v — 150 = (ZIZ - 15r) 05

1
v = {th — 15t + 275}m/s Ans.

Att=20s,
P
V=205 = 1(20 ) — 15(20) + 275 = 75m/s

For 20 s <7 <t',a=-5 m/s. Using the initial condition v = 75 m/s att=20s,

v t
/ dv = / —5dt
75 m/s 20s

v—75= (= 5¢) |5,

v = {=5¢t + 175} m/s Ans.
Itis required that at t=t',» = 0.Thus

0=-5¢t+175

t"=350s Ans.

Using these results, the v—¢ graph shown in Fig. a can be plotted.
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12-45. Continued

s-t Graph. The s—t function can be determined by integrating ds = vdt. For 0<¢<10

s, the initial condition is s =0 at t = 0.

N t
/ds = /150dt
0 0

s = {150¢} m Ans.
At t=10s,
s|—10s = 150(10) = 1500 m
For 10 s <1< 20 s, the initial condition is s = 1500 m at t=10s.
fnt= LG )
ds = —t° — 15t + 275 )dt
1500 m 10s 4
1 15
s — 1500 = (Et3 - th + 275:) |10
s = {%ﬁ - g;z + 275t — 583} m Ans.
Att=20s,
— 1 3 15 2 —
sli=as = 5 (20°) = -(20°) +275(20) — 583 = 2583 m
Septi- Lt rorst-583
Sm)
Vmls) ~ S=- 5{?1"7/755 #83.3
3141
150 & N
’U:J_tb&t 4275 25851 \
751 15001
% i — 1) | { o £
0 /0 20 35 10 20 &
(b)
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12-45. Continued

For 20 s <t < 35 s, the initial condition is s = 2583 m at t =20 s.

Att=35s,

s t
/ ds:/ (= 5t+175) dr
2583 m 20s

5
s — 2583 = (—72 + 175:)|f205

s = {—%ﬂ + 175t + 83.3} m

S|imass = — %(352) +175(35) + 833 = 3146 m

using these results, the s-f graph shown in Fig. b can be plotted.

Ans.

Ans:
v =150m/s

v = {%ﬂ — 15t + 275}m/s

v = {=5t + 175} m/s
t'=350s
s = {150} m

[*)
Il

1 15
{EIB — 7[2 + 275t — 583} m

s {%Sﬂ + 175t + 83.3} m
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12-46.
A two-stage rocket is fired vertically from rest at s = 0 with a (m/s?)
the acceleration as shown. After 30 s the first stage, A, burns
out and the second stage, B, ignites. Plot the v—t and s—¢ B
graphs which describe the motion of the second stage for o
0=t=60s. A
12
SOLUTION
v—t Graph. The v—t function can be determined by integrating dv = a dt.
12 2
For0 =t <30s,a = %z = (gt) m/s%. Using the initial condition v = 0 at ¢t = 0, ()
) 30 60 *
t
2
/ dv = / g tdt
0 0 ‘]}(mls-)
_il,
v = {gl }m/s Ans. G0+
Att = 30s,
1
v = 5(302) = 180 m/s V=24t -540
t=30s
For30 <t =60s,a =24 m/sz. Using the initial condition v = 180 m/s at =305,
v t
/ dv = / 24 dt
180 m/s 30s
18
t _ Lo
v — 180 = 24¢ V=5t
30s
} -
— our o = —te)
v = {24t — 540} m/s Ans.
(&)
Att = 60s,
Iem)
v = 24(60) — 540 = 900 m/s
r=60s / 1800
Using these results, v—¢ graph shown in Fig. a can be plotted.
s—t Graph. The s—¢ function can be determined by integrating ds = v dt. For
0 = t < 30s, the initial conditioniss = 0 att = 0.
s “h, =/i2ttaot+:
ds = —tedt
0 03
1
s = {E[3} m Ans.
Skt
Att = 30s,
1800 \
1
5 — —(30°) = 1800 m : o)
r=30s 15 30) 0 30 60
(k)

Ans: 1 .
For0 =¢<30s,v= {gfz} m/s,s = {Ets}m

For 30 =t = 60s, v = {24t — 540} m/s,
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12-47.

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.

SOLUTION

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

() dv = adt
v t
/ dv = / 0.1tdt
0 0
v = (0.05) m/s

When ¢ = 305,
t]i=305 = 0.05(30?) = 45 m/s

or the time interval 30 s < ¢t =< ¢t', the initial conditionis v = 45m/s atz = 30s.

() dv = adt

v t 1
/ dv = / (t + 5>dt
45m/s 30s 15

1,
===+ 5 -
v <30t St 75>m/s
Thus, when v = 0,

1
0= —1%+5"—75

30
Choosing the roott” > 75's,
t' =133.09s = 133 s Ans.

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

Av = /adt

0= 2009 + 2| (e ) =79

1
0=———t?+5'-75
30

This equation is the same as the one obtained previously.

d
The slope of the v—tgraph is zero when ¢ = 75 s, which is the instant a = dit) = (.Thus,

1
Vers = 739 (75%) + 5(75) — 75 = 112.5m/s

a(m/s?)

= T~

a=—-(55)+5

7\' )
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12-47. continued

The v—t graph is shown in Fig. a.

s —t Graph: Using the result of v, the equation of the s— graph can be obtained by
integrating the kinematic equation ds = vdt. For the time interval 0 = ¢ < 30 s, the
initial condition s = 0 at ¢ = 0 s will be used as the integration limit. Thus,

(—'t>) ds = vdt

s t
/ ds = / 0.05¢ dt
0 0
(15
S*(6Ol‘)m
Whent = 30s,

1

o (30°) = 450m

S‘t=30$ =

For the time interval 30s < ¢t = t' = 133.09 s, the initial condition is s = 450 m
when ¢t = 30s.

(5) ds = vdt

N t
1
ds = / (——zz + 5¢ — 75)dz
A;Om 30s\ 30

1 5.5, )
= —F+=2 75+
s ( 90t 2t 75t + 750 | m

Whent = 75sand ¢’ = 133.09 s,

sli=rss = L (75%) + %(752) — 75(75) + 750 = 4500 m

90

~ 1 (133.09°) + %(133.092) — 75(133.09) + 750 = 8857 m

S|t:133.09s = 90

The s—t graph is shown in Fig. b.

When ¢ = 30s,

v = 45m/s and s = 450 m.

When ¢t = 75,
V = Vpax = 112.5m/s and s = 4500 m.
When ¢ = 133 s,

v =0 and s = 8857 m.

Ans.

P(m[s) ,
N=~35 t*+5t-75
112:5+
4_5...._
=2 ]
— T t(s)
30 75 /33
(&)
jCM) 5:—‘L' 3_,.__5_-i-£
~J&t /50
8857 + W( b A /e
45001
gl ] } —— ()
{50 75 133
S=£¢3

Ans:
t' = 133s

N
t=133.09 s

= 8857 m
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*12-48.

The wv-t graph for a train has been experimentally v (m/s)
determined. From the data, construct the s—¢ and a—t graphs
for the motion for 0 =¢=180s. When r=0,s=0.

10
6
SOLUTION
s—t Graph. The s— function can be determined by integrating ds = v dt.
6 1
For0 =t <60s,v=—t= (* t) m/s. Using the initial condition t(s)
_ _ 60 10 60 120 180
s=0attr =0,
N t 1
ds = (7 t)dt
/0 0 10
_J1,
= { 20 t }m Ans.
When ¢t = 60 s,

1
sl,_ﬁos=%(602) = 180 m

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

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

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

S|t—1205 = 6(120) — 180 = 540 m

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

0 - 130120 " 50 2} m/s. Using the initial

condition s = 540m at¢ = 120,

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

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

t

120's

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

Using these results, s— graph shown in Fig. a can be plotted.
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*12-48. Continued

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

dt

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

5[m)

1020+
Szt 2t +300
a(mis)
S=tt~180
Iao-—---——y P pobh + L
0 60 120 ra{o e 60 jao 18

— £(s)
0

Ans:
For 0 =t < 60s,

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

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

a = 0.0667 m/s%
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12-49.

The v—s graph for a go-cart traveling on a straight road is
shown. Determine the acceleration of the go-cart at
s = 50m and s = 150 m. Draw the a—s graph.

SOLUTION
For0 =5 < 100

v = 0.08s, dv = 0.08 ds
ads = (0.08 5)(0.08 ds)
a=6410"%s

Ats =50m, a=032m/s?
For 100 < s < 200

v= —0.08s + 16,

dv= —0.08ds

ads = (—0.08s + 16)(—0.08 ds)
a = 0.08(0.08 s — 16)

Ats =150m, a= —0.32m/s’
Also,
vdv = ads
dv
a= v(ds)
Ats = 50m,
a= 4(i) = 0.32 m/s’
100 ’
Ats = 150m,
a=4C3y= om m/s?
100 '
At s =100 m, a changes from a,,,, = 0.64 m/s

t0 a,;, =—0.64 m/s?.

min

Ans.

Ans.

Ans.

Ans.

v (m/s)

=R
o=
8
100 200 s (m)

a(™s*) ||
Ob% |- ——- |
200 '
0.4 |- - —- |

Ans:
a=032m/s?,
a=—032m/s’
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12-50.

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

SOLUTION

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

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

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

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

v t
/ dv = / — 4dt
100 m/s 15s

t

v — 100 = (—4¢)

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

a (m/s?)

—4

t(s
s (s)
Ans:
Vmax = 100 m/s
t" =40s
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12-51.

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

SOLUTION
For0 =r<4s

_Av 14 2
a—At—4—3.5m/s
Fords =t <S5s

Av

==" -9
“ At
For5s =1t <8s
_Av 26— 14

= — = — = 2
a A7 - 4m/s

@ max = 4.00 m/s?

v (m/s)
26
v=4t—6
14
v = 3.5t
4 5 8 1)
o("s?)
&5
% 5 > 4
Ans.
Ans:

Amax = 4.00 m/s?
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*12-52. 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.

SOLUTION

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

(i)) ds = vdt

Whent = 30s,

2
s=%=450m

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

(i)) ds = vdt

N t
/ ds = | (—0.5t + 45)dt
450 m 30s

s = <—it2 + 45t — 675) m

When ¢ = 90s,
1 2
|, _op. = — (90%) +45(90) — 675 = 1350m Ans.

The s —t graph shown is in Fig. a.

a—t Graph: For the time interval 0 < ¢ < 30s,

_dv _d _ 2
a=- —fdt(t)—lm/s
For the time interval 30s < ¢t = 90s,
dv d
=" = (=0.5t + 45) = —0.5m/s’
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
S, g0, = 0 = 5 (90)(30)

S|, _gp, = 1350m

v(m/s) I
nd———®
30—,
b v=—05¢ + 45
T T T 1(s)
30 60 90
5P oo Ltrrgst-trs
/350 + )
i 2
; —t(s)
30 7
(A)
amlg®)
| a=1
50 7t
o
~051 A0 5
(kD
Ans:
S|, _gg, = 1350m
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12-53. The v-s graph for an airplane traveling on a straight
runway is shown. Determine the acceleration of the plane at
s =100 m and s = 150 m. Draw the a—s graph.

v (m/s)
SOLUTION
dv
_ 50
a=va =01s + 30
ds jof 2
v =04s
s;=100m sy =150m
s (m)
s) =200m vy =40 m/s 100 200
s3 = 50 m vy = 50 m/s
$3 Vi
0<s3<sg az =|— vy — az = 8.00 m/s? Ans.
S] S]
Sq4— 8] V) —Vj
81 <84 <82 ay =|vy + (vz -y ay = 4.50 m/s? Ans.
2= 8] 2= 8]
The graph
oy v 2
1V
o7 = 0,0.0Ls;..5/ aj(o7) = —— '/m
RVAY
Oy — 8] V) —Vy
oy =s7,1.0ls7..5) a2<o-2) =|v;+ —(v _ v1) s2/m
52— 8] §2 =98]
20 T T T
IS\
<
@
= 151~ ]
£ ajoy)
q — pa—
S 10
£ aio)
= mmm——
L
[} 5 T recmmmmm e -
> e
Q
<
0 | | |
0 50 100 150 200
01,02
Distance in m
Ans:
a; = 8.00 m/s?
a; = 4.50 m/s?
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12-54.

The a—s graph for a jeep traveling along a straight road is
given for the first 300 m of its motion. Construct the v—s
graph.Ats = 0,v = 0.

SOLUTION

a—s Graph: The function of acceleration a in terms of s for the interval
Om = s <200mis
a—0 2-0

- = - - 2
=0 200 -0 a = (0.01s) m/s

For the interval 200 m < s = 300 m,

a-2 _ 0-2

= = (-0.02s + 2
s =200 300200 @ (70025 +6)m/s

v—s Graph: The function of velocity v in terms of s can be obtained by applying
vdv = ads. For the interval 0 m = s < 200 m,

vdv = ads

v N
/ 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 N
/ vdv = / (—0.02s + 6)ds
20.0m/s 200 m

v = (V=002 + 125 — 1200) m/s

Ats=300m, v = \—0.02(300% + 12(300) — 1200 = 24.5m/s

a (m/s?)
I . =
8, ®
2
200 300 ™
Vimps)
V= [F0.005% 251200
7 1 S
2004 —— e E
|
V=015 ,: i
| |
| !
! |
o + +——235(m)
200 300
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12-55.

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

v (m/s)

15 +
v = 0.612

SOLUTION

s—t Graph. The s—t function can be determined by integrating ds = v dkt. 5 15
For0 =t < 5s,v = 0.6 Using the initial conditions = O at¢ = 0,

s t
/ ds = / 0.6¢2dt
0 0

s=1{02} m Ans.

1(s)

Att =55,
s|i=ss = 02(5°) =25m

-15 0-15
F0r55<t515s,vt =

1 . o o
5 5_5Y" 5(45 — 3¢). Using the initial condition

s=25matr=5s,

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

45 3
—25=—¢t—"¢*—-9375
s 2Ty

s = {%(90; -3 — 275)} m Ans.

Att=15s,

1

s = Z[90(15) - 3(15?) = 275] = 100m Ans.

Thus the average speed is

1
sr_ 100m _ 6.67m/s Ans.

’1) =
e g 15s

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

Ans:
s= {027} m

s = {%(901 - 37 - 275)} m
s = 100 m
Vayg = 6.67m/s
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*12-56.

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

SOLUTION

Fort < 4s

dv
=—=1.25
“ dt

s t
/ds: /1.25tdt
0 0

s = 062512
Whent = 4s, s =10m
Fords <t <10s

v

=0
“T
s t
/ds= /Sdt
10 4
s=5t—10
Whent = 10, s =40m

For10s <t < 15s

dv

== =-1
dt

a

s t
/ ds= [ (15— dt
4

0 10
s=15t— 05— 60

Whent = 155, s =525m

v (m/s)
v=125 ,_5
5 [
v=—-t+15
4 10 15 1)
o("fs*)
!
pv & —
0 5
.-.1 4 % | ’ I i t(s}
S{my
4
S =15 - 0.5¢"
525 L o — - — e
bo
o
B
S0, pa54n
Ans.
Ans:
Whent = 155, s =1525m
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12-57.

A motorcycle starts from rest at s = 0 and travels along a
straight road with the speed shown by the v-t graph.
Determine the motorcycle’s acceleration and position when
t=8sandt=12s.

SOLUTION
Att = 8s

d
_dv_

“Ta T

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

_dv -5

“Ta T s

As = fvdl

5= 0= 3@ + 00 - 4 + 305 - 1009 ~ 53

s =48 m

v (m/s)
v = 1.25¢ v=>5
5 [
t
. (s)
Ans.
Ans.
Ans.
Ans.
Ans:
Att = 8s,
a=0ands = 30 m.
Att = 12s,
a=—-1m/s*

and s = 48 m.
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12-58.

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

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

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

Attr=10s, s4 =200 m
t>10s, ds = vdt
N t
£
/ ds:/40dt ' RS &
200 10
s, = 40t — 200
Att = 15s, s4 = 400 m
Car B:

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

1
sp=0+0+ E(5)t2 = 2.5¢

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

When ¢t = 155,54 = 400 m and sz = 312.5m.
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12-58. Continued

Att=S5s, sp = 62.5m

t>S5s, ds = vdt

sp t
/ ds / 25 dt
62.5 5

sg — 62.5 = 25t — 125

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

Distance between the cars is
As = s4 — sg = 400 — 3125 = 87.5m

Car A is ahead of car B.

G-g(m/jg )
5
5 T
Mg (/)
Ans. 2 |T A i
I |
! |$ :r B
$g=l St-62.5

Ans:

Whent = 5s,

sp = 62.5m.

Whent = 10s,

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

Whent = 15,

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

63




© Pearson Education Limited 2017. 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.

12-59. A particle travels along a curve defined by the
equation s = (> — 3t + 2f) m. where ¢ is in seconds. Draw
the s —t, v —t, and a — t graphs for the particle for
0=t=3s.

SOLUTION
s=1-3%+2
ds 5
= =32 -6t +2
v " 3t 6t
dv
] S R S
a i 6t

v=0at0 =32 —6r+2

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

Sli=04206 = 0385 m

S(m) v(mfs)

4 I

Q=342
S=ti3t2t Strblra

0-385 | / /'fé _./"Z_M 2

.0385% 2 3

alm/s})

2+

a=6t-6

te)

tes )
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*12-60.

The speed of a train during the first minute has been
recorded as follows:
t(s) 0 20 40 60

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

SOLUTION

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

1

Y(nls)

24— - - —
2/
/b =

st = 5 (20)(16) + %(40 —20)(16 + 21) + %(60 — 40)(21 +24) = 980m  Awns.

Ans:
st = 980 m

65




© Pearson Education Limited 2017. 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.

12-61.

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

SOLUTION
For0 =1 <15

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

s t
1
ds = / —2dt
/0 0 2

13
=t
76

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

a =20
v t

/ dv = / 20 dt
112.5 1.5

v =20t — 187.5

v = 6125whent = 40s

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

s =107 — 187.5¢ + 1125
s = 9625 whenr = 40s

a(m/s?)
B
A
20
15 X
15 40 ‘)
(k) () g» fot’ 13751

+ 1123

Ans:

For0 =t < 15s,

v = {%tz}m/s
s = {%ﬁ}m

For15s <t =40s,

v = {20t — 187.5} m/s
s = {102 — 187.5t + 1125} m
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12-62. The motion of a train is described by the a—s graph
shown. Draw the v—s graph if v =0at s =0.

3
T s (m)
300 600
SOLUTION Y(mls)
v—s Graph. The v—s function can be determined by integrating v dv = a ds.
P 3 1 v grating U= [123 ~7ip 5>~ 1800
For 0 =5 <300m, a = (*) s = (75) m/s?. Using the initial condition
300 100 . (
v=~0ats =0, 424
v - /
/ vdv = / (ms)ds 30T
0 0 ;v_.,l.é.s
v_ 1,
2 200
1 ; Scm)
v = {ES} m/s Ans. 0 300 600
Ats = 300 m,
v| *i(300)*30m/s
s=300m = 75 =
a—3 0-3 1
< ) = . = —_ + 2 1
For300m < s = 600m,s 300~ 600 — 300,61 { 100s 6} m/s°, using the
initial condition ¥ = 30 m/s at s = 300 m,
v N 1
/ vdv=/ (—fs+6)ds
30 m/s 300 m 100
2|v 1 s
v = (—7 246 s)
2 30 m/s 200 300 m
v 1,
5~ 450 = 65 — 200° —1350
1 5
v = 12s — —— " — 1800 p m/s Ans.
100
Ats = 600 m,
1
v = \/12 (600) — m(6002) —1800 = 42.43m/s
Using these results, the v—s graph shown in Fig. a can be plotted.
Ans:
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12-63. If the position of a particle is defined as s =
(5¢t— 3£%) m, where ¢ is in seconds, construct the s—t, v—t, and
a—t graphsfor0=¢r=25s.

SOLUTION
s—t Graph. When s =0,
0=5t—3> 0=t(5-3t) t=0 and t=1.675
Attr=10s,
S|imas = 5(2.5) —3(2.5%) = —625m
. . . . ds
v—t Graph. The velocity function can be determined using v = ar Thus
v—é—{5—6t}m/s t
dt
Att=0,v|—0=5—6(0) = 5m/s
Att=2580|205,=5—6(25) = —10m/s
when v = 0,
0=5-6t t=0.833s
Then, at r=0.833 s,
§|i=0833s = 5(0.833) — 3(0.833%) =2.08m
. . . . dv
a—t Graph. The acceleration function can be determined using a = u Thus

_dv

= — Ans.
“ dt

= — 6m/s?

s—t, v—t and a—t graph shown in Fig. a, b, and c can be plotted using these results.

Scm)
S=5t-3t*
2.08 \
25
tls)
0 0838 /6
-625+
()
V{mls)
5 o=5-61
167 25
} tls)
4 083
=/0
(b)
amfs’)
o oem L7 25
} } ()
-6
©)
Ans
v={5—6fm/s
a=—6m/s?

68




© Pearson Education Limited 2017. 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—-64. From experimental data, the motion of a jet plane
while traveling along a runway is defined by the v—¢ graph. _
Construct the s—¢ and a—t graphs for the motion. When

t:O,SZO. U(m/s) l—‘l\4__— —
60
20
SOLUTION
t(s)
5 20 30
s — t Graph: The position in terms of time ¢ can be obtained by applying
d 20
v = d;: For time interval 0 s = ¢ < 5 s,v = ?z = (4t) m/s.
ds = vdt
s t
/ ds = / 4tdt
0 0
s = <2t2) m
Whent = S, s =2(5%) = 50m,
Sim)
For time interval 5 s < ¢ < 20 s,
750 f=—m=m = o :
ds = vdt |
S=at*-eot1%0/ |
s t |
/ ds = / 20dt |
50m 5a 350 F——————==— | !
! I
|
s = (20¢ — 50) m S=2t% i ‘5
504-+= S:Zat—50 { || i.( ;
1 ] 5
When ¢ = 20s, s = 20(20) — 50 = 350 m ol & 20 30
. v—20 60 —20 almfs*)
<t = = = — .
For time interval 20 s < ¢ < 30 s, 20 30 -20" (4t — 60) m/s
i B S
ds = vdt 4
N t
/ ds = (4t — 60) dt ts)
350 m 20a g 5 20 30
s = (222 = 60t + 750) m
When ¢ = 30, s =2(30%) — 60(30) + 750 = 750 m
a — t Graph: The acceleration function in terms of time ¢ can be obtained by
d
applying a = Y For time interval 0s=1r<5 s, Ss<tr<20s and
dt Ans:
d d d
0s<r=30s a=""=400m/s2, a=""=0 and a=""=400m/s, For0 < ¢ <35s,
dt dt dt s = {2’} manda = 4m/s

respectively.
For5s <t <20s,

s = {20t — 50} mand a = 0.
For20s <t =30s,

s = {22 =60t + 750} m
anda = 4m/s’.
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12-65. The v—s graph for a test vehicle is shown. Determine
its acceleration when s =100 m and when s =175 m.

SOLUTION
1
0=s=150m: V=73
1
dv = gds
vdv = ads
1/1
gS(gdS)—adS
1
a=3s
1 2
Ats = 100 m, a= 5(100) = 11.1m/s
150m = 5 = 200 m; v =200 — s,
dv = —ds
vdv = ads
(200 — s)( — ds) = ads
a=ys — 200
Ats =175m, a=175—-200 = — 25m/s’

v (m/s)

50

e i BN

Ans.

Ans.

I s (m)
150 200

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

70




© Pearson Education Limited 2017. 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.

12-66.

The a—t graph for a car is shown. Construct the v— and s—7 graphs if the car starts from
rest at £ =0. At what time ¢’ does the car stop?

2
SOLUTION @)
a; = 5m/s
5
a = -2 m/s?
t; =10s
ZJ
t(s)
a 10
k=— _
t 2
t2 13
ap(t) = kt vp1(1) = k; spi1(t) = k;
ap2(l) = a Vpg(t) = vp](l]) + az(l - l‘])
1 2
spg(l‘) = Sp](tj) + Vp](t])(t - 11) + Eag(t - 11)
Guess t' =125 Given vp2(1') =0 t'" = Find(?) t'=225s Ans.
77 = 0,0.01¢..4 7 =17,1.01¢.. ¢
30 T T I I
g w7120 -
B\. \\\\
2 .v_p_z_(.rz)lo— -
o) ..
>
0 | | | L~
0 5 10 15 20 25
71,72
Time (s)
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12-66. Continued

300
2 JEEES—
= (PO .
= il
S spolt 7
Rz P ook L .
Q /
0 | | |
0 5 10 15 20 25
77,72
Time (s)

Ans:
' =225s
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12-67.
The boat travels along a straight line with the speed v (m/s)
described by the graph. Construct the s— and a—s graphs. \
Also, determine the time required for the boat to travel a
distance s = 400 mif s = 0 when ¢ = 0.
80
SOLUTION
s—t Graph: For 0 = s < 100 m, the initial conditionis s = O whent = 0. v =02s
ds
- dr = —
( ) v 0> = 4s
t N
ds
dt = / 20 |-
/0 0 252 ‘
t = Sl/z T T S(l’l’l)
100 400
s=(2)m
When s = 100 m,
100 = 12 t=10s Ans. sm)
S=/388¢tls
For 100 m < s = 400 m, the initial condition is s = 100 m when ¢ = 10s. ‘
00 +
d
(=) a-
v
t N
ds
dt = —
[05 100m 025 S=t*
s
t*lO—Sll’lﬁ 20 1+
So2=ms } (s,
10 69
i5-2 _ S
100
a
e s @
& 100
s = (13.53¢°) m
When s = 400 m, almis?)
400 = 13.53¢'°
t =1693s =169s Ans. /64
I
The s—t graph is shown in Fig. a. A=2% S
a—s Graph: ForOm = s < 100 m,
_dv 12\ ~1/2) _ 2 i
a—vg—(Zs/)(s /)—Zm/s z-— az=2
} Scm)
For 100m < s = 400 m, ol 00 400
d
a =0 = (025)(02) = 0.04s k)
ds
Ans:
When s = 100 m and 400 m, Whens = 100m
ds—100m = 0.04(100) = 4 m/s? \l)v ;erlloss-: 00 m
als—100m = 0.04(400) = 16 m/s> t=169s. ,
als=100m = 4m/s
The a—s graph is shown in Fig. b. a|y—s00m = 16 m/s?
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*12-68. The a—s graph for a train traveling along a straight
track is given for the first 400 m of its motion. Plot the v—s
graph.v=0ats=0.

a (m/s”)
SOLUTION
sp = 200 m
Sp =400 m
m 2
a =2 —
! 2
S
s (m)
200 400
o1 = 0,0.01s1..51
oo = 951,1.01s1..5
ag
For 0<s<s; k =— acy = ks
S1
v S 2
dv % k 2 S
a=ks=v— vdv = ks ds — =—5§ vilo1) = Vkop—
ds L JO 2 2 tlor) = vker
dv v S
For s <s<sp ac = 1 a=ks=v— J vdv:J ajp ds
ds v
1 S1
2 V12
Vv 2s
— —— =ayls-s Vo o :\/Za o9 — 1)+ ksgT —
> > 1( 1) 2( 2) 1( 2 1) 1 m
40 | | | | | | |
S e
= e
£ Vo)
> 20 - -
g vl
©
>
0 | | | | | | |
0 50 100 150 200 250 300 350 400
0'1,0'2
Distance in m
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12-69.

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

SOLUTION

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

v _

= n+ 1255 + m/s
g = i 1265 + 5k} m/s?

a=

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

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

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

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

Thus, the coordinate of the particle is

(42.7,16.0, 14.0) m Ans.

Ans:
a = 802m/s?
(42.7,16.0,14.0) m
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12-70. The position of a particle is defined by
r = {5(cos 2t)i + 4(sin 2¢)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 t = 1s. Also, prove that the path of the
particle is elliptical.

SOLUTION

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

d
v = ;: = {—10sin 2ti + 8 cos 2tj} m/s

When ¢ = 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 + 2= 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

== {—20 cos 2ti — 16 sin 2tj} m/s?

a

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

a=Vd +d =833 + (145497 = 168 m/s’ Ans.

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

2
X 02
55 = cos 2t @
2
Y a2
g = sin 2t 2
Adding Eqs (1) and (2) yields
2y 5
—+ = 2t + sin®2
25 T 16 = ¢os t + sin” 2t

However, cos? 2t + sin?2¢ = 1.Thus,

X +2 _1  (Equation of an Ellipse) (Q.E.D.)

Ans:
v =9.68m/s
a=169.8 m/s’
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12-71.

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

SOLUTION

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

dr = vdt

/Ordr = /Ot[3i + (6 — 20)jdr

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

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

Thus, the displacement of the particle is

Ar = l.|r:35 - l“t:ls

9 + 9§) — (3i + 5j)

= {6i + 4j} m Ans.

Ans:
Ar = {6i + 4§} m
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*12-72.

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

SOLUTION

v(r) = 0.8¢%i + 12t'%j + 5k

a= dit) — 1.6t + 6112

Whent = 25, = 32i + 4.243j

a=V(E27 + (42437 = 531 m/s’
Uy = 3 = 0.6022i + 0.7984j

a = cos 1 (0.6022) = 53.0°

B = cos ! (0.7984) = 37.0°

v = cos '(0) = 90.0°

Ans.

Ans.

Ans.

Ans.

Ans:

a = 531m/s?
a = 53.0°

B = 37.0°

v = 90.0°
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12-73.

When a rocket reaches an altitude of 40 m it begins to travel
along the parabolic path (y — 40)? = 160x, where the
coordinates are measured in meters. If the component of
velocity in the vertical direction is constant at v, = 180 m/s,
determine the magnitudes of the rocket’s velocity and
acceleration when it reaches an altitude of 80 m.

SOLUTION

v, = 180 m/s

(v — 40)> = 160 x
2(y — 40)v, = 1600,

2(80 — 40)(180) = 160v,

v, = 90 m/s
v = V90> + 180? = 201 m/s
dv
y
=—=0
T
From Eq. 1,

20y + 2(y — 40)a, = 160 a,
2(180)* + 0 = 160 a,
a, = 405 m/s’

a = 405 m/s’

@

Ans.

Ans.

'

1y - 40 = 160x

x
Ans:

v =201 m/s
a = 405m/s?
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12-74. A particle is traveling with a velocity of
v = {3\/2670'2% + 47087 J} m/s, where ¢ is in seconds.
Determine the magnitude of the particle’s displacement
from t = 0 to t = 3s. Use Simpson’s rule with n = 100 to
evaluate the integrals. What is the magnitude of the
particle’s acceleration when t = 2 s?

SOLUTION
Given: a=3m/s’? b=-02s' c=4m/s d=-08s2 1t =3s tH=2s
n = 100
Displacement
1] '1 2
x; = J a\/—tebtdt x;=734m y] = cedt dt y; =3.96m
0 0
/ 2 2
dy =.x;" +y; d; = 8.34m Ans.
Acceleration
by 1
ay = i(a\/—teb t) = Lebt + ab\/—tebt ayp = e 2(— + btgj
i e RS
2 2
dt
ay = i(cedt) = ZCdtedt ayy = 2cdiye ?
dt

a = 0.14 m/s? ayy = -0.52m/s’ ay = ax22 + ay22 ar = 0.541 m/s> Ans.

Ans:

d; = 834m,
a, = 0.541 m/s?
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12-75. y
A particle travels along the curve from A to B in
2 s. It takes 4 s for it to go from B to C and then 3 s to go D
from C to D. Determine its average speed when it goes from 5m

‘ 15m
AtoD. Bl

————————O—————————

&
10 m
A X
SOLUTION
1 1
S = 1(277)(10)) + 15 + 1(277(5)) = 38.56
st 3856

Vg, = . Sva4+3 428 m/s Ans.

Ans:
(Vsp)avg = 4.28m/s
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*12-76.

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

SOLUTION

The total distance traveled is

Stot = Sap + Spc + Sca

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

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

= 23s

Thus, the average speed is

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

Ans.

20 m

30 m c

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

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

SOLUTION

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

v, =k = % (0.25¢) = (0.752) m/s

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

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

v, =075(22) =3m/s v, =3(2)=6m/s v, = —18752)¥2 = —5303 m/s

Thus, the magnitude of the crate’s velocity is

v=Vov2+v? +0v2=V3"+6 + (-5303)> =855 m/s = 855m  Ans.

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

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

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

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

Thus, the magnitude of the crate’s acceleration is

a=Val+a?+a’=V3+3"+ (-3.977) = 5815m/s> = 582 m/s> Ans.

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

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

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

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

SOLUTION

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

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

¥ = 120(103)(41—8 z4>

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

Thus, the magnitude of the rocket’s velocity is

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

Acceleration:

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

Whent = 105,

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

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

a=Va?+al=\25+ 100’ = 103 m/s’ Ans.
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12-79. The particle travels along the path defined by the
parabola y = 0.5x% If the component of velocity along
the x axis is v, = (5t) m/s, where 7 is in seconds, determine
the particle’s distance from the origin O and the magnitude
of its acceleration whenz = 1s.Whent = 0,x = 0,y = 0.

SOLUTION
Position: The x position of the particle can be obtained by applying the v, = di);
dx = v.dt
X t
/ dx = / Stdt
0 0
x = (2.50t2) m

Thus, y = 0.5(2.502) = (3.125*) m. At r=1s, x =25(12) =250m and
y = 3.125(14> = 3.125 m. The particle’s distance from the origin at this moment is

d = V(250 — 0 + (3.125 — 0)> = 400 m Ans.

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

y =i+ xx (00

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

— .2
a, = vy + xa, 2)

Uy

d
When t = 1s, v, =5(1) =5m/s a, =—— = 5m/s?, and x = 2.50 m. Then, from
Eq.(2) a“

a, = 5% + 2.50(5) = 37.5m/s*

Also,

a=Vd +d=\5+375=378m/’ Ans.

y = 0.5x°
X
Ans:
d = 4.00 m
a = 37.8m/s?
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*12-80.

The motorcycle travels with constant sp

eed vy 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.

SOLUTION
y = csin (%x)
y = %c(cos%x)k

a o
’l)y = zC’Ux COSzx

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

y = csin (%x)

o
S —

Ans.

Ans.

Ans:
1

7 \? Sf T 2
vy =171+ zc cos Zx
v 2 -
v, = OLTrC (cos%x) {1 + <%c> cos? <%x)} ’
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12-81.

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

SOLUTION

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

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

= (28.98i — 7.765)} m

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

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

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

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

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

SOLUTION

X = csin kt x = ck cos kt ¥ = —ck?sin kt
y = ccos kt y = —ck sin kt y = —ck?cos kt
z=h—bt z=-b 7=0

v = \/(ck cos kt)? + (—ck sin kt)? + (—=b)* = V2 + b2

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

4

~
XS

Ans.

Ans.

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

The flight path of the helicopter as it takes off from A is
defined by the parametric equations x = (2t) m and
y = (0.04r>) m, where ¢ is the time in seconds. Determine
the distance the helicopter is from point A and the
magnitudes of its velocity and acceleration when ¢ = 10s.

SOLUTION
x=27 y=004"
Att = 10s, x =200 m y =40m

d =V (200)> + (40)?> = 204 m

_dx

=— =4

YT

e _
S = T

dy )
v, = o = 0.12t

dv,
ay, = E = 0.24¢
Attr=10s,

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

y
A
Y - - | N - X
Ans.
Ans.
Ans.
Ans:
d =204 m
v =41.8m/s

a = 4.66m/s*
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*12-84.

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

SOLUTION

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

2
X 2
Tory=1
4 y

%(Zx)’c) +2yy =0

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

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

Thus, the magnitude of the peg’s velocity is

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

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

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

1()'c2+ xi) +2(y2+y¥) =0

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

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

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

Thus, the magnitude of the peg’s acceleration is

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

Ans:
v =104m/s
a = 38.5m/s’
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12-85.

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

b

SOLUTION

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

x-Motion: Here, (v4), = v4c0804,x4 = 0,xp = 50 m,and r = 2.5s.Thus,

(i)) xp = xg + (Va)d
50 = 0 + vy cos 0,4(2.5)
vycos, =20 (4))

y-Motion: Here, (Va)y = vasinfy, y, =0, yz=-12m, and a,=—g
= —9.81 m/s% Thus,

1
(+1) yB=yA+(vA)yt+anlz

1
—12 =0 + vy sin 6, (2.5) + E(—9.81)(2.52)
vysin 0, = 11.7825 2)
Solving Egs. (1) and (2) yields

0,4 = 305° vy = 232m/s Ans.

12m

50 m

Ans:
vy = 232m/s
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12-86.

Neglecting the size of the ball, determine the magnitude v4

of the basketball’s initial velocity and its velocity when it 30° B —
passes through the basket. V4 ‘
i
A 3m
T |
10 m
SOLUTION o
Coordinate System. The origin of the x-y coordinate system will be set to coinside
with point A as shown in Fig. a
Horizontal Motion. Here (v,), = v, cos 30°—, (s4), = 0 and (s), = 10 m —. %
. 8
(5) (n)e = (sa)e + (et Al 30’ T
— —X
10 =0 + vy cos 30°¢ m 3m
10
f= ——7™ 1
vy cos 30° o /1om
A
Also, ( )
(5) @) = (@A) = w4 cos 30° @
Vertical Motion. Here, (v4), = v45sin 30°T, (s4), = 0, (sg), =3 — 2 = 1m1 and
a, =981 m/s* |
— L,
(+T) (SB)y - (SA)y + (UA)yt + ant
1
1 =10+ vysin30°¢ + 5(—9.81)r2
49052 — 05v,t+1 =0 3)
Also
(+T) (vB)y = (vA)y + ayt
(’I)B)y = Vy sin 30° + (_981)t
('I)B)y =05 Vyp — 9.81t (4)
Solving Eq. (1) and (3)
vy = 11.705m/s = 11.7m/s Ans.
t = 0.9865s
Substitute these results into Eq. (2) and (4)
(vg), = 11.705 cos 30° = 10.14 m/s —
(vp)y = 0.5(11.705) — 9.81(0.9865) = —3.825 m/s = 3.825m/s !
Thus, the magnitude of vp is
vg = V(vg)2 + (vp)2 = V10.14 + 3.825% = 1083 m/s = 108 m/s Ans.
And its direction is defined by
(v5) 3.825 Ans:
6z = tan ! { B } = tan™! (—) = 20.67° = 20.7° Ans. vy = 11.7m/s
(vp)« 10.14
vg = 10.8m/s
0 =20.7°%
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12-87. A projectile is fired from the platform at B. The
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.

SOLUTION

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

x-Motion: Here, x, = 0 and xc = 20 m. Thus,
( i) Xe = x4+ (Va)it
20=0+ v, cos30°¢t @

y-Motion: Here, y, = 1.8,(v4), = v4sin 30°,and a, = —g = —9.81 m/s%. Thus,

1
(+1) yC:yA+(vA)yz+5aylz
1
10 = 1.8 + v, sin 30°(¢) + E(—9.81)(1)2

Thus,

~ (20sin30°) R
10 1.8<COS 300(0)(:) 4.905(t)

t = 0.8261s
So that

. 20
A7 cos 30°(0.8261)

10 m

= 28.0m/s Ans.

20 m

Ans:
vy = 28.0m/s
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*12-88.

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

SOLUTION

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

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

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

6 =0 + (vgcosO)t
6
g cos

@

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

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

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

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

/ 58.86
— VoY 3
v sin 20 — cos?6 3

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

maximum. This requires

dar(e)
do
tan26 = —2

= 2co0s26 + sin26 = 0

20 = 116.57°

0 = 58.28° = 58.3° Ans.

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

58.86
. ~ 976 Ans.
(V0 )min \/sin 116.57° — cos? 58.28° my/s ns

Ans:
0 = 58.3°
(vO) min 9.76 m/s
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12-89.

A projectile is given a velocity v, at an angle ¢ above the y
horizontal. Determine the distance d to where it strikes the
sloped ground. The acceleration due to gravity is g.

Yo
p
SOLUTION /< 2 .
(i,) s = syt vt \/

dcosf =0 + vy(cos )t

+1 s:s0+vot+1act2
( 2

1
dsin® = 0 + v, (sin p)t + 5(—g)t2
Thus,
d cos 0 1 (dcos \?
dsinf = i — = =gl —
s oSt d)(vocosd)) Zg(vo cos qS)
. gd cos? 6
sinf = cosftan p — —5———
20 cos” ¢
. 20% cos’
d = (cosftan ¢ — sin)————
g cos“0
2
= (sin 2¢ — 2tan 6 cos2q5) Ans.
g cosf

Ans:
v

= (sin 2¢p — 2tan 6 cos2¢)
gcos
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12-90.

A projectile is given a velocity vy. Determine the angle ¢ at
which it should be launched so that d is a maximum. The
acceleration due to gravity is g.

SOLUTION
(i)) Sy = 8o + vt

dcos® =0 + vy (cos ¢)t

(—i—T) sy=s0+vot+%actz

dsin 6

0 + v (sin p)r + %(fg)t2

Thus,

d cos 6 1 d cos 6 \?
dsinf = i - —gl——
s U051H¢(vocos¢> Zg(vocos d))

gd cos? 0

sinf = cosftan¢ — ————

¢ 203 cos

. 2vdcos’¢

d = (cosftan¢ — sin ) ————
g cos“ 6

2

= (sin 2¢ — 2tan 0 coszd>>
g cosf
Require:
d(d) v
— = 26(2) — 2 2 —si =
dd 7 cost [cos »(2) tan 6(2 cos ¢)(—sin q&)} 0

cos2¢ + tanfsin2¢ = 0

sin 2¢
cos 2¢

tanf +1 =0
tan2¢p = —ctn 6

¢ = % tan~!'(—ctn )

Ans.

Ans:

¢

1
tan”!(—ctn @
2an(cn)
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12-91.

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

v, =10m/s

>
=

SOLUTION gy, At

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

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

s
—10sin® = 10sin # — 9.81¢

t:@Sinﬂ

200 .
Thus, R = msm 0 cos 0

100 .
= 931 sin 26 @
Require,

dR _
de
100
981 CO8 20(2) =0
cos 26 =0

0

6 = 45° Ans.

100
R = 981 (sin90°) = 10.2m Ans.

Ans:
Ry = 102 m

0 = 45°
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*12-92,

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

R if this value is 15°, i.e., 6; = 45° — 15° =30° and 0, = 45° + 4
15°=60°. Assume the ball is caught at the same elevation
from which it is thrown.

>
=

SOLUTION

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

—10sin# = 10sin § — 9.81¢

t= 20 sin 0
9.81
200 .
Thus, R = msm 0 cos 0
100
R =—sin20 @

9.81

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

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

R = 883m Ans.

Ans:
R = 8.83m
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12-93. The boy at A attempts to throw a ball over the
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
distance d where the boy should stand to make the throw.

||yﬂ]' T

SOLUTION

Vertical Motion: The vertical component, of initial and final velocity are
(vo)y = (15sin6,4) m/s and v, = 0, respectively. The initial vertical position is
(so)y = 1m.

(+T) v, = (vy) + at
0=15sin6, + (—9.81) [1]
1 2
(+1) sy = (s0)y + (Wolyt + 2 (a0)y ¢
8= 1+ 15sin O 4¢ + %(—9.81)12 [2]

Solving Egs. [1] and [2] yields
0,4 = 51.38° = 51.4° Ans.
t=1.195s

Horizontal Motion: The horizontal component of velocity is (vg), = v4 cos 0,4
=15 cos 51.38° = 9.363 m/s. The initial and final horizontal positions are (sp), = 0
and s, = (d + 4) m, respectively.

(%) Sx = (s0)x + (vo)y 1
d+4=0+9363(1.195)

d="718m Ans.

4 m*»‘

Ans:
0, = 51.4°
d="718m
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12-94. 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
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
make the throw.

||yﬂ]' T

SOLUTION

Vertical Motion: The vertical components of initial and final velocity are
(vo)y = (v4sin 40°) m/s and v, = 0, respectively. The initial vertical position is
(s0)y = 1m.

(+1) v, = (vg) + a.t
0= v, sin 40° + (—9.81) ¢ 11
1
(+1) sy = (s0)y + o)yt + 7 (@), 2
8= 1 + v, sin 40° + %(—9.81) 12 [2]

Solving Egs. [1] and [2] yields
vy = 1823 m/s = 182 m/s
t =1.195s Ans.
Horizontal Motion: The horizontal component of velocity is (vg), = v, cos 0y

= 18.23 cos 40° = 13.97 m/s. The initial and final horizontal positions are (sy), = 0
and s, = (d + 4) m, respectively.

(%) Sx = (so)x + (vo)y
d+ 4 =0+ 13.97(1.195)
d=127m Ans.

4 m*»‘

Ans:
t=1.195s
d=12.7m
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12-95.

Measurements of a shot recorded on a videotape during a basketball game are shown. The ball
passed through the hoop even though it barely cleared the hands of the player B who attempted
to block it. Neglecting the size of the ball, determine the magnitude v, of its initial velocity and

the height h of the ball when it passes over player B.

SOLUTION
a=21m
b=75m 7.5m 1.5m*‘
c=15m
d=3m
6 = 30°
g = 9.81 m/s’
Guesses va = 3 m/s tg = 1s tc = 1s h=35m
Given b+c=vp cos(H)tc b =vp cos(H)tB
d= _—thcz +va Sin(@)tc +a h= %gtBZ +va sin(H)tB +a
Va
tg . tg 0.78
= Find(va, tg.tc.h) = s va=111m/s h=345m Ans.
h

Ans:
vy = 11.1m/s
h=345m
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*12-96. 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.

SOLUTION

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

5
x-Motion: Here, (v4), = 40 cos 30° = 34.64 m/s, x4, = 0, and xp = d()
= 0.9806d. Thus, VS +1
( i) xp = x4+ (Va)d

0.9806d = 0 + 34.64t

¢ = 0.02831d )

1
y-Motion: Here, (v4), = 40sin30° =20m/s, y, =0, yz= d<1 l2>
5+1

=0.1961d,and a, = —g = —9.81 m/s’.
Thus,
(+T) yB:yAJr(vA)ytJr%ayt2
0.1961d = 0 + 20r + %(—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(107%)d — 0.37002] = 0
Since d # 0, then

3.9303(107%)d = 0.37002 = 0

d=941m Ans.

Ans:
d=941m
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12-97.

It is observed that the skier leaves the ramp A at an angle
04 = 25° with the horizontal. If he strikes the ground at B,
determine his initial speed v 4 and the time of flight 7 4 5.

Rz
ORI |

SOLUTION

(i)) s =t

4
100(7) = Vg4 COS ZSOIAB

5
1 2
(+T) s=s0+v0t+5act
3 1 #
—4 — 100(5) =0+ v,8in25°% 45 + 5(—9.81);3,3
Solving, Va
25°
vy = 19.4m/s Ans. 4m =T =5 X
tap = 4.54s Ans. N
N
100(Em o™ \\
\
\
\
\
E
100(4)m

Ans:

vy = 194 m/s

tAB =454s
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12-98.

It is observed that the skier leaves the ramp A at an angle
04 = 25° with the horizontal. If he strikes the ground at B,
determine his initial speed v, and the speed at which he
strikes the ground.

SOLUTION

Coordinate System: x—y coordinate system will be set with its origin to coincide
with point A as shown in Fig. a.

4
x-motion: Here, x4, = 0, xz = 100 <*) = 80 m and (v,), = v4cos 25°.

5
(i)) xp = x4 T (V)
80 =0 + (v, cos 25°)¢
80
— - 1
v 4 cos 25° @

3
y-motion: Here, y, =0,y = —[4 + 100(5)] = —64m and (v4), = v4sin 25°

anda, = —g = —9.81 m/s”.

1
(+T) Yp = ya Tt (vA)yt + antz

1
—64 =0+ v,sin25°t + 5(—9.81)t2

4.905> — v4sin 25° ¢ = 64 ?)

Substitute Eq. (1) into (2) yields

80 1\’ 80
4905\ ——— | = in25°| ———— | = 64
<1)A cos 25°> vasin <UA cos 25")

80\’
——— | =20.
(vA cos 25°> 065

80

————— = 4545
v 4 cos 25°

vy =1942m/s = 19.4m/s Ans.

Substitute this result into Eq. (1),

80

= 1942 cos 250 44638

t
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12-98. Continued

Using this result,
(+1)  @r)y = (Wa), + ayt

= 19.42 sin 25° + (—9.81)(4.5446)

= -3637m/s = 3637m/s |
And
(i)) (vg)y = (V4), = V4 c0s25° = 19.42 cos 25° = 17.60 m/s —
Thus,

vg = V(vp)i + (UB)i
= V3637 + 17.60°

=404 m/s Ans.

Ans:
vy = 194 m/s
vg = 404 m/s
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12-99.

The projectile is launched with a velocity v,. Determine the
range R, the maximum height /4 attained, and the time of
flight. Express the results in terms of the angle 6 and v,. The
acceleration due to gravity is g.

X
SOLUTION
(i)) s = o + vot
R =0 + (vgcos )t
(+1)  s=so+ vyt + L.p
2 c
. T
0=0+ (vysin )¢ + E(—g)t2
1 R Yo
0= vysinf — - —
v 2 L
R = —sin 26 Ans.
8
R v} (2 sinf cos )
B Vg cos 0 B Vo g cosf
2'[)0 .
=—sinf Ans.
8

(+T) v = 0} + 2a.(s — sp)
0 = (v sin 0)* + 2(—g)(h — 0)
2
0

vy,
h=ism 0 Ans.

Ans
Vo .

R = —sin 20
8
20

= ""sing
gz
v

h = —"sin?0
28
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*12-100.

The missile at A takes off from rest and rises vertically to B,
where its fuel runs out in 8 s. If the acceleration varies with
time as shown, determine the missile’s height Ay and
speed v. If by internal controls the missile is then suddenly
pointed 45° as shown, and allowed to travel in free flight,
determine the maximum height attained, /., and the
range R to where it crashes at D.

SOLUTION

Whent = 8s, vg = 2.5(8)> = 160m/s

ds = v dt

s t

/ ds = / 2.5¢% dt
0 0

_ 25,
X = 3[

25
hp = ?(8)3 = 426.67 = 427 m
(vg)y = 160sin 45° = 113.14 m/s
(vg)y = 160 cos 45° = 113.14 m/s
(+1) v* = 5 + 2a. (s — )

02

(113.14)? + 2(—9.81) (s, — 426.67)
h. = 1079.1 m = 1.08 km
(i)) s =9 + Vot

R =0+ 113.14¢

+1) s =50+ vt + lact2
( 2

0 = 426.67 + 113.14r + %(—9.81)t2
Solving for the positive root,t = 26.36 s
Then,
R = 113.14 (26.36) = 2983.0 = 2.98 km

Ans.

Ans.

Ans.

Ans.

*45%:2
7
Bl
hp
n ‘ \D
| R |
a(m/s)
40
3 t(s)
b0y,
450
]
he=124167m
*
) >
Ans:
vg = 160m/s
hg = 427m
he = 1.08 km
R =298 km
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12-101.

The velocity of the water jet discharging from the orifice can
be obtained from v = V2 gh, 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.

SOLUTION

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

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

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

1
("FT) yB:yAJF(VA)ytJFantZ
1 2
-15=0+0+ 5(—9.81)tA
ty =0553s Ans.

Thus,

x =0 + 6.264(0.553) = 3.46 m Ans.

Ans:
tA = 0553 S
x =346m
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12-102.

The man at A wishes to throw two darts at the target at B so
that they arrive at the same time. If each dart is thrown with
a speed of 10 m/s, determine the angles 6 and 6, at which
they should be thrown and the time between each throw.
Note that the first dart must be thrown at 6. (>6p), then

the second dart is thrown at 6.

SOLUTION

(B)  s=s0+ vy
5=0+ (10cos 6) ¢

(+1)  wv=w +as

—10sin® = 10sinf — 9.81 ¢

_ 2(10sin 0)

081 = 2.039 sin 6

From Eq. (1),

5 = 20.39 sin 6 cos 0

Since sin26 = 2sin 6 cos 6

sin 26 = 0.4905

The two roots are 0p = 14.7°
0c = 75.3°

From Eq. (1):tp = 0.517 s

tc =197s

Sothat At =t —tp = 145s

B
@
Ans.
Ans.
Ans.
Ans:
0p = 14.7°
OC = 753°
At = 1.45s
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12-103.

If the dart is thrown with a speed of 10 m/s, determine the
shortest possible time before it strikes the target. Also, what
is the corresponding angle 6, at which it should be thrown,
and what is the velocity of the dart when it strikes the

target?

SOLUTION

4m

Coordinate System. The origin of the x-y coordinate system will be set to coincide

with point A as shown in Fig. a.

Horizontal Motion. Here, (v,), = 10cos 04 —, (s4), = 0 and (sg), = 4m —.

+
(5) (sm)e = (a)e + (W)t
4 =0+ 10cosf ¢t

[ = 4
10 cos 04

Also,

(5) (wp) = (), = 10cos 0, —

Y, =lOmls

ba

@

~x

(2)

Vertical Motion. Here, (v,), = 10sin 0,41, (s4), = (s3), = Oanda, = 9.81 m/s*|

1
(+T) (SB)y = (SA)y + (’UA)yl + an 12
1
0=0+ (10sin6,) ¢ + 5(—9.81)t2
4.905t> — (10sin6,4) t = 0
£(4.905 — 10sin6,) = 0

Since ¢ # 0, then

4905t — 10sinf, = 0

Also
(+1) (Wp)y = (Va)y + 2a, [(s8)y — (s4),]
(vp); = (10sin 6,4)* + 2 (—9.81) (0 — 0)
(vp), = —10sin 6, = 10sin 6,1

Substitute Eq. (1) into (3)

4.905( > —10sin6, =0

10 cos 64
1.962 — 10sinf, cosb, = 0

3

)

Using the trigonometry identity sin 260, = 2 sin 64 cos 6, this equation becomes

1.962 — 5sin264 = 0

sin 20, = 0.3924

20, = 23.10° and 26, = 156.90°
04 = 11.55° and 6, = 78.45°

4m
()
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12-103. Continued

Since the shorter time is required, Eq. (1) indicates that smaller 6, must be choosen.
Thus

04 = 11.55° = 11.6° Ans.

and
4

t = m = 0.4083s = 0.408 s Ans.

Substitute the result of 6, into Eq. (2) and (4)
(vg)y = 10 cos 11.55° = 9.7974 m/s —
(vp)y = 105sin 11.55° = 2.0026 m/s l

Thus, the magnitude of vy is

vp = V(vg)2 + (vp)y = V/9.7974% + 2.00262 = 10m/s Ans.

And its direction is defined by

v
(5 )y} = tan’! (M) = 1155 =116 5 Ans.
(vB)x

= tan !
05 = tan [ 9.7974

Ans:

04 = 11.6°
t=0408s
vg = 10m/s
0p = 11.6°~%
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*12-104.

If the dart is thrown with a speed of 10 m/s, determine the

4m

longest possible time when it strikes the target. Also, what is
the corresponding angle 6, at which it should be thrown,
and what is the velocity of the dart when it strikes the
target?

SOLUTION

Coordinate System. The origin of the x-y coordinate system will be set to coincide
with point A as shown in Fig. a.

Horizontal Motion. Here, (v,4), = 10cos 64 —, (s4), = 0 and (sg), = 4m —.

(5) (sp)e = Ga)e + W)t

4=0+10cosf,t

Y, =lOmls

ba

‘= m )
Also,
(5) (@) = (v4), = 10cos 6, — 2)
Vertical Motion. Here, (v,), = 10sin 6,471, (s4), = (sz), = O and
a, = —9.81 m/s*|.
(+1) (B)y = (sa)y + @A)yt + %ay r
0=0+ (10sinf,) ¢t + %(—9.81) 12
4.905t> — (10sin )t = 0
1(4.905¢t — 10sin6,) = 0
Since ¢ # 0, then
4905t — 10sinf, = 0 A3)
Also,
(UB)§ = (%)3 + 2a,[(sp)y — (sa),]
(vp)? = (10sin 6,)* + 2 (—9.81) (0 — 0)
(vg)y = —10sin 6, = 10sin 041 @)

Substitute Eq. (1) into (3)

4.905( ) —10sin6, = 0

10 cos 64
1.962 — 10sinf, cosb,4 = 0

Using the trigonometry identity sin 26, = 2 sin 64 cos 64, this equation becomes
1.962 — 5sin26, = 0
sin 20, = 0.3924
20, = 23.10° and 26, = 156.90°
04 = 11.55°and 0, = 78.44°

~x

4m
()
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12-104. Continued

Since the longer time is required, Eq. (1) indicates that larger 6,4 must be choosen.
Thus,

04 = 78.44° = 78.4° Ans.

and
4

t= m =1.9974s = 2.00s Ans.

Substitute the result of 64 into Eq. (2) and (4)
(vp), = 10 cos 78.44° = 2.0026 m /s —
(vg)y, = 10sin 78.44° = 9.7974m/s |

Thus, the magnitude of vy is

vg = V(vp)2 + (vp)2 = V20026 + 9.7974 = 10 m/s Ans.

And its direction is defined by

(’UB)y} . (9.7974
= tan
(vp): 2.0026

0 = tan*l{ ) = 78.44° = 784° % Ans.

Ans:

0, = 78.4°

t =2.00s

0p = 784°%
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12-105.

The drinking fountain is designed such that the nozzle is
located from the edge of the basin as shown. Determine the
maximum and minimum speed at which water can be
ejected from the nozzle so that it does not splash over the
sides of the basin at B and C.

SOLUTION
Horizontal Motion:

(i) s = Vot

R=wv,sin40°t t = —"—"—
A v 4 sin 40°
Vertical Motion:

1
(+T) s =350+ vyt + Eact2

o 1 2
= 0.05 =0 + v, cos 40°t + 5(—9.81)1

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

2
—0.05 = v, cos 40° <L) + %(—9.81) (L)

V4 sin 40° v 4 sin 40°

= \/ 4.905R>
4 Vsin 40° (R cos 40° + 0.05 sin 40°)
Atpoint B, R =0.1m.
4.905 (0.1)2
VUmin = Va4 = 4/ . = 0.838m/s
sin 40° (0.1 cos 40° + 0.05 sin 40°)
Atpoint C, R = 0.35m.

oy \/ 4.905 (0.35)2 176m/
= = = 1. m/s
™8 Vsin 40° (0.35 cos 40° + 0.05 sin 40°)

@

()

Ans.

Ans.

Ans:
Vmin = 0.838 m/s
Vmax = 1.76 m/s
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12-106. The balloon A 1is ascending at the rate
v, = 12 km/h and is being carried horizontally by the wind
at v, = 20km/h. If a ballast bag is dropped from the
balloon at the instant 2 = 50 m, determine the time needed
for it to strike the ground. Assume that the bag was released
from the balloon with the same velocity as the balloon.
Also, with what speed does the bag strike the ground?

SOLUTION
va = 12 km/h
h =50m
g = 9.81 m/s?
ay=0 ay =—g
-1
Sy = Wt sy=7gt2+vAt+h
-1
Thus 0=—gt2+vAt+h t =
2 g
VX:vW Vy:—gt+VA

vA+,/vA2+2gh
/ 2 2
vV = VX +Vy

T’UA =12km/h

t=3.55s Ans.

v=2320m/s Ans.

Ans:
t=1355s
v =320m/s
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12-107.

The snowmobile is traveling at 10 m/s when it leaves the
embankment at A. Determine the time of flight from A to B
and the range R of the trajectory.

SOLUTION

(i)) Sp = Sy + vat

R =0+ 10cos40°t

(+T) SB:SAJF’UAIJF%GCIZ

1
_RG) = 0+ 105in 40°% — J(981)

Solving:
R =19.0m Ans.
t =248s Ans.

Ans:
R =190m
t=248s
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*12-108.

A boy throws a ball at O in the air with a speed v, at an
angle 6,. If he then throws another ball with the same speed
vy at an angle 6, < 0, determine the time between the
throws so that the balls collide in midair at B.

SOLUTION

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

GD s = G o @), P

1
y =0+ vysin 61ty + 5(_g)l% @

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

O O A NS CANG

. 1
y =0+ vysin 6y, + E(_g)l% )
Horizontal Motion: For the first ball, the horizontal component of initial velocity is
(vg)y = vgcos B and the initial and final horizontal positions are (sy), = 0 and
s, = x,respectively.
(%) 50 = (o) + ()t

x =0+ vycos 0, t; A3

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

() 5= (s0)e + (vp),

x =0+ vgcosb,t, (@)

Equating Egs. (3) and (4), we have

cos 64
1, = [1 (5)
cos 6,
Equating Eqgs. (1) and (2), we have
. _ . _ 1 2 _ 2
Vot Sin Oy — vyt sin 6, > g(tl t2> 6)

Solving Eq. [5] into [6] yields

_ 2wy cos 0, sin(0; — 6,)
e

g(cos?6, — cos®6;)

_ 2wy cos 0y sin(0; — 6,)

g(cos? 6, — cos;)

Thus, the time between the throws is

2vysin(6; — 6,)(cos 6, — cos O
At=t — 1, = o sin(6, )( 2 1)

g(cos? 6, — cos? 6;)
o 2’00 sin (0] - 02)

= Ans.
g(cos 0, + cos 6;)

S

Ans:
- 21)0 sin (01 - 02)
~ g(cos 6, + cos 6;)
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12-109.

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 vc = 2 m/s, determine the smallest and largest
distance R at which the end A of the car may be placed from
the conveyor so that the packages enter the car.

SOLUTION

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

respectively.
1
(+1) 5= (0)y + o)y 1+ 5 (@),
1
3=0 + 1.00(1) + E(9.81)(r2)

Choose the positive root ¢ = 0.6867 s

Horizontal Motion: The horizontal component of velocity is (vp), = 2 cos 30°

= 1.732 m/s and the initial horizontal position is (s¢), = 0.1f s, = R, then

(5) se = (s0)x + ()it
R =0+ 1.732(0.6867) = 1.19m

If s, = R + 1,then
(j:)> Sy = (SO)x + (Uo)xt
R+1=0+ 1.732(0.6867)

R =0.189 m

Thus, R,;,=0.189m, R ,.,=1.19m

min max

Ans.

Ans.

Ans.

o)

Ans:
Ryin = 0.189 m
Rps = 1.19m
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12-110.

The motion of a particle is defined by the equations
x=(2t+*)m and y = (Y*) m, where ¢ is in seconds.
Determine the normal and tangential components of the
particle’s velocity and acceleration when ¢ = 2s.

SOLUTION
Velocity: Here,r = {(2t + t2>i + 7 j} m. To determine the velocity v, apply Eq. 12-7.
v = % ={(2 +2)i + 2tj}m/s

When ¢ =2s, v=[2+22)]i+ 2Q2)j = {6i + 4j}jm/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™! r 33.69° with the x axis.
Acceleration: To determine the acceleration a, apply Eq. 12-9.
d
a= dij = {2i + 2j} m/s*
Then

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

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.

aA=RBigmis >
; t

Ans:

v, = 0and v, = 721 m/s
a, = 0.555 m/s*
a, =277 m/s?
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12-111.

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.

SOLUTION

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

P
a=a,=—
P
2
v
7.5 = 200
v = 387m/s Ans.

Ans:
v =387m/s
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*12-112.

A particle moves along the curve y = bsin(cx) with a constant speed v. Determine the normal and
tangential components of its velocity and acceleration at any instant.

SOLUTION
V=2 m b=1m ¢c¢= 1
S m
y = bsin(cx) y' = bccos(cx) y" = —bczsin(cx)
3
3 2
. Jiey) 1+ mecos(ex)?
y" —bczsin(cx)
2 .
v'besin(cx)
an = 3 ag=0 V=0 Vh =0 Ans.
2
[1 + (bccos(cx))z}

Ans:
2 .
v'besin(cx)
an =
3
2
[1 + (bccos(cx))z}
at=0
Vi = 0
Vn = 0
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12-113.

The position of a particle is defined by r = {4(¢ — sin ?)i
+ (22 — 3)j} m, where ¢ is in seconds and the argument for
the sine is in radians. Determine the speed of the particle and
its normal and tangential components of acceleration when
t=1s.

SOLUTION
r =4t — sing)i+ (2% — 3)j

d
v:d—;:4(1 — cos )i + (4 1)

V|1 = 1.83879 + 4j

v = V(1.83879)% + (4)> = 4.40m/s Ans.

4
= 71 = o
0/ = tan <1.83879) 65.312°

a = 4sinri + 4j
al,—; = 3.3659 + 4j

a = V(3.3659)> + (4)> = 522773 m/s*

4
¢ = tan*l(%) = 49.920° 1

§=0—¢ =15392°

a, = 5.22773 cos 15.392° = 5.04 m /s> Ans.
a, = 522773 sin 15.392° = 1.39 m /s’ Ans.

Ans:

v =440m/s
a, = 5.04 m/s?
a, = 1.39m/s?
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12-114. The car travels along the curve having a radius of

300 m. If its speed is uniformly increased from 15 m/s to 20m/s

27 m/sin 3 s, determine the magnitude of its acceleration at

the instant its speed is 20 m/s. m
300 m

SOLUTION

vi = 15m/s t=3s

R =300 m
Vo = 27 m/s

vy = 20 m/s

V2 - Vg V3
at = — an = = a=, atz + an2 a=422m/s*> Ans.

Ans:
a = 422 m/s®

123




© Pearson Education Limited 2017. 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.

12-115.  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, = (—% tm) m/s?. Determine the magnitude of acceleration
of the car just before it reaches point C.

SOLUTION

Velocity: Using the initial condition v = 25 m/s at¢ = O,

dv = a,dt

v t 1
/ dv = / —= 112 dt
25 m/s 0 4
1 32
v=1{25~— gt m/s

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

/ds = /vdt
N t 1
/ ds = / (25—713/2)51[
0 0 6
s = (25t - izs/z)m
15

Acceleration: When the car reaches C, sc = 200 + 250(

w

6
330.90 = 25t — iﬁ/z
‘ 15

Solving by trial and error,

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

1
ve =25~ (15.942)*2 = 14.391 m/s

1
(a)e =V = —2(15.9421/2) = —0.9982 m/s’

p 250

2 2
14.391
(an)e = 2= = BOT _ o go84mys?

The magnitude of the car’s acceleration at C is

a=V(a)c?+ (a)c? = V/(~09982)° + 082842 = 1.30 m/s?

) = 330.90 m. Thus,

@

Ans.

200 m

Ans:
a=130m/s?

124




© Pearson Education Limited 2017. 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.

#12-116. 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.

SOLUTION

Velocity: Using the initial condition v = 25 m/s atz = O,
dv = ads

v s
/ vdv = / (0.001s — 1)ds
25m/s 0

v = V0.001s> — 25 + 625

Acceleration: When the car is at point C, s¢ = 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 = b = [0.001(330.90) — 1] = —0.6691 m/s>

(@) = ve® 85267
e p 250

= 0.2908 m/s?

The magnitude of the car’s acceleration at C is

a = V(@) + (a)c? = V(-0.6691)2 + 0.2908> = 0.730 m/s>

Ans.

30° 200 m

Ans:
a = 0.730 m/s?
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12-117. 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.

SOLUTION

Acceleration: Here, the car’s tangential component
a, = =3 m/s*. Thus,

a = \/at2+an2
5=V —3>2+an2

a, = 4m/s?
VZ
a, = —
p
207
4 ===
p
p = 100m

of acceleration of

Ans.

Ans:
p = 100 m
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12-118.

Car B turns such that its speed is increased by
(a,)5 = (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 § = 30°.
Neglect the size of the car.

SOLUTION
. . . . . dv
Velocity: The speed v in terms of time 7 can be obtained by applying a = o
dv = adt
v t
/ dv = / 0.5¢" dt
0 0
v =05(c' — 1) @
. 30°
When 6 = 30°, the car has traveled a distance of s = r0 = 5(180° 77) = 2.618 m.

The time required for the car to travel this distance can be obtained by applying
ds

U—E.

ds = vdt

2.618 m t
/ ds = / 0.5(e" — 1) dr
0 0

2618 = 0.5 (e — ¢ — 1)
Solving by trial and error ¢ = 2.1234 s

Substituting r = 2.1234 s into Eq. (1) yields

v =05 (1P — 1) = 3.680 m/s = 3.68 m/s Ans.

Acceleration: The tangential acceleration for the car at ¢ = 2.1234s is
a, = 0.5¢*123% = 4,180 m/s?. To determine the normal acceleration, apply Eq. 12-20.

v* 3680

a, = p s - 2.708 m/s’
The magnitude of the acceleration is
a=\a+ d = \V4180° + 2.708* = 4.98 m/s> Ans.

Ans:
v = 3.68m/s
a=498m/s’
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12-119.
The motorcycle is traveling at 1 m/s when it is at A. If the

speed is then increased at ¥ = 0.1 m/s?, determine its speed
and acceleration at the instant ¢t = 5s.

SOLUTION

a,=v=01m/s

1
_S0+ Vol+zacl'2

©u
|

©u
Il

0+ 1(5) + %(0.1)(5)2 =6.25m

6.25 X dy\2
ds = 1+ (—)dx
0 0 dx

y = 0.5x2
dy _

dx
dzy

— = 1
dx

6.25 = / V1 + x*dx
0

X
6.25:%{ 1+ 2 +1n(x+ \/1+x2)}

0
x\/1+x2+1n< \/1+x>

Solving,
x = 3.184 m
dy
+ :
@] e
p = > = =3717m
dl |1| x=3.184
dx?
v=vyt+ adl

1+ 01(5) = 1.5m/s

2 (15)
@ == g = 00605 mys’

a ="V (01)? + (0.0605)* = 0.117 m/s>

y =0.5x2

Ans.

Ans.

Ans
v=15m/s
a=0.117m/s?
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*12-120.

The car passes point A with a speed of 25 m/s after which its
speed is defined by v = (25 — 0.15s) m/s. Determine the
magnitude of the car’s acceleration when it reaches point B,
where s = 51.5m and x =50 m.

T 625"

16 m

SOLUTION
Velocity: The speed of the car at B is
vg = [25 — 015(515)] = 1728 m/s
Radius of Curature:
— 16— L 2
y =16 25 X
dy 5
2o = ~32(107)x
d*y
—5 = —-32(107
dX2 ( )
dy\? |32 2732
el -3
[1 + (dx) } {1 + (—3.2(10 )x) }
p= 7 = = 324.58 m
2 -32(107)
de x=50m
Acceleration:
2 2
_vgt 1728 )
a, = ) 32458 0.9194 m/s
dv 2
a,=v == (25 - 0.155)(-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 + 091942 = 2.75 m/s’ Ans.

Ans:
a=275m/s*
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12-121.

If the car passes point A with a speed of 20 m/s and begins
to increase its speed at a constant rate of a, = 0.5 m/s?,
determine the magnitude of the car’s acceleration when
s = 101.68 m and x =0.

SOLUTION

Velocity: The speed of the car at Cis

vC2 va2 + 2a,(sc — Sa)

ve? = 20% + 2(0.5)(100 — 0)
ve = 22.361 m/s

Radius of Curwature:

y =16 — %xz
% = —32(107)x
% = -32(107)
[1 + (z)z}m [1 + (—3.2(10*3)x)zr/2
- &y ) 3.2(1073)|
dx?
Acceleration:

a,=v=05m/s

Lo v’ 22361
" op 3125

= 1.60 m/s’

The magnitude of the car’s acceleration at C is

a=Va + d=\V05 + 160> = 1.68m/s

=3125m

-

_ 1 2
16 25"

B s

16 m

B /W

Ans.

S

Ans:
a = 1.68m/s
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12-122.
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.

s=18m

SOLUTION \

v t
/ dv = / 0.5¢" dt
0 0

v =05 —1)

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

18 = 0.5(e' — 1 — 1)

p=30m

Solving,
t = 3.7064s
v = 053" — 1) = 19.85m/s = 19.9 m/s Ans.
a, = = 0.5e'|,237064s = 20.35 m/s?
a, = %2 = 19?;?)52 = 13.14 m/s?
a=Va+ d=\2035 + 13.14> = 242 m/s? Ans.

Ans:
v =199m/s
a =242m/s*
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12-123.

The satellite S travels around the earth in a circular path
with a constant speed of 20 Mm/h. If the acceleration is
2.5m/s?, determine the altitude 4. Assume the earth’s
diameter to be 12 713 km.

SOLUTION
=20Mm/h = 2000%) _ 5.56(10°
v = m/h = 3600 > (10°) m/s
. _dv
Since a, = o 0, then,
2
a=a,=25= -
p
(5.56(10%))? .
=" =1235(1
25 35(10°) m
The radius of the earth is
12 713(10°
% = 6.36(10% m
Hence,
h = 12.35(10% — 6.36(10°) = 5.99(10°) m = 5.99 Mm Ans.

Ans:
h = 5.99 Mm
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*12-124.

The car has an initial speed v, = 20 m/s. If it increases its
speed along the circular track at s = 0, @, = (0.85) m/s?,
where s is in meters, determine the time needed for the car
to travel s =25 m.

SOLUTION n
\/\/\p =40m

The distance traveled by the car along the circular track can be determined by T

integrating v dv = a, ds. Using the initial condition v = 20 m/s ats = 0,

v 5
/ vdv = / 0.8 s ds
20 m/s 0

2|v
- =045

20 m/s

v = {m}m/s

. . . . ds L .
The time can be determined by integrating dt = W with the initial condition
s=0attr=0.

t 25m
/d,: / _ds
0 0 VO3(s* + 500)
1

25m
- 2
t m[ln(ﬁ VisZ ¥ 500)] )
= 1.076s = 1.08 s Ans.

Ans:
t =1.08s
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12-125.

The car starts from rest at s = 0 and increases its speed at
a, = 4 m/s?. Determine the time when the magnitude of
acceleration becomes 20 m/s%. At what position s does this

occur?
SOLUTION
Acceleration. The normal component of the acceleration can be determined from
0 v? v?
= — a,. = —
r p r 40

From the magnitude of the acceleration

2\ 2
a=Va + a 202,!42+(%> v = 28.00m/s

Velocity. Since the car has a constant tangential accelaration of @, = 4 m/s?,

v =1+ at; 28.00=0+ 4t

t=6999s = 7.00s Ans.

v = 0% + 2a,5; 28.002 = 0> + 2(4) s

s = 9798 m = 98.0 m Ans.

Ans:
t=17.00s
s =98.0m
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12-126.

At a given instant the train engine at E has a speed of
20m/s and an acceleration of 14 m/s? acting in the
direction shown. Determine the rate of increase in the
train’s speed and the radius of curvature p of the path.

SOLUTION
a, = 14 cos 75° = 3.62 m/s>

a, = 14 sin 75°

(20)?

a, = ——
p

p=29.6m

Ans.

Ans:
a, = 3.62m/s’
p=129.6m
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12-127.

When the roller coaster is at B, it has a speed of 25 m/s,
which is increasing at a, = 3m/s’.. Determine the
magnitude of the acceleration of the roller coaster at this
instant and the direction angle it makes with the x axis.

SOLUTION

Radius of Curwature:

dx2:%

dy\2 ]2 (1 )2 32
+ - -
|:1 (dx) :| 1+ 50x
p= = = 79.30 m
1
50

d*y

dx’

x=30m
Acceleration:

a, =v=3m/s

v’ _ 29

I = 77930

= 7.881 m/s?

The magnitude of the roller coaster’s acceleration is

a= \/a,z + a,’ = V32 + 7.881% = 8.43 m/s? Ans.

dy
dx

The angle that the tangent at B makes with the x axis is ¢ = tan_1<

~—30 m—»‘

a,t=7-aaf'%3?

a

=3096°
p==0%

Ae=3m[s*

Xm) = tan—l{;—o(m)} = 30.96°.

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

n -881 .
a = tan_l(i) = tan_l(g) = 69.16°. Thus, the angle 0 that the roller coaster’s acceleration makes

a;
with the x axis is

0=a—¢=7382°% Ans.

(@)

Ans:
0 = 382°
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*12-128.

If the roller coaster starts from rest at A and its speed y 1,
increases at a, = (6 —0.06s) m/s?, determine the magnitude Y~ 100"
of its acceleration when it reaches B where sz = 40 m.

fA

N

'y

1

SOLUTION

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

vdv = a,ds @

/ vdv = /(6 — 0.06s)ds %30ma‘
0 0
v = <\/12s - O.O6s2> m/s @

Thus,

vp = \/12(40) — 0.06(40)% = 19.60 m/s

Radius of Curwture:

I
Y= 900"
dy _ 1
dx 507"
d’y 1
dx®> 50
dy 27132 1 )2 3/2
+ | == + | =
[1 <dx) } ! (50x o0
= = = . m
P 2y 1
dx? 50
x=30m
Acceleration:
a, = =6 — 0.06(40) = 3.600 m/s?
V' 19.60

= 4.842 m/s?

I = = 7930

The magnitude of the roller coaster’s acceleration at B is

a=\Va’+ a,’>=\3600> + 4.842% = 6.03 m/s> Ans.

Ans:
a = 6.03 m/s?
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12-129.

The box of negligible size is sliding down along a curved
path defined by the parabola y = 0.4x% When it is at A
(x4 =2m, y, = 1.6 m), the speed is v = 8 m/s and the
increase in speed is dv/dt = 4m/s? Determine the
magnitude of the acceleration of the box at this instant.

SOLUTION
y = 0.4 x?
dy
- =0.8 =1.6
dx x=2m * x=2m
d2
e
dx”|x=2m
[1+ (@2 1+ (1.6)2]?
' x=2m
2 2

_ve 8 2
a, = p 8396 7.622 m/s
a= \/a,2 + a2 = \/(4)2 + (7.622)> = 8.61 m/s? Ans.

Ans:
a = 86lm/s
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12-130.

The position of a particle traveling along a curved path is
s= 35— 4% + 4) m, where ¢ is in seconds. When ¢ = 2's,
the particle is at a position on the path where the radius of
curvature is 25 m. Determine the magnitude of the
particle’s acceleration at this instant.

SOLUTION

Velocity:

v=L30 — a4 4) = (90 - 8)mys

Whent = 25,

vli=2s = 9(2%) — 8(2) = 20m/s

Acceleration:
dv d , 5
a, =" = (9 = 81) = (18 = 8)m/s
al—rs = 18(2) — 8 = 28 m/s?
_ laf 207 )
a, = p - 5 =16 m/s
Thus,

a=\Va’+al=V28+ 16> = 322 m/s>

Ans.

Ans:
a=322m/s?
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12-131.

A particle travels around a circular path having a radius of
50 m. If it is initially traveling with a speed of 10 m/s and its
speed then increases at a rate of @ = (0.05v)m/s%
determine the magnitude of the particle’s acceleraton four
seconds later.

SOLUTION
Velocity: Using the initial condition v = 10 m/sat¢z = 0s,

d
=

a
t v
/dt=/ dv
0 10mys 0.05v

v
{=20ln -~
"0

v = (10e"?°) m/s
Whent = 4s,
v = 10e*? = 12.214 m/s

Acceleration: When v = 12214 m/s (t = 4s),

a, = 0.05(12.214) = 0.6107 m/s’

P (12214)

= 2.984 m/s?
a, p 50 m/s

Thus, the magnitude of the particle’s acceleration is

a= Va2 + a? = \V0.6107* + 2.9842 = 3.05 m/s*

Ans.

Ans:
a = 3.05m/s?
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*12-132.

The motorcycle is traveling at 40 m/s when it is at A. If the
speed is then decreased at © =— (0.05 s) m/s2, where s is in
meters measured from A, determine its speed and
acceleration when it reaches B.

SOLUTION

Velocity. The velocity of the motorcycle along the circular track can be determined
by integrating vdv = ags with the initial condition v = 40 m/s ats = 0. Here,

a; = —0.05s.
v 5
/ vdv = / —0.05 sds
40 m/s 0

1)2

2

v
= —0.0255[
40 m/s

v = {V1600 — 0.055*} m/s

AtB,s = rf = 150<§> = 507 m. Thus

Vg = Vls—somm = V1600 — 0.05(507)> = 19.14m/s = 19.1 m/s Ans.

Acceleration. At B, the tangential and normal components are

a, = 0.05(507) = 2.57 m/s’

2 2
vp  19.14 )
=—= = 2.442
an p 150 0 m/s
Thus, the magnitude of the acceleration is
a=Va+a=\V(257)7? + 24420 = 82249 m/s* = 822 m/s> Ans.

And its direction is defined by angle ¢ measured from the negative t-axis, Fig. a.

a 2.4420
~ tan”! i)=t 1(7)
¢ = tan (at M\ 25y

=1727° =17.3° Ans.

Ans:

vg = 19.1m/s
a=822m/s
b =173

up from negative—¢ axis
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12-133.

At a given instant the jet plane has a speed of
550 m/s and an acceleration of 50 m/s? acting in the
direction shown. Determine the rate of increase in the
plane’s speed, and also the radius of curvature p of the path.

SOLUTION

Acceleration. With respect to the n—t coordinate established as shown in Fig. a, the
tangential and normal components of the acceleration are

a, = 50 cos 70° = 17.10 m /s> = 17.1 m/s? Ans.
a, = 50sin 70° = 46.98 m /s’
However,

2 2
550
a, =2 4698 = 2
p

p = 643828 m = 6.44 km Ans.

550 m/s
T/

\ 7
X

a =50 m/s?

Ans:
a,=17.1m/s
a, = 46.98 m/s?
p = 6.44 km
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12-134.

A boat is traveling along a circular path having a radius of
20 m. Determine the magnitude of the boat’s acceleration
when the speed is ¥ = 5 m/s and the rate of increase in the
speed is b = 2 m/s2.

SOLUTION
a, = 2m/s’
v 5P 2
a, = b 20 1.25m/s
a=\Va +da =\V2%+ 125" = 236 m/s> Ans.

Ans:
a =236m/s?
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12-135.
Starting from rest, a bicyclist travels around a horizontal circular
path, p = 10m, at a speed of v = (0.09/2 + 0.1r) m/s,

where ¢ is in seconds. Determine the magnitudes of his velocity
and acceleration when he has traveled s = 3 m.

SOLUTION

S t
/ ds = / (0.092 + 0.1¢)dt
0 0

s = 0.032 + 0.057

Whens =3m, 3 = 0.032 + 0.057

Solving,
t=4147s
v = ds _ 0.092 + 0.1¢
dt
v = 0.09(4.147)> + 0.1(4.147) = 1.96 m/s Ans.
dv 2
a,=—=018 + 0.1 = 0.8465 m/s
dt (=4.147 s
v 1.96
== = 0.3852 m/s?
a=\Va + d:=\V(0.8465)% + (0.3852)> = 0.930 m/s> Ans.

Ans:
v =19m/s
a = 0.930m/s
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*12-136.

The motorcycle is traveling at a constant speed of 60 km/h. y

. . . . o e 2 _
Determine the magnitude of its acceleration when it is at 4 =2x

point A. M
o

25 m——+

SOLUTION

Radius of Curvature:

y = Vox!?

dy 1 |
2= =172
i 2\/5)6
d*y 1
[ — 2 =32
w2
27132 2 (32
1+ (ﬂ) 1+ (vare
dx 2

p= 5 = = 36421 m

ﬂ ‘ — 1\&)6_3/2

dx? 4 x=25m

Acceleration: The speed of the motorcycle at a is

km\(1000m\/ 1h
v <60h>< 1km ><3600 s) = 16.67m/s

_v* 16.67
=y T 36421

= 0.7627 m/s>

Since the motorcycle travels with a constant speed, a, = 0. Thus, the magnitude of
the motorcycle’s acceleration at A is

a=\Va?+a?=\V0+ 076272 = 0.763 m/s* Ans.

Ans:
a = 0.763m/s*
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12-137.

When ¢ =0, the train has a speed of 8 m/s, which is increasing
at 0.5 m/s2. Determine the magnitude of the acceleration of
the engine when it reaches point A, at t =20 s. Here the radius
of curvature of the tracks is p , =400 m.

SOLUTION

Velocity. The velocity of the train along the track can be determined by integrating
dv = a,dt with initial condition v = 8 m/s att = 0.

v t
/ dv = /0.5 dt
8m/s 0

v—8=051
v={05¢r+ 8 m/s

Att = 20s,

v‘f=2()s = 05(20) + 8 = lSm/s
Acceleration. Here, the tangential component is a, = 0.5m/s>. The normal
component can be determined from

v 18 5
an—;—m—o.&m/s

Thus, the magnitude of the acceleration is
a = \/at2 + af,
= V0.5 + 0.81

= 0.9519 m/s’> = 0.952 m/s’ Ans.

Ans:
a = 0.952m/s
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12-138.

The ball is ejected horizontally from the tube with a speed
of 8 m/s. Find the equation of the path, y = f(x), and then
find the ball’s velocity and the normal and tangential

components of acceleration when ¢t = 0.25s.

SOLUTION

v, = 8m/s

(B) 5=y
x =8¢

<+T) s=s0+v0t+%act2

1
y=0+0+ 5(—9.81)t2
y = —4.9057

2
X
y = —4.905(8)

y = —0.0766x> (Parabola)

1)=?)0+act

v, =0 - 9.81r
Whent = 0.25s,
v, = — 2.4525m/s
v="\V (8} + (2.4525)? = 837 m/s
6= tan—l(@> = 17.04°
8
a, =0 a, =981 m/s®

a, = 9.81 cos 17.04° = 9.38 m/s?

a, = 9.81sin 17.04° = 2.88 m/s>

Ans.

Ans.

Ans.

Ans.

vy =8m/s
e - X
o)
gk
&
o
2,4525,.,/5

Ans:

y = —0.0766x>
v = 837m/s
a, = 9.38m/s’
a, = 2.88m/s’
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12-139.

The motorcycle travels along the elliptical track at a
constant speed v. Determine its greatest acceleration if
a > b.

SOLUTION
Sl

dy _ b
dx azy
dy —b%x
dx (12
NN
dxzy dx a?
dy - (—b2x>
dx? a a’y
dy _ -t
de a2y3
b2y \213/2
()
_ ay
P
2y
Atx =a,y =0,
b2
p=—
a
Then
a, =0
2 2 2
v v va
amaxzan:;:E:? Ans.
a

Ans:

va
b2

amax =
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*12-140.

The motorcycle travels along the elliptical track at a
constant speed v. Determine its smallest acceleration if
a > b.

SOLUTION
2 2
%+%:1

b2 + ay? = a?b?

dy
2 2 —
b*(2x) + a*(2y) 0

dy _ b
dx azy
dy —b%x
ax a?
d’ <dl>2 _
dx? dx a*
fz_—%z_(%%)
dx? a a’y
dy _ b
dx2 a2y3
2.\273/2
()
_ ay
P = _b4
a2y
Atx =0,y = b,
ol = &
PL=%
Thus
a,=0
R
amin*anfgfgfy
b

Ans.

Ans:

Amin =

<
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12-141.

The race car has an initial speed v, = 15m/s at A. If it
increases its speed along the circular track at the rate
a, = (0.4s) m/s%, where s is in meters, determine the time
needed for the car to travel 20 m. Take p = 150 m.

SOLUTION

vdv

a;, = 04s = s

ads =vdv

/0.4sds= /VdV
0 15

s VZ

v

0.4s?
2

0o 2

15

045 _v* 225

2 2 2

V2 = 0.4s> + 225

v = s _ \V0.4s* + 225
dt
s d t
/ U / dt
0 V0.4s> + 225 0

s ds
—— = 0.632 456¢
/0 Vs2 + 562.5
In (s + V% + 562.5)

In(s + Vs® + 562.5) — 3.166 196 = 0.632 456¢

= 0.632 456¢
0

Ats = 20m,

t=121s

Ans.

Ans:
t=121s
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12-142.

The ball is kicked with an initial speed v, = 8 m/s at an y
angle 6 , = 40° with the horizontal. Find the equation of the
path, y = f(x), and then determine the normal and o
tangential components of its acceleration when ¢ = 0.25 s. _— QT

y

SOLUTION

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

(=) 5e = (50); + (vo)st
x =0+ 6.128¢ (i) (#

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

<+T) sy = (SO)y + (Uo)yl + %(ac‘)y tz

_ 1 2
y =0+ 5143 + - (=9.81) () @)

Eliminate ¢ from Eqgs (1) and (2),we have

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

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

d d
?z = 0.8391 — 0.2612x. At x = 1.532m, a% = 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.

Ans:

y = {0.839x — 0.131x*} m
a, = —3.94m/s?

a, = 8.98 m/s’
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12-143.

Cars move around the “traffic circle” which is in the shape of
an ellipse. If the speed limit is posted at 60 km/h, determine
the minimum acceleration experienced by the passengers.

SOLUTION
2 2
%+%:1

b2 + a?y? = a?b?

d
P(2x) + a2(2y)£ -

dy _ b
dx azy
dy _ —bx
dxy a2

a ay
dy _=p bt p
X &2 a2y2 e
d%y _ —p*
dx2 a2y3
_12.\273/2
(G5
_ ay
P = _b2
a2y3
Atx =0,y = h,
_a
=%

X2

(60’ (40)2

/

e —

:ig

/

y

VN
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12-143. Continued

Apin = 4y = — =

Seta = 60m, b = 40 m,

_60(10)° 667
= 3600 _ 1667m/s
16.67)%(40
Amin = w - 309 l'Il/S2
(60)

Ans.

Ans:
Amin = 3.09 m/s?
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*12-144,

Cars move around the “traffic circle” which is in the shape of
an ellipse. If the speed limit is posted at 60 km /h, determine
the maximum acceleration experienced by the passengers.

SOLUTION
2 2
%+%:1

b2 + ay? = a?b?

dy
2 2 —
b*(2x) + a*(2y) 0

dy _ _bx
dx azy
dy —b%x
dx a?
% <@?5_:ﬁ
dxzy dx a*
dy, (b
dxzy a a’y
dy _ b
dx2 a2y3
_12.\273/2
()]
_ ay
P Y
Atx =a,y =0,
b2
p=—
a
Then
a,=0
o v? _ v? _ v%a
amax_an_;_E_F
n
Seta =60m,b = 40 = 60010 = 16.67
eta=60m,b =40m,v = 3600 16 m/s
16.67)%(60
Apax = # = 10.4 m/s
(40)

2 y2
@y * oy

Ans.

y

i

Ans:
Umax = 10.4m /s
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12-145.

The particle travels with a constant speed of 300 mm/s y (mm)
along the curve. Determine the particle’s acceleration when

it is located at point (200 mm, 100 mm) and sketch this —
vector on the curve.

20(10%)
X

SOLUTION
v = 300 mm/s
dv
=—=0
@
I x (mm)
~20(10%)
- X
d 20(10°
dyf o 200 s
dx | =200 X
& 40(10° be
Dyl U0 _ S
x| x=200 x A= 322,000
T+ (22 [+ (- 05
oo de)} RS S,
d _
o ‘5(10 %) 0:20.°
2 (300)°
= = =32 2
a, p 7795 322 mm/s x
a = \/a,2 + aﬁ |
= V(0)* + (322)* = 322 mm/s’ Ans.
dy
Si — = -0.5
1nce dx .
6 = tan '(—0.5) = 26.6°F Ans.
Ans:
a = 322 mm/s’
6 = 26.6°F
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12-146.
The train passes point B with a speed of 20 m/s which is y
decreasing at a, = —0.5 m/s%. Determine the magnitude of x

y =200 1000

acceleration of the train at this point.

SOLUTION
Radius of Curvature: *
——400 m—
y = 200e1000
dy 1 X X
Rt AT 1000 = ().2¢1000
dx 00(1000)e 0.2¢
d*y _x _x
— =02 1000 = 0.2(1073)e1000°
dx? (1000)6 (10%)e
32
_x \2
{ (dy)zr/z 1+ <0.2 e1000>
1+ (==
= dx = — 3808.96 m
p 7y o :
o 0.2(1073 1000
x=400 m
=0/050m)$’ =/66l’
Acceleration: an ¢
a,=v = —-05m/s’
v 202
= = =01 2
== 350806 - 01050 m/s 86°
. . . . QA=0-5mf5* 0X=II
The magnitude of the train’s acceleration at B is a)
a=\a+d= \/(_0.5>2 + 010502 = 0.511 m/s? Ans.

Ans:
a =0511m/s?
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12-147.

The train passes point A with a speed of 30 m/s and begins y

to decrease its speed at a constant rate of a, = —0.25 m/s. x
Determine the magnitude of the acceleration of the train y =200 1000

when it reaches point B, where s 45 = 412 m.

SOLUTION

Velocity: The speed of the train at B can be determined from

~——400 m——

ve® = vl + 2a,(sp — sa)

vt =307 + 2(—0.25)(412 — 0)

vp = 26.34 m/s

Radius of Curvature:
y = 200e1®
dy x
—— = (.2¢™™
dx ¢
d*y r
— -3\ ,7000
—5 = 02107 et
27732

1+(@)2 011+ | 0.2ew
dx

p= . = = 3808.96 m
d-y o\
0.2(1073 )emom

dx’

x=400 m

Acceleration:
a, =v=—-025m/s?

Vo 26347
=—= = 0.1822 m/s’
4n= = 350896 01822 m/s

The magnitude of the train’s acceleration at B is

a=\Vda+d = \/(_0_5)2 + 0.18222 = 0.309 m/s? Ans.

Ans:
a = 0.309 m/s?
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*12-148.

The jet plane is traveling with a speed of 120 m/s which is y
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 y =15 1n< % )
X axis.
80m‘>‘
/ |
SOLUTION
x
=15In|
g “(80)
d
v_Db = 0.1875
dx X lx=8m
& 15
7}2) = = —0.002344
dx x|y =80m
dy 2}3/2
1+
d?y
x=80m dx2 x=80m
[1 + (0.1875)%
= =4494m
| —0.002344|
v (1200
=—=——-=3204 2
= T 4494 m/s
a, = —40 m/s*
a = V(—40)> + (32.04)> = 51.3m/s’ Ans.
Since
dy
— = tan§ = 0.1875
dx
6 = 10.6° Ans.
Ans:
a =51.3m/s
0 = 10.6°
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12-149.

The jet plane is traveling with a constant speed of 110 m/s y
along the curved path. Determine the magnitude of the
acceleration of the plane at the instant it reaches

point A(y =0). y=15 ln(%)

80 mﬂ‘

SOLUTION

X

=15In(—

Y n(so)
dy 1
@B - 01875
dx X [x=80m
d? 1
£ **2 = —0.002344
dx X

x=80m

dv\213/2
(@)
_ dx
d
x=80m dx? x=80m
[1+ (0.1875)2 %2
= = 4494 m
|—0.002344|
2 (110)?

g, =L = (7) =26.9m/s?

" p 4494

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

a=a,=269m/s Ans.

Ans:
a =269m/s’

159




© Pearson Education Limited 2017. 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.

12-150.

Particles A and B are traveling counterclockwise around a
circular track at a constant speed of 8 m/s. If at
the instant shown the speed of A begins to increase by
(a;)4 =(0.4s,) m/s>, where s, is in meters, determine the
distance measured counterclockwise along the track from B
to A when ¢t = 1s. What is the magnitude of the
acceleration of each particle at this instant?

SOLUTION
Distance Traveled: Initially the distance between the particles is

120°
dy = pdf = 5(1800

When ¢ = 15, B travels a distance of

dg = 8(1) = 8m

)77' = 1047 m

The distance traveled by particle A is determined as follows:

vdv = ads

/ vdy = / 0.4 sds
8m/s 0

v = 0.6325Vs* + 160
_ds
v

dt

/t g = /S ds
0 0 0.6325Vs? + 160

PR S Vs> + 160 + s
0.6325 V160

s = 8.544 m

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

2 2
(a4 =2 = 9‘6:5 = 18.64 m/s>
p

The magnitude of the A’s acceleration is

a, = V3.4176* + 18.64> = 19.0 m/s*

For B,whent = 1s,

(H[)B = \'/A = 0
2 2
8

(a,)p = %B = % = 1280m)s?

The magnitude of the B’s acceleration is

ag = VO + 12.80° = 12.8 m/s?

@

Ans.

Ans.

Ans.

Ans:
d=110m

ay = 19.0m/s
ag = 12.8m/s?
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12-151.

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 = 0.8¢ 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?

SOLUTION

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

120°
= 5( 1 80"77) = 10.47 m. Since particle B travels with a constant acceleration,

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

1
sp=0+ 80+ (4 = (81 +27)m 1]
The distance traveled by particle A can be obtained as follows.

d'UA = ay dt

vy t
/ dvy = / 0.8 tdt
8m/s 0

vy = (0472 + 8) m/s 121
dSA = Uy dt
Sa t
/ ds, = / (0.472 + 8) dt
0 0
s4 = 013333 + 8¢

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

0.1333¢° + 8¢ + 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( 77) + sp.This equation will result in

t =14.6s > 2.51s.

Acceleration: The tangential acceleration for particle A and B when ¢t = 2.5074 are
(a)4 = 0.8t = 0.8(2.5074) = 2.006 m/s> and (a,)5 = 4 m/s?, respectively. When
t = 2.5074 s,from Eq.[1],v4 = 0.4(2.50742> + 8 = 10.51 m/sand vy = (vg)p + a.t
=8 + 4(2.5074) = 18.03 m/s.To determine the normal acceleration, apply Eq. 12-20.

2 2
1051
(a)4 = -2 = = 2211 m/s
p 5
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 = V(a)h + (a)s = V& + 65017 = 65.1 m/s? Ans.

Ans:

t=251s
a, = 222m/s
ag = 65.1m/s?
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*12-152.

A particle P moves along the curve y = (x> — 4) m with a
constant speed of 5 m/s. Determine the point on the curve
where the maximum magnitude of acceleration occurs and
compute its value.

SOLUTION
y= -4

dv
a = E =0,

To obtain maximum a = a,, p must be a minimum.

This occurs at:

x=0, y=—-4m

Hence,
dy d*y
dx x=0 * ’ xz
dy\?7]:
@] e
_ dx _[1+0p 1
P i diy ST 2
dx?
2 52
(D max = (@)max = 2= T 50 m/52
Pmin 2

Ans.

Ans.

rn

lgffxl‘_*\i

Ans:
x=0, y=-4m
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12-153.

When the bicycle passes point A, it has a speed of 6 m/s,
which is increasing at the rate of ¥ = (0.5) m/s’. Determine
the magnitude of its acceleration when it is at point A.

SOLUTION

Radius of Curvature:

X
y=12 ln(%)

D L)Ly
dx  \x/20/\20) «x

dy__12
dx? x?
2732 27732
1+ (dy ) 1y (12
= dx = i = 226.59
p= &y = ’7 [P = 59 m
dx? x? x=50m
Acceleration:
a, = v = 0.5m/s?
v? 6
=—= = 0.1589 m/s’
I T 22659 m/s
The magnitude of the bicycle’s acceleration at A is
a=Va?+ a2 =05+ 01589 = 0.525 m/s? Ans.

Ans:
a=0.525m/s’
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12-154.

A particle P travels along an elliptical spiral path such z
that its  position vector r is defined Dby
r = {2cos(0.1¢)i + 1.5sin(0.1¢)j + (2¢)k} m, where ¢ is in
seconds and the arguments for the sine and cosine are given
in radians. When ¢ = 8s, determine the coordinate
direction angles «, 3, and vy, which the binormal axis to the
osculating plane makes with the x, y, and z axes. Hint: Solve
for the velocity vp and acceleration ap of the particle in
terms of their i, j, k components. The binormal is parallel to
vp X ap. Why?

A
L/

SOLUTION \

rp = 2 cos (0.19)i + 1.5sin (0.12)j + 2tk

vp = = —02sin (0.10)i + 0.15 cos (0.11)j + 2k x
ap =t = —0.02 cos (0.1¢)i — 0.015 sin (0.1¢)j

Whent = 8s,

vp = —0.2sin (0.8 rad)i + 0.15 cos (0.8 rad)j + 2k = —0.143 47i + 0.104 51j + 2k

ap = —0.02 cos (0.8 rad)i — 0.015 sin (0.8 rad)j = —0.013 934i — 0.010 76

Since the binormal vector is perpendicular to the plane containing the n—t axis, and
a, and v, are in this plane, then by the definition of the cross product,

i i k
b=vpxap=|-014347 010451 2| = 0.02152i — 0.027 868j + 0.003k
-0.013934 —0.01076 0

b = V(0.02152)> + (—0.027868)2 + (0.003)2 = 0.035 338

u, = 0.608 99i — 0.788 62j + 0.085k

a = cos 1(0.608 99) = 52.5° Ans.
B = cos '(—0.788 62) = 142° Ans.
y = cos1(0.085) = 85.1° Ans.
Note: The direction of the binormal axis may also be specified by the unit vector
u, = —u,, which is obtained from b’ = a, X v,.

For this case,« = 128°, B = 37.9°, y = 94.9° Ans.

Ans:

a = 52.5°
B = 142°
y = 85.1°

R

= 128°,8 = 37.9°%, y = 94.9°
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12-155.

If a particle’s position is described by the polar coordinates
r=4(1 +sins) mand 6 = (2¢™) rad, where ¢ is in seconds
and the argument for the sine is in radians, determine the

radial and transverse components of the particle’s velocity
and acceleration whent = 2s.

SOLUTION
Whent = 2,

r = 4(1+sint) = 7.637
r=4cost = —1.66459
¥ = —4sint = —3.6372
0=2e"

0 =—-2e"=—027067

6 =2e" = 0.270665

v, =7 = —1.66m/s

vy = 6 = 7.637(—0.27067) = —2.07 m/s

a, =¥ —r(0)? = —3.6372 — 7.637(—0.27067)*> = —4.20 m/s

ag = 10 + 270 = 7.637(0.270665) + 2(—1.66459)(—0.27067) = 2.97 m/s>

Ans.
Ans.
Ans.

Ans.

Ans

v, = —1.66 m/s
vy = —2.07m/s
a. = —420m/s
ay = 2.97 m/s’
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*12-156.

A particle travels around a limagon, 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.

SOLUTION

r=b—acosf

a sin 660

~.
Il

= acos 0% + asin 60

~.
|

v, =F = asin 66

vy =r0 = (b — acos0)d

a, =7 — r6® = acos 06> + asin 66 — (b — a cos 6)6°
= (2acosf — b) 6> + asin 66

ag=1r0 + 270 = (b — acos 6)f + Z(asinﬂé)é

= (b — acos )6 + 2a6*sin 6

Ans.

Ans.

Ans.

Ans.

v, =F = asin 60

vy =r6 = (b— acosb)b

(2a cos § — b) 6% + asin 06
ag = (b — acos 6)8 + 2ab*sin 6

Q
$
Il
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12-157. A particle moves along a circular path of radius
300 mm. If its angular velocity is 8 = (2¢%) rad/s, where ¢ is
in seconds, determine the magnitude of the particle’s
acceleration whent = 2s.

SOLUTION

Time Derivatives:
F=7r=0
0 =27 = 8rad/s 6= 4l|,:2S = 8rad/s’

Velocity: The radial and transverse components of the particle’s velocity are
v,=i=0 ve = rf = 0.3(8) = 2.4 m/s

Thus, the magnitude of the particle’s velocity is

v= V2 + vt = VR + 242 =24m/s Ans.

Acceleration:
a,=7—r6®=0-03(8) = ~192m/s’
ag =16+ 2i0 = 03(8) + 0 = 2.4 m/s>

Thus, the magnitude of the particle’s acceleration is

a=Va?+ a2 =V(-192) + 2.4 = 193 m/s> Ans.

Ans:
v =24m/s
a=193m/s?
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12-158.

For a short time a rocket travels up and to the right at a
constant speed of 800 m/s along the parabolic path
y = 600 — 35x%. Determine the radial and transverse
components of velocity of the rocket at the instant 6 = 60°,
where 6 is measured counterclockwise from the x axis.

SOLUTION
y = 600 — 35x2
y = —70xxk
dy
—~ = -170,
dx x
tan 60° = 4
X
y = 1.732051x

1.732051x = 600 — 35x*

x% + 0.049487x — 17.142857 = 0
Solving for the positive root,

x = 41157 m

dy
tanf’ = — = —288.1
dx

6’ = 89.8011°

¢ = 180° — 89.8011° — 60° = 30.1989°
v, = 800 cos 30.1989° = 691 m/s

vy = 800 sin 30.1989° = 402 m/s

Ans.
Ans.

Ans:
v, = 691 m/s
v = 402 m/s
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12-159.

The box slides down the helical ramp with a constant speed
of v = 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 » = 0.5 m.

SOLUTION

L 1
Velocity: The inclination angle of the ramp is ¢ = tan™! P tan_1|:2ﬂ_(0'5)J = 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,

Vo = rt‘)
1.906 = 0.50

6 = 3.812rad/s

Acceleration: Since r = 0.5 m is constant, 7 = 7 = O.Also,éis constant, then 6 = 0.
Using the above results,

a, =7 — r® =0 — 0.5(3.812)> = —7.264 m/s’

ag = r6 + 210 = 0.5(0) + 2(0)(3.812) = 0

Since v, is constant a, = 0.Thus, the magnitude of the box’s acceleration is

a=Va?+a?+a?=\(-7264)%+ 0> + 0 = 726 m/s’ Ans.

Ans:
a=1726m/s>
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*12-160. The box slides down the helical ramp such that
r=05m,60 = (0.5/) rad,and z = (2 — 0.2*) m, where t is
in seconds. Determine the magnitudes of the velocity and
acceleration of the box at the instant § = 27 rad.

SOLUTION
Time Derivatives:
r=205m
F=F=0
6 = (1.5t2) rad/s 6 = (3) rad/s?
7=2-02"
z = (=0.4t) m/s z7=-04 rn/s2
When 0 = 27 rad,
27 = 0.5 t=2325s
Thus,
623255 = 1.5(2.325)” = 8.108 rad/s
023055 = 3(2325) = 6.975 rad/s’
Zmamss = —0.4(2.325) = —0.92996 m/s
Zmamss = —0.4 m/s?
Velocity:
v, =7r=0

vy = 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="Vu,2+ 1% + 0,2 = V0 + 405385 + (—0.92996)* = 4.16 m/s
Acceleration:
a,=7%—r6® =0 — 05(8.108)> = —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?+ a2 = \V(-32867)> + 3487> + (—0.4)? = 33.1 m/s’

Ans.

Ans.

Ans:
v=416m/s
a = 33.1m/s?
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12-161.

If a particle’s position is described by the polar coordinates
r = (2sin20) m and 0 = (4¢) rad, where ¢ is in seconds,
determine the radial and transverse components of its
velocity and acceleration when ¢ = 1.

SOLUTION
Whent = 15,
0=4r=4

6 =4

6=0

r = 2sin 20 = 1.9787

4cos206 = —2.3280

~-
Il

¥

v, =71 =-233m/s

vy = rf = 1.9787(4) = 7.91 m/s

a, =7 — ()’

a9=ré+2i9

—8sin 26(6)> + 8 cos 206 = —126.638

—126.638 — (1.9787)(4)*> = —158 m/s’

1.9787(0) + 2(—2.3280)(4) = —18.6 m/s’

Ans.

Ans.

Ans.

Ans.

Ans:

v, = —233m/s
vy = 791 m/s
a, = —158 m/s?
ay = —18.6 m/s’
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12-162.

If a particle moves along a path such that r= () m and 6 =1,
where ¢ is in seconds, plot the path r= f(6), and determine the
particle’s radial and transverse components of velocity and

acceleration.

SOLUTION

r=e" F=ae" 7= d%”

6=t b=1  §=0 r=e*
v, =i = aqe” Ans. e )/

v, =1 = e“(1) = e Ans.

a, =7 — r0* = a?e™ — “(1)> = e“(a®> — 1) Ans. K_/

ag = 1 + 270 = e™(0) + 2(ae™)(1) = 2ae™ Ans.

Ans

v, = ae”

vy = e

a, = e"(a®—1)
ag = 2ae”
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12-163.

A radar gun at O rotates with the angular velocity of
6 = 0.1 rad/s and angular acceleration of 6 = 0.025 rad/ s,
at the instant 6 = 45°, as it follows the motion of the car
traveling along the circular road having a radius of
r = 200 m. Determine the magnitudes of velocity and
acceleration of the car at this instant.

SOLUTION
Time Derivatives: Since r is constant,
r=r=0
Velocity:
v,=1r=0
vy = rf = 200(0.1) = 20 m/s

Thus, the magnitude of the car’s velocity is

v = \/v,2 + vy = V02 + 202 = 20 m/s
Acceleration:

a, =i — r6* = 0 — 200(0.1%) = —2 m/s?

ag = rf + 2i9 = 200(0.025) + 0 = Sm/s>

Thus, the magnitude of the car’s acceleration is

a= \/a,2+ ag = \/(—2)2 + 5% = 539 m/s?

Ans.

Ans.

Ans:
v =20m/s
a = 539m/s?

173




© Pearson Education Limited 2017. 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.

*12-164.
The small washer is sliding down the cord OA. When it is at b4
the midpoint, its speed is 28 m/s and its acceleration is
7 m/s2. Express the velocity and acceleration of the washer %,A\\
at this point in terms of its cylindrical components. / :
6 m

SOLUTION

The position of the washer can be defined using the cylindrical coordinate system
(r, 6 and z) as shown in Fig. a. Since 6 is constant, there will be no transverse com-
ponent for v and a. The velocity and acceleration expressed as Cartesian vectors are

_ . (_Fao) _ (0 —2)i + (0 —3)j + (0 — 6)k
V_U( ) 28{\/(0—2)24- (0—3)2+ (0_6)2
aza(_rﬁ):7{ (0—2)i+ (0—-23)j+ (00— 6)k

} = {-8i — 12j — 24k} m/s
a0

} = {~2i - 3j — 6k} m’/s

A0 VO =22 + (0 -3+ (0 — 6)2
u:rOJ: 23 _ 2 i+ 3 j
"ros V2432 VI3 V13
u, =k

Using vector dot product

v,=v-u = (-8i—12j - 24k)-(%i + %J) = 78(%) + {*12<%)} = —1442m/s @)
v,=v-u, = (-8i—12j — 24k)- (k) = —24.0m/s

am = (i —3i—6l (i ) - o) () = - 2
a=a-u = (—2i—3j—6k) (\/ﬁl‘i‘\/ﬁJ) 2(\/ﬁ)+[ 3(\/§)} 3.606 m/s
a,=au, =(—2i—3j—6k) -k =—6.00m/s

Thus, in vector form
v={-142u, — 240u,} m/s Ans.
a = {-3.61lu, — 6.00u,}m/s Ans.

These components can also be determined using trigonometry by first obtain angle ¢
shown in Fig. a.

2+3+6=7m OB=V2+3=VI3

Thus,
sin ¢ = éand cos ¢ = j Then
7 7
V1
v, = —VCOS P = 728(73) = —1442m/s
. 6
v, = —vsin¢d = —28 5)= —24.0m/s
V13
a, = —acos$p = —7 T) = —3.606 m/s
. 6 2
a, = —asin¢p = —7 7)= —6.00 m/s

Ans:
v = {-142u, — 24.0u,} m/s
a = {-3.6lu, — 6.00u,} m/s’
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12-165.

The time rate of change of acceleration is referred to as the
jerk, which is often used as a means of measuring passenger
discomfort. Calculate this vector, a, in terms of its
cylindrical components, using Eq. 12-32.

SOLUTION
a=7—r2)u, + (10 + 20 |u
(8o (i + 20

a= (r i~ 2ré’é>u, + ('r
uZ

But,u, = 6u, u, = —6u, u, =0

u;

Substituting and combining terms yields

a= (r - 367 — Sréé)u, + (3?5 + 16+ 370 — ré3)u(, + (E)uz

Ans.

o+ 2
_ réz)ilr + (f'e' + ro + 270 + 2ié>u9 + <ré + Zié)ﬁg +Fu, + 70,

Ans:
a=(r — 3r9> — 3r66)u,
+ (370 + 70 + 370 — r6)u, + (2)u,
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12-166. A particle is moving along a circular path having a
400-mm radius. Its position as a function of time is given by
0= (2% rad, where ¢ is in seconds. Determine the magnitude of
the particle’s acceleration when 6 = 30°. The particle starts
from rest when 6 =0°.

SOLUTION
01
t=|— t=0.51s
b
r = 400 mm b = 2 rad /s Oy = 30°
2 .
0 = bt g = 2bt g = 2b
2
a= \/(—r 92) + (rH')2 a=232m/s>  Ans.

Ans:
a = 2.32 m/s?
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12-167.

The slotted link is pinned at O, and as a result of the
constant angular velocity § = 3 rad/s it drives the peg P for
a short distance along the spiral guide r = (0.4 6) m, where
0 is in radians. Determine the radial and transverse
components of the velocity and acceleration of P at the
instant = /3 rad.

SOLUTION

6 =3rad/s r=040
F=040
7 =040

At 6 = g r = 0.4189

F=04(3) =120

7 = 0.4(0) = 0
v=7=120m/s
vy = rf = 0.4189(3) = 1.26 m/s
a, =7 —r?=0 — 041893)> = —3.77 m/s’

ag =rf + 219 = 0 + 2(1.20)(3) = 7.20 m/s

Ans.
Ans.
Ans.

Ans.

Ans:

v, = 120m/s
vy = 1.26 m/s
a, = —3.77m/s’
ay = 720m/s?
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*12-168. At the instant shown, the watersprinkler is
rotating with an angular speed # = 2 rad/s and an angular
acceleration § = 3 rad/s’. If the nozzle lies in the vertical
plane and water is flowing through it at a constant rate of
3 m/s,determine the magnitudes of the velocity and acceleration
of a water particle as it exits the open end, =02 m.

SOLUTION
0 = 2rad /s
@' = 3rad /s
rr=3m/s
r=02m
V= r'2+(r6?)2

a= \/<—r 52)2 +(ro" + 2r'9)2

v=23.03m/s

a = 12.63m/s

Ans.

Ans.

Ans:
v =3.03m/s
a = 12.63m/s2
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12-169.

At the instant shown, the man is twirling a hose over his
head with an angular velocity 6 = 2 rad/s and an angular
acceleration 6 = 3 rad/s2. If it is assumed that the hose lies
in a horizontal plane, and water is flowing through it at a
constant rate of 3 m/s, determine the magnitudes of the
velocity and acceleration of a water particle as it exits the
open end, r=1.5 m.

SOLUTION
r=15
=3

F=0

0=2

6=3

v,=r =3

vy =r = 152) =3

v="V(3)?+ (3)*=424m/s

a, =7 —r0)?=0-152)7>=6
ag=r6 + 2 =153) +23)(2) = 165
a=V(6)?+ (1657 = 17.6 m/s>

6 =2rad/s
6 = 3 rad/s®

Ans:
v =424m/s
a=17.6m/s’
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12-170.

The partial surface of the cam is that of a logarithmic spiral
r = (40e"%% mm, where 6 is in radians. If the cam is rotating
ata constant angular rate of 6 =4 rad/s, determine the
magnitudes of the velocity and acceleration of the follower
rod at the instant 6 = 30°.

SOLUTION
r = 4060'056
= 200509

. 2 ..
= 0.1e°»059<0) +2e%% 7%

o=

6
6 =—4
6=0

r = 40e “%() = 41.0610
7 = 2¢ ") (—4) = -8.2122
¥ = 0.1e ") (—4)2 + 0 = 1.64244

v =7 =-82122=821 mm/s

a =7 —r6®=164244 — 41.0610(—4)> = —665.33 = —665 mm/s2

Ans.

Ans.

b=4 rad/s

Ans:
v, = 821 mm/s
a = —665 mm/s>
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12-171.

Solve Prob. 12-170, if the cam has an angular acceleration
of § = 2rad/s® when its angular velocity is § = 4 rad/s at

0 = 30°.
SOLUTION

~—_ 7
r = 400050 6=4radfs
= 260050

v 0160.050(9)2 + 260050

h_ T

6
6=—4
b= -2

r = 40e°95) = 41.0610

7 = 2000 (—4) = 82122
7= 01006 (—4)? + 262N (—2) = —2.4637
v =7 =82122 = 821 mm/s Auns.

a=F¥—rf2 = —24637 — 41.0610(-4)> = —659 mm/s>  Awns.

Ans:

v = 821 mm/s
a= —659 mm/s>
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*12-172.

A cameraman standing at A is following the movement of a

race car, B, which is traveling around a curved track at a I

constant speed of 30 m/s. Determine the angularrate 6 at
which the man must turn in order to keep the camera
directed on the car at the instant § = 30°.

SOLUTION
r = 2(20) cosf = 40 cos 0
i =—(40sin6)6
v=riu+réu,

(30)2 = (—40sin0)%(0)> + (40 cos0)(H)?

v

(30)> = (40)%[sin® 6 + cos® 0]()?

30

6 =" = 0.75rad/s Ans.

40

vg =30m/s

&
8
T
A0m
Ans:
6 = 0.75 rad/s
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12-173.

The car travels around the circular track with a constant
speed of 20 m/s. Determine the car’s radial and transverse
components of velocity and acceleration at the instant

r= (400 cos §) m

6 = /4 rad.
SOLUTION
v =20m/s

m o
0= Z == 45
r = 400 cos 0

F = —400sin 6 0

r = —400(cos 6(6)* + sin 6 )

vt = (#)? + (r6)?

0 = rr + r9(r6 + rf)

Thus

r=282.84

(20)*> = [—400 sin 45° 0]* + [282.84 6]
6 = 0.05

P=—14.14

0 = —14.14[—400(cos 45°)(0.05)* + sin 45° 6] + 282.84(0.05)[—14.14(0.05) + 282.840]

=0

F=—0.707

v, =r = —l41m/s Ans.
vy = rf = 282.84(0.05) = 14.1 m/s Ans.
a, =71 —r ()= —0.707 — 282.84(0.05)> = —1.41 m/s’ Ans.
ag =10 + 279 = 0 + 2(—14.14)(0.05) = —1.41 m/s’ Ans.

Ans:

v, = —141m/s
vg = 141 m/s
a, = —1.41m/s?
ay = —1.41 m/s?
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12-174.

The car travels around the circular track such that its
transverse component is # = (0.0062) rad, where ¢ is in
seconds. Determine the car’s radial and transverse
components of velocity and acceleration at the instant¢ = 4.

r= (400 cos 0) m

SOLUTION

6 = 0.006 t*|,—, = 0.096 rad = 5.50°
6 = 0.012 t],—, = 0.048 rad/s

6 = 0.012 rad /s>

r = 400 cos 6

r = —400sin 6 0

F = —400(cos 6 (6)* + sind 6)

At 6 = 0.096 rad

r=398.158m

r = —1.84037 m/s

¥ = —1.377449 m/s’

v,=r=—184m/s Ans.
vy = r6 = 398.158(0.048) = 19.1 m/s Ans.
a, =1 — r(0)> = —1.377449 — 398.158(0.048)> = —2.29 m /s’ Ans.
ay = r0 = 2r0 = 398.158 (0.012) + 2(—1.84037)(0.048) = 4.60 m /s’ Ans.

Ans

v, = —1.84m/s
vy = 19.1m/s
a, = —229m/s?
ay = 4.60 m/s?
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12-175.

A block moves outward along the slot in the platform with
aspeed of 7 = (4¢) m/s, where ¢ is in seconds. The platform
rotates at a constant rate of 6 rad/s. If the block starts from
rest at the center, determine the magnitudes of its velocity
and acceleration when ¢ = 1.

SOLUTION
=t =4 F=4

0=6 6=
0

0
1 1
/ dr = At dt
0
r=22)=2m
v=V(iP+ (0 = V@ + 26)] = 12.6 m/s Ans.

a="\(F —ré?)2+ (16 +270)2 = V4 — 267F+ [0 + 24)(6)] Ans.
= 832m/s’

Ans
v =12.6m/s
a = 832m/s?
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*12-176. The pin follows the path described by the equation

r=(02+015cosf)m. At the instant 6 = 30° 1 F =02 + 015 cos 0
6 = 0.7 rad/s and 6 = 0.5 rad/s®. Determine the magnitudes
of the pin’s velocity and acceleration at this instant. Neglect
the size of the pin. ;
Y
— o
6 = 0.7 rad/s

SOLUTION

a=02m

b=015m

0 = 30°

¢ = 0.7 rad /s

@' = 0.5rad /s

0=0
r=a-+ bcos(@) r = —bsin(H)H ' = —bcos(¢9)¢92 - bsin(H)H'
v=yrii(ra)? v=0237m/s  Ans.
a= \/(r - ngz)2 +(rg' + 2r0)? a=0278m/s>  Auns.

Ans:
v=0.237m/s
a=0278m/s’
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12-177.

The rod OA rotates clockwise with a constant angular velocity
of 6 rad /s. Two pin-connected slider blocks, located at B,move
freely on OA and the curved rod whose shape is a limagon
described by the equation r =200(2 — cos §) mm. Determine
the speed of the slider blocks at the instant § = 150°.

SOLUTION

Velocity. Using the chain rule, the first and second time derivatives of r can be
determined.

r = 200(2 — cos 6)
7 =200 (sin 0) = {200 (sin 6) 6} mm /s
¥ = {200[(cos 0)6” + (sin 0)A]} mm /s>
The radial and transverse components of the velocity are
v, = F = {200 (sin )8} mm/s
vy = rf = {200(2 — cos §)8} mm/s
Since 6 is in the opposite sense to that of positive 0,0 = —6rad /s. Thus,at 0 = 150°,
v, = 200(sin 150°)(—=6) = —600 mm/s
vg = 200(2 — cos 150°)(=6) = —3439.23 mm/s

Thus, the magnitude of the velocity is

v= Vo> + v} V(-600)2 + (—3439.23)2 = 3491 mm/s = 349 m/s Ans.

These components are shown in Fig. a

%=343?-245:7M/5
\/
2/

/4

Yr=6ooinm - A-i50°

Ans:
v =349m/s
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12-178.

Determine the magnitude of the acceleration of the slider
blocks in Prob. 12-177 when 6 = 150°.

SOLUTION

Acceleration. Using the chain rule, the first and second time derivatives of r can be
determined

r = 200(2 — cos 6)
F =200 (sin )8 = {200 (sin 6)6 } mm /s
r = {200[(cos 0)§> + (sin 6)6] } mm /s

Here, since 6 is constant, § = 0. Since 6 is in the opposite sense to that of positive 6,
6 = —6rad/s.Thus,at § = 150°

r = 200(2 — cos 150°) = 573.21 mm

r = 200(sin 150°)(—=6) = —600 mm/s

7 = 200 (cos 150°)(—6)? + sin 150°(0) | = —6235.38 mm /s’
The radial and transverse components of the acceleration are
a, =1 — 9> = —6235.38 — 573.21 (—6)> = —26870.77 mm/s*> = —26.87 m/s
ag = 16 + 219 = 573.21(0) + 2(—600)(—6) = 7200 mm/s*> = 7.20 m /s

Thus, the magnitude of the acceleration is

a=Vd+a = V(2687 + 720> = 27.82m/s* = 27.8 m/s> Ans.

These components are shown in Fig. a.

ar 2%'37’”/5&

&=ls0’

600 mm

Ans:
a =278m/s*
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12-179.

The rod OA rotates counterclockwise with a constant

angular velocity of 6 =5 rad /s. Two pin-connected slider

blocks, located at B, move freely on OA and the curved rod

whose shape is a limacon described by the equation A
r =100(2 - cos #) mm. Determine the speed of the slider

6 =5rad/s

blocks at the instant 6 = 120°. B
,
6
N
‘\JO *
SOLUTION
6=>5

r = 100(2 — cos 6)

¥ = 100 sin 0 = 500 sin 6

¥ = 500 cos 80 = 2500 cos 0

At6 = 120°,

v, = F = 500 sin 120° = 433.013

vy = 0 = 100 (2 — cos 120°)(5) = 1250

v = V(433.013)> + (1250)2 = 1322.9 mm/s = 1.32m/s Ans.

r =100 (2 — cos §) mm

Ans:
v =132m/s
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*12-180.

Determine the magnitude of the acceleration of the slider

blocks in Prob. 12-179 when 6 = 120°.
A

6 =5rad/s

SOLUTION
=5
=0

r = 100(2 — cos 6) r =100 (2 — cos ) mm

=100 sin 69 = 500 sin 6

¥ = 500 cos 86 = 2500 cos 6

a, = r — r6> = 2500 cos  — 100(2 — cos 6)(5)* = 5000(cos 120° — 1) = —7500 mm /s
a, = rf + 2r6 = 0 + 2(500 sin 6)(5) = 5000 sin 120° = 4330.1 mm /s’

a = V(=7500)% + (4330.1)? = 8660.3 mm/s? = 8.66 m/s> Ans.

Ans:
a = 8.66m/s’
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12-181. The slotted arm AB drives pin C through the
spiral groove described by the equation r = af. If the
angular velocity is constant at , determine the radial and
transverse components of velocity and acceleration of the pin.

SOLUTION

Time Derivatives: Since 6 is constant, then 6 =0.
r = af i =ab F=ab =0
Velocity: Applying Eq. 12-25, we have
v, =F = ad
vy = 1o = ab
Acceleration: Applying Eq. 12-29, we have
a, =7 — r6* =0 — abp* = —aff?

ag =10 + 270 = 0 + 2(ab)(0) = 2a6?

Ans.

Ans.

Ans.

Ans.

Ans:

v = ab
Vg = 6100
a, = —abf?
ay = 2ab?
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12-182. The slotted arm AB drives pin C through the spiral
groove described by the equation r = (1.5 6) m, where 6 is in
radians. If the arm starts from rest when 6 = 60° and is driven
at an angular velocity of § = (4f) rad /s, where ¢ is in seconds,
determine the radial and transverse components of velocity
and acceleration of the pin C when t=1s.

SOLUTION

Time Derivatives: Here, 6 = 47 and 6 = 4 rad/s%.

r=150 F=150=154)=6 ¥=1560=15(4)=6m/s

0 ‘
1
Velocity: Integrate the angular rate, / do = / 4tdt, we have 0 = 3 (682 + ) rad.
z 0
3

Then,r = {;(6# + w)}m. Att=1sr= %[6(12) + @] = 4571 m,7 = 6(1) = 6.00m/s
and § = 4(1) = 4 rad/s. Applying Eq. 12-25, we have
v, =7 = 6.00m/s Ans.
vy = r = 4571 (4) = 183 m/s Ans.
Acceleration: Applying Eq. 12-29, we have
a, =7 —ré> = 6 — 4571(4*) = —67.1 m/s’ Ans.

ay = rb + 2i6 = 4571(4) + 2(6) (4) = 66.3 m/s? Ans.

Ans:

v, = 6.00m/s
vy = 183 m/s
a, = —67.1 m/s’
ay = 66.3 m/s’
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12-183. If the cam rotates clockwise with a constant
angular velocity of 6 =5 rad /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
limagon defined by = (200 + 100 cos #) mm.

SOLUTION

Time Derivatives:

r = (200 + 100 cos ) mm

¥

7 —100[sin 66 + cos 092] mm/s’ 6=0

When 6 = 30°,
P30 = 200 + 100 cos 30° = 286.60 mm

Ho=s0r = —10055in 30°(5) = —250 mm/s

Ho—so- = —100[0 + cos 30°(5?) | = —2165.06 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, =¥ — rf? = —2156.06 — 286.60(5%) = —9330 mm/s>

(—100 sin 66) mm/s 6 = 5rad/s

Ans.

Ans.

__r=(200 + 100 cos ) mm

Ans:

v, = —250 mm/s
a, = —9330 mm /s’
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*12-184. At the instant 6 = 30°, the cam rotates with a
clockwise angular velocity of § = 5 rad/s 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 limacon
defined by r = (200 + 100 cos ) mm.

SOLUTION

Time Derivatives:

r = (200 — 100 cos ) mm

= (—100 sin 66) mm/s
= —100[sin 06 + cos 052] mm/s>
When 6 = 30°,

r|9:3oo = 200 + 100 cos 30° = 286.60 mm

Hosor = —10055in 30°(5) = —250 mm/s

Plo—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 — rf® = —2465.06 — 286.60(5%) = —9630 mm/s

Ans.

Ans.

__r=(200 + 100 cos ) mm

Ans:

v, = —250 mm/s
a, = —9630 mm/s’
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12-185.

A truck is traveling along the horizontal circular curve of
radius 7 = 60m with a constant speed v = 20m/s.
Determine the angular rate of rotation 6 of the radial line r
and the magnitude of the truck’s acceleration.

SOLUTION

r =60

F=0

F=0

v =20
v,=F=0

vy =1r6=0600

v =V, + @)
20 = 606

6 = 0333 rad/s

a, =7 — ()

0 — 60(0.333)?

- 6.67m/s?

ag = o + 20

= 606

Since

v =rf

V=170 + 1
0=0+606

6=0

Thus,

ayg =0

a = |a,| = 6.67m/s

Ans.

Ans.

Ans:
6 = 0333 rad/s
a = 6.67m/s
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12-186.

A truck is traveling along the horizontal circular curve of
radius = 60 m with a speed of 20 m/s which is increasing
at 3m/s’>. Determine the truck’s radial and transverse
components of acceleration.

SOLUTION
r =60
a, = 3m/s’
2
a, = v % = 6.67 m/s?

a, = —a, = —6.67 m/s’

ap = a, = 3m/s’

Ans.

Ans.

Ans:
a, = —6.67m/s
ay = 3m/s’
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12-187.

The double collar C is pin connected together such that one
collar slides over the fixed rod and the other slides over the
rotating rod AB. If the angular velocity of AB is given as =
(¢"5) tad /s, where ¢ is in seconds, and the path defined by
the fixed rod is r = (0.4 sin 0 + 0.2)| m, determine the radial
and transverse components of the collar’s velocity and
acceleration when ¢ =1 s. When ¢ = 0, # = 0. Use Simpson’s
rule with n =50 to determine 6 at t=1s.

SOLUTION
6 = e"57|,_, = 1.649rad/s
6= et = 1.649 rad/s*

1
0 = / %5 7%dr = 1.195rad = 68.47°
0

r=04sin6 + 0.2
F=04cosf6
¥ = —0.4sin6 6>+ 0.4cos 6 6

Att = 1s,

r= 05721

= 02421

P = —0.7697

v, =F=0242m/s Ans.
vy =16 = 0.5721(1.649) = 0.943 m/s Ans.
a, =7 — 6> = —0.7697 — 0.5721(1.649)>

a, = —2.33m/s’ Ans.

ag = rb + 2i
= 0.5721(1.649) + 2(0.2421)(1.649)
ay = 1.74 m/s? Ans.

02m 02m
Ans:

v, = 0242m/s
vy = 0.943m/s
a, = —2.33m/s
ay = 174 m/s?
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*12-188.

The double collar C is pin connected together such that one
collar slides over the fixed rod and the other slides over the
rotating rod AB. If the mechanism is to be designed so that
the largest speed given to the collar is 6 m/s, determine the
required constant angular velocity 6 of rod AB. The path
defined by the fixed rod is » = (0.4 sin 6 + 0.2) m.

SOLUTION 02m 0.2m
r=04sin0 + 0.2

i =04cos66

v, =7 = 04cos66

vy =r6=(04sin6 + 02)0

VP =02 + v}

(6)*> = [(0.4 cos 6)* + (0.4sin 6 + 0.2)%](6)>

36 = [0.2 + 0.16 sin 6](6)>

The greatest speed occurs when 8 = 90°.

6 = 10.0rad/s Ans.

Ans:
6 = 10.0rad/s
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12-189. For a short distance the train travels along a track
having the shape of a spiral, r = (1000/0) m, where 6 is in

radians. If it maintains a constant speed v = 20m/s,

determine the radial and transverse components of its
velocity when 6 = (97/4) rad.

SOLUTION

1000
0

1000 .
0

Since
V2 = (i) + ()

2 2
20y = (100(10) @ + (100 ) )

(20)* =

2
0+ oy

Thus,

0.026>

V1 + 62

0 =

97
At ="
0 4

6 = 0.140

~1000
= Omia) ——(0.140) = —2.80

v, =7 = —-280m/s

. 1000
—ro = .140) = 19.
vy =10 (Om/d) (0.140) 9.8 m/s

Ans.

Ans.

Ans:

v, = —2.80m/s
= 19.8m/s
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12-190.

For a short distance the train travels along a track having
the shape of a spiral, » = (1000/0) m, where 6 is in radians.

If the angular rate is constant, § = 0.2 rad/s, determine the
radial and transverse components of its velocity and
acceleration when 6 = (97/4) rad.

SOLUTION
6 =02
=0

1000
L

0

F = —1000(6"2)6

¥ = 2000(07)(8)> — 1000(6~2)6

97
When 6 = e
r = 141477
F = —4.002812
¥ = 0226513
v, == —4.00m/s Ans.
vy = rf = 141.477(0.2) = 283 m/s Ans.
a, = F — r(6)® = 0226513 — 141.477(0.2)> = —5.43 m/s> Ans.
ag = rf + 26 = 0 + 2(—4.002812)(0.2) = —1.60 m/s Ans.

Ans:

v, = —4.00m/s
vy = 283 m/s
a, = —543m/s’
ag = —1.60m/s
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12-191.

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°.

r = (100 cos 26) m

\
SOLUTION

Time Derivatives:

r = 100 cos 26

F = (=200 (sin 26)0) m/s

At = 15°,
P15 = 100 cos 30° = 86.60 m
Ho=15 = —200sin 30°0 = —1006 m/s

Velocity: Referring to Fig. a, v, = —40 cos ¢ and v, = 40 sin ¢.

v, =7
—40 cos p = —1000 1
¢ ™
and
Vg = ré ' /
40 sin ¢ = 86.600 2)
Solving Egs. (1) and (2) yields (a >
¢ = 40.89°
6 = 0.3024 rad/s = 0.302 rad/s Ans.

Ans:
6 = 0.302 rad/s
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*12-192.

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.

SOLUTION
Time Derivatives:

r = 100 cos 26

= (=200 (sin 26) 6) m/s

¥ —200[(sin 26) 6 + 2 (cos 26) 92} m/s?

At = 15°,
P15+ = 100 cos 30° = 86.60 m

Flg=1s: = —200 5in 30°6 = —1009 m/s

Hlo1sr = —200[sin 30°6 + 2 cos 30°67] = (—1006 — 346.416%) m/s’

Velocity: Referring to Fig. a, v, = —50 cos ¢ and v, = 50 sin ¢. Thus,

v, =T

—50 cos ¢ = —1000
and

Vg = ré

50sin ¢ = 86.600
Solving Egs. (1) and (2) yields

¢ = 40.89°

6 = 0.378 rad/s

r = (100 cos 26) m

\

@ =5omls

(2)

Ans.

Ans:
6 = 0.378 rad/s
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12-193.

If the circular plate rotates clockwise with a constant
angular velocity of § = 1.5 rad/s, determine the magnitudes
of the velocity and acceleration of the follower rod AB
when 6 = 2/37 rad.

SOLUTION

Time Derivaties:
r = (10 + 5001/2> mm

i = 250720 mm/s

= 25[0_1/29 - %6‘3/292}mm/s2
When 0 = %rad,
rlo= = [10 + 50(%”)1/2} = 8236 mm
o2 = 25(%“)71/2(1.5) — 2591 mm/s
'r'|9:2?” = 25{0 - %(2?”)73/2(1.52)} = —9.279 mm/s?

Velocity: The radial component gives the rod’s velocity.

v, = F =259 mm/s Ans.

Acceleration: The radial component gives the rod’s acceleration.

a, =7 — ré? = =9.279 — 82.36(1.5%) = —195 mm/s’ Ans.

Ans:
v, = 259 mm/s
a, = —195 mm/s?
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12-194.

When 6 = 2/37rad, the angular velocity and angular
acceleration of the circular plate are § = 1.5rad/s and
# = 3rad/s?, respectively. Determine the magnitudes of the
velocity and acceleration of the rod AB at this instant.

r=(10 + 50 6"*) mm

SOLUTION

Time Derivatives:
r = (10 + 506"%) mm

i = 2507129 mm/s
P = 25{0—1/2'9' - %0—3/292} mm/s?
When 6 = 2?71- rad,
- ) 1/2
o = {10 + 50(?”) } = 82.36 mm

- 2 -1/2
Ho-2E = 25(%) (1.5) = 25.91 mm/s

-1/2 -3/2
o = 25[(%”) 3) - %(27”) (1.52)} = 42.55 mm/s?

For the rod,
v =7 =259 mm/s Ans.
a =7 = 42.5mm/s Ans.

Ans:
v =259 mm/s
a = 42.5mm/s’
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12-19s.

If the end of the cable at A is pulled down with a speed of
5 m/s, determine the speed at which block B rises.

SOLUTION

Position Coordinate. The positions of pulley B and point A are specified by position
coordinates sz and sy, respectively, as shown in Fig. a. This is a single-cord pulley
system. Thus,

sg+ 2(sg —a) +s4 =1

3sg+ 54 =1+ 2a @

Time Derivative. Taking the time derivative of Eq. (1),

31)3 + Vg = 0 (2’)
Here vy, = +5m/s, since it is directed toward the positive sense of s,. Thus,
3vp+5=0 wvg=—-1667m/s = 1.67m/s Ans.

The negative sign indicates that vy is directed toward the negative sense of sg.

Ans:
vg = 1.67m/s
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*12-196. Determine the displacement of the log if the
truck at C pulls the cable 1.2 m to the right.

SOLUTION

2sp + (sg — s¢c) =1

3SB_SC:l

3Asg — As¢c =0
Since Asc = —1.2, then

3Asp = —12

Asg = —04m =04m — Ans.

Ans:

Asg = 04m —
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12-197. If the end A of the cable is moving upwards at v, =
14 m/s, determine the speed of block B.

SOLUTION

va = —14 m/s

L1 = (SD—SA)+(SD—SE)
0=2vp—-va—-VE

Ly = (SD —SE) + (Sc— SE)

0=VD+Vc—2VE

L3=(Sc—SD)+Sc+SE

0=2vc—-Vp+VE

Guesses vc=1m/s vp=1m/s vg=1m/s

Given 0=2vp—-Vva—VE
0=vp+vec—2v

0=2vc—-Vp+VE

Ve Ve -2
Vp | = Find(vc,vD,vE) Vp | =| -10 |m/s
VE VE —6

Positive means down,

VB = V¢ VB=-2m/S  Negative means up

Ans.

vy =14 m/sT

Ans:

plE

Positive means down,

vg = —2m/s

Negative means up.
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12-198.

Determine the constant speed at which the cable at A must
be drawn in by the motor in order to hoist the load 6 m

in 1.5s.
A D
C
-1@2 B
SOLUTION 4]
6 £ L 227ty sy
Vg :E:4m/sT !

spt+ (s —s¢) =1

sc+ (sc —sp) = h
sqt+2sp =1
Thus,

2sg — sc = 1

2SC7SD = 12

SA+ZSD:l3

204 = V¢

2vc = vp

vy = —2vp

2(2vp) = vp

vy = —2(4vp)

vy = —8vp

vy = —8(—4) =32m/s | Ans.

Ans:
vy = 32m/si
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12-199.

Starting from rest, the cable can be wound onto the drum of
the motor at a rate of v, = (3”) m/s, where ¢ is in seconds. Y
Determine the time needed to lift the load 7 m.

SOLUTION =
vg = % =4m/s

sp+ (sp —sc) =1
sc+ (sc —sp) =15
SA + ZSD) = l3

Thus, -y
ZSB - Sc = 11 -
2SC — Sp = 12 S.HJ_‘
SA + ZSD = 13 '
2’UB = V¢ :“""R‘
ZUC = Vp X
Vg = 721)[) ot .
Vyp = _81)3
312 = —8uy
_3 2
=—1
Vg 3
t
_3 2
Sp — —t°dt
0o 8
=—1
Sp 3
-1
~7=—"7
8
t=383s Ans.

Ans:
t =3.83s
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*12-200.

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.

SOLUTION

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,, s, and s
respectively. Since the system consists of two cords, two position-coordinate
equations can be derived.

(sa —sc) + (5 —8c) *sp =1 @
sptsc=h (2)
Eliminating s from Egs. (1) and (2) yields
SaA + 4SB = ll = 212

Time Derivative: Taking the time derivative of the above equation yields

va + dvg =0 3) S P2
Since v4 = 2 m/s, from Eq. (3)
(+1) 2+4vp=0
vg = —0.5m/s = 0.5m/s | Ans.
Ans:
vg = 0.5m/s
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12-201.

The motor at C pulls in the cable with an acceleration
ac = (3t%) m/s?, where t 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.

SOLUTION
For A:

Sat (sa—s8c) =1

ZVA = V¢
ZLZA = dac = _3t2
a, = —-15%=15> —

v =057 —

sy = 012514 —
For B:

ap = 5m/s? <«

vg =5t <«

sp =25 <
Require sy, + sp = d
0.125¢* + 2.5¢2 = 3

Setu =  0.1254% + 2.5u =3

The positive root is u = 1.1355. Thus,

t = 1.0656 = 1.07 s

0.5(1.0656)* = 0.6050

VA

vg = 5(1.0656) = 5.3281 m/s
Vg = Vp + VA/B
0.6050i = —5.3281i + v,p i

vyp =593m/s —

Ans.

Ans.

Ans:
t =107s
vyp = 5.93ms/s —
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12-202.

Determine the speed of the block at B.

SOLUTION

Position Coordinate. The positions of pulley B and point A are specified by position
coordinates sz and s, respectively as shown in Fig. a. This is a single cord pulley
system. Thus,

sg+2(sg —a—b)+ (sp —a) +s4 =1

dsp + 54 =1+ 3a + 2b @
Time Derivative. Taking the time derivative of Eq. (1),

4vg + vy =0 2
Here,v, = + 6 m/s since it is directed toward the positive sense of s,. Thus,

4o +6 =0

vg = —1.50m/s = 1.50 m/s < Ans.

The negative sign indicates that vy is directed towards negative sense of s3.

Ans:
vg = 1.50m/s
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12-203.  If block A is moving downward with a speed of

2 m/s while C is moving up at 1 m/s, determine the speed
of block B.

SOLUTION
Sq+ 255+ s5c=1
vat+2vg+ve=0

2+205-1=0

Ans.

vg=—-05m/s = 05m/s 1

Ans:

24+ 205-1=0
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*12-204.

Determine the speed of block A if the end of the rope is
pulled down with a speed of 4 m/s.

SOLUTION

Position Coordinates: By referring to Fig. a, the length of the cord written in terms
of the position coordinates s 4 and sp is

sgtsq+ 254 —a)=1

sgpt+3s4 =1+ 2a

Time Derivative: Taking the time derivative of the above equation,
(+l) vg + 3v, =0

Here, vg = 4 m/s. Thus,

4+30,=0 vy = —133m/s = 1.33m/s | Ans.

Ans:
vy = 133m/s
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12-205.

If the end A of the cable is moving at v, =3 m /s, determine
the speed of block B.

SOLUTION

Position Coordinates. The positions of pulley B, D and point A are specified by
position coordinates sg, sp and s, respectively as shown in Fig. a. The pulley system

consists of two cords which give
2sg +sp =1
and
(sa=sp) + (b —sp) =1
Sqa—2sp=0L—0>b
Time Derivative. Taking the time derivatives of Egs. (1) and (2), we get
2 +vp =0
vy —20vp =0
Eliminate v, from Egs. (3) and (4),
vy +4vp =0
Here vy, = +3 m/s since it is directed toward the positive sense of s4.
Thus
3+4v =0
vg = —075m/s = 0.75m/s <

The negative sign indicates that vy, is directed toward the negative sense of sp.

Dahm ()

@

)

3
)

6

Ans.

Ans:
vg = 0.75m/s
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12-206.

The motor draws in the cable at C with a constant velocity
of v =4 m/s. The motor draws in the cable at D with a
constant acceleration of a,, =8 m/s?. If v;, = 0 when ¢ = 0,
determine (a) the time needed for block A to rise 3 m, and
(b) the relative velocity of block A with respect to block B
when this occurs.

SOLUTION
(a) ap = 8m/s’
vp = 8t
sp =41

SD+2SA:l

ASD = _ZASA
Asy = =212
-3=-2¢

t=1.2247 =122

(b) vy =s54=—41 = —4(1.2247) = —4.90m/s = 4.90m/s]

sp + (sg = s¢) =1
20 = ve = —4
vg=—-2m/s =2m/s]
(+l) V4 = vg + VA/B
—490 = 2 + vy
vap = —290m/s =2.90m/s T

@

Ans.

Ans.

LLLFLLE

~

Ans:
vap = 290m/s]
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12-207.

Determine the time needed for the load at B to attain a
speed of 10 m/s, starting from rest, if the cable is drawn into
the motor with an acceleration of 3 m /s

SOLUTION

Position Coordinates. The position of pulleys B, C and point A are specified by
position coordinates sg, s¢ and s4 respectively as shown in Fig. a. The pulley system
consists of two cords which gives

sp + 2(sp = sc) =

3sp — 25¢ = 4 @
And

Sctsa =1 ?2)
Time Derivative. Taking the time derivative twice of Egs. (1) and (2),

3ag — 2ac =0 3)
And

ac+ay =0 )
Eliminate ac from Egs. (3) and (4)

3ag + 2a4, =0
Here,a, = +3 m/s” since it is directed toward the positive sense of s,. Thus,

3a +2(3) =0 ag=-2m/s’ =2m/s* |

The negative sign indicates that ag is directed toward the negative sense of sg.

Applying kinematic equation of constant acceleration,
+1 vg = (vp)o + apt
10=0+2¢
t=500s Ans.

Ans:
t=5.00s
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*12-208.

The cable at A is being drawn toward the motor at v, =8 m/s.
Determine the velocity of the block.

SOLUTION

Position Coordinates. The position of pulleys B, C and point A are specified by
position coordinates sg, sc and s4 respectively as shown in Fig. a. The pulley system
consists of two cords which give

sp + 2(sp = sc) =

3sg — 25¢ = [ @
And

sctsa=1h 2
Time Derivative. Taking the time derivatives of Egs. (1) and (2), we get

3vg — 20 =0 A3)
And

ve+v,=0 C)]
Eliminate v from Egs. (3) and (4),

3vg + 20,4 =0
Here v, = +8 m/s since it is directed toward the positive sense of s,. Thus,

3vg +2(8) =0 wg=-533m/s =533m/s Ans.

The negative sign indicates that v is directed toward the negative sense of sp.

Datum

=

Ans:
vp = 5.33m/s]
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12-209.  If the hydraulic cylinder H draws in rod BC at

1 m/s, determine the speed of slider A.

SOLUTION

2SH+SA:l

2VH = —Vyu
2(1) = —vy
vy=—-2m/s =2m/s <

Ans.

Ans:
Vg =2m/s <

219




© Pearson Education Limited 2017. 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.

12-210. If the truck travels at a constant speed of
vy = 1.8 m/s, determine the speed of the crate for any
angle 6 of the rope. The rope has a length of 30 m and passes
over a pulley of negligible size at A. Hint: Relate the
coordinates x7 and x¢ to the length of the rope and take the
time derivative. Then substitute the trigonometric relation
between xc and 6.

SOLUTION

V(6P + x2 + xp=1=130
%((6)2 + (xc)2)-%(2xcxc) +ir =0

Since x7 = vy = 1.8 m/s, v, = X, and
Xc = 6¢ctnf

Then,

(6 ctn O)ve _ _18
(36 + 36 ctn? 0)* '

Since 1 + ctn? 6 = csc? 0,

ctn 6
= Ove = —1.8
< csc 0 )VC COs Ovce

ve = —1.8sec = (1.8 sech) m/s —

| S
Xc X7 ‘ T Vo

-
i

N R

C

Ans.

Ans:
ve = (1.8secf) m/s —
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12-211.

The crate C is being lifted by moving the roller at A 4m
downward with a constant speed of v, = 2 m/s along the
guide. Determine the velocity and acceleration of the crate
at the instant s = 1 m. When the roller is at B, the crate
rests on the ground. Neglect the size of the pulley in the

N e
]

calculation. Hint: Relate the coordinates xc and x4 using Xc
the problem geometry, then take the first and second time 4m
derivatives.

SOLUTION B

Xc+ X124+(4)2:l

xc + %(xi +16)"2(2x,4)(x4) = 0

.. 1 _ L2 1 - _ ..
Xc — E(ﬁx +16) 2 (22 (ka) + (4 + 16) 2 (i) (7 + 16) V2 (xa)(Ka) = 0

5 ‘: Xa=3m
[ = 8m,and when s = 1 m, 3-3=5

Xc=3m

Thus,

ve + [(3)? +16]72(3)(2) = 0

ve=-12m/s =12m/s | Ans.
ac—[(3)* + 16] 2 (3)*(2)* + [(3)* + 16] "> (2> + 0 =10

ac = —0.512m/s’> = 0.512m/s* | Ans.

Ans:

ve=12m/s |
ac = 0.512m/s* |
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*12-212.

The roller at A is moving with a velocity of v, = 4 m/s and
has an acceleration of a, =2 m/s2 when x, = 3m.
Determine the velocity and acceleration of block B at this
instant.

SOLUTION

Position Coordinates. The position of roller A and block B are specified by
position coordinates x4 and yp respectively as shown in Fig. a. We can relate these
two position coordinates by considering the length of the cable, which is constant

Vi +# +y=1
vg=1— Vx4 + 16 @

Velocity. Taking the time derivative of Eq. (1) using the chain rule,

dyp 1., _ dxy

= = N + 3 =

=0 5 (¥4 +16) 2 (2xy) »

D _ X dxs

dt Vx4 + 16 dt

dyp dx,
However,? = vp and 7;4 = v4.Then
vy =~ ——A—u, )

Vx4 + 16

At x4, = 3m,v, = +4m/s since v, is directed toward the positive sense of x,.
Then Eq. (2) give

3
V32 + 16

The negative sign indicates that vy is directed toward the negative sense of yg.

(4) = —2.40m/s = 2.40m/s | Ans.

Vp — —

Acceleration. Taking the time derivative of Eq. (2),

dvg 1 N dxy _1p dXa
? == _{XA(_E)(X% + 16) 32 (Z)CA)I + (x,24 + 16) 1/2I
1 dvy
vy — x4(x4 + 16) 1/2?
dv dv dx,
However,dftB = aB,T? =ay anddf? = v,4. Then
xjv/% v,42 Xada
ap = — _
b (x2+16)%%  (x2+16)2  (x2+16)'?
16 v¢ + asxy (xA2 + 16)
agp = —

(xi +16)%7

Atx, =3m,v, = +4m/s,a, = +2m/s*since v, and a, are directed toward the
positive sense of x,.
16(4?) + 2(3)(3% + 16)

ag = — = —3.248m/s*> = 3.25m/s? Ans.
! (32 + 16)%2 / AL

The negative sign indicates that ap is directed toward the negative sense of yg.

(@)

Ans:
vp = 2.40m/s |
ag =325m/s* |
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12-213.

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
x, = 4m. Neglect the size of the limb. When x, = 0,
yg = 8m, so that A and B are coincident, i.e., the rope is
16 m long.

SOLUTION

Position-Coordinate Equation: Using the Pythagorean theorem to determine /4,

we have [ 4 = \/m.Thus,
I'=1lsc + yp
yg =16 — \/)m

Time Derivative: Taking the time derivative of Eq. (1) and realizing that v, =

d
and vy = ﬂ, we have

dt
_dyp X4 dx 4
T e e S
vp = — A

—A .,
Vx4 + 64
At the instant x4, = 4 m, from Eq. [2]

Y (15 = —0671m/s = 0671 m/s |

Vg
V4 + 64

@

dxa
dt

2

Ans.

Note: The negative sign indicates that velocity vp is in the opposite direction to that

of positive yg.

N

]

\.H

GON

-§~§—---
o]
=]

=]

—

S
= —=

XA

Ans:
vg = 0.671m/s |

223




© Pearson Education Limited 2017. 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.

12-214.

The man pulls the boy up to the tree limb C by walking
backward. If he starts from rest when x4 = 0 and moves
backward with a constant acceleration a, = 0.2 m/sz,
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.

SOLUTION

Position-Coordinate Equation: Using the Pythagorean theorem to determine / 4¢,

we have [ 4 = \/m. Thus,
I=1lac+ yp
16 = V% + 8 + yp
yp =16 — Vx%4 + 64 (§))

dx
Time Derivative: Taking the time derivative of Eq. (1) Where v, = =4 and

dt
d
vp = ﬁ, we have
dt
o= DB Xa dxs
Prodt N2t es di
vp = —— @

S S
Vx4 + 64

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.

vh = ()4 + 2(ac) 54 — (50)4]
vy = 0 + 2(0.2)(8.944 — 0)

vy = 1.891 m/s

Substitute the above results into Eq. (2) yields

8.944
vg = BV TR (1.891) = —1.41 m/s = 1.41 m/s? Ans.

\/8.944% + 6

Note: The negative sign indicates that velocity vp is in the opposite direction to that
of positive yp.

c | i~

) _

e —

XA

SSeee——

—

Ans:
v = 141m/s |
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12-215.

The motor draws in the cord at B with an acceleration of n
ap=2m/s>. When s, = 1.5 m, vy = 6 m/s. Determine the T2

velocity and acceleration of the collar at this instant.
2m
SOLUTION )
PR —
Position Coordinates. The position of collar A and point B are specified by s, and
sc respectively as shown in Fig. a. We can relate these two position coordinates by
considering the length of the cable, which is constant.
sp+ Vsi+22=1
sp=1—Vsi+4 )
Velocity. Taking the time derivative of Eq. (1),
dSB 1 2 -1 < dSA >
R A T + /2 A
=05 (si +4) 2547
dSB _ SA dSA
dt \/Sﬁ + 4 dt
dSB dSA . )
However, o = wpand o = v4. Then this equation becomes
- @)
Vp = — — F/—— 'UA
Vsi+4
At the instant s, = 1.5m, vz = +6 m/s. vg is positive since it is directed toward
the positive sense of sp. <
15 R
6=——F———1y
V15 + 4
vy, = —100m/s = 10.0 m/s < Ans.
The negative sign indicates that v, is directed toward the negative sense of s4.
Acceleration. Taking the time derivative of Eq. (2), <M
d’UB 1 P dSA dSA
—= = a5 +4’3/2(2 L)+ (s +4)12=%
dt {SA( 2) (s +4) A e (s + 4) dt
dv - .
_ 2 4 g4y 1204 - :
Va — Sa (SA ) dt 9— i 0 I —
H d'l)B . d?)A _ d dSA _ Th
owever,— = = ap, = = a4 and —= = v,.Then _5:“
sivs v} a,s
ap = A VA A ASA (ﬂ’ -)

(sF+4)07 (s2+4)7  (si+4)2

4} + aAsA(s% + 4)

ag =
(s3+4)?
At the instant s, = 1.5m, az = +2 m/s% ay is positive since it is directed toward
the positive sense of sp. Also,v, = —10.0 m/s. Then

[4(=10.0 + as(1.5)(1.5 + 4)
- (152 + 4

Ans:
vy = 10.0m/s <
a, = 46.0m/s> —

ay, = —46.0m/s> = 46.0 m/s* — Ans.

The negative sign indicates that a, is directed toward the negative sense of s4.
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*12-216.

If block B is moving down with a velocity vz and has an
acceleration ap, determine the velocity and acceleration of
block A in terms of the parameters shown.

SOLUTION
=55+ Vsy + h?

1
0=3z+ 5(si, + W22, 5,
. 2 2\172
—sg(sq + h
UA:jA:M = A I+

s
A l—_i-] isa
2
—vg (1 + (£> )12 Ans.
SA

Vy =
. . h\ 12 1 h\ —112(7,2 -3
ag =v4= —vg(1+{—))" —ovgl 5 J(A +|—]) "“(h)( = 2)(s4) 54
Sa 2 S4
2 hZ 2
au =7a3(1+<£) )2+ %(H(i) ) 12 Ans.
S SA SA

Ans:
h 2
Vy = 7'1)3(1"‘ <*) )1/2
SaA
2 h2 2
ay = —ay(1+ (ﬁ) iz 4 DA (i) yu2
Sp SA SA
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12-217.

At the instant shown, the car at A is traveling at
10 m/s around the curve while increasing its speed at 5 m /s
The car at B is traveling at 18.5 m /s along the straightaway and
increasing its speed at 2 m/s% Determine the relative velocity
and relative acceleration of A with respect to B at this instant.

SOLUTION

vy = 10 cos 45°%i — 10sin 45°% = {7.071i — 7.071j} m/s
vg = {18.5i} m/s

Va/Bp = Va — U

vap = V(11429 + (=7.071)% = 134 m/s

7.071
=tan ! —— =317
M 11429
v; 102
(@ = 1= o0 = 1m/ (ap), = Sm/s’

a, = (5c0845° — 1cos45%)i + (—1sin 45° — 5 sin 45°)j
= {2.828i — 4.243j} m /s’
ag = {2i} m/s’
Au/p = A4 — Up
= (2.828i — 4.243j) — 2i = {0.828i — 4.24j) m /s>
ays = V0.828 + (—4.243) = 432 m/s

(7.071i — 7.071j) — 18.5i = {~11.429 — 7.071j} m/s

Ans.

Ans.

Ans.

Ans.

vp=185m/s
—_—

Ans:

vyp = 13.4m/s
9, = 31.7° >
aup = 4.32 m/s’
0, = 79.0°%
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12-218.

The boat can travel with a speed of 16 km /h in still water. The
point of destination is located along the dashed line. If the
water is moving at 4 km/h, determine the bearing angle 6 at
which the boat must travel to stay on course.

SOLUTION
Vg = Vi t Vgw
vgcos 70°i + vpsin 70°) = — 4j + 16sin 0i + 16 cos 6j
(i)) vgcos70° =0 + 16sin 6
(+7)  wpsin70° = —4 + 16 cos 6
2.748sinf — cosf + 025 =0
Solving,

0 = 15.1°

Ans.

/
/

vy = 4 km/h o/ 7
| 74
4 700

@4—

Ans:
0 = 15.1°
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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.

v, ve = 100 km/h
30° -~
SOLUTION
Solution I
. R B km \/ 1000 m 1h
Vector Analysis: The speed of the car is v, = (100 b )( Tkm )(3600 s)
= 27.78 m/s.The velocity of the car and the rain expressed in Cartesian vector form
are v, = [—27.78ilm/s and v, = [6sin30° — 6 cos30°%] = [3i — 5.196j] m/s.
Applying the relative velocity equation, we have
V= Vet Ve
3i — 5.196j = —27.78i + v,
V,e = [30.78i — 5.196j] m/s
Thus, the magnitude of v, is given by
Ve = V30787 + (=5.196)* = 312 m/s Ans.
and the angle x,,. makes with the x axis is
5.196
6 =tan ' ~—_) =958 Ans.
an (30.78) e
Solution II
Scalar Analysis: Referring to the velocity diagram shown in Fig. a and applying the
law of cosines, fU ,
=R 1-76m)s
Ve = V2778 + 62 — 2(27.78)(6) cos 120° & 120°
Vr=bm|s
= 1991 m/s = 199 m/s Ans.
Using the result of v, and applying the law of sines, ;] Vr,/ e

sinf _ sin 120° 3

6 3121 Ca)

6 = 9.58° Ans.

Ans:

Ve = 31.2m/s
0 = 9.58°

Ve = 19.9 m/s
0 = 9.58°
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*12-220.

Two planes, A and B, are flying at the same altitude. If their
velocities are v, = 500 km/h and vz = 700 km/h such
that the angle between their straight-line courses is § = 60°,
determine the velocity of plane B with respect to plane A.

SOLUTION
Relative Velocity. Express v, and vy in Cartesian vector form,
vy = {=500j} km/h
v = {700 sin 60°i + 700 cos 60°% } km/h = {350\@i +350j} km/h
Applying the relative velocity equation.
Vg = V4 + VB/A
350V/3i + 350) = —500j + Vi
Vaa = {350V/3i + 850j }km/h
Thus, the magnitude of vg 4 is
vea = V(350V3)% + 8507 = 1044.03 km/h = 1044 km/h
And its direction is defined by angle 6, Fig. a.

850
6 = tan! ( ) = 5450° = 54.5° 2

350\/3

Ans.

Ans.

W

il
v, = 500 km/h

/

v = 700 km

B

&

“'ézﬁkm/h
()

Ans:
vpa = 1044 km/h
0 = 54.5°2
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12-221.

A car is traveling north along a straight road at 50 km/h. An
instrument in the car indicates that the wind is coming from
the east. If the car’s speed is 80 km/h, the instrument

indicates that the wind is coming from the northeast. Deter-
mine the speed and direction of the wind.

SOLUTION

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
vivie = (vw)c)1 i. Applying the relative velocity equation, we have

V= Ve T Ve
Vi = Soj + (vw/c)li

Vw = (vw/c)li + Soj (1)

For the second case, ve = [80j] km/h and vy c = (vw/c)2 cos 45°1 + (v ), sin 45° j.
Applying the relative velocity equation, we have

Vi = Ve + Ve

Vi = 80j + (Vyye)2 €08 450 + (V)2 5in 45°

Vi = (V)2 cos 45°i + [80 + (Vyye)2 sin 45°}j (#3)
Equating Egs. (1) and (2) and then the i and j components,

(Vw1 = (Vy)e)a cOs 45° 3)

50 = 80 + (vy/c)2 sin 45° @
Solving Egs. (3) and (4) yields

(Vyjc)» = —42.43 km/h (v = —30km/h
Substituting the result of (v,,.); into Eq. (1),

v,, = [—30i + 50j] km/h
Thus, the magnitude of vy, is

v, = 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.

Ans:
v, = 583 km/h
0 = 59.0° =~
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12-222.

Two boats leave the shore at the same time and travel in the
directions shown. If v, = 10m/s and vz = 15m/s,
determine the velocity of boat A with respect to boat B. How
long after leaving the shore will the boats be 600 m apart?

SOLUTION

Relative Velocity. The velocity triangle shown in Fig. a is drawn based on the relative

velocity equation v4 = vg + v,4/5. Using the cosine law,

Vap = V102 + 152 — 2(10)(15) cos 75° = 15.73m/s = 15.7m/s
Then, the sine law gives

sin¢  sin 75° R
10 1573 ¢ =378

The direction of v4 is defined by
0 =45 — ¢ =45° —3789° =711° &
Alternatively, we can express v4 and vg in Cartesian vector form

vy = {—10sin30°% + 10 cos30%} m/s = {—5.00i + 5\@‘]} m/s

vg = {15cos45% + 15sin45%} m/s = {7.5V2i + 7.5V2j} m/s.

Applying the relative velocity equation
Vo= Vgt Vap

—500i + 5V/3j = 7.5V2i + 7.5V2j + vas
Vap = {—15.61i — 1.946j} m/s

Thus the magnitude of v4p is

vap = V(—1561)% + (—1.946)> = 1573 m/s = 157 m/s
And its direction is defined by angle 0, Fig. b,

6= tan*(%) = 7.1088° = 7.11° >

Here s4/5 = 600 m. Thus

SA/B 600
= 22— 38155 = 38.1
v 1573 s s

Ans.

Ans.

Yp=lOM[s

Ans- 1561 mf 6

Ans.

fé“wE

Ans:

vy = 157m/s
0=1711°>
t=381s
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12-223. 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

make the crossing.

SOLUTION

Relative Velocity:

Vo =V, vy,

vy, sin 45°1 — vy, cos 45°j = —2j + Scos i — 5sin 6

Equating i and j component, we have

vy, sin 45° = 5 cos 6

—v,c0845° = —2 — 5sin 6

Solving Egs. [1] and [2] yields

0 = 28.57°

vy, = 6210 m/s = 6.21 m/s

Thus, the time ¢ required by the boat to travel from point A to B is

sap _ V50* + 50

L= T 6210

=114s

1]
12]

Ans.

Ans.

B
Ans:
v, = 621 m/s
t=114s
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*12-224. 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.

SOLUTION

V4 ay
VAv = AAy =

0 0

(cos(é’)j [cos(é’)] VB [ sin(@) J
VBv = VB agy = v’z +—

sin(H) sin(ﬁ) P —cos(H)

vqg = 30m/s
vp = 15m/s
ay =2m/s

v'g = —0.8 m/s

p =250 m
0 = 60°
-22.5
VBA = VBv — V VBA = m/s v =26.0 Ans.
BA = VBv — VAy BA (12.99j | BA|
-1.621
aBA = aBy — AAy agA = (_1 143)m/s2 |aBA| =1.983 m/s2  Ans.

Ans:
|vea| = 26.0
|apa| = 1.983 m/s2
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12-225.

At the instant shown, car A has a speed of 20 km/h, which is
being increased at the rate of 300 km/h? as the car enters an
expressway. At the same instant, car B is decelerating at
250 km/h? while traveling forward at 100 km/h. Determine
the velocity and acceleration of A with respect to B.

SOLUTION
v4 = {—20j} km/h vz = {100j} km/h

Va/B = Va — VB

(—20j — 100j) = {~120j} km/h

vA/B = 120 km/h l/

(@), = "7 = 7 = 4000 km/h? (a): = 300 km/h?
a, = —4000i + (—300j)
= {—4000i — 300j} km/h?
ag = {—250j) km/h?

ayp = a4 — ap

Ans.

= (—4000i — 300j) — (—250j) = {—4000i — 50j} km/h?

ap = V(~4000)2 + (—50)? = 4000 km/h?

50
6 = tan ! = 0.716° >

4000

Ans.

Ans.

100 m

Ans:

Va3 = 120km/h |
as g = 4000 km /h?
0 = 0.716° >
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12-226.

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

Solution I

Vector Analysis: Here, the velocity v, of the boat is directed from A to B. Thus,

50

= tan [ =—

o} an < 25

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 v, = 5 cos 6i + 5 sin 6. Applying the relative velocity equation, we have

) = 63.43°. The magnitude of the boat’s velocity relative to the

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 0 @
0.8944v;, = 5sin 0 2)
Solving Egs. (1) and (2) yields

v, = 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 + 9,2 — 2(2)(vp) cos 63.43°

% =178, — 21 =0

_ —(—1.789)+£V/(-1.789) — 4(1)(-21)
o 2(1)

Choosing the positive root,

v, = 5.563 m/s = 5.56 m/s Ans.

Using the result of v, and applying the law of sines,

sin (180°—6)  sin 63.43°
5563 5
0 = 84.4° Ans.

Ans:
v, = 5.56m/s
6 = 84.4°
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12-227.

A passenger in an automobile observes that raindrops make
an angle of 30° with the horizontal as the auto travels
forward with a speed of 60 km/h. Compute the terminal
(constant) velocity v, of the rain if it is assumed to fall
vertically.

SOLUTION
Vr = Uy t Vpa
—v,j = —60i + v,/, cos 30°i — v,/, sin 30°j
(5) 0 = —60 + v,, cos 30°
+h —v, = 0 — v, sin 30°
vy = 69.3 km/h

v, = 34.6km/h

Ans.

, = 60 km/h

Ans:
v, = 34.6km/hl
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*]12-228. At the instant shown, cars A and B are traveling
at velocities of 40 m/s and 30 m/s, respectively. If B is
increasing its velocity by 2 m/s?, while A maintains a constant
velocity, determine the velocity and acceleration of B with
respect to A. The radius of curvature at B is pg =200 m.

SOLUTION

Relative velocity. Express v, and v as Cartesian vectors.

vqa = {40j} m/s vz = {-30sin30% + 30cos30%} m/s = {—15i + 15\/§j} m/s

Applying the relative velocity equation,

VB = Vyu + VB/A
—15i + 15V/3j = 40j + vi 4
vg/a = {—151 — 14.02j} m/s

Thus, the magnitude of vg 4 is

Vg4 = \/(—15)2 + (—14.02)* = 20.53m/s = 20.5m/s Ans.

And its direction is defined by angle 0, Fig. a

14.02
0 = tan*l(?) = 43.06° = 43.1° 7 Ans.
. . ) vp 30 )
Relative Acceleration. Here, (ag), = 2m/s” and (ap), = o T 200" 450 m/s

and their directions are shown in Fig. b. Then, express ap as a Cartesian vector,
ag = (—25sin 30° — 4.50 cos 30°)i + (2 cos 30° — 4.50 sin 30°)j
= {—4.8971i — 0.5179j} m/s?
Applying the relative acceleration equation witha, = 0,
agp = a, + ag/y
—4.8971i — 0.5179j = 0 + ag/4
agy = {—4.8971i — 0.5179j} m/s*

Thus, the magnitude of ag4 is

ag,s = V(—48971)> + (—0.5179)> = 49244 m/s* = 4.92 m/s’ Ans.

And its direction is defined by angle 0, Fig. c,

0.5179

[ t —1
0" = tan (4.8971

) = 6.038° = 6.04° >~ Ans.

B

vg =30m/s

sy .

CHNE

A
\% EL— vy =40m/s

30°

(&)

(@), =4-50 mjs*

(b)

4.847Imfe (a’

ﬂg /A’

(¢)

0.5179 mfs*

Ans:

vpa = 20.5m/s
0, = 43.1°F
ag/q = 4.92 m/s?
0, = 6.04° %
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12-229. At the instant shown, cars A and B are traveling at
velocities of 40 m/s and 30 m/s, respectively. If A is increasing
its speed at 4 m/s?, whereas the speed of B is decreasing at
3 m/s?%, determine the velocity and acceleration of B with
respect to A. The radius of curvature at B is pg =200 m.

SOLUTION

Relative velocity. Express v, and v as Cartesian vectors.

vqe = {40j} m/s vz = {-30sin30% + 30cos30%} m/s = {—15i + 15\@j } m/s
Applying the relative velocity equation,

VB = Vy + VB/A
—15i + 15V/3j = 40j + viu
Vg4 = {—151 — 14.02j} m/s

Thus, the magnitude of vg 4 is

vga = V(—15)> + (—14.02)? = 20.53m/s = 20.5m/s Ans.

And its direction is defined by angle 0, Fig. a

14.02
0= tan*l(T) = 43.06° = 43.1° 7 Ans.

v 30
Relative Acceleration. Here, (a3), = 2m/s® and (ap), = TB =00 = 450 m/s’

and their directions are shown in Fig. b. Then, express ap as a Cartesian vector,
ag = (—2sin 30° — 4.50 cos 30°)i + (2 cos 30° — 4.50 sin 30°)j
= {—4.8971i — 0.5179j} m/s’
Applying the relative acceleration equation witha, = 0,
ag = a, + ag/y
—4.8971i — 0.5179) = 0 + ag/4
ap4 = {—4.8971i — 0.5179j} m/s

Thus, the magnitude of ag,, is

ag, = V(—48971)> + (—0.5179)> = 49244 m/s? = 4.92 m/s’ Ans.

And its direction is defined by angle 6, Fig. c,

9 = tan*l(g';;?) = 6.038° = 6.04° > Ans.

B A
\ EL
% - v, =40m/s

vg =30m/s

30°

(Ay),=4-50 )6’

(b)

4.847Imfe (e’

A ,
“ 051G mfs*

(¢)

Ans:

vpa = 20.5m/s
0, = 43.1°
ag/4 = 4.92 m/s?
0, = 6.04° %
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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. v, =20 km/h

SOLUTION

Relative Velocity: The velocity of the rain must be determined first. Applying
Eq. 12-34 gives

vV, =V, tv, =20it+(-7j) = {20i —7j} km/h

Thus, the relatives velocity of the rain with respect to the man is
V, =V, T Vo
20i —7j=5i+v,,
Vym = {151 = 7j} km/h
The magnitude of the relative velocity v, is given by

vy = V15% + (=7)* = 16.6 km/h Ans.

And its direction is given by

7
6 =tan ! -—— = 25.0° g Ans.

Ans:
Vym = 16.6 km/h
0 =250°<%
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12-231.

At the instant shown, car A travels along the straight
portion of the road with a speed of 25 m/s. At this same
instant car B travels along the circular portion of the road
with a speed of 15 m/s. Determine the velocity of car B
relative to car A.

SOLUTION

Velocity: Referring to Fig. a, the velocity of cars A and B expressed in Cartesian
vector form are

v4 = [25cos 30°i — 255sin 30° jl m/s = [21.65i — 12.5j] m/s g .
12
vg = [15cos 15°i — 15sin 15° j] m/s = [14.49i — 3.882j] m/s
Applying the relative velocity equation, X
Vp = Vyu + VB/A
/ dA':,ZMkz 3
14.49i — 3.882j = 21.65i — 12.5j + vp)4 'V,.=Z§m/ ,(6(5);“29""/‘
Vaa = [~7.162i + 8.618j] m/s 30° 157
Thus, the magnitude of v/, is given by
vga = V(-7.162)7 + 8.618 = 11.2m/s Ans. . Vp=/5mls
@, ¢='Z Mé‘
The direction angle 6, of vz, measured down from the negative x axis, Fig. b is
8.618
=tan ! —— ] = 50.3° Ans.
0, = tan (7.162) 50.3° > ns : l
7
B:618mfs
7/ézm/5
Ans:
Vp/a = 1121’11/8
0 = 50.3°
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*12-232.

At a given instant the football player at A throws a football C
with a velocity of 20 m/s in the direction shown. Determine
the constant speed at which the player at B must run so that
he can catch the football at the same elevation at which it was
thrown. Also calculate the relative velocity and relative
acceleration of the football with respect to B at the instant the
catch is made. Player B is 15 m away from A when A starts to
throw the football.

SOLUTION
Ball:
(B)s =sy+ vyt
sc = 0 + 20 cos 60° ¢
+1hH v=v + adt
—20sin 60° = 20 sin 60° — 9.81 ¢
t =353

Sc = 3531 m

Player B:

() sp= s+ vyt

Require,

3531 = 15 + v(3.53)

vg = 5.75m/s

At the time of the catch

(ve)x = 20 cos 60° = 10 m/s —

(ve)y = 20sin 60° = 17.32m/s |

Vo = Vg + v/

10i — 17.32§ = 5.75li+ (ve/p)ci + (ve/p)yi

(B) 10 =575 + (vesm)s

(+1)  —=17.32 = (v¢sm),
(ve/p)x = 425 m/s —
(vesp)y = 1732 m/s |

vep = V(4.25)% + (17.32)* = 17.8 m/s

17.32
= _1 — = o
0 = tan < 405 ) 76.2° %

ac = ag + ac/p
7981j =0+ ac/B

aC/B = 90.81 m/szl

0

15m

Ans.

Ans.

Ans.

Ans.

Ans:

vg = 575m/s
vep = 17.8m/s

0 =762°%

ac/p = 9.81 rn/szl
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12-233.

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.

SOLUTION

Velocity: The velocity of cars A and C expressed in Cartesian vector form are
v4 = [—25cos 45° — 25sin 45°j] m/s = [—17.68i — 17.68j] m/s
ve = [-30j] m/s

Applying the relative velocity equation, we have
VA= Vet Yy
—17.68i — 17.68j = —30j + v4c
vac = [—17.68i + 12.32j] m/s

Thus, the magnitude of v, is given by

vae = V(-17.68) + 12.32> = 21.5m/s Ans.

and the direction angle 6, that v, makes with the x axis is

0, = tan_l(%) = 34.9° % Ans.

Acceleration: The acceleration of cars A and C expressed in Cartesian vector form are
a, = [~1.5cos 45°i — 1.5sin 45%j] m/s> = [~1.061i — 1.061j] m/s>
ac = [3j] m/s’

Applying the relative acceleration equation,

ay =ac +ayc
—1.061i — 1.061j = 3j + ayc

ayc = [~1.061i — 4.061j] m/s?

Thus, the magnitude of a,, is given by

aye = V(-1.061) + (—4.061)> = 4.20 m/s> Ans.

and the direction angle 6, that a,, makes with the x axis is

4.061
0, = tan_l<m> =754 Ans.

Ans:

UA/C = 215 m/s
0, = 34.9°
asc = 420m/s
0, = 754° %

2
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12-234.

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.

SOLUTION

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
7.51 — 12.99j = —=30j + vgc
vgic = [7.51 + 17.01j] m/s

Thus, the magnitude of vg, is given by

vgc = V1.5 + 17.01* = 18.6 m/s Ans.

and the direction angle 6, that vy, makes with the x axis is

17.01
6, = tan’(%) =66.2° A Ans.

2
. . . Up

Acceleration: The normal component of car B’s acceleration is (ag), = ——
p

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), = [2.25cos 30°i + 2.25sin 30° j] = [1.9486i + 1.125j] m/s’
ac = [3j] m/s?
Applying the relative acceleration equation,
ag = ac + ag/c
(=1 + 1.732)) + (1.9486i + 1.125)) = 3j + ap/c

agc = [0.9486i — 0.1429j] m/s’

Thus, the magnitude of ag/c is given by

agic = 1094862 + (—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.
0a = tan (0.9486> = ns

Ans:

vg)c = 18.6m/s
0, = 66.2° A
agie = 0.959 m/s?
6, = 857° %
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12-235.

The ship travels at a constant speed of v; = 20 m/s and the
wind is blowing at a speed of v, = 10m/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

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 cos 45°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 = Vg T Vi
8.660i — 5j = 14.14i + 14.14j + Vie/s
Vyls = [-5.482i — 19.14j] m/s

Thus, the magnitude of v, is given by

v, = V(—5.482)% + (—19.14)2 = 19.9 m/s Ans.

and the direction angle 6 that v,,, makes with the x axis is

19.14
6 = tan_l<m> = 74.0° > Ans.

Solution II

Scalar Analysis: Applying the law of cosines by referring to the velocity diagram
shown in Fig. a,

Vs = V202 + 102 — 2(20)(10) cos 75°

=1991m/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+ ¢ =740° & Ans.

Ans:
vy = 19.9m/s
0 = 74.0°F
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