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17-10* The pair of blocks shown are connected by a light inextensible
cord and are released from rest when the spring is stretched 600 mm. The
static and kinetic coefficients of friction are us = 0.3 and uk = 0.2,
respectively. If the 5-kg block moves 300 mm to the left, determine the
work done

a. On the 5-kg block by the

frictional force acting on the
bottom of the block.

b. On the 5-kg block by the
spring force F_ = £(L - to)

where the spring constant is
£ = 1 kN/m and the unstretched
length of the spring is &o = 250 mm.

On the 10-kg block by the gravitational force.

d. On the 10-kg block by the frictional force acting on the
bottom of the block.

Solution

Since the blocks have no motion in
the direction normal to the incline, they
have no acceleration in that direction

and the equations of motion give

+T ZF = ma : N_ - 5(9.81) =0
y y 5
°
+2 LF = : - . =
a Fn ma NlO 10(9.81) cos 50 [o]
Therefore
NS = 49.05 N
Eg = 0.2N = 9.81 N
N10 = 63.0575 N
= 0. = 12.6115 N
FlO 2N 2
a. The friction force Fg is constant
and acts 1BOI> to the direction of motion
of the block. Therefore
= = =9, 0.
UFS Fd 9.81(0.3)
= =2.94 N°m = =2.94 J  .cccececsssncssarcssssncscancas Ans.

(Problem 17-10 continues ...)
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(Problem 17-10 - cont.)

b. The spring exerts a force Fs = 1000x (where x = 0 when
the spring is unstretched) on the 5-kg block. If x increases
to the right, then the spring force acts to the left (180° to
the motion), dUﬁ = -1000x dx, and

0.3 L2103
vg = —I 1000x dx = —1000[ = ]
0.6 0.6
2 2
= -500[(0.3) - (0.6) ]
=135 Nom = 135 0 eeveeennnnnnannn e . Ans.

c. The weight force WlO is also constant in both magnitude

and direction. The component of Wlo

no work since there is no motion in that direction. The work

normal to the surface does

done by the component of Wio which acts along the surface is

U Fd = -[10(9.81)sin 50 ](0.3)

W10

[}

-22.5 N*m = =-22.5 J

d. The friction force F10 is also constant in both magnitude

and direction. As the block moves up the incline, the friction
°

force acts 180 to the motion and does negative work on the

block

U = Pd = -12.6115(0.3)

=3.78 N*m = =3.78 J  ccccoccescnsoscsscssnscsosasnane Ans.
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17-14x* A 2-kg package slides on a frictionless
floor and strikes the bumpers shown. The two
linear springs are identical with spring constants
of £ = 1.5 kN/m. Determine the work done on the

package by the springs as spring 1 is compressed

120 mm (and spring 2 is compressed 20 mm).

Solution

Each spring exerts a force Fs = 1500x
(where x = 0 when the spring is unstretched)
on the 2-kg block. If x increases to the
right, then the spring forces act to the
left (180 to the motion), dug = -1500x dx,

and
0.120 0.020 N
Ul = —J 1500x dx - I 1500x dx
0 0
2 10.120 2 10.020
= -1500[ ; ] = 1500[ ; ]
0 0

= -750[(0.120)2 - o] - 750[(0.020)2 - o)

=11.10 N°'m = =11.10 J  .cccececvcnnccsecconsannanannans Ans.





[image: image4.jpg]ENGINEERING MECHANICS - Dynamics W.F. Riley & L.D. Sturges

17-39 A singer swings a 12-oz microphone

in a vertical plane at the end of an 18-in.

long cord. If the speed of the microphone

is 12 ft/s at position A, determine

a. The angle 0 at which the cord becomes
slack (tension equals zero).

b. The maximum tension in the cord and the
angle at which it occurs.

Solution

The cord tension does no work and the
weight force is constant. As the cord
rotates through an angle €, the microphone

°
rises (moves in a direction 180 to the
weight force) a distance

d=1.5(1 - cos 0) ft

and the work done by the weight force is

U= Fd = -0.75(1.5)(1 - cos 8)

+ V_ gives

Therefore, the work-energy equation Ti + Vi + U=T

£ £
1 0.75 2 1 0.75 2
2 [ 3.2 ](12) - 1.125(1 - cos 6) = > [ 32.2 ) (a)

Although the cord tension does no work, it can be related to the speed
of the microphone using the normal component of Newtons second law

2
0.75 v
+3 ZF} = ma : P - 0.75 cos 6 = [ 3.2 ][ 1.5 ) (b)

Substituting Egq. b into Eq. a gives
1.67702 - 1.125(1 - cos 8) = 0.75(P - 0.75 cos 0)
P = 0.73602 + 2.25000 cos 6

a. When P =0,
B = 109.09° ettt e, Ans.

o
b. The maximum tension occurs at the bottom of the circle (8 = 0 )

o
P=P =2.99 lbwhen 8 =0  ..... B «e... Ans.
max
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The pair of blocks shown are

d from rest when the spring , SOIvR
retched 15 in. The kinetic
sefficient of friction between the
)-1b block and the floor is uk =
0.6. Determine for the ensuing

ion the maximum velocity of the

,ﬂ:e spring at that position.

Solution

The normal force is

+T ZF = ma : N-10=0
i% y

N =10 1b

and the friction force is

F = 0.6N = 6 lb = constant

When the 10-1b block moves to the left
a distance Ax, the 2-1b block rises a
distance Ax/2. Also, the velocities

are related by Vio = 2v2.

Neither N nor the 10-1b weight do work; the tension is an internal
force - its work will cancel out when the work-energy equations for the
two blocks are added together. The work done by the rest of the forces is

&
U= I (6 - #x) dx - 2[—%—[—%%— - ]] = 38.125 + 78 - 3087 1b-ft
15/12

Therefore, the work-energy equation Ti + U= Tf gives

1 10 VZ % 1 2 VZ
2 32.2 10 2 32.2 2

2
0.65217V2

[0 + 0] + (38.125 + 76 - 306°)

The maximum velocity occurs when dv/dé = 0; that is, when

7 - 606 = 0
S = 0.1167 ft = 1.400 iN.  tiuieiurnenareenannnnocnannanan Ans.
v, = 7.69 ft/s

V... = 15:37 EE/8  seivswevenssssuaeweessss see e saisene Ans.

10
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e pair of blocks shown are released from rest when the spring is
. The static and kinetic coefficients of friction are us = 0.3
0.2, respectively. For the ensuing motion, determine

maximum velocity of the

locks and the stretch in the
ring at that position.

. The maximum amount that the
~ 10-kg block will slide down
. the inclined surface.

-

. If the blocks will rebound
from the position of part b.

lution

The normal forces are

+T EFAy = may: Ny - W, = 0
+2 EFBn = ma : Ny - Wy cos 50" =0
N, = W, = 5(9.81) = 49.05 N
NB = WB cos 50°

10(9.81) cos 50 = 63.06 N

F
el P
o //v
F_ = 0.2N_ = 9.81 N = constant v
A A N‘/
Fe

FB = O.ZNB = 12.61 N = constant

and the friction forces are

When the 5-kg block moves to the right a distance x, the 10-kg block
moves down the incline the same distance and at the same rate. Neither

NA' NB" nor the weight of the 5-kg block do work; the tension is an

internal force - its work will cancel out when the work-energy equations
for the two blocks are added together. The weight of the 10-kg block
and the spring force both have potentials. The zero of gravitational
potential energy will be set at the initial position. The work-energy
equation Ti + Vj. + U= Tf + Vf gives

[0+ 0) + [0+ 0] - [9.81lx + 12.61x] = [%(5)V2 + —;—(IO)VZ]

+ [%(1000);:2 - (10)(9.81)(x sin so°)]

(Problem 17-72 continues ...)
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(Problem 17-72 - cont.)

or

7.5V2 = 52.73x - 500x2

a. The maximum velocity occurs where dv/dx = 0; that is,

52.73 - 1000x = O

X
I
[=}
o
w
N
~
8

b. The maximum displacement occurs where v = 0

52.73x - 500x2 =0

c. Check for static equilibrium
at the point of maximum displacement.
The equations of static equilibrium

are

+- ZFAX = T + FA - 1000(0.1055) = 0 FA NA

"

+T TF N - 5(9.81) =0
Ay A

+S ZFy = Fo - T+ 10(9.81) sin 50 =0 IOZ

o 50°

°
+2 L - .

2 FBn NB 10(9.81) cos 50
Therefore

+ N
NA B

112.107 N F6>

+ F
FA B

30.35 N = (FA + FB)req NB

(F, + F_) = 0.3(112.107) = 33.63 N

A B'avail
Since the amount of friction required for equilibrium 30.35 N
is less than the amount of friction available for equilibrium

33.63 N, the blocks will be in equilibrium and the blocks

Will not rebound = .......... ©5 s SRR 6 8 § SRS 88 sTeeleTe Ans.
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17-82* A small box is sliding along a
frictionless horizontal surface when it
comes upon a circular ramp as shown. If the

radius of the ramp is r = 750 mm and the box

loses contact with the ramp when € = 25 ,

determine the initial speed Vs of the box.

Solution

The normal force N does no work and
the weight force W has a potential.
Setting the zero of gravitational
potential energy at the center of the
circular path, the work-energy

equation Ti + Vi + U= T_+ V_gives

f f

2 2
—%—mvo + mgr + 0 = —%—mv + mg(r cos 0)

Although the normal force does no work, it
can be related to the speed of the box using
the normal component of Newtons second law

2

\ 4
r

+7 LF_ = ma : mgcos 8 - N=m
n n

If the box loses contact with the surface when

o
N =0 and 6 = 25 , then

v = /(0.750)(9.31) cos 25 = 2.582 m/s

and

1 2 1 2 °
—v, * (9.81)(0.750) = ——(2.582)" + 9.81(0.750) cos 25





