12th week — sds AU g gl
Centroide of Composite Area 48 sl claloall J&5 38 ya

To find 222¥ the center of gravity J& S of composite area
48 sall dalwall we must follow these points 4l il sla) g

1. we must divide the composite area in to simple area .
Ao daluia 1 48 pal) dabeal) asudi g 1
2.we must draw each simple area alone in the same
position to composite area .
S yal) Aabisall (o Lgad g o g W 2a o Adasesy dalusa JS a2y .2
3. we must find the value of each simple area and the
coordinate of its center of gravity .
daliia S 85 35 ja cbfiiaa) alag) IS Adai dalua JS dad Ayl Gy .3
4. we must find the value of composite area by writing the
equation of area .

A:za__{)

. Slalocal) dalea AUSN Sl g A4S jall dabual) o) s 4
5. multiply each area in equation @ by the x- coordinate of
center of gravity of each area .

Ax=yax

Ll 38 el ) A1aYYT) clalual) Dalaa & dabs JS G5 5
6. multiply each area in equation @ by the y — coordinate of
the center of gravity of each area .

Ay=yay




LlE 38yl galal) g:\u\zg@ cilalocal) Atlaa 3 Aabia IS G 6
(YY) s (X)) w7

Q// Find the center of gravity of composite area shown in fig .

Y y




A=Ya
A=a—a

A 2 _r2r_2t2n—r21_rlrn
4 3 8 g

A X = aiX1 — axXxz




7 {0333-0.196) _ 447,3

0.39372 0.3927>

Q// Find the center of gravity of composite area shown in fig .
. Y=3¢em

Y ~—~—~~ . r=3cm y ‘¥—
54

X2

e

2;=6%9/2 =27 cm’ a, = 14.14 cm®
X;=2cm X; =3 cm
y1= 6 cm y,= 9+0.424 *3
y2 =10.272 cm
0 ) dada gde 3 dalal) (i jda




A=a+a
A=27+14.14=41.14 cm?

AX =ax, +ax,

X —&X +aX, 27*2+14.14*3
A 41.14

)Z =2.34cm

Ay =ay,+ay,

y =&Y, tay, 27*6+14.14%10.272
A 41.14




Q// Find the centroide of the composite area shown in fig .

y
Y

A

a,=6%12/2 =36 cm’
X1 = 4 cIn
Yi— 8 cm

~

4

y2

A

a,=6%6/2 =18 cm’ a;= 6%6/2 = 18 cm’
X, =2 cm x3=12+=2=10 cm
y2 =4 cm y3=6-2=4 cm

A=a;+a,+a; =36+18+18=72 cm’

A X =a;x; + ax; + a3xs

5 )04 dada e ¢ dalall (i yia




X, +a,X,+aX, _ 36*4+18*2+18*10

X —
A 72

X =5¢cm

v :@yj@x Y, _ 36%8+18*4+18*4
72

y =6cm
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Moment of Inertia ( second moment of area ) (S salll a e
/\—/_\/
Jala (pa ) Sl @Lﬁ\ Jalsil) fpe B lus o AM@\M\ L g~atll a e
M) saall o ) &g e g Aabwall palic auead (A Yhabuwall s gina Gk
LJJBA&ALAMQ\JA\QQ’A ‘“,3\31\ J5adl) aje @laa g O daluall 38 e yan
el A wﬂ.ﬁl&ﬁyd#ﬂ\“\g‘;&u\h\gg\ (“5\2(331._;“)&\:_;\99
5l slaal) Jsa dabuall (1M j el a3 Oy (M, cm*, mm* )
Lol , dabicall alay) o aalny 43Y L 0950 (IX0 , 1y0 ) dabewall J& 38 oy
S Ainy AN ) i 055 (IX, 1y ) Aalic¥) gl Jsa  sall) 23
sobaall Auilly LgTal 58 50 aBga S Aalosall i ga i Lalth Aalisal) o g
Ao ) ) glaall SN ) guall) a e o (uSady 13 g Agalis )

y dy=x yo A

Ix :Iysz

Iy:J.XZdA

IX = Ixo + Adx?

ly = lyo + Ady?

IX,ly = X,y Jstsall Jsn(A )bl S gaill 2 e
IX0 , Iyo = X0, yo Lsaall Jsn(A )aaluall S ) gaill 2 e
A = aaludl

y=dx= (X0, X =)

X=dy=(yo ,y o=l




L 38 e et A glaal) J g Adandl) cilabusall AIH)  gugl) 036 iay Jpta e 2

Js&ll Shope

Moment of Inertia
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4

$ 9= ssaa J e A1) apactll p s
0.11r = _dill

g gaal) Jga (Alad) ) gadll o e
zr4 ’ e
T = Oy ) A Chal avady

0.055 * * (ki Cial)




Q// Find the moment of Inertia of rectangle shown in Fig
about (x)and (y ) as as.

I, _ 53y
12

Yo

I,,=1125cm

7. =3P
Yo 12

]yo =31.23em*

A=5%3=15 ¢nr’ Iy =Iyo + A dy?
dx=y=2+1.5=3.5¢cm ly=31.25+15%(5.5)
dy=X=3+2.5=55em
Ix = Ixo + Adx’

Ix =11.25+ 15* (3.5)

Ix =195 cm*

Q// Find the moment of Inertia of triangle about (x) and (y) axis .
y Yo

d 3cm

cs/

A

dx

0 )14 dada 3o dalall (i yda




A= S0_gcm
2
Ix = lxo + Adyxo
Iy = 18 + 9% (4)? ly = lyo + Ady?
k=18 + 9 * 16 ly=45+9 (1)2

lx = 162 cm* l, =13.5 cm*

Qf  Gd) a3 shaia
y Yo

4ay

<«

-
Y

_nrt _z(3*
4 4




A=rir
A =28.26 cm*

IX = Ixo + Adx?
IX = 63.58 + 28.26 (3)?

Ix =317.92 cm*

ly = lyo + Ady?
ly = 63.58 + 28.26(3)?

ly =317.92 cm?

dx;=6 cm

2cm

Xo2

A 4

8 cm
(IX)a = (IX)a1 + (IX)a2

_2(8)° _
Ixol_ 17 =85.3cm*
(IX )a1: Ixol_l_a'ld 2xl
(Ix),,=85.3+(8*2)(6)’
(Ix),,=661.3cm*

(Ix), =(Ix).. +(Ix),,
(Ix),=661.3+21.3
(Ix),=682.6cm*

X
dxo=1cm

8(2
Ix02:1(2):5.30m4

(IX )a2 = I X02 +3.2d 2x2
(Ix),,=5.3+(8%2) *(1)?
(Ix),,=21.3cm*




14 th week e il ) g gaud)

Dynamic =4Sl ale:
Dynamic 4S_all ale js a branch g% of mechanic deal with Jeds
bodies at motion 4S_all A 3 alwa¥) dynamic divided a~& in to
two branches ¢ A A in study 4wl 4
a. Kinematics: study o« the relation 42l between ¢
the displacement 4=l ¥lvelocity 4= ) acceleration
Jaaxilland time . A
b. Kinetic: study 4wl the effect il of forces ss& on
bodies alwa¥) and the type of motion 4Sallg sy
caused by the forces &l Ld Al

Types of plane motion 4ugiwall 4 al) £ il

1. Rectilinear motion aficabi Ao 4s al)
2. Curvilinear motion (Aaielbi o 4 Al
3. Rotation 4l gl 4S )

The change of the location of the body with respect to fixed
point ALl Abalil dudlly acial) a8 ga s |

ety () )

The rate of change of displacement with respect to time Jxa s
G g A W) s

_ds
v - dt




LAcceIeration (a) d-ﬁu-“}

The rate of change of velocity with respect to time:

o)

15 th week e (ualdld) £ ga)
First law Jg¥ ¢l

J

When the Resultant of force acting on a body is zero the body
either at rest or moving with constant velocity on straight line
LSl Ay o) el aad) 8 1 s aniad) o Adalecal) (5 68 Aliaaa (oS5 Lasic

@U@MJH&M&&&JMJ‘
V = constant a=20

\/:% vz odedl g zdalyy t= el

Second law  (AGl ¢ giAl

If the resultant of force acting on body is not zero when the
body move in the direction of resultant with acceleration
directly proportional to the resultant and inversely
proportional to the mass of body .

R
A




a= dua=ill

R= aliaalll

m= 4Kl

e Lh Gl Jiaaty dlaaal) slailaty digw awal) b jia gty awal) o dalual) (g 58l) dlasa cuils 1)

- ) A0S aa LS g dlianal)
Third law il ¢ gilal)

For each action are reactions equal in magnitude and opposite
in direction. ol & duslay g JIa8all B 4y gl Jnd o) Jad JsI,

Rectilinear motion with constant acceleration ki Ao 4sall
Gl Jaaady g aullioe

Let the body moves with constant acceleration (a) from point
(A) to point (B) which (s) displacement from (A) in a time (t)
starting with initial velocity (Vo) at (A) and reach a final
velocity (V) at (B) .

y
/1

X
B

a=constant
V
4l dua (B) Adadil) I (A) Adalil) (e (3) coqlh Jnatiy & oy accad) (LS 1)
Cma (Vo) W lata 4uiiiy) de sy 1a%aa (1) 00480 (paj (S) W _Ia8a dal ) alad
. (B) Aaiil) B (V) W liha de sy Ligila g (A) Adail)

_ds
V‘dt ©

_dv
a=

dt 0
From1and 2




_ds
dt_V

ds _dv
V a
Vdv = ads

From 2
dv=adt

(V-Vo)=a(t-o0)

V =Vp + at

From @)
ds = Vdt

[ds =E(vo +at)dt

t
5], :{vot +at22L

(s—0)=vet+ ;at2

S=V,t+ ;at2 B =)




From G)
Vdv = ads

\jv dv = ades

V2 Ve o
5 ?_a(s 0)

V 2—V02:2as V2= V% +2as

» Jaaadll (m/sec?)
e W (sec)

» dlgill 4e yull (m/sec)
> 4ai3¥) (m)

a
t

Vo 40lai¥) 4e udl (m/sec)
\V

S

{Freelyfulling bodies 1 Uagiu alua¥) hagiu J

Jeaal) culf iaay g piiana ok 15 Ao T ya Un s plesa¥) s g i
A Al ol @ (81X (9.81 m/sec?) gsben Wy (g) A W)
. Q,Jl:d\ sadl) uli‘- @443
V=V, + gt

S =Vt + ;th

V2= Vo2 + 2¢s
2 (<) @bl Jaaill g (+) Sl il e g
L AS Al il g8 kel Al




(Q) 35 Sl () AV (o el b ghos Alla (B ) o ghaad) Al (B
() W (g) 05 oY) N aeal) BB A B (+) Liasa

?“A'“ :\SJA
a= constant <wl Jaaas / \ 458 4e w VV=constant

V=Vo+at

S=V,t+ ;at2

V2 =V,2+ 2as

bl £ o
) +) o
Q/ An automobile 3 - moving at constant velocity 4t Wis
of ( 15 m/sec) passes a gasoline station 1sd94dhaa two second
later ¢xidl a2y another automobile 3 3w leaves 83 the
gasoline station sds! 4daaa accelerated at the constant rate
el Joaaty e ludy of (2m/sec?) , How soon will the second
automobile over take the first. A% ) Juail 4500 2 U a3l sala

a= constant
Gasoline dass 3=2 m/sec? over take line

Station 245 %///// second automobi]e claly) las

L

V=15 m/sec R
First automobile (t+2)
V= constant

S




Second automobile Al 5l

a = constant = 2 m/sec?

S=V,t+ %at2

— 0+ Luoxs2
S=0+ = *2%t
2

First automobile ¥ 3 jlud)

V = constant = 15 m/ sec

- S
V=i

_ s
5= (t+2)

S=15t+ 30
From 1and 2
t2 =15t + 30
t?—15t—30=0
AxX?+Bx+c=0

x = “B+VB’-4Ac

2A

¢ _—~(-15)£/(~15)2—-4*1*30

2
¢ _15+./345 _15+185
2 2
¢ _15+18.5_335
2 2

t=16.72 sec




Q/ A stone is dropped down the well and (5 sec ) later the
sound of the splash altaa¥) @ ga is heard .

If the velocity of sound is (340 m/sec) , what is the depth of the
well ?

h= _ull Bae (a8

5430 = Ggall agria e+ oaall Js 3 0e)

t= oaall dsii ge) gl

5—t= Gpall dsma )

Foe the stone  aal! 4l
a = constant = g = 9.81 m/sec?

S:V0t+%gt2

N=0+ 7 * 981 % ¢

h = 4.905 t 1

For the sound < g«all il

V = constant = 340 m/sec

340*5-340t = h
1700 — 340t =h
h=1700-340t
2,10
4.905t°=1700 - 340t
4,905 t*+340t-1700=0

¢ .—B+yB2-4AC
2A




—340+,J(340)*—4*4.905*-1700

t= 2%4.905

t =4.683 sec

1 A pag
h =4.905 * 4.683

h=107 m

16 th week e (ualad) £ gaud)
Kinetics of rectilinear translation with constant acceleration
SﬁﬁuMJ@uM‘gﬁﬁwhdﬁkﬂ‘

In rectilinear motion afiuelbi o ;\S,P{‘ * all part of the body
aeall £ 320 azad moves in direction 83k parallel to the line of
motion 4sal) ki s 3\ e and the displacement 41 ¥ and velocity

de i and acceleration to each part s J<! from the body are
parallel to the line of motion . always Xx-axis bl ) saa Lail
taken positive Lase 335 in direction of motion 4s_all slaily | so
the displacement , velocity , acceleration and the components
of forces ¢ s&ll <l . are positive in the direction of motion st
is sl and negative in the opposite direction 4 all (use ddlag
and if we apply =i second law of Newton SUEN (kg (638 so
the equation is :

X W*a Y =0 yz=0
ZX_‘\SJAJ‘M;IL)&J&‘M

W = auall 55

a:e“.éj‘d:’%‘d




s Al <) ghadl) ali £ gua gall 138 (8 g (s Jad
58 x99 (F . B . D ) pwdll jad) acddl oy a2 1
ASJAJ\U.uSQuﬁd&Y\gﬁu\Jgﬁﬁ\J&hY\@M\u}ﬁw\
o A aal) g Ao baiia dady s g aeall AS ) slad) Mg} g 2
A e slaal) (el i bk o gl Jiaaly e acad) ) Lay .3

V=V +at

s = Vot +lat2 V2= \V?+ 2as

2

o AUl el aadat g AS al) oladly Lia e cilined) a5y 4

Y _o

Q/ An elevator -+l xS »as weighting (1600 N) start from rest
O55udl ¢ faid and move up ward Asf A dads and reach
velocity of ( 3m/sec ) in distance of (6 m) if the acceleration is
constant < Juaail) (3 what is the tension & 358 ala in
elevator cable swadl) Jus &

sx N *a

3 X =Vg*a

V2 =V + 2as
(32=0+2%a*6
9=12a

c’:l=g=0.75m/sec2
12

T=17225N

1 &=

T =

16004 75,1600
81

X-axis
= n

a

A
|
|
I
|
|
|
|

w = 1600 N




Q// In fig. the body reaches a velocityas s M Jay of (12 m/sec)
during traveling (30m) starting from rest ¢ssadl cwlaid moving
with constant acceleration < Jsaath &l | find the coefficient
of friction dwiay) Jw between the body and ground ca s aeal ¢

V2 = V2 + 2as
(12)2=0+2*a*30
144 =60 a

=144 _ 2.4 m/sec?
>Y

60

o O

=1l oO
o
S
zZ

800 N

e

///




F =300 -195.7

F=104.28 N

1 dalea (pa

F _104.28
N 800

f=

f=0.13




17 week e gl £ gau)
Curvilinear translations of body (siaiebid Ao awall 4 a

In case of moving on straight line afice bi e 4 all s dthe
displace velocity and acceleration are in the direction of
motion. in case of curvilinear motion displacement 4=}l
velocity 4s i acceleration has two components (s s Lgd |
one parallel to x-axis and other parallel to y-axis
Projectile <4 is sample z3siof curvilinear motion.

Y VwW Vv

raial) il (ules de pudf ¢ 5< Laila
V =X 24vy 2

tand _Vy
V

=V C0S¢
=V sin@

X




a=,/ax 2+ay 2

tang=">
a,
a =acoso

a =asing

Flight of projectile Air resistance neglected
43 glaa ¢ o) daglia ¢ CaHIARY) ) yuka

gl aadl Alla b




1. Air resistance neglected 4 siaa &) gl 4a glia

2. projectile moving in vacuum  §1&1 4 44,381 & A

3. wind velocity and rotation of projectile neglected 4s s

4 ghaa ALY ) a9 gl
4. Let the path e of projectile 443 be given by the curve
sl (O0,B,C,D).
5. let the initial velocity of projectile is ( Vo) as puad)
A 4838 4iYIVo
6. the only force 3_sall 3 4l a8 gcting on projectile 443l e

Is its weight its total acceleration (AS! Jxa23l at all position
&2 sall aaa (A2 is due to gravity and directed 42 vertically
down ward J&t A with value ( g= 9.81 m/sec?) .

ax =0 ay=--¢g

In stead of considering  the actual path &8l jLwal) of
projectile we combine its simultaneous projection up on the

( x-axis) and (y-axis) . the equation of these rectilinear
components 4zhill sl of the path are found by
substituting ua:g= the ( x) and (y ) components of (s) , (v) and
(a) in the equation <Yalxa for rectilinear motion with constant
acceleration <ul Jiaaiyg affiva bd o 48 al) c¥alaa b Gl g,




As shown gease WS in a compiling table 45 8all J g2

Rectilinear motion X — component of y- components of
constant acceleration flight flight

Vx=Vox + axt Vy = Voy + ayt

V =Vo+at Vx = Vo cos & Vy = Vo sin @- gt

Sx = Voxt + ;axt2 Sy = Voyt + ;ayt2

S =Vot + 1at2

2 Sx = Vo cos Gt

Sy = Vo sinft - ;gt2

Q/ Boat ( A ) moves with constant velocity of ( 6m/sec ) from
position show in fig . find (@ ) in order for the projectile to hit
the boat ( 5 sec ) after starting , under this condition s <uas
Al given how height of the hill J gléi ) sala above the
water?

Vo = 32 m/sec

v

Sx =120 m

90 m




For the bote S sl daitly

V = constant

_S
V=1

S=v*t=6*5=30m
Sx = Vo cos Gt
120 =32 *cos @ *5

_ 120 _
Cos 0 = 39%E = 0.75

0 =415°

Sy=h= dﬁ\&mJ\

Sy = Vo sin Ot - %gt2

1

~h=32*sin415*5 -2*9.81*(5)2

-h=-16.6

M Jauy uﬁ‘ h sl &y Qr'\ai dlad) 3 LaN




A shell 443 [eaves a mortar s with a muzzle velocity 4s
43133 of (150 m/sec) directed up ward at (60° ) with horizontal
Determine 1) the position g2s« of the shell and its resultant
velocity after ( 20 sec ) after firing . How height will it rise .

V=150m/sec Vy =0
V = VX

Sx

h = @E\M&WJ\M\
After (20sec) t=20sec
Sx = Vo cos @t =150 * cos60 * 20

Sy =Vosin 0t - th2

Sy = 150 * sin 60 * 20 - % (9.81)(20)2

(1500 , 628 )




VX = Vo cos & = 150 cos 60

[ VX =75 m/sec }

Vy =Vosin @ - gt
Vy = 150 sin 60— 9.81 (20 )

> Vy=-667 > [ Vy = 66.7 m/sch

v=JVx24Vy2 = /(75)2+(66.2)

V =100.5 m/sec

tan @ =YY =662 _(ga3

VX 75

&ESJ‘UAAYMQ
V = VX
Vy =0
Vy = Vosin @ - gt
0=150sin60-9.81t

_150x0.866 t = 13.25 sec

9.81
h =Sy h:Sy:Vosin@t-%gt2
h = 150 sin 60 *13.25 - %*9.81 (13.25)2

t

h =860 m




18 week e el £ i)
Kinetic differential equation of Rotation
O J Jﬁ\ AT dl*\

—/

Consider a pulley free to rotate &gl a5 S dlia (a 4
around an axle ( O ) sl Js= under the action of weight (W)
GJsd) il @l suspended (A4 from accord st wound around
the pulley . Assume o2& that the weight desended a2i (S)
meter , as shown in fig .

This will unwound J& from

the pulley a length of accord 58l Jsh

equal to (s) meter )i so that point

(B) on the rim ks will rotate to

occupy the position of point (A)

Adail) b meall j505  the angular distance (@) 4ws)3h 4aly)
through which the pulley rotate . the relation between the
linear displacement 4zball 4a)3¥) of the weight and angular
displacement 429134 4a13¥ (in radians ) of pulley is given by
relation .

S=rfd ——— a




S = Linear displacement (m) 4gaid da) ¥

r = radius of rotation (m) Olugll shé cias

6= angular displacement ( rad ) 4 gl 4a) 3y

If we differentiate ( a ) with respect to time (t) we have

dt dt

g?:V = linear velocity (m/sec) 4shill de yull

dé _

dt @ = angular velocity ( rad / sec) 4, gl ds pudll
V=ro— b

If we differentiate equation (b) with respect to time (t) we
have .

dv _,dw
dt dt

dv _
dt

at = tangential acceleration (m/sec?)

dt

do_q - angular acceleration ( rad/sec?) g3 Juaail




an=rmw*___ d

an = normal acceleration ¢asead) Jsaail) (m/sec?)

If be helpful to summarize ua_ 2w the differential equation of
rotation and compare them with similar equation for
rectilinear motion .

v = ds do

M 0)27

dt dt

dt dt
Vdv = ads od w=ad 0

The relation differ only in Symbol Zesiieal jga i ki Catias eyl
And they can transformed in to each other by relation .

S=réd all @, @, o are vector quantities
V=row Z\"GA.:“:‘:"‘SM

at=r o

an =r w?

the sine of positive (€ ) determine the sine of positive (@ ) and
positive (& ) .




Rotation with constant angular acceleration < (551 Jaaaty o)) sl

The form of kinematics differential equations of
rotation are mathematically identical L—wlis to the
respective equations of rectilinear motion similar
equations in rotation will yield similar results . the
result are tabulated Js below .

Rectilinear motion Related by Rotation
“ 3 4 2@)&3\ U‘Jﬁ'ﬁ‘

= W+ ot

S = Vot + *at?
2 O=wot + ;oﬂ2

V2=V0? + 2as = w*=wo*+2a 6




Q// A pulley 3,5 has constant angular acceleration ¢! Juaas
<b of (3 rad /sec?) . when the angular velocity is (2 rad/sec) .
the total acceleration AS! Jxa2ill of appoint on the rim sl of
the pulley is (10 cm/sec?) .compute <=l the diameter of
pulley ?

at=r o
at = 3r
an=r @?
an =r (2)?
an =4r

a=+at2+an?

a’ = at? + an? o = 3 rad/sec?
@ =2 rad/sec

(10)% = (3r)? + (4r)? a =10 cm/sec?

100 = 9r? + 1612 100 = 25r?

z—m: = =
r—25 4 r \/Z 2Cm

d=2r=2*2=4cm




Q// When the angular velocity 435 3% 4= s of (4 cm ) diameter

pulley is ( 3 rad /sec ) , the total acceleration of point on rim is

(30 cm/sec?) . determine <) the angular acceleration Juaail)
9130 of the pulley at this instant 4all) sda b

d=4cm, r=2cm, w=3rad/sec ,a=30cm/sec’? ="

an =r w?
an=2(3)?> =18cm/ sec?

a=+at2+an2

a? = at*+ an’
at’= a*—an?

at? = (30)? — (18)?
at? =900 — 324

at’ =576

=576

at = 24 m/sec?
at=r o

2= 12 rad/sec at _ _24_ o

r 2




