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The collar has a mass of 5 kg and is moving at

8 m/s when x = 0 and a force of F = 60 N is applied to
it. The direction @ of this force varies such that ¢ = 10x,
where x is in meters and 6 is clockwise, measured in
degrees. Determine the speed of the collar whenx = 3 m.
The coefficient of kinetic friction between the collar and
the rod is u,; = 0.3.

+T2F} =0 N-59.81)~60sinf =0 S48
i
N = 60 sinf+49.05 r
T+LU,; =T, )

1 3 1 ) 1
5(5X8Y + [ 60 cos6 dx— 0.3 (60 sin6+49.05)dv = 5O

lGO*GOL’colexdx— 1sjo’sinmzdx- 14.715de= 2.5

ke
o FréoN

: sinlx 7 cosIx T
160+ ro] LIy 4o
w{ - L+ s{ - I 44145 = 2.5

v=6.89m/s Ans

14-26. Cylinder A has a weight of 60 Ib and block B has a
weight of 10 Ib. Determine the distance A must descend
from rest before it obtains a speed of 8 ft/s. Also, what is
the tension in the cord supporting block A7 Neglect the
mass of the cord and pulleys.

2A8, = —Asy
2v, = ~vp
Forv, = 8fi/s, vy = —~16ft/s

For the system :

L +XUi, =T

_ 160N 2 110 o2
[0+01 + [60(s,) ~ 10251 = 5(3=)(®7 + (5510

s, = 2484 = 248 ft Ans
For block A :

T+ IU,_, = T

O+ 60(2.484) — T, (2.484) = —z(m)(S)

I, = 3601 Ans

Ta
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The spring has a stiffness k = 50 1b/ft and an
unstretched leugth of 2 ft. As shown, it is confined by the
plate and wall using cables so that its length is 1.5 ft. A
4-Ib block is given a speed v, when it is at A, and it slides
down the incline having-a. coefficient of kinetic friction
s = 0.2. If it strikes the plate and pushes it forward
0.25 ft before stopping, determine its speed at A. Neglect
the mass of the plate and spring.

ALE =0; “'ﬁ'*(f_j:o J,
PR
44b
Np =320 ‘S ;
4
R+IlUia=F 0.2Ng
l .
(32 2)"5 +(3+0. 75)( )(4) ~0.23.20)3 +0.29) - [ =(50)(0.75)* - %A(soxo. 5)1]= - o
WS E
Va = 5.80 ft/s Ans )
) ( - / H {/,,,
K= . A9 £

14-39. The “flying car” is a ride at an amusement park
which consists of a car having wheels that roll along a
track mounted inside a rotating drum, By design the car
cannot fall off the track, however motion of the car is
developed by applying the car’s brake, thereby gripping
the car to the track and allowing it to move with a
constant speed of the track, v, = 3 m/s. If the rider applies
the brake when going from B to A and then releases it
at the top of the drum, A, so that the car coasts freely
down along the track to B (8=  rad), determine the
speed of the car at B and the normal reaction which
the drum exerts on the car at B, Neglect friction during
the motion from A to B. The rider and car have a total
mass of 250 kg and the center of mass of the car and rider
moves along a circular path having a radius of 8 m.

L+XlUy g =1y

! e L
5(250)(3)2 +25009.81¢16) = 5 (250) ¥

vg = 17.97 = 18.0m/s  Ans

2N T
(17.97)1) ‘#7 0P
8

+TEF, =ma, N —250(981):250(

My = 12.5kN  Ans
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The 50-Ib load is hoisted by the pulley system

{ and motor M. If the crate starts from rest and by constant
i
i

acceleration attains a speed of 15 ft/s after rising s =
6 ft, determine the power that must be supplied to the
motor at this instant. The motor has an efficiency of € =
0.76. Neglect the mass of the pulleys and cable.

T2’.‘!’

T V=8 +2a-5)

-t

Solb
a. = 18.75 fst

ﬁ (15 = 0+ 2a,(6-0)
3
50
+TIF = . 2T -5 = -——(18.75
y =G 7 aad

1 T = 39.56 b

k' S
¥ 265 + sy = |

Ivpg = — vy T

-

2-15) = ~ vy S

we = 30 fus ¥
;
¥ P, = 30(39.56) = 1186.7 ft- Ib/s = 2.16 hp

2.16
P = - = 2.84 A
YL ns

14-59. The 50-Ib load is hoisted by the pulley system
k‘ and motor M. If the motor exerts a constant force of 30 Ib

3 on the cable, determine the power that must be supplied
to the motor if the load has been hoisted s = 10 ft starting
from rest. The motor has an efficiency of € = 0.76.

50
+TEI", =ma,; 2(30) ~ 50 = —ay
322 230}k

ag = 6.44 ft/s?

+Hv =8 + 2.(-2) i

v = 0+ 2(6.44)(10-0) So0lb

ve = —11.349 fis l Sm '

205 + sy =1 .
2y = - vy
Se

vy = —2A-11.349) = 22.698 ft/s L
F, = F- v = 30(22.698) = 680.94 ft- In/s

680.94
A= 076 = 895.97 f1- Ib/s
P, = 163 hp Ans
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*14-80. The roller-coaster car has a mass of 800 kg,
including its passenger. If it is released from rest at the
top of the hill A, determine the minimum height A of the
hill crest so that the car travels around both inside loops
without leaving the track. Neglect friction, the mass of the
wheels, and the size of the car. What is the normal reaction
on the car when the car is at B and when it is at C?

Since friction is neglected, the car will travel sround the 7 m - loop provided it first travels around
the 10 m-loop. .

L+, =T+

0+0 = %(300)(»},) ~ B00(9.81)(k - 20)

&NB\;O
2
+lXE = ma; 800(9.81) = 800(11%) (:F
800(3.3)N
Thus, vy = 9.90 m/s
A= 250m Ans
AtB: Ng =0 Ans (For & to be minimum.)

L+Vy=T +V
1
0+ 0 = i(800)(vc)Z ~ SO0(9.81)(25~ 14)

Ve = 14.69 m/is

(14.69)% ‘ M

+4ZF, = ma,; N + 800(9.81) = 300(““7““)

Ne = 168 kN Ans f00(?.30N

14-81,) The 0.75-kg bob of a pendulum is fired from
rest at position A by a spring which has a stiffness of & =
6 kN/m and is compressed 125 mm. Determine the speed
of the bob and the tension in the cord when the bob is at
positions B and C. Point B is located on the path where
the radius of curvature is still 0.6 m, i.e, just before the
cord becomes horizontal.

Daum at A :

L+i=Th+%
D+ %(6000)(0. 125) = %(0.75)@, ¥ +0.75(9.81)(0.6)

vp = 10.64 =10.6m/s Ans

(10.64

LEF, = ma,; T,,:O.?S( ):142N Ans
Li+W%=T+%

O+ —;(6000)(0. 1259 = %(0.75)(\@)2 +0.75(9.81x1.8)

Q?Sﬂ:h@ ) G.‘i]‘(r&y

0.75(98)
C?fc ) (1%75(%‘)

Ve = 9.470 = 9.47 m/s Ans

+LXE, = ma,; TC+O,75(9.81)=0.75(

(9.470)8 )
1.2

T =487N Ans

©
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14-86. The roller-coaster car has a speed of 15 ft/s when
it is at the crest of a vertical parabolic track. Determine
the car’s velocity and the normal force it exerts on the

track when it reaches point B. Neglect friction and the T
mass of the wheels. The total weight of the car and the o= 15 0
passengers is 350 Ib. gt
7 o
- -
V4 V% b Vi
AN

ADXDXDDAN
N N % W 4 W
S FaN PaN P

1
y= ZTO(«)OOO—B)

dy 1

dx 100 Is=700

=-2. G=un"'(-2)=-63.43°

L+%i=Th+% 350\

(,3,4*3"

%(%)(15)‘ +0= %G-is%)(v. Y - 350(200)

vg= 11448 =114fUs  Ans Q
3
1+ (2P
= = 1118.0ft
o6

350 | (114.48)?
+/LF, =ma,. 350 cos63.43° - Ny =(._)_.__.._
¥ o ? =\3z22) 11180

Ny =291 10 Amns

The Raptor is an outside loop roller coaster in
which riders are belted into seats resembling ski-lift
chairs. Determine the minimum speed vy at which the cars
should coast down from the top of the hill, so that
passengers can just make the loop without leaving contact
with their seats. Neglect friction, the size of the car and
passenger, and assume cach passenger and car has a mass .

Detum at ground

h+¥=T+¥

1 1

= b= — \rJ+ 2,

2m€+mx mvi +mg2p Nwl
vy = ¢V} +2g(h-2p)

+LLF, =ma,; mg=m(—‘g-)

w=vip m |
Thus,
gp = vo+2gh—dgp

vo = /g(5p—2k) Ans
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