In the Name of God

DYNAMICS

[Course No. 8102128]

Dr. Mehdi Ghassemieh

m.ghassemieh@ut.ac.ir
Tel. 6111-2273
Fax. 6640-3808

o (S ouSlilS o

University College of Engineering

Dynamics 96-97-2

KINETICS OF PARTICLES




laz oLy

AF-AY-Y Jluows) Solivd
AMTIYA o33 o leis

o (S ouSlilS o

University College of Engineering

Dynamics 96-97-2

R\ ST PRI RN Ewe] K
p
1/
KINETICS OF PARTICLES 2




:‘QSOJ.@J:

KINETICS OF PARTICLES

O 9

Dynamics 96-97-2 KINETICS OF PARTICLES 3




0,8, dbls oo gloyd pojly lagys anly ST: (yeien pgo (o0

ZIEZO s Jol ol

SF-ma=0 or YF=ma

dv _d
dt

ma:(gﬂw)wﬁ‘ésﬁb}%éﬁrﬁ

o

L:a”y‘ O‘}T pbfl{é Mp‘ﬁba

P9 OB

>F=ma=m 4t (MV)

Dynamics 96-97-2 KINETICS OF PARTICLES 4



:(Linear Momentum) Jas &5 3> ojladl b Jas gt
Mgf P WAPES o}‘d&‘ )L.a.,.}‘ G b u_la} WAPES o)"dd‘ L u_la} LY ‘) myv )bﬁ

—

SE=L @//E//7

: Mm_|g M|
SI.. kg S [kg.SZJ.s N.s
FPS : Ibs

:0.30}3’)& (SR dw < basizxo

ZFX:maX:mx SE ma

ZFyzmayzmy ./ = ./

> F,=ma, =mZ

Dynamics 96-97-2 KINETICS OF PARTICLES 5



LS00 g swl.o.o ‘Sl.b c\.ng.o < basizeo

N

Dynamics 96-97-2

KINETICS OF PARTICLES 6




(56 9 oElad 6l Aidgo laiseo) b Olaise

N

SF.=ma, =m ('~ ré&?)

ZFQ:m &y =M (ré+2ro)

Dynamics 96-97-2 KINETICS OF PARTICLES 7




dJLE.o mC:].O kg mB:]'O kg mA:5 kg GLQ ‘D).‘>wc\.: 4-;),9 o JL~0
CoA b aijg po SEol cul o ST .aiil o Jato oo a0 iy IS5
(o Sy Conngllae 1ol ng=0.24 , 1,,=0.20 a8l Zolaus L

Dynamics 96-97-2

A C
s
/
/
/
\g/ ®
B
KINETICS OF PARTICLES 8



w, W(-_-
| X X - ]
AY c Y
A A
- —F=
{F:n:mli {.melr-; Jf_‘
N.-‘f X N{"
W,=59 =N, We=10g=N,

IB

W Wg=10 9= Ng

I:max n (Fmax)A +(Fmax)C = (NA t NC )HS

=0.24(5 +10) g=0.24 (15g) < 10 g =W,

Dynamics 96-97-2

KINETICS OF PARTICLES

9



+—>YF=+—>mai |

T . I:A — mA aA F,e— ? —] = AT M

T-0.2(5g)=5a, Y, )
27

cLSForima L

WB —2T =m, a, vll; mla

10g —2T =10a P -

i |
+<>YF=+<mi l—I|¢ |—F = «1C
T—F.=m a T e
T-0.2(10g) =10 a, .

Dynamics 96-97-2 KINETICS OF PARTICLES 10



s o s

—xA+2xB—xC:C
—VA+2VB —VC=O
-a,+2a,-a.=0 = a,=12(a,+a.)

il YU aloleo ez 5l eolasul b

_ m
aA—4.7632—>

Dynamics 96-97-2 KINETICS OF PARTICLES 11



@@)&QSLAJB}\AJQ:JU@
weﬂa.od)ﬁigc)QJPQYded
ey b 0y9% p ple o Soby ey

‘ L =2s. + S, + constant

2V. +v, =0

2a. +a, =0

Dynamics 96-97-2 KINETICS OF PARTICLES 12




A _ i MAaA
1 v
125(9) T
.
2Tﬁ
2T
200(9)

Dynamics 96-97-2

*
*
.
*
*
.
*
“
*

N —200(9.81)cos@ =0

2T )+ 200(9.81)sin 6+ 0.5N = 20
125(9.81) (T) = ‘jac i

T =1004 N

a. =—0.888 m/s’

a,=1777 m/s’

vdv = ads

Vi =2a,S

KINETICS OF PARTICLES

= v, =./2(L.777)(6)

13




‘\'L**EJ})‘ .~\-.’,)9l-,:—3 oo 0l 00l ul.u.a.’ %_géy)o 1) °‘-3*’)-*J9~3)-‘°UL~M’JL~O
yg =03m X, =04m v, =09 m/s— 2 S Hlaid 0
§ 3kg 9
: -\ i
yB 2 m XA+ yB _ 0
2 kg
AROf— r-won XpXpt+ YgYs =0
XA ! yB :VB :_12
! XXy 4+ Xo+ VYo ¥a + Y2 =0
NE Ko+ X0+ Ve Vs + Vo =
0.5m
Ye 0 A =8 Comge )0
N 0.4a, +0.9° +0.3a, +(-1.2)> =0

Dynamics 96-97-2 KINETICS OF PARTICLES 14



W &X W,
&) %\B L= |8 ZLAJ:A_)P _ [a 1 Mtada
: EI& 1 Mpdpg NAT
D> F,=Tsin0-W, =m,a, > F, =Tcosf+P=m,a,

06T=3a, 08T+40=24a,

C _

0.4a,+0.9°+0.3a, +(-1.2)° =0

T =-46.6 N a, =1.36 m/s’ a, =-9.32 m/s’

Dynamics 96-97-2 KINETICS OF PARTICLES 15



BC LI 90 2 o lger a5V Culi e s 390> Cnngllan ¢ all 5B

& 0=9.81 m/s? .ssb aiS ;0 AC
+7
Tacl 0, =45
30°
Tlac m, a. by =0
0
+X < = = <__‘

mg

V =cte = 8= dt =0
v2 V2
r 1.6

an =

Dynamics 96-97-2 KINETICS OF PARTICLES 16



S
1.6

-+ T F =Meae = T,.Sin30+T, _Sind5=_5 v2
+T>F,=0 = T,.C0s30+T, . cos45-5g =0

T,.siN30°+T,. sin45° = %vz

T,c C0s30°+T,. c0S45° =50

2
= T,.,=0 = tan45°=

1.69

2
= Tz =0 = tan30°=

1.69

= v=3.96m/s

—v=3.01m/s

3.01m/s<v<3.96 m/s

5 00,5 G | e LS b S sub e a3l Y o3 51 it b oS V5T Lo

v=4 :>TAC <0

v=3 = TBC <0

Dynamics 96-97-2

KINETICS OF PARTICLES

17




oS by dn g Lalr Jieo gl (55 Soly S 4y (o5 | ks IS ST Sl
Q00,5 aales lax Lo MlS mlaw 5l alglS aS (ol gl :angllas
M = aJgl5" o =

E
N
0 .
mg ,‘
/T
5 QK(
N

ZFr: N —mgcos 0 = ma,,

Z Fy: mg sinf@ = may.

6 = 0 at
release

/

= —————
-

&,
¢
3
|

Dynamics 96-97-2 KINETICS OF PARTICLES

18




i —rf? = —Réz, 0

mg

ar
R =Const. —

g

N
\V

N —mgcos® = —mRO> and gsinh = RH.

x‘#

. dode .df do g
9 %E_GE — 9% ESIHQ
0 . eg
9d6’=/ —sin 6 do
]o 0 Rsm
02 g g
= 7_——00390—5(1—0089),
= 0% =22(1-cosb)

Dynamics 96-97-2 KINETICS OF PARTICLES 19




N

N —mgcos® = —mR6?.
9% = 2g(1 — cos 0)/R.
N =mg(3cosf —2).

2
3cosf,—2=0 = cosb, = 3
= O, = £48.2°
h, = 48.2°.

Dynamics 96-97-2

KINETICS OF PARTICLES

OS = abl pdaw 1 (Sl las agly

20




] 4 E9yb O S 5l 3 i ST Jle
) 4 Ml 5% T S AN O T W U s
,gl Caws |y &S > g0 alasd o

mA=20 kg Mg =15 kg

Dynamics 96-97-2 KINETICS OF PARTICLES 21




+NYF=+\m,a, TA
NCos9O+(WA+T)sin25°=20aA
N Bé =
\J
Wp
+<«>YF=ma = 0=m_a, —m.a, cos25

\+¢ZF =ma = W_-T=m.a,sin25

¥a

a,=6.4 (m/s?) T=106.6 (N) a, =58 (m/s?)

VA

Dynamics 96-97-2

KINETICS OF PARTICLES

22




U Oy 84 late Sobh o8 1> doles Canngllae (I Jlo

N

N

Dynamics 96-97-2

KINETICS OF PARTICLES

.QLo)’ )“

23




> F,=ma,=mg=N

{Z F =ma, = —k(x—L,)=ma, 1astx

a, =X

X

labslo = —kx+kL, =mX=

mX + kx = KL,

2 dJolzo

CS g adoleo
Equation of Motion

2 Joleo ‘5.03.0.5 9‘9.‘?

or

X({t)=Asin(awt)+Bcos(at)+L, , o=

X (t) =vAZ+B?2cos(at —g)+L, gpztanl(—

\/K=1.49
m
)

A

Dynamics 96-97-2

KINETICS OF PARTICLES

24



(X, =1.5=x(0)=>B+L,=1.5=B=0.3

adl byl Jlosl s | K 2
V,=2=X(0)=> Aw=2=A=—=134
L ),

= X(t) =1.34sin(1.49t) + 0.3cos(1.49t)+ 1.2

Dynamics 96-97-2 KINETICS OF PARTICLES 25




X(t) =1.34sin(1.49t) + 0.3cos(1.49t)+ 1.2

AN

(x,=1.5m

v, =2M

1L=12m
u=0
0=0
|m=45kg

s |
k=100N/ 1 |

,5.,.v

Dynamics 96-97-2

/\

m

VY

|

/\

\/

“

V'

KINETICS OF PARTICLES

33

26




ooy 3l (xb Sygar 8 4 Jate Soh &8 > dolas Censllae (@

N

N

Dynamics 96-97-2 KINETICS OF PARTICLES 27




> F,=ma, = N -mgcosd=ma, = N =mgcosé

{Z F =ma, = mgsind—F, =ma,

F. =k(x—L,) = mgsin 8 —kx+kL, =ma, = mX

= mX+kx =mgsin 8+ KL,

Sy dolro
Equation of Motion

X (t)=Asin(at)+ B cos(at)+

or

X(t):\/A2+82 cos(at — @) +

mg

mg

sinfd+L, , o= LS
m

. A
sind+L,,p=tan™| —
" 01 @ (Bj

Dynamics 96-97-2 KINETICS OF PARTICLES

28



ardsl Lyl ps Jlos! : |

x =15=x(0)=15=B+M95NC | (B__156
° k =
A=5.37

vV, =8= X(0) =8 = Aw

= X(t) =5.37sIn(1.49t) —1.56 cos(1.49t) + 3.065

Dynamics 96-97-2 KINETICS OF PARTICLES 29



x(t) = 5.37sin(1.49t) —1.56 cos(L.49t) + 3.065

N
\J

_100 N

Kk 100/n

L=1.2m -

pu=0 = |
3 2 (11.505

0 5 10 15 20 25 30
t(s)
Dynamics 96-97-2 KINETICS OF PARTICLES 30




Lo dalys 5 & gan X(T) dolee oges Slg= o g # Qa5 Sloj a8lg > o

N
\V

X0 = A( Jot @B) ot @ d-u 0+l

or

X() =JA°+B ot)a +@kg @), 0+, a= }(gj

Dynamics 96-97-2 KINETICS OF PARTICLES 31




(sl agly pacan b (5 > SO) gl gly <8 32 o jlul e
*:'S)-’ °}‘~\3‘ L, QSP o)"d..S‘ )st;.if ‘) O J9:> mv )‘*3)-.’ )9w

—~

cdiol o adazd 10 O dais oo, 0,0 (gl asgl;

F= r2 codes y
L=mV= > pyies Hy
sl gly pyiies
H,=Fxmv= )
H,=r(mv)sing ;i

Dynamics 96-97-2 KINETICS OF PARTICLES 32



SI:  N.m.s

FPS: Ib. ft.s P 6l a9lh pgon vy
F=xi +yj+zk |, m\7:m(vxf+vyi+szj
i K
Ho=m|x vy z
Vy Vy Vg

—
=

m(yvZ —zvyj T+m(zvx—xvz)j+m[xvy—yvxj k
Ho=Hyi +Hyj+Hzk
sz(wz—zvyj
Hy:m(zvx—xvz)

H, :m[xvy—yvxj

Ho

T

Dynamics 96-97-2 KINETICS OF PARTICLES 33



>

HO:HZk:m(XVy_WXjk syl bl XY asbn o &S > S

=rmv..

H,=FxmV = H,=r mvsing
H, 0

| — H_=mr26

VQ:rH |

Ho= Fxmv

5 _drxmv) o - - d(mv)

H, = dt =VxMmV +T x It 4
=0+rx(ma)=rx(>F) Ho:ZMo

Ho=3M,

Dynamics 96-97-2 KINETICS OF PARTICLES 34



:(Central Force ) ¢35 w0 g9 ol Cxd &S5 3> 0

, S o lacanl oS e e gl Cus B o L g el ahis S

D55 (0 S5 0 Sy Sl Lo LS >

Dynamics 96-97-2 KINETICS OF PARTICLES 35



(Sl 9ly poton brax) (655 po G950 Sl i &5 >

rLmy,sing =r,mv,sing,

— — — my
S>My=H,=0 = (Hojlz(Hojz P&

» mv,
i T o

Dynamics 96-97-2

KINETICS OF PARTICLES 36



O 9 il il
Ll ,SKasG, wylo Jl8 pa slralolb waS M g m sloo > 45 0,3 g0

/4
T 6,3 95 'l Jolg bas gliwl, o a5 —F g F (o 5 ly (slog s
AJ@U»,M

G = constant of gravitation

In the case of a body of mass m subjected to the
gravitational attraction of the earth, the product
GM, where M is the mass of the earth, is

expressed as GM = ng

where g = 9.81 m/s? = 32.2 ft/s?
and R i1s the radius of the earth.
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