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éi’mﬁ 1 @20819 Kinetics of Systems of Particles
Sample Problem 4/1

Each of the three balls has a mass m and is welded to the rigid equiangular
frame of negligible mass. The assembly rests on a smooth horizontal surface. If a
force F is suddenly applied to one bar as shown, determine (a) the acceleration of
point O and (b) the angular acceleration # of the frame.
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a) ﬂ'nm%amaaqﬂ o: ﬁuﬁamwdamaaqﬂ AN. 3Q VBITLUUDRNIA :

N Equation of motion V8IITULARNNA (FUNTT 4.6)
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Z(Mg,i)=ﬁe,szi(mo,i)=ﬁo,s
2(rxF)=93(p me)

—(bF)k =4 z[ (rd) ]k

Fb=3mr20
0= sz (CW) Ans
3mr —

Sample Problem 4/3

A shell with a mass of 20 kg is fired from point O, with a velocity u = 300
m/s in the vertical x-z plane at the inclination shown. When it reaches the top of
its trajectory at P, it explodes into three fragments A, B, and C. Immediately
after the cxplosion, fragment A is observed to rise vertically a distance of 500 m
above P, and fragment B is seen to have a horizontal velocity vg and eventually
lands at point @. When recovered, the masses of the fragments A, B, and C are
found to be 5, 9, and 6 kg, respectively. Calculate the velocity which fragment C
has immediately after the explosion. Neglect atmospheric resistance.
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aﬁ;ﬂm‘ﬁ'mﬁuﬁa
o N | wnweilu (1) w1 V. azle
Vp ,=0# (1) w1 Ve

v - Y/ — \V/ V/ V \ ‘d.
P Vo, = “(%) _ 300% P /s # N (1): MVp =MV, + MgV + MV wnuennay

V,=99.045k m/s#
Vg =163.5m/s £45° :x #

MV, = m,V, + MgV + M.V,
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V.| = \/426.582 ~173.42% —82.54* = 467.8 m/s Ans




Sample Problem 4/4 @ 80 rev/min

The 16-kg carriage A moves horizontally in its guide with a speed of 1.2 m/s
and carries two assemblies of balls and light rods which rotate about a shaft at O ST
in the carriage. Each of the four balls has a mass of 1.6 kg. The assembly on the 560
front face rotates counterclockwise at a speed of 80 rev/min, and the assembly on o
the back side rotates clockwise at a speed of 100 rev/min. For the entire system,

calculate (a) the kinetic energy T, (b) the magnitude G of the linear momentum, @
and (c) the magnitude Hy of the angular momentiim about point O. b e e
AadAa o
25NM

Tandonamn a) WaswIalsINTadRLL: T, b) lulwnaudasunuuedszun:G, c Imuuéi’w?mgu
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o 6
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l =2 1 = |2
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% - _ s oo o 1 1 ] o &
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4 r
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_ _ 2rn, _ 0.327r(100)

V3,re| :V3,I’e| = r3 60 60
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Vg =Ty o,
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TS_ va +22m ‘pl‘
1 = 1 R 2 R 2 N 2 R 2
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10 2 2

T, = %(16+ 4(1.6))(1.2)° +%1.6{2 (3.77)+ 2 (3.1422)}

+. T, =16.128] +38.536J = 54.66J Ans
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unua azld
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..Gs =26.881 kgm/s (Nrs) Ans
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\%
He s = (rxmy, + 1, x myv, ) K —(r x myv; + 1, xmpv, )k
Hg s =2(rmv, )k —2(r;my, )k

He s =2[0.45(1.6)(3.77) |k —2[ 0.3(1.6)(3.142) |k

Vig =N 6,

100 rev/min Hg ¢ =5.429k —3.016k
Vars =120 o Hos=(2412kg-m?/s) k

=[2412kg-m’/s (N-m-s) | CCW. Ans
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UNN 4 Kinetics of System of Particles
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425203/525203 WaAdn33Aan558 (ENGINEERING DYNAMICS)
Ch4: Kinetics of System of Particles

=2

Hnviaineundi 4: Kinetics of m of Parti

=

989 1 ([1] Problems 4/1)

4/1 The system of three particles has the indicated parti-
cle masses, velocitieg, and external forces. Determine
r, r,r, T, Hp, and H,, for this system.

: Ans.f:%(i+4j+6k),f=%(4i+2j+6k)
|
|

=

r=-—,T=13mv% Hy = mvd(12i + 6j + 2k)

° "
4m H = —Fdj
= ? !

il 3v
d/‘ /O_h“ s



425203/525203 WaAdn33Aan558 (ENGINEERING DYNAMICS)
Ch4: Kinetics of System of Particles

487 2 ([1] Problems 4/3)

4/3 The two 2-kg balls are initially at rest on the horizon-
tal surface when a vertical force F' = 60 N is applied
to the junction of the attached wires as shown. Com-
pute the vertical component a, of the initial accelera-
tion of each ball by considering the system as a whole.

Ans. a, = 5.19 m/s?

$oi 3 ([1] Problems 4/4)

4/4 Three monkeys A, B, and C with masses of 10, 15, and
8 kg, respectively, are climbing up and down the rope
suspended from D. At the instant represented, A is
descending the rope with an acceleration of 2 m/s?,
and C is pulling himself up with an acceleration of 1.5
m/s%. Monkey B is climbing up with a constant speed
of 0.8 m/s. Treat the rope and monkeys as a complete
system and calculate the tension 7' in the rope at D.




425203/525203 War1&@n3IAINg51 (ENGINEERING DYNAMICS)
Cha: Kinetics of System of Particles

SeUR ../ s Zonen KT LN S e

$oi 4 4 ([1] Problems 4/6)

4/6 The two spheres, each of mass m, are connected by X/
the spring and hinged bars of negligible mass. The ‘
spheres are free to slide in the smooth guides up the
incline 8. Determine the acceleration ac of the center —
C of the spring. —_—

500N 250N

SRR

$oi 5 ([1] Problems 4/7)

4/7 Calculate the acceleration of the center of mass of the
system of the four 10-kg cylinders. Neglect friction
and the mass of the pulleys and cables.

Ans. @ = 15.19 m/s?
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4afi 6 ([1] Problems 4/11)

4/11 The two small spheres, each of mass m, are rigidly
connected by a rod of negligible mass. The center C
of the rod has a velocity v in the x-direction, and the
rod is rotating counterclockwise at the constant rate
6. For a given value of 6, write the expressions for
(a) the linear momentum of each sphere and (b) the
linear momentum G of the system of the two
spheres.

Ans. (@) Gy = m[(v + b6 sin )i — (b6 cos 0)j]
Gy = m[(v — b6 sin B)i + (b6 cos 6)j]
®) G = 2mui

4iafi 7 ([1] Problems 4/15)

4/15 The three small spheres are welded to the light
rigid frame which is rotating in a horizontal plane
about a vertical axis through O with an angular ve-
locity 6 = 20 rad/s. If a couple My = 30 N-m is ap-
plied to the frame for 5 seconds, compute the new

angular velocity 6. .
Ans. ' = 80.7 rad/s

3kg
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4/16 The four 3-kg balls are rigidly mounted to the rotat-
ing frame and shaft, which are initially rotating
freely about the vertical z-axis at the angular rate of
20 rad/s clockwise when viewed from above. If a con-
stant torque M = 30 N-m is applied to the shaft, cal-
culate the time ¢ to reverse the direction of rotation
and reach an angular velocity § = 20 rad/s in the
same sense as M.

4afi 9 ([1] Problems 4/17)

4/17 Two projectiles, each with a mass of 10 kg, are fired
simultaneously from the 1-Mg vehicle shown, which
1s moving with an initial velocity v; = 1.2 m/s in the
direction opposite to the firing. Each projectile has a
muzzle velocity v, = 1200 m/s relative to the barrel. =
Calculate the velocity vy of the vehicle after the pro-
jectiles have been fired.

Ans. vy = 24.7 m/s
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4/18 The 300-kg and 400-kg mine cars are rolling in oppo-
site directions along the horizontal track with the
respective speeds of 0.6 m/s and 0.3 m/s. Upon im-
pact the cars become coupled together. Just prior to
impact, a 100-kg boulder leaves the delivery chute
with a velocity of 1.2 m/s in the direction shown and
lands in the 300-kg car. Calculate the velocity v of
the system after the boulder has come to rest rela-
tive to the car. Would the final velocity be the same
if the cars were coupled before the boulder dropped?
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4/19 The three freight cars are rolling along the horizon-
tal track with the velocities shown. After the impacts
occur, the three cars become coupled together and
move with a common velocity v. The loaded cars A,
B, and C have masses of 65 Mg, 50 Mg, and 75 Mg,
respectively. Determine v and calculate the percent-
age loss n of energy of the system due to coupling.

Ans. v = 0.355 km/h, n = 95.0%

2 km/h 1 km/h 1.5 km/h

Cha: Kinetics of System of Particles
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4/94 A 60-g bullet is fired horizontally with a velocity A«% &/

v = 300 m/s into the slender bar of a 1.5-kg o iy
mm

pendulum initialy at rest. If the bullet embeds

itself in the bar, compute the resulting angular }:..,ﬁé%' -

velocity of the pendulum immediately after the

impact. Treat the sphere as a particle and neglect ~ 250mm
the mass of the rod. Why is the linear momentum ! o A
of the system not conserved? Ql'ﬁkg O

Before After
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4/97 The two balls are attached to the light rigid rod,

which is suspended by a cord from the support
above it. If the balls and rod, initial at rest, are
struck with the force F = 60 N, calculate the
corresponding acceleration a of the mass center
and the rate ¢ at which the angular velocity of
bar is changing.

Ans. a=20m/s’, @=336rad/s’

@13191909

[11 Meriam J. L., and Kraige L. G. “Engineering Mechanics: Dynamics,” 6th Ed., John Wiley and Sons, Inc, 2007



