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R1-1. The ball is thrown horizontally with a speed of y

8 m/s. Find the equation of the path, y = f(x), and then

determine the ball’s velocity and the normal and tangential

components of acceleration when ¢t = 0.25s. vy =8m/s

Horizontal Motion: The horizontal component of velocity is v, = 8 m/s and the
initial horizontal position is (sg), = 0

(&) se = (50)e + (Wo)st

x=0+8 [1]

Vertical Motion: The vertical component of initial velocity (v(), = 0 and the initial
vertical position are (s), = 0.

1
(+T) Sy = (SO)y + (UU)yt + E(ac)yt2
1 2
y=0+0+ 2 (-98D) 2]
Eliminate ¢ from Egs. [1] and [2] yields

y = —0.0766x> Ans.

The vertical component of velocity when ¢ = 0.25 s is given by

(+T) vy = (UO)y + (ac)yl

vy, =0+ (=9.81)(0.25) = —2.4525 m/s = 24525 m/s |

The magnitude and direction angle when ¢ = 0.25 s are

v ="Vl + v} = V8 + 24525 = 837 m/s Ans.

Uy 124525
— =tan ———

Vx

0 = tan™ = 17.04° = 17.0° % Ans.

Since the velocity is always directed along the tangent of the path and the
acceleration a = 9.81 m/s’ is directed downward, then tangential and normal
components of acceleration are

a, = 9.81sin 17.04° = 2.88 m/s? Ans.

a, = 9.81 cos 17.04° = 9.38 m/s? Ans.
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R1-2. Cartons having a mass of 5 kg are required to move
along the assembly line with a constant speed of 8 m/s.
Determine the smallest radius of curvature, p, for the
conveyor so the cartons do not slip. The coefficients of static
and kinetic friction between a carton and the conveyor are
s = 0.7 and py = 0.5, respectively.

+13F, =may,;, N-W=0 b
N=W
F, = 07W W=5(78\N
_.;,.an
2
5 2F, = ma,; 0.7W = l<§)
9.81\ p J
n
p=932m Ans.
]—;=0~7N

R1-3. A small metal particle travels downward through a
fluid medium while being subjected to the attraction of a
magnetic field such that its position is s = (15> — 3f) mm,
where ¢ is in seconds. Determine (a) the particle’s
displacement from ¢t = 2s to t = 4, and (b) the velocity
and acceleration of the particle whent = 5s.

a) s=15° -3¢
Att =2s,5 = 114 mm

Att = 4s, s3 = 948 mm

As = 948 — 114 = 834 mm Ans.

ds 2
b) v= o 4517 — 3 = 1122 mm/s = 1.12 m/s Ans.
t=5

dv 2 2

a=—=90¢ = 450 mm/s” = 0.450 m/s Ans.
dt t=5
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*R1-4. The flight path of a jet aircraft as it takes off is y
defined by the parametric equations x = 1.25¢> and
y = 0.03¢%, where ¢ is the time after take-off, measured in
seconds, and x and y are given in meters. If the plane starts
to level off at t = 40's, determine at this instant (a) the %
horizontal distance it is from the airport, (b) its altitude,
(c) its speed, and (d) the magnitude of its acceleration.

Position: When ¢ = 40 s, its horizontal position is given by

x = 1.25(40%) = 2000 m = 2.00 km Ans.

and its altitude is given by

y = 0.03(40°) = 1920 m = 1.92 km Ans.

Velocity: When ¢ = 40 s, the horizontal component of velocity is given by
vy = & = 2.501, g0, = 100 m/s

The vertical component of velocity is
vy = § = 0.09%,_4, = 144 m/s

Thus, the plane’s speed at ¢ = 40 s is

v, = V2 + 02 = V100? + 1442 = 175 m/s Ans.
Acceleration: The horizontal component of acceleration is
a, = ¥ =250 m/s?
and the vertical component of acceleration is
ay =y = 0.18,_g = 720 m/s

Thus, the magnitude of the plane’s acceleration at ¢ = 40s is

a=\d +d=\V250 +720° = 7.62 m/s’ Ans.
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R1-5. The boy jumps off the flat car at A with a velocity of o' =A4ft)s
v' = 4 ft/s relative to the car as shown. If he lands on the N8

second flat car B, determine the final speed of both cars
after the motion. Each car has a weight of 80 Ib. The boy’s
weight is 60 1b. Both cars are originally at rest. Neglect the B A

mass of the car’s wheels. 0] 026) 66)

S S A A A
LR IO O PO PO IO IOl AT MRS

0N 0

Relative Velocity: The horizontal component of the relative velocity of the boy with

12
respect to the car A is (vya)y = 4(6) = 3.692 ft/s. Thus, the horizontal

component of the velocity of the boy is

(Wp)r = va + (Visa)s

(&) (Vp), = —va + 3.692 i

Conservation of Linear Momentum: If we consider the boy and the car as a system,
then the impulsive force caused by traction of the shoes is internal to the system.
Therefore, they will cancel out. As the result, the linear momentum is conserved
along x axis. For car A

0 =mp(vp)y + myvy

(&) 0= (%)(vb)x + (%)(—m) 2]

Solving Egs. [1] and [2] yields

vy = 1.58 ft/s Ans.
(vp), = 2.110 ft/s
For car B

my (vp)y = (my + mp)ug

(&) <ﬂ>(z.110) = (60+80>v3

322 322

vy = 0.904 ft/s Ans.
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R1-6. The man A has a weight of 1751b and jumps from
rest at a height # = 8 ft onto a platform P that has a weight
of 60 Ib. The platform is mounted on a spring, which has a I —
stiffness & = 200 1b/ft. Determine (a) the velocities of A
and P just after impact and (b) the maximum compression A
imparted to the spring by the impact. Assume the coefficient \
of restitution between the man and the platform is e = 0.6,
and the man holds himself rigid during the motion.

Conservation of Energy: The datum is set at the initial position of platform P. When
the man falls from a height of 8 ft above the datum, his initial gravitational potential
energy is 175(8) = 1400 ft - Ib. Applying Eq. 14-21, we have L

Tl+‘/1:T2+V2

(115

(U H)l = 2270 ft/S
Conservation of Momentum:

my (v + mp(vp)y = my(vy), + m,(vy),

(+1) (%)(22.70) +0= <%>(UM)2 + (362%)(%)2 (1]

Coefficient of Restitution:

_ (wp)r = (vm)o
(va — (Up)l

_ (wp)r = (vp)

+ )
(+1) 06="270-0 2]
Solving Egs. [1] and [2] yields

(vp)o = 27.041ft/s | =270 ft/s | (vy), = 134ft/s | Ans,

Conservation of Energy: The datum is set at the spring’s compressed position.

60
Initially, the spring has been compressed 200 = 0.3 ft and the elastic potential

energy is %(200) (0.3%) = 9.00 ft - Ib. When platform P is at a height of s above the
datum, its initial gravitational potential energy is 60s. When platform P stops
momentary, the spring has been compressed to its maximum and the elastic
potential energy at this instant is %(200)(s + 0.3)% = 100s2 + 60s + 9. Applying
Eq. 14-21, we have

hL+WV=5L+V

1/ 60 ) )
=527 + 60s + 9.00 = + 60s +
2( 32.2)(27 042) + 60s + 9.00 = 100s> + 60s + 9

s = 2.61ft Ans.
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R1-7. The man A has a weight of 100 Ib and jumps from
rest onto the platform P that has a weight of 60 1b. The
platform is mounted on a spring, which has a stiffness B
k = 200 Ib/ft. If the coefficient of restitution between the
man and the platform is e = 0.6, and the man holds himself A

rigid during the motion, determine the required height 4 of X
the jump if the maximum compression of the spring is 2 ft.

Conservation of Energy: The datum is set at the initial position of platform P. When
the man falls from a height of & above the datum, his initial gravitational potential
energy is 100A. Applying Eq. 14-21, we have e

h+W=5L+V

100

_1 >
0+ 100k = (32.2)(%)1 +0

(UH)l =V 644h

Conservation of Momentum:

my (v + mp (vp)y = my (V) + mp (vp),

(+1) (%)(\/@) +0= (%)(UM)z + (362%)(”12)2 1]

Coefficient of Restitution:

_ (Up)Z - (UM)Z
7 wan — (),

(+l) 0.6 = (Up)z — (vm)2 2]
T \V644h - 0

Solving Egs. [1] and [2] yields

(), = V644h | (vy), = 04V644h |

Conservation of Energy: The datum is set at the spring’s compressed position.

60
Initially, the spring has been compressed 200 0.3 ft and the elastic potential

energy is % (200) (0.32) = 9.00 ft - Ib. Here, the compression of the spring caused by
impact is (2 — 0.3) ft = 1.7 ft. When platform P is at a height of 1.7 ft above the
datum, its initial gravitational potential energy is 60(1.7) = 102 ft-1b. When
platform P stops momentary, the spring has been compressed to its maximum and
the elastic potential energy at this instant is %(200)(22) = 400 ft - 1b. Applying
Eq. 14-21, we have

T1+‘/1:T2+V2

%( %0 )(\/64.4h)2 + 102 + 9.00 = 400

322

h = 4821t Ans.
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*R1-8. The baggage truck A has a mass of 800 kg and is
used to pull each of the 300-kg cars. Determine the tension
in the couplings at B and C if the tractive force F on the
truck is F = 480 N. What is the speed of the truck when
t = 2, starting from rest? The car wheels are free to roll.
Neglect the mass of the wheels.

B 3F, =ma,; 480 = [800 + 2(300)]a

a = 0.3429 m/s’

(_—t)) V=1vy+ a.t

v =0+ 0.3429(2) = 0.686 m/s
BIF, = may; Ty = 2(300)(0.3429)

Ty = 205.71 = 206 N Ans.  300(9.8)N 300(98IN 753429 mls>
B SF, = ma,;  Te = (300)(0.3429) —

Te = 102.86 = 103N Ans.

a=0.3429 mjs*

1}

R1-9. The baggage truck A has a mass of 800 kg and is
used to pull each of the 300-kg cars. If the tractive force F
on the truck is F = 480 N, determine the acceleration of
the truck. What is the acceleration of the truck if the
coupling at C suddenly fails? The car wheels are free to roll.
Neglect the mass of the wheels.

5 SF, =ma,; 480 = [800 + 2(300)]a
a = 0.3429 = 0.343 m/s’
B SF, = ma,; 480 = (800 + 300)a

a = 0.436 m/s?
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R1-10. A car travels at 80 ft/s when the brakes are
suddenly applied, causing a constant deceleration of
10 ft/s. Determine the time required to stop the car and
the distance traveled before stopping.

<$> Vv=yv +a.t

0 =80 + (—10)

t=28s Ans.
<$> v2 = v} + 2a. (s — )

0 = (80)*> + 2(—10)(s — 0)

s = 320 ft Ans.
R1-11. Determine the speed of block B if the end of the
cable at C is pulled downward with a speed of 10 ft/s. What
is the relative velocity of the block with respect to C?

C
110 ft/s
3sg +sc =1
3vg = —v¢
3vg = —(10)
vg = —3.33 ft/s = 3.33 ft/s | Ans.
(+l> vg = v + VB/C
—3.33 =10 + vgic
vpie = =133 ft/s = 133 ft/s 1 Ans.
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*R1-12. The skier starts fom rest at A and travels down A
the ramp. If friction and air resistance can be neglected,

determine his speed vg when he reaches B. Also, compute

the distance s to where he strikes the ground at C, if he

makes the jump traveling horizontally at B. Neglect the 50
skier’s size. He has a mass of 70 kg.

Potential Energy: The datum is set at the lowest point B. When the skier is at point ‘
A,heis (50 — 4) = 46 m above the datum. His gravitational potential energy at this
position is 70(9.81) (46) = 31588.2 J.

Conservation of Energy: Applying Eq. 14-21, we have
TA + VA = TB + VB
1 2
0 + 31588.2 = 5 (70) vy
vg = 30.04 m/s = 30.0 m/s Ans.

Kinematics: By considering the vertical motion of the skier, we have
1 2
(+‘L) Sy = (SO)y + (UO)yt + E(ac)yt
. 1 )
4 + ssin30°=0+0 + 5(9.81)t [1]

By considering the horizontal motion of the skier, we have
(+) 5v = (0)x + vyt
scos 30° = 0 + 30.04¢ [2]
Solving Egs. [1] and [2] yields
s =130 m Ans.

t =3753s

487



91962 05 R1_p0479-0512 6/5/09 3:53 PM Page 488 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

R1-13. 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 ¢ = 1s. Also, prove that the path of the
particle is elliptical.

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

M {=10sin 2ri + 8 cos 2rj} m/s

Whent = 1s,v = —10sin2(1)i + 8cos2(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 express in Cartesian vector form can be obtained by
applying Eq. 12-9.

d
a= dij = {—20 cos 2ri — 16 sin 2rj} m/s?
When ¢ =1s, a= —20cos2(1)i — 16sin2(1)j = {8.323i — 14.549j} m/s. Thus,
the magnitude of the acceleration is

a=\Vd+d=V8323 + (-14549)° = 168 m/s’ Ans.

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

X nl
55 = cos 2t 1]
2
Yo a2
16 = S 2t [2]
Adding Eqgs [1] and [2] yields
2y
XY o2 4+ sin?
% 16 cos” 2r + sin” 2t

However, cos?> 2r + sin?2¢t = 1.Thus,

2 2

X y . .
— 4+ — = VS PN
TR 1 (Equation of an Ellipse) (Q.E.D.)
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R1-14. The 5-b cylinder falls past A with a speed
v, = 10 ft/s onto the platform. Determine the maximum
displacement of the platform, caused by the collision. The
spring has an unstretched length of 1.75 ft and is originally
kept in compression by the 1-ft-long cables attached to the
platform. Neglect the mass of the platform and spring and
any energy lost during the collision.

v, =10 ft/sl A

Potential Energy: Datum is set at the final position of the platform. When the
cylinder is at point A, its position is (3 + s5) above the datum where s is the maximum - —
displacement of the platform when the cylinder stops momentary. Thus, its 1Tft k =400 Ib/ft
gravitational potential energy at this position is 5(3 + s) = (15 + 5s) ft-1b. The

1
initial and final elastic potential energy are ) (400) (1.75 — 1)*> = 112.5ft-1b and
1
5 (400) (s + 0.75)> = 200s> + 300s + 112.5, respectively.

Conservation of Energy: Applying Eq. 14-22, we have

ETA + EVA = ETB + EVB

1/ 5
= 10%) + (15 + + 1125 = 0 + 200s% + + 112.
5 <32.2>( 0?) + (15 + 5) 5 =0 + 200s> + 300s 5

s = 0.0735 ft Ans.

R1-15. The block has a mass of 50 kg and rests on the
surface of the cart having a mass of 75kg. If the spring
which is attached to the cart and not the block is
compressed 0.2 m and the system is released from rest, 1
determine the speed of the block after the spring becomes = 0¥ ©)
undeformed. Neglect the mass of the cart’s wheels and the

spring in the calculation. Also neglect friction. Take

k = 300 N/m.

h+wv=0L+V

[0+ 0] + %(300)(0.2)2 = %(50) Vi + %(75) v2

12 =50 vi + 75v2
(5) Smvy = Zmy,

0+0=50v, —75v,

vy = 1.5v,
ve = 0253 m/s <«
vy = 0379 m/s — Ans.
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*R1-16. The block has a mass of 50 kg and rests on the
surface of the cart having a mass of 75kg. If the spring
which is attached to the cart and not the block is
compressed 0.2 m and the system is released from rest, 1

determine the speed of the block with respect to the cart e (OZ )
after the spring becomes undeformed. Neglect the mass of

the cart’s wheels and the spring in the calculation. Also

neglect friction. Take k = 300 N/m.

T1+‘/]:T2+1/2

1 1 1 Ve
[0+0] + 5 (300)(0.2)> = 5 (502 + 5 (75) v2 Vo
12 = 50 v} + 7512 ORC Loxo)

(5) Smy; = Zmv,

0+0=50v,—75v,
vp = 15v,
v, = 0253 m/s <
vy = 0379m/s —
Vo = Ve T Ve
(B) 0379 = —0253 + vy,

Vpe = 0.632m/s — Ans.
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R1-17. A ball is launched from point A at an angle of 30°. V4
Determine the maximum and minimum speed v, it can A @)
have so that it lands in the container. 30°

25m l

Min. speed: qd.

(—t) s =5+ vt

2.5 =0 + v, cos 30°t

<+T) s=s0+vol+%act2 51=o-z5m
(50)3:;{ 30°

v 8

1
025 =1 + vusin30% — 5(9.81)r2 X

(SX' M,_"=2.5m

Solving Z

Sy =4m

£ = 0.669s S

V4= (vA)min = 4.32m/s Ans.

Max. speed:

($) s =S5y + vt

4 =0 + v, cos30°t

1
<+T) s=s0+vot+5act2
. 1 2
025 =1+ vysin30°¢ — 5(9.81)1

Solving:
t =0.790s

Va = (VA)max = 5.85m/s Ans.
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R1-18. At the instant shown, cars A and B travel at speeds B .
of 55 mi/h and 40 mi/h, respectively. If B is increasing its \ 5 = 40 mi/h
speed by 1200 mi/h?, while A maintains its constant speed,
determine the velocity and acceleration of B with respect to ~
. . B
A. Car B moves along a curve having a radius of curvature
of 0.5 mi. e —
AT W
|
vqg =55mi/h
vp = —40 cos 30°i + 40sin 30°% = {—34.64i + 20j} mi/h '\4
v, = {—55i} mi/h

Q=40 mifh,

VB/a = VB — V4

(—34.64i + 20§) — (—55i) = {20.36i + 20j} mi/h

30 %
vpa = V20367 + 20° = 28.5mi/h Ans.
20
=tan’! ——— | = 445° 1 Ans.
6 = tan <20.36) 5 ns
2 2
Up 40 <2 c 2
(ap), = — = —— = 3200 mi/h (ap), = 1200 mi/h
0.5 - /)
P % (_aa‘)n’gzoo i ‘/h
ag = (3200 sin 30° — 1200 cos 30°)i + (3200 cos 30° + 1200 sin 30°)j i
| @)y =1200mif*|
= {560.77i + 3371.28j} mi/h> 30
a,y = 0 .
20
x
ap = Ay + aB/A
560.77i + 3371.28j = 0 + ag),
ap/4 = {560.77i + 3371.28j} mi/h*
aga = V(560.77)% + (3371.28)> = 3418 mi/h?> = 3.42 (10°) mi/h’ Ans.
3371.28
= -1 = 6° A Ans.
6 = tan (560.77) 80.6 ns.
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R1-19. At the instant shown, cars A and B travel at speeds
of 55 mi/h and 40 mi/h, respectively. If B is decreasing its
speed at 1500 mi/h? while A is increasing its speed at
800 mi/h?, determine the acceleration of B with respect to
A. Car B moves along a curve having a radius of curvature
of 0.75 mi.

(ag)y = 17 = G
@B =" " 075

= 2133.33 mi/h?

aAp = Ay + aB/A

= —800i + (ap/a)i + (ap/a)yi

() 213333 5in30° + 1500 cos 30° = —800 + (ag4)s
(apa)x = 3165705 —

(-‘rT) 2133.33 cos 30° — 1500 sin 30° = (aB/A)y

(apa)y = 1097.521 1

(apa) = V(1097.521)? + (3165.705)
aga = 3351 mi/h? = 3.35 (10°) mi/h?

o (1097.521

0 = tan 3165.705) =191°x

2133.33 sin 30°i + 2133.33 cos 30°j + 1500 cos 30°i — 1500 sin 30°j

Ans.

Ans.

\Eifmmm

@

o

AT o

4

/
vqg =55mi/h

304

(@y),=2 13333 mi/h>

30°

@), =1500mi[n*
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*R1-20. Four inelastic cables C are attached to a plate P
and hold the 1-ft-long spring 0.25 ft in compression when
no weight is on the plate. There is also an undeformed
spring nested within this compressed spring. If the block,
having a weight of 10 1b, is moving downward at v = 4 ft/s,
when it is 2 ft above the plate, determine the maximum
compression in each spring after it strikes the plate.
Neglect the mass of the plate and springs and any energy
lost in the collision.

k = 30(12) = 360 Ib/ft

k' = 50(12) = 600 Ib/ft
Assume both springs compress;
I'+Vi=T+V,

L 10
2322

13.73 = 180(s + 0.25)* + 300(s — 0.25)* — 10s — 20
33.73 = 180(s + 0.25)* + 300(s — 0.25)* — 10s

480s> — 70s — 373 =0

Choose the positive root;

s = 0.1874 ft < 0.25 ft
The nested spring does not deform.

Thus Eq. (1) becomes
13.73 = 180(s + 0.25)> — 10s — 20
180 s + 80s — 2248 = 0

s = 0.195 ft

2ft

k = 301b/in.

k' = 501Ib/in.

)(4)2 + 0 + %(360)(0.25)2 =0+ %(360)@ + 0.25)% + %(600)(s —0.25)> — 10(s + 2)

@

NG!

Ans.
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R1-21. Four inelastic cables C are attached to plate P and
hold the 1-ft-long spring 0.25 ft in compression when no
weight is on the plate. There is also a 0.5-ft-long undeformed
spring nested within this compressed spring. Determine the l v
speed v of the 10-Ib block when it is 2 ft above the plate, so
that after it strikes the plate, it compresses the nested
spring, having a stiffness of 50 Ib/in., an amount of 0.20 ft.
Neglect the mass of the plate and springs and any energy 2t
lost in the collision.

k = 30 Ib/in.

k = 30(12) = 360 Ib/ft

k' = 50(12) = 600 Ib/ft

h+=5L+V

11 1 1 1
- (—0>v2 + = (360)(0.25)% = — (360)(0.25 + 0.25 + 0.20)> + = (600)(0.20)> — 10(2 + 0.25 + 0.20)
2\322 2 2 2
Datum
v = 204 ft/s Ans. T
101b J.%.f«t

R1-22. The 2-kg spool S fits loosely on the rotating
inclined rod for which the coefficient of static friction is
s = 0.2. If the spool is located 0.25 m from A, determine
the minimum constant speed the spool can have so that it
does not slip down the rod.

4
p =025 (§> =02m

3 4 v?
& = . ) - 2) =9
2F, = ma,; Ny (5) 0~2Ns(5) 2(0.2>

4 3
+15F, = ma,; N, (g) + 0.2N, (5) —2(9.81) = 0

b
278N

N, = 213N

v = 0.969 m/s Ans.
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R1-23. The 2-kg spool S fits loosely on the rotating inclined
rod for which the coefficient of static friction is u, = 0.2. If
the spool is located 0.25 m from A, determine the maximum
constant speed the spool can have so that it does not slip up
the rod.

p =025 (%) =02m

3 4 V2
& = . el T) o =
2F, = ma,; NS(5> + O.2NS(5> 2(0.2> b

+1SF, =may; N, (g) — 02N, (%) —2(981) =0 209.86)N

N, = 2885N

v =148 m/s Ans.

*R1-24. The winding drum D draws in the cable at an
accelerated rate of 5 m/s?. Determine the cable tension if
the suspended crate has a mass of 800 kg.

SA+2sB:l 7o)

ar= - 2ap A

5= —ZaB Hg E
B =

ap = —2.5m/s* = 2.5m/s* 1
+12F, = ma,; 2T — 800(9.81) = 800(2.5)

T = 4924 N = 4.92 kN Ans.

AN

A 4
800(9.8)N
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R1-25. The bottle rests at a distance of 3 ft from the center

of the horizontal platform. If the coefficient of static friction 35t
between the bottle and the platform is u; = 0.3, determine -
the maximum speed that the bottle can attain before

slipping. Assume the angular motion of the platform is

slowly increasing.

SF, = 0; N-W=0 N=W

Since the bottle is on the verge of slipping, then F; = uy N = 0.3W.

w 2
SF, = ma,; 03W = (32—2)(%)
v = 538 ft/s Ans.

R1-26. Work Prob. R1-25 assuming that the platform
starts rotating from rest so that the speed of the bottle is

3 ft
increased at 2 ft/s.
Applying Eq. 13-8, we have
2F, =0, N-W=0 N=W
b
Since the bottle is on the verge of slipping, then F; = u, N = 0.3W.
SF = ; 0.3W sin 6 = W 2 1
¢ = ma;; . smo = 302 ) 1] W
SF, = ; 0.3W cos 6 = ( il ><”—2) 2] B
= ma,; B3Weost = | - I3 g 7
Solving Egs. [1] and [2] yields j \}
v = 532ft/s Ans. \\/\k}‘;%)‘:}/\}
_ o 1
6 =11.95 N A =2 ftfs>
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R1-27. The 150-Ib man lies against the cushion for which
the coefficient of static friction is u; = 0.5. Determine the
resultant normal and frictional forces the cushion exerts on
him if, due to rotation about the z axis, he has a constant
speed v = 20 ft/s. Neglect the size of the man. Take
6 = 60°.

8 ft i

0
o150 (207 .
N2F, =m(a,),; N — 150 cos 60° = 322 (?) sin 60
N =2771b Ans.
. 150 (20°
+ — . _ + o — T (=7 o
V2EF, = m(a,),; F + 150 sin 60 32.2< 3 ) cos 60
F =1341b Ans.
Note: No slipping occurs
Since ug N = 138.41b > 13.41b
*R1-28. The 150-Ib man lies against the cushion for which z
the coefficient of static friction is w, = 0.5. If he rotates
about the z axis with a constant speed v = 30 ft/s, determine
the smallest angle 6 of the cushion at which he will begin to
slip up the cushion. St |
|
G
0
150 ( (30)*
¢2Fn=man; O.SNcosH-l—NsinG:@(( 8))
+13F, =0; —150 + Ncos# — 0.5N sinf =0
isolé
_ 150
" cosf — 0.5sin 6 Ly
(0.5cos § + sin 0)150 150 ( (30)2) BN
(cos® — 0.5sinf) 322\ 8
7
0.5cos 6 + sin 6 = 3.49379 cos & — 1.746 89 sin 0 g N
0 = 47.5° Ans
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R1-29. The motor pulls on the cable at A with a force |
F = (30 + %) Ib, where ¢ is in seconds. If the 34-Ib crate is |
originally at rest on the ground when ¢ = 0, determine its
speed when ¢t = 4. Neglect the mass of the cable and
pulleys. Hint: First find the time needed to begin lifting
the crate.

=]

\lyz
O
[

30 + 12 =34

t = 2 s for crate to start moving

-

(+T) mv; + Z/th = mv,

2 — — = —
0+ l (30 + 9)dt — 34(4 — 2) 322 2
1 34
+ PP -68 =~
[30t 3 t ]2 68 322 Va
v, = 10.1 ft/s Ans.

R1-30. The motor pulls on the cable at A with a force |
F = (e*)1b, where ¢ is in seconds. If the 34-lb crate is e
originally at rest on the ground when ¢ = 0, determine the
crate’s velocity when ¢t = 2 s. Neglect the mass of the cable
and pulleys. Hint: First find the time needed to begin lifting
the crate.

F=e*=34

t = 1.7632 s for crate to start moving

-

+1  mv + E/th=mv2

2 34 v
0+ / eldr — 342 — 1.7632) = ——v

1.7632 ( ) 322 72
1 2
Ze?t — 8.0519 = 1.0559 v,
2 |ien
v, = 213 ft/s Ans.

\ 4
34 b
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R1-31. The collar has a mass of 2 kg and travels along the
smooth horizontal rod defined by the equiangular spiral
r = (e’) m, where 6 is in radians. Determine the tangential
force F and the normal force N acting on the collar
when 6 = 45°, if force F maintains a constant angular motion

6 = 2rad/s.
r=ce’
F=e%0
'r':ee(é)2+e99 .
(=45 r
At = 45° ‘
6 = 2rad/s
0=0
= 2.1933
' m —tangent

r = 4.38656 m/s .
0=45"
7 = 8.7731 m/s?

a, =7 —r (0)> = 87731 — 219332 = 0

ag=r6+276 =0+ 2(438656)(2) = 17.5462 m/s’

_ 6,0 _
tanzp—T—e/e =
()
Y =0=45°
2F.=ma,; —N, cos 45° + F cos 45° = 2(0)

SFp=may; F sin 45° + Nj sin 45° = 2(17.5462)

N = 248N Ans.

F =248N Ans.
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*R1-32. The collar has a mass of 2 kg and travels along the
smooth horizontal rod defined by the equiangular spiral
r = (¢%) m, where 6 is in radians. Determine the tangential
force F and the normal force N acting on the collar when
0 = 90°, if force F maintains a constant angular motion
6 = 2 rad/s.

r=e
F=e"6
F= (30(('9)2 +e’0
At 0 = 90°
6 = 2rad/s
=0
r = 48105 m
F = 9.6210 m/s

¥ = 19.242 m/s?
a, =¥ — r(0)* = 19.242 — 4.8105(2)* = 0

ag=r6+2i6 =0+ 2(9.6210)(2) = 38.4838 m/s

tany = —— = e¥%e’ =1
dr
()
=0 =45°
+1 SF, =ma,; —Ncos45° + F cos45° = 2(0)

ESF=ma,; F sin 45° + N sin 45° = 2(38.4838)
N, = 544N
F =544N

Ans.

Ans.
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R1-33. The acceleration of a particle along a straight line is
defined by a = (2t — 9) m/s?, where ¢ is in seconds. When
t=0,s=1m and v = 10 m/s. When ¢ = 9 s, determine
(a) the particle’s position, (b) the total distance traveled, and
(c) the velocity. Assume the positive direction is to the right.

a=2t—09) t=12985
dv = adt
C e I0% =0
/wdv = /0(2t — 9) dt e e e o e e e e o
->=Q_ ‘t:— 'S
v—10=1>— 9 } } 7 } +—5(m)
=-30:50 or 71
v=12—9+10 <
—36-627
ds = vdt
s t
/ds = /(r2 — 9 + 10)dr
1 0
1 3 2
s 1=30 =457 + 100
1 3 2

s= 30 450+ 100 + 1

Notev =0att? — 9t + 10 =0
t =1298sandt = 7.702 s

Atr =1298s,s = 7.127m
Att =7702s,s = —36.627 m
Att =9s,s = =30.50m
a) s = —305m Ans.
b) s = (7.127 — 1) + 7.127 + 36.627 + (36.627 — 30.50) = 56.0 m Ans.
¢) V=g = (9)> — 9(9) + 10 = 10 m/s Ans.
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R1-34.

Also,

the cable and motor M. For a short time, the force in the
cable is F = (3200¢%) N, where ¢ is in seconds. If the car has
an initial velocity v; = 2m/s when ¢ = 0, determine its
velocity whent = 2s.

+/3F,

mv1+E/th=mv2

The 400-kg mine car is hoisted up the incline using

S =may; 3200 — 400(9.81)(%) =400a a = 8 — 4616
dv = adt
v 2
/dv = / (82 — 4.616)dr
2 0
v =141m/s Ans.

400(9-81)N

F=(3200t)N

dt
/ ds
2

N

2
8
+7 400(2) + / 3200 ¢% dt — 400(9.81)(2 — O)(ﬁ) = 400v,
0
800 + 8533.33 — 3693.18 = 400v,
v, = 141 m/s
R1-35. The 400-kg mine car is hoisted up the incline using

the cable and motor M. For a short time, the force in the
cable is F = (3200¢%) N, where ¢ is in seconds. If the car has
an initial velocity v; = 2m/s at s = 0 and ¢t = 0, determine
the distance it moves up the plane when ¢t = 2 s.

SF, =may; 320062 — 400(9.81)<§> =400a a = 8 — 4.616
17 2,
dv = adt
v=a F=(3200t)N
v t
/ dv = /(8t2 — 4.616)dt
2 0
v = ds _ 2.667t — 4.616t + 2

2
= / (2,667 — 4.616t + 2)dt
0

=543m Ans.
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*R1-36. The rocket sled has a mass of 4 Mg and travels
along the smooth horizontal track such that it maintains a
constant power output of 450 kW. Neglect the loss of fuel
mass and air resistance, and determine how far the sled must
travel to reach a speed of v = 60 m/s starting from rest.

T
—

v
R ——
CIRN -
[ 11T 11 [1

£009(980N 4o

ds a=v as
—
2
P=Fv= m<v dv) F
ds
/ Pds=m / v dv 1
N
N v
P / ds =m / v dv
0 0
mv?
Ps =
T3
som v
3P
4(10%)(60)*
s = % =640 m Ans.
3(450)(10°)
R1-37. The collar has a mass of 20 kg and can slide freely on
the smooth rod. The attached springs are undeformed when
d = 0.5m. Determine the speed of the collar after the k' =15N/m
applied force F = 100 N causes it to be displaced so that
d = 0.3 m. When d = 0.5 m the collar is at rest. 2: 100N
60°
Kl

Tl + ZUI*Z = Tz

N

gk =25N/m

0 + 100 sin 60°(0.5 — 0.3) + 20(9.81)(0.5 — 0.3) — %(15)(0.5 - 03)> - %(25)(0.5 - 03)? = %(20)%

ve = 2.36m/s

Ans.

W=20(98))N

F=100N
oo’
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R1-38. The collar has a mass of 20 kg and can slide freely on
the smooth rod. The attached springs are both compressed
0.4 m when d = 0.5 m. Determine the speed of the collar
after the applied force F = 100 N causes it to be displaced
so that d = 0.3 m. When d = 0.5 m the collar is at rest.

Tl + 2U1,2 = T2

1 1 1
- [E 1504 — 02)* - 5 (15)(0.4)7] = 5 (20)vZ

ve = 2.34m/s

0 + 100 sin 60°(0.5 — 0.3) + 196.2(0.5 — 0.3) — [% (25)[0.4 + 0.2)* — %(25)(0.4)2]

Ans.

k' =15N/m
F=100N

|
T§k=25N/m

7

F=100N

W=20(98I)N

00’

R1-39. The assembly consists of two blocks A and B which
have masses of 20 kg and 30 kg, respectively. Determine the
speed of each block when B descends 1.5 m. The blocks are
released from rest. Neglect the mass of the pulleys and cords.

3sy+tsg=1
3ASA: 7ASB
3VA: — VB

T1+‘/1:T2+V2

Ans.

(0+0)+ (0 +0) = 1 (20)(v4)? + 1(30)(—3VA)2 + 20(9.81)(£) — 30(9.81)(1.5)
2 2 3

vqg = 154m/s

vp = 4.62m/s

Ans.

TP

“

505




91962 05 R1_p0479-0512 6/5/09 3:55 PM Page 506 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*R1-40. The assembly consists of two blocks A and B,
which have masses of 20kg and 30kg, respectively. <

Determine the distance B must descend in order for A to
achieve a speed of 3 m/s starting from rest.

[
=

Qg/

Nl

3SA+SB_I B

3Asy = — Asp

3VA = — VB
vg = —9m/s

IR
hL+V=6L+V,

0+0)+ (0 +0) = %(20)(3)2 + %(30)(—9)2 + 20(9.81)(%) — 30(9.81)(sp)

sg = 570 m Ans. Sp

R1-41. Block A, having a mass m, is released from rest,
falls a distance & and strikes the plate B having a mass 2m.
If the coefficient of restitution between A and B is e, [
determine the velocity of the plate just after collision. The h
spring has a stiffness k. l

Just before impact, the velocity of A is

Th+Vi=T5L+V,

1
0+0=§mv%4—mgh

Vpqg = v2gh

_ (vg)2 = (Va)
<+l) e = 7\/2&77

e\/@ = (vg)2 — (Vah 4]
<+l) 2myy = 2mv,

m(VA) +0= m(VA)z + zm(VB)z (2)

Solving Egs. (1) and (2) for (vy), yields

(vg)y = % V2gh (1 + e) Ans.
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R1-42. Block A, having a mass of 2 kg, is released from A
rest, falls a distance # = 0.5 m, and strikes the plate B
having a mass of 3kg. If the coefficient of restitution [
between A and B is e = 0.6, determine the velocity of the h
block just after collision. The spring has a stiffness l
k = 30 N/m. B
Just before impact, the velocity of A is k
hL+W=hL+W
1
0+0= 5(2)(VA)% — 2(9.81)(0.5)
(va)2 = V2(9.81)(0.5) = 3.132 m/s
(va)s = (va)s
+ ==~
(+1) e="305 0
06(3132) = (VB)S - (VA)3
1.879 = (vg)s — (va)s @
(+l> 2mv, = Zmy;
2(3.132) + 0 = 2(v4)3 + 3(vp)3 ?)
Solving Eqs. (1) and (2) for (v ,); yields
(VB)3 = 2.00 m/s
(va); = 0125 m/s Ans.
R1-43. The cylindrical plug has a weight of 2 1b and it is
free to move within the confines of the smooth pipe. The
spring has a stiffness k = 14 1b/ft and when no motion
occurs the distance d = 0.5 ft. Determine the force of the
spring on the plug when the plug is at rest with respect to 31t |
the pipe. The plug travels in a circle with a constant speed of
15 ft/s, which is caused by the rotation of the pipe about the d
vertical axis. Neglect the size of the plug.
2 [ (15)?
& 3F, =ma,; Fs=@[3_d k= 141b/ft
F, = ks; F, = 14(0.5 — d) b
Thus,
2 [ (15
14(0.5—d)=7{( )} 2 1b
3223 -d a
n
0.5 — d)(3 — d) = 0.9982 < ,
3
1.5 — 3.5d + d* = 0.9982 - F;
d* —3.5d + 0.5018 = 0
Choosing the root < 0.5 ft
d = 0.1498 ft N
F, = 14(0.5 — 0.1498) = 4.90 Ib Ans.
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*R1-44. A 20-g bullet is fired horizontally into the 300-g
block which rests on the smooth surface. After the bullet
becomes embedded into the block, the block moves to the
right 0.3 m before momentarily coming to rest. Determine
the speed (vg); of the bullet. The spring has a stiffness
k = 200 N/m and is originally unstretched.

After collision
T+ 22U, =T,
1 21 2 _
) (0.320)(v,)” — ) (200)(0.3) =0
v, = 7.50 m/s

Impact

Zmv, = 2mv,

0.02(vg); + 0 = 0.320(7.50)

(Ve k =200N/m
_

(0»+0.02)(9.81) N

(VB)I =120 m/s Ans.
R1-45. The 20-g bullet is fired horizontally at
(vg);1 = 1200 m/s into the 300-g block which rests on the
smooth surface. Determine the distance the block moves to (veh k =200 N/m
the right before momentarily coming to rest. The spring has >
a stiffness k = 200 N/m and is originally unstretched. =
Impact
(0»+0.02)(9.81) N
2mv; = 2mv,
0.02(1200) + 0 = 0.320(v,)
v, = 75m/s F
= 5
After collision;
Tl + EU1,2 = T2
1(0 320)(75)% — l(200)( =0
2 2 N
x=3m Ans.
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R1-46. A particle of mass m is fired at an angle 6, with a y
velocity v, in a liquid that develops a drag resistance
F = —kv, where k is a constant. Determine the maximum
or terminal speed reached by the particle.

Equation of Motion: Applying Eq. 13-7, we have Y9
k 0
-5 SF, = ma,; —kv, = ma, a, = P [1] o \ 0 P
+13F, = ma,; -mg — kv, = ma a, = — —iv [2]
y E 4 y y y E—
2 d 2
However, v, = ﬂ, a, = Lf, v, = hod and a, = % Substitute these values into
dt dt dt dt
Egs. [1] and [2], we have
d’x | k dx
—t+ —— =0 3
drr  mdt 3] kq/‘y«
d’y  k dy 3
udR AN e A 4
e’ m dt § o Qx.
The solution for the differential equation, Eq. [3], is in the form of
x=Clen + G [5] kvﬂ

Thus,

. Gk _x (6]

X m e m%
However,att = 0,x = 0 and x = vycos 6. Substitute these values into Egs. [5] and
[6], one obtains C; = - vy cos p and C, = m v, cos 6. Substitute C, into Eq. [6]

k k
and rearrange. This yields

i = e ! (v cos ) [7]

The solution for the differential equation, Eq. [4], is in the form of

_k mg
y:C3€'”t+C4_7t [8]
Thus,
. Gk _«, mg
y=oo e = 191

However,att = 0,y = 0 and y = v, sin 6. Substitute these values into Eq. [8] and

. m . mg m . mg
[9], one obtains C; = 7\ vosin 0y + 7 and C,; = 2\ vosin 0y + - )
Substitute C; into Eq. [9] and rearrange. This yields

. i, . mg mg
=enm +—) - — 10
y=e <v0 sin 6, A ) X [10]

t

For the particle to achieve terminal speed, t — c0 and ¢ ' — 0. When this happen,

m
from Egs. [7] and [10],v, = x = 0and v, = y = —Tg.”[hus,

mg\? m
Umax — VU%‘FU?}: 02+ (*Tg) =7g Ans.
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R1-47. A projectile of mass m is fired into a liquid at an
angle 6, with an initial velocity vy as shown. If the liquid
develops a friction or drag resistance on the projectile
which is proportional to its velocity, i.e., F = —kv, where k
is a constant, determine the x and y components of its
position at any instant. Also, what is the maximum distance
Xmax that it travels?

Equation of Motion: Applying Eq. 13-7, we have

5 2F, = ma,; —kv, = ma, a, = —;vx [1]
k
+T2Fy = ma,; —mg — kv, = ma, a, = —g — ;vy [2]
d d? d d’
However, v, = ?f’ a, = T;’ v, = di)t} and a, = dT‘i Substituting these values into
Egs. [1] and [2], we have
dr*>  m dt
dzy k dy
PRSI St A 4
a2 mar ¢ 4]

The solution for the differential equation, Eq. [3], is in the form of
x=Clen +C, [5]
Thus,

k= et [61

However, at t = 0, x = 0 and x = vycos 6. Substituting these values into Eq. [5]
and [6], one can obtain C; = —% vy cos Oy and C, = %vo cos 6. Substituting C,
and C, into Eq. [5] and rearrange yields
m _k
X =" vycos 0o (1 —e m’) Ans.

_k
Whent— 00,e n'—0and x = x,c. Then,

m
Xmax = % v, cos 6y Ans.

The solution for the differential equation. Eq. [4], s in the form of

_k mg
y:C3€"’l +C4_7t [7]
Thus,
. Csk _k, Mg
= —_-——— m _—— 8
y=oo et = 18]

However,att = 0,y = 0 and y = v, sin . Substitute these values into Eq. [7] and
. m . mg m . mg
[8], one can obtain C; = —;(uo sin 0y + 7) and C, = ;(vo sin 0, + 7)

Substitute C; and C, into Eq. [7] and rearrange yields

m m
y = 'Z(w sin 0, + kg><1 - e*%f) - Tgt Ans.

Yo

g

mg
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*R1-48. The position of particles A and B are
ra={3+9%2—-1jjm and rz= {32 -2t +2i+
3(t — 2)j} m, respectively, where ¢ is in seconds. Determine
the point where the particles collide and their speeds just
before the collision. How long does it take before the
collision occurs?

When collision occurs,r4 = rp.
3t =3(" -2t +2)

2=3t+2=0

Also,
o2 —1t)=3(t-2)
332 —-5t-2=0

The positive rootist = 28

Thus,
t=2s Ans.
x=32)=6m y=92)2-2)=0
Hence, (6 m, 0) Ans.
d
Va4 = % = 3i + (18 — 180)]

Val=> = {3i — 18j} m/s
va=V(B)? + (-18)? = 182 m/s Ans.

d
v3=%=3(2t72)i+3j

Vgli=p = {61 + 3j} m/s

vg = V(6)* + (3)* = 6.71 m/s Auns.
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R1-49. Determine the speed of the automobile if it has the
acceleration shown and is traveling on a road which has a
radius of curvature of p = 50m. Also, what is the
automobile’s rate of increase in speed?

v
a, = —
p
2
v
35in40° = ~-
sin =
v =9.82m/s Ans.
a, = 3 cos 40° = 2.30 m/s? Ans.

R1-50. The spring has a stiffness & = 31b/ft and an
unstretched length of 2 ft. If it is attached to the 5-1b smooth
collar and the collar is released from rest at A, determine
the speed of the collar just before it strikes the end of the
rod at B. Neglect the size of the collar.

Potential Energy: Datum is set at point B. The collar is (6 — 2) = 4 ft above the
datum when it is at A. Thus, its gravitational potential energy at this point is
5(4) = 20.0 ft-Ib. The length of the spring when the collar is at points A and B are

calculated as o, = VI + 42 + 62 = V53 ftand lpy = VI + 32 + 22 = V141t

respectively. The initial and final elastic potential energy are
1 1
5 (3)(V53 - 22 = 41.821t-1b and5(3)(\/ﬁ — 2)? = 4550 ft - Ib, respectively.

Conservation of Energy: Applying Eq. 14-22, we have

ETA + EVA = ETB + EVB

1/ 5,
+200 +41.82 = o == v} + 4.
0+ 20.0 + 41.82 2<32.2>v3 4.550

vg = 272 ft/s Ans.
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