PROBLEM 13.19

The system shown, consisting of a 20-kg collar A and a 10-kg
counterweight B, is at rest when a constant 500-N force is applied
to collar A. (a) Determine the velocity of A just before it hits the
support at C. (b) Solve part a assuming that the counterweight B
is replaced by a 98.1-N downward force. Ignore friction and the
mass of the pulleys.

500N |
1

10 kg

600 mm ‘

SOLUTION
Kinematics

Displacement of A, xa=0.6 m
Displacement of B, X =2x0.6=12m

@

—4

]

10 kg

600 mm | |

i

Position 1 Position 2

Potential energy, V, -V, = mAg(XA2 - XA1)+ mBg(XB2 - XBl)
= 20(9.81)(- 0.6) +10(9.81)(1.2)
=0




Kineticenergy, T, - T, :%mAvi +%va§
1 1
- L a0z + o),
=30v2

Fn is the force that does the work on the system which cause the change of position. The work
done, f F,dx ispositiveif it isin the same direction as the motion.

Energy equation, f F.dx = (V2 +T2)—(Vl +T1)

+500(0.6) = 0+ 30v2
v, =3.162 m/s

(b)

600 mm

.

T

Position 1 Position 2

Potential energy, V, -V, = mAg(xA2 - xAl)
=20(9.81)(- 0.6)
=-117.72 Joule

Kineticenergy, T, =T, :%mAv,i

1
=5 (20)v2

=10v2

Energy equation, f F.dx = (V2 +T2)—(Vl +T1)

+500(0.6) + (- 98.1)(1.2) = -117.72 +10v2
vV, =5.477 m/s




PROBLEM 13.21

The two blocks shown are released from rest. Neglecting the
masses of the pulleys and the effect of friction in the pulleys and
between the blocks and the incline, determine (@) the velocity of
block A after it has moved 0.5 m, (b) tension in the cable.

SOLUTION
Kinematics
Displacement of A, xa=0.5m
Displacement of B, xg = %XO.S = 0—35 m
VA
vV, =2
3
@ y

Position 1 Position 2

Potential energy, V, -V, = m,gx, + my0X,
=10(9.81)(- 0.5)sin 30" + 8(9.81)(%5} sin 30°
=-17.985 Joule

Kineticenergy, T, - T, :%mAvi +%va§

= %(10)vf\ + %(8)(\/—‘\}2

3




2
Energy equation, L Fax=(V,+T,)-(v, +T,)
0= —17.985+4§v§

v, =1.818 m/s 1 30°

(b)
T y Energy equation of block A,
. / > [[Fax=(v,+T,)-(,+T)
X

(—T)(O.S) =m,gsin30°x, +%mAvf\

~0.5T = (10)(9.81)sin 30 (- 0.5)+ % (10)(L.818)’

T =15.999 N [J 30°




PROBLEM 13.25

A 300 g block rests on top of a 200 g block supported by but not
attached to a spring of constant 135 N/m. The upper block is
suddenly removed. Determine (a) the maximum velocity reached
by the 200 g block, (b) the maximum height reached by the 200 g
block.

SOLUTION

P

P

1e-
o,

Uncompressed position Position 1

Statics

Compression height due to (300 g + 200 g), kx, = (0.3+0.2)g

(0.5)9.81

135
=0.0363 m

0

(8 The maximum velocity will occur while the spring is still in contact with the 200 g block.
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NIV

Uncompressed position

Vmax

&

e

YW\
v

Position 1 Position 2




Potential energy, V, = % kxZ = %(135)(0.0363)2 =0.0889 Joule

V, = My OX + % k(x, —x)* = (0.2)(9.82)x + % (135)(0.0363 - x)°
= 67.5x% — 2.9385x + 0.0889

Therefore, V, -V, = 67.5x* - 2.9385x + 0.0889 — 0.0889
= 67.5x° — 2.9385x

Kineticenergy, T,=0

[EEN

T, = =My, v2 = 0.1v°

N

Therefore, T,-T, =0.v°
. 2
Energy equation, L Fax=(V,+T,)-(v,+T,)
0=67.5x* - 2.9385x + 0.1v*
v? = —675%° + 29.385x

V is maximum when % =0

X
2
N 1350x+29.385
dx
0 = —1350x + 20.385
x=0.0218 m

Therefore, V2, =-675(0.0218)" +29.385(0.0218)
Vi = 0.5655 m/s

(b)

Position 1 Position 2




Potential energy, V, =%kx§ = %(1:-35)(0.0%:-3)2 =0.0889 Joule

V, = My P = (0.2)(9.81)X e =1.962X,.,
Therefore, V, -V, =1.962x,, —0.0889

Kineticenergy, T,=0
T,=0

. 2

Energy equation, L F.dx = (V2 +T2)— (Vl +T1)
0=1.962x,, —0.0889
Xy = 0.0453 m




PROBLEM 13.39

BT~ The sphere at A is given a downward velocity v and swingsin a
. vertica circle of radius | and centre O. Determine the smallest
\,velocity vo for which the sphere will reach point B as it swings
\ about point O (@) if AO isarope, (b) if AO is a slender rod of

0 | negligible mass.

SOLUTION

—— Vg -

-

-
—
P

O

@

—

—_——

Position 1 Position 2
Potential energy, V, =V, =mg|

Kineticenergy, T, =T, :%mvé —%mvé
. 2
Energy equation, L F.dx = (V2 +T2)—(Vl +T1)

0=mgl +%m\/§s —%mvg

v =29l +V;

(8 For minimum vg, tension in the cord is zero.

mg
Free body diagram of sphere at B: é

@™ N




F=ma
mv?

rrg =
P
Vi =gl
Substituting into energy equation,
Vo =29l +gl

V0=\/3_g|

(b) Forceinthe rod can support the weight of the sphere, R+ mg = 0.

mg
Free body diagram of sphere at B:

Therefore, V2 =2gl +0

Vo=\/2_g|




PROBLEM 13.45

A small block slides at a speed v = 3 m/s on a horizontal surface

-8 B at aheight h = 1m above the ground. Determine (@) the angle @ at

T which it will leave the cylindrical surface BCD, (b) the distance x
at which it will hit the ground. Neglect friction and air resistance.

SOLUTION

Free-body diagram at C

¥ - direction: F=ma
mg cosé = ma,,

2

gcosé = Ve

p

vi=gy. Where hcosf=y,

@

) B B
X C
h N\, h <\0\& \\;\\
J ‘;“ N \ y0 > hcosé@
| .
Position 1 Position 2

Potential energy, V, -V, = mg(y. —h)
=9.81m(y, —1)




Kineticenergy, T, - T, =%m\/§ —%m\/2

1 1 .
=>maye = m(3)° since V2 = gy,

= 4.905my,. - 4.5m

Energy equation, J': Fax=(V,+T,)-(v,+T,)
0=9.81m(y, —1)+4.905my, —4.5m
Yo =0.9725 m

Therefore, Y. =hcosé
cosd = 0.9725
0 =13.47"

(b) B

Since y, =0.9725 m, V2 = gy,
=9.81(0.9725)
Ve =3.089 m/s

Projectile from C to E (y-coordinate), Y g = (Ve )yt —%gt2
. N1 ,
Yoo =3.089(sin13.47" )t - >(es)t
Yoo =0.7195t - 4.905t2

SinceatC, Yo =VYc

0.7195t —4.905t* = 0.9725
t=0377/9 s

Projectile from C to E (x-coordinate), X ¢ = (v ),t =3.089(c0s13.47°)(0.3779) =1.135 m

Thus, X=X;+X._¢

=hsin13.47° +1.135
=1.368 m




