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@ Rigid Body Mechanics

. . A |
Kinematics —
 Study of geometry of motion Mechanics
d Used to relate ' — —

) M '
— displacement Mg?kr]iari]acs eco?nlcs Mechanics
: bodiges deformable of fluids
- velocity bodies
— acceleration . \ ' \

without reference to the
cause of the motion
(Force not considered)

Statics
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(Y Rigid Body Mechanics

. . h |
Engineering
2 Study of relation between echanics
— the forces acting on the body [ \ ' )
- the mass of the body Mg??%ril(ijcs Mecré?nics Mechanics
~ the motion of the body bodies ko ot fluids
d Used — —

— to predict the motion Statics

caused by the forces or _

— to determine the forces . S ' ! .

Kinetics Kinematics
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() Kinetics of Systems of Particles

Newton’s Second Law

The same force exerfed on a larger mass produces
a correspondingly smaller acceleration.
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Reference Frame : Newtonian (non-rotating, non-accelerating)F3

Fy

System : n aprticles (m; m, ...,m,

E.E, F,..E :External Forces acting on m;™

F=mr| or Zlf:mﬁ

> F.=ma, Y F,=ma, > F,=ma,
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System boundary
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() Kinetics of Systems of Particles

Work-Energy Relation

Ti = 1 miVi2
2

|

I
=Sl e

(U 1-2 )i = AT,

U_,=AT| or |T,+U _,=T,

Modified Work-Energy Relation [ e e

U7) = (8T) +(av), DN

, N
U, , =AT +AV 4\// \\r) \\f\
or A
T, +V,+U, ,=T,+V, @
—f.
V =Vg +Ve l
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© Kinetics of Systems of Particles
Kinetic Energy of System

v :Velocity of mass center G

/:)i :Velocity of m; with respect to a translating .
reference frame moving with the mass center G

System boundary
Vi2 :Vi -\7i

1 1 = 2 = 2
T= ngivi Vi = ZEmi V+p0).(V+p0)

T :Zémiv2 +Z£ml P
2 2
Pi is measured from _>Z m 3 G

the mass center
= 1 1
V'Zmipl_v_Z(mpl) O T:—m\72+ —M
2 Z2

2 °
+> my .p,

lmv ——V m. ——mv
> img=lvy
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System boundary

Zﬁ:é (LI-LM-SYS) ™.
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Angular Momentum of System

About a Fixed Point O
Ho =Y (F xmv,)

I:I - ( X M.V
l .
0 Fy

“l

System
boundary

S Mo =Hg| (AI-AM-O-SYS)

P (arbitrary)
O (fixed)
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Angular Momentum of System

About the Mass Center G

. . - Absolute
Hg :Zpixmi i Angular
. Momentum
Fi=T+p,
. Relative

I:iG ZIB m(l‘-l—p) Zp|xm r-|-ZIOIXm pl Zplxm Pi Angular
Momentum

——;mep, %

O (fixed)

System
boundary

P (arbitrary)
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Y Angular Momentum of System

About the Mass Center G

. . - Absolute
Hg :Zpixmi i Angular
. Momentum
F| = F+ I[_ji

. . L . Fs
HezZ[)ixmi F+,5i)+2,5|><mif ¥
Fi— £,
l f2
:—FZmiﬁi =0 /5i></5i =0 “ " System

boundary

O (fixed)
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) Angular Momentum

About an Arbltrary Point P 3

System
boundary

O (fixed)

SM;=Hg
ZMP:ZMG-I_EXZIE C\) >F =ma
G
S M, =Ho+pxma| (A-AM-PG-SYS) s
P
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W Angular Momentum

About an Arbitrary Point P g

(HP)rel =Z,5-’><m. lé,i :Z(5+ﬁi)xm'(5+é')

%pxm p+zf><m pI-I—Zplxrlp—l—Zplxmlpl

O (fixed)
p XMV, pX—Zmp. ~px Y mp, =0 0 (Ho)u  smy-m,
C\) F =ma
(HP)rel = (HG)rel +px MV Relative &
Angular J
Momentum P

P
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Angular Momentum

About an Arbitrary Point P 3

( P)rel_zp|xmp| I‘.—rp+pi f,
(HP) =3 X, Al 3 plxmy T- 3B xT,
h l’ l 0 (fixed)

26 ZMP ZMGzﬁG

System
boundary

F =ma

ZMP:(HF,] + pxmd,| (AI-AM-P-SYS)
rel

l

Convenient if a, is known.

|

P
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Angular Momentum

About an Arbitrary Point P 3

£, (%),

System
boundary

O (fixed)
If /ZM =H, IMg=Hg
] & -0 (AI-AM-O-SYS) \
= - _ - ci F =ma

] ~=0 (AI-AM-G-SYS) —> > M =H, i
:I p and are parallel (&, directed

towards or away from G) p

P
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Problem 4.3

The aystem of three particles has the indicated parti-

cle masges, "-'T.':].E'I-Lﬂ]{!'-':l. and external forces, Determine

r, r,r, Tﬂuﬂndﬂﬂfmthlssyﬂtem
2
|
|
|
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) Problem 4.17

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- 3 kg
locity @ = 20 rad/s. If a couple Mg = 30 N-m is ap- °
plied to the frame for 5 seconds, compute the new

angular velocity "

T.Akylrek ME 204 Engineering Mechanics: Dynamics - Kinetics of Systems of Particles 17/23



Y Problem 4.20

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/3s 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-

1.2 m/s
\ tive to the car. Would the final velocity be the same
Q if the cars were coupled before the boulder dropped?

100 kg

T a0k || ook |

W ) O )

—— -

0.6 m/s 0.3 m/s
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) Problem 4.25

The three small spheres, each of mass m, are se-
cured to the light rods to form a rigid unit supported
in the vertical plane by the smooth eircular surface,
The force of constant magnitude P i1s applied perpen-
dicular to one rod at its midpoint. If the unit starts
from rest at § = 0, determine (@) the minimum force
P, .. which will bring the unit to rest at # = 60° and
(b) the common velocity v of spheres 1 and 2 when

f=60°"if P = 2P

min'
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2 Problem 4.30

The two emall spheres, each of mass m, are connected
by a cord of length 24 (measured to the centers of the
spheres) and are initially at rest on a smooth horizon-
tal surface. A projectile of mass mg with a velocity vy
perpendicular to the cord hits it in the middle. caus-
ing the deflection shown in part 5 of the figure. Deter-
mine the velocity v of m;, as the two spheres near
contact, with # approaching 90° as indicated in part ¢
of the figure. Also find & for this condition.

(a) (b) (c)
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4."* [ Ve, D
5 e
b3 \ ©

u 5

&/ Problem 4.31

The carriage of mass 2m is free to roll along the hor-
izontal rails and carries the two spheres, each of
mass m, mounted on rods of length ! and negligible
mass. The shafl to which the rods are secured is
mounted in the carriage and is free to rotate. If the
system is released from rest with the rods in the ver-
tical position where ¢ = 0, determine the velocity v,
of the carriage and the angular velacity 0 of the rods
for the instant when # = 180° Treat the carriage
and the spheres as particles and neglect any friction.
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Problems for Week 08

(O Homework 3 (Chapter 4)

& Problem 4.14 Q There will be additional problems for the next
week(s).
¢ Problem 4.18 0 Solve each weeks problems in that week, do
5 not wait for the last day!
¢ Problem 4.22 1 submit the Homework 03 in due time.
S Q You will have a quiz in the 3™ hour of Week 8.
& roblem 4.29 A problem will be asked from the Homework 3
questions.
d Your homework grade will be assessed only
from that question of your homework.
Due date: 3'9 hour of Week 8
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particle

kinetics
velocity
translation
relative
position
plane
external
track

circular

drag

horizontal

boulder

|
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T.Akylrek

Maddesel nokta,
pargacik

Kinetk, hizbilim
hiz

Oteleme

Bagil, goreceli
konum

duzlem

dis

takip

dairesel

suruklenme

yatay

iri kaya parcasi

kinematics

Angular rate
acceleration
rotation
rectilinear
displacement
trajectory
internal
deflection

initial velocity

polar

vertical

weld

Kinematik,
hareket bilimi

Acisal hiz
ivme

donme
dogrusal

Yer degigtirme
yorunge

ic

sapma

ik hiz

kutupsal

dusey
kaynak

English — Turkish Dictionary

resultant

displacement
revolution

rod
curvilinear
stationary
instantaneous
projectile
swinging

wedged

spiked

impact

arbitrary

bilegke

Yer degistirme
devir

cubuk

egrisel

Sabit, hareketsiz
anhk

mermi

salinan

Sikismis,
kamalanmig

Sivri uglu

carpma

keyfi
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