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1. Iﬂ‘h’bdudﬁon ‘ e

1.1 MM may be defined as e SCience which descnbu ond
Predicts the Gnditions of rest or mgtion of beofncs under

Hhe achon of forces. .

Hechanics

Rig}al bod i es dtformabu bodieg Fluids
- I '
Y _ .
Stakic dynamics -
Force Systems Applications Iinemakics KiruHcs
Gncurrent trusses “truns|adio Transtatiosn
Paralle Centroids Rotatyos, Rotedyo,
Non - Gn(‘urren‘t Fr)'d'l'oh P(QM mQHOh le MOHO\-,
1. A _‘.USeFu_l Mrmd‘ﬁlﬂ

Sin(-8) = -sn® , Gs(-8) =0sbB ,fan(-0) --J—o.n(e)

Smi®+ Gs'B =1 , I+ t+ant@ = Sec’®d

Sinze=‘—,]z—'— -l?: Gs2® , (bs!B-= JZ-—'f‘-Jz_Qsze

Sin 28 =2 Sin® los B

¢
- 25int@ = 2Cos’® -~ {

Cos 28 = Cos’® - Sin?8 =
le
funcr’nq IS 20 4qs GO Ay
Sllﬂ 0-25'“5 O'§ O.?oz 0‘866 0‘966
(os 0966 0866 0-707 o 6.259
tan S o5 2F 1 732 312




4.3 Princpal ST Uniks  Used in Mechanics
Quan bty Symbal | Units | Formula
Accelerakion a m/s* )
Angle O 5Q-«| rad | irud:ieo

Angular accediration < rad/s?
Angular velocity L2 rud /S
Area A m?
Density o I<g/m3
Energy E J N.m
Force F N lg.m/s?
Frequuancy £ Hz s~
Impulse 1 Ns | Kgml/s
Length L m
Mass m K9
Moment o o force M N-m
Power P ;f* J/s
Pressure P Pa NMlm2
Stress id Pa | N/m* —
t ime 2 Sec
Velocity v m/s
. -
el Slj;j:;s v 2 (15°)
Wor k- ) W J Nm |




1.4 Newton’s  three fundamental (g

First law: i the resultant force achking on a parkicle is Zevn,
the par/-ic(!. will remain at rest Gif on':ginaf(j at rvsf) or wll
move with Gnstant Speccl in a straght  Line (if originally in

motion) .

Second law: if He resultant force a.c}.»‘y on a particle is not Zerp

the parficle will have an acceleration proporkional to the maq nitud x
of the resultant and in the dlivection of tais resultart fore .

F: m a

Fiméa represent , respeckively, #e resullant force aching on the
parkicle ; Hu mass of +Hhe particle and +hy accelerabion of Hha

pavticle -
Ex ' A—H‘-j Lhe /art‘ c),‘, 'f[t.ﬂ. 49 magss MOv}nﬂ bbdﬂ S“\_ﬂlp)l’\ 'lw'a‘\-l_.
o LjW"’C' o= [mls2
—_—

Imzng'l
F = ma

=Clkg) (1""/51) =141 N. /ntu direckion of accebmf-{on.

Third law | e forces of ackion and reaclion betwesn badies in
Gntact have the Same magnitude, Sama Lins of acken and opposte

Sense - .
mass(z)
-G Mm
< ¢ F =
4 QA s universed Constant Called Gns!-anf ot
Mass ¢ 1) growitation -
M
3=9_£f_ = 9.81 m/s? ¥ W= mg
2
.é:-_-__"— Find +tha U’eijh‘{ 4 the <9 mass Sheown ‘m—_lg
W= m 3 \LW:?
= Mky(92.21 wm/s?)
= 9.81 N .

(N



1.5 Deﬁ'n}Hons

Rigid Lody “ may be defined as that bodj that /s not
Change in ds form or its Condtion undey the action «f
Fongs-

Forca . represents the ackion of ont body on ansther—

¢ maybe exprej&ed by actual Gntad or at a’n.’s#anc_g, as in
the Case of jmvi/-a/'iona/ fora aad m:yn.a/—ic )[)orcv_-

2% The mechanics oP n'jial bod_y is subdivided into Stakics and
dynamics . The formaer d.ﬂa//hy with bodies ak rest, Heo (after

with kody in mokon, whin the forca system (body) in equilibrion.

% The forca is Charactented by Js point of applicakion , it s
mtghf/'l-td-( MJ ;*S df.f?C)L{'on) a {;rc‘( s NPN-S'Q(TI- "’y i UEC'fgr'



2. Scalar X vector quantilies

2.1 Saalar quantities ; these quanhties have magnituda only , as

mass, volume , area -— efc .

2-2 Vector quanhties 5 these quan hties have magnil-udx ) divection and
pesiHon as forece , Vrlo(_j‘-y yaccelorabion <« — etc .

“The vectors Can be d«'v}dzd into two Kinds-..

4. Free veclors-, +his is a quanh"ly that has unlimited slope |
and posiHon, as parkicles n thae boedy , Wind .

b- loca/:zed wcfor, His Quanh’w‘y ha s lc'm}'ll-cd S(OPL) 3ence mo‘

Po.sfhbh; as j%rcg_; that a;—/}a‘(c{ upon a bar ¢y ’aoayl
fnchion force -

= ///sl7

2.3 Representabion of a vector.

A Vector is rtprﬂs:u—rfed b-j a dirccfcol Lm as SkOu\v\
below- Itwmay be noted that Y lingth of OA represents the
maﬁnll-ud.aﬁf the vecfor -0-74 (0r574) - The direckon ch Wdora
is from o (Starting point) to A (e"d"‘j point). Tt is also IKnoan
as vector p*

P
©- > s
O (start) A (end)

L _)"\



2.4 Addikon of vectors

(onsider two Vvectors '?’_é and RS which are required to ke
added as S§hown in ﬁgure(q).

: &
-~ €5 —
/ PR R’
R
ey A P P
P @) da)

Take point A and draw line (AB) paralel and equal in m‘ynhtm
to the vecdor P& to Some Gonvenient Scale -

'Tﬁrpyh B draw (BC) parallel andl eqwl/ {to vecto, I-Z_s to the
S ¢ Scade - Jein AC hich will give Hu r\equ:'nec‘ sum & the vedars
,5‘ and RS as. shewn in the ﬁgum (b) abow . This m'ﬂ!\.oJ og

add.inﬁ !Hu.‘l'wo vectors is Galled Hae ("rf*‘.a.n_gla (owa) or adeu-iono,t
vectors -

S.‘m}lar!y ,n‘{ more then two uvectors are to Le added, the
Same may be done First two vectors , and then by addx'»y ta third
veedor to the resutfond of tu firs{ 4wo and Soen. TWis mathed of

a.rid-‘rg more than two vedors s called (P"'ij‘ (GMJ ﬁemddiHonJ
ued”or.s .

notes

Sine lewv

a . . C
SinA SnpR S;nc

pParallegram (o
R = -/0."4- &t ~20C Gs B




2.5 Subtrackion of Vectors
Considey two:" vectors PQ and Rs whose differenca nequ'md to
be found oud as shown in fi_qur*t (a)

P o R AR B
/s PG - Rs ‘%
& ¢

(b)

Toke a point A , and draw line AB  pavalld and equq_, in majn#‘ucﬂ
to the veclor PE’ to Some onukniest ScCale- _I'Emujl‘ B draw RC
parallel  and qua’ to RBs but in opposite direction to that of the
vector Ps to thu Same Scale - Join AC, whickh will give 'Hfbl-r‘ﬂ]ur'r'ed
i (ference of the vectors '155 apnd PS5 s Shewon tis “C'gurt b) aboye .

E'% The two forcas Pand @ act on o bolt A- Determing ey resaltant .

=60 N
@ °s> Pz=yoN
“ o® .

L e

Gmpk':c‘:.l Selution 4 paralu(ogmm with sides ﬁ]“ﬂl te P and Q is dvawn Yo

scafe + magnfi‘ud( and direction 4’ the resultbant are measured ond
Fou-\d ‘o ke

R=298N & =z35° R=98N & 35

Tha some resulfs oblained ¥ the triangle
nle Le used-

Trigonomahic So‘hl-j?:\ { b qpply;.v the ban of  Gsingg
RZ = P+ Q% - 29pQ Gs B
= (4o)*+ (69 ~ 2(y0)(48) Gs ISS
R: 973 N
Nows, app ling +he law of sines st ik

=]

Sin A - SinB | SinA _ Sin (S
Q R €o 97.7

SI‘ A = 60 S:\ﬂ IS'S °

XK= 20+ -35°. ~



EX—‘;‘L&- A disabled a ufomobily i Pulled by means Op two YOS
as shown. If the resulfant of Hu two ‘Porce_g exerted by thy wopes is
a 300N parailel 4o +the axis of tha

aulomob; Lt Find
e) the {'M.Snon " each Op tha ﬂ)F(SJ Khowlg

Hhat x=30°
Ly the value of & such that Hhe fension in
Wwpe 2 s Minimum -

Solution A % 3eeN |~
- /o P
enson pcn =30 - g
”
Gmphicaﬂa T, = 196 N Te = 134 V. L
. 300N
Trigonomdnc saludion A JZo0 -
~ 30 TZ.
T R Tz, . 300 ¥
Sin3o S» 20 Sin 130 .
T, = 300 sn30 -~ 195 8N -
S.'nl:l,o
To = 300 520 - 1339 N 3
S/n 130 I//Q
A - 300 N 'f/
b. Volus sf [ 4 por m;n'.mt-\m_r 4 {Zo“:‘ P /
/
~ /7
by using +k,:+hom31a vule , Ploﬂ'mg Haa / ~ /_
3eo N (r‘t.sulku."' !orc_.) MCJ tha 2.0 l‘e-ﬂsm\'\ dlﬂ(,")o\q c‘]) '-\/ \\4\ 3
<
Thare are Severa possibe divechicn of T, s Shown( 2-2) *

we note that the minimum valoe of T, occurs Wham
TU X T2 are PerpendiGalar

Thae Mo Valee ﬁ? AYIRT
T, = 300 $w20 = 102-6 N
T, = 300 Cos 202 232N
8( o = 90- 20 = F0°

0



2.6 Dcf'm'al-ionSﬁ

# Forca system . when Sewvera | )Coras act n a given situakion

they are Gled a system of Force .

-ﬂl(,y Con be Cla.ssargpl

aceorvluv to Hu arrmjemmf OF the Gines ‘\0 QC“JOV\ 6 the pWCLS

of the system as follgws-
--CzU.m.nM" All forces have a Common Uns J‘d”“\

~N
hE (lON

= Goncurrent Goplanay

In

The ackion Lines of all forcos of the System are B N\ A6
the sSoume Plone and intersect at  aCommon point.

©
10~.
Parallel Ggplana, _°(cL
The ach L °
o ne Pa” e forces “" the SY-"{""" ek . ? :‘iZN

Parallz] and Le in the samy plane -

—Non  ConCurrent , non P‘”’"L“@Ph"&— The ackion lines of all Forczs

oFH.u Sys*o-n are /n the Samu plqm,
are not intersecd a?  a Grimon point .

-

system

{1

*

bu”' 'H‘\.lﬁ are ]\5" ﬂ” Pﬂm'LQ_I Md '“\.Ij

Gncurrent ) non Gplanar Tre ackion lines of all forces of +he

infersect at a Common poind, but 'H"‘j are not all in ona plane-
& Non Gn CHI'I'M ) Nen Pa""-‘(&', Nan GP[&W

Parallel y non Coplahﬂ'

Unit vechor A vector, whese magnitude is wnity s Known as Wnd veder.

Equal vedors 14y, vectars whicth are pParallel & each othar, hawe the

'3
Sanme d;"CHQV\ Md iquaj MajM;M o Knowon as u‘un' U‘Qd-ors.

2 Uilee veders -k, vectors which are parallel to each sther ond hosse
Seme clirechion loud u—nﬂ-ﬁqu mq_,m‘}uol.l are Knawn as  ( \ey v ors .

a n—wﬂ"b The vectors which han e Same magnitude bud i
0PP0544¢ Wﬂd‘ionm leevon as VLRﬁCUF‘lV‘{ NC*UVS‘



Probloms

1. Determina 9raplaicﬂlf{j Hue magm*udl and  direckon of tha resulfant
of Hu twe foras Shownausn'fy ty pqralh(ojrnm (aw

L ]
1600 N 60 mg3S /7 FooN

T T T e e e e e

2. Determine graphically Hu majni+ud: and direckion o he resulbant og
the two forces Shown, using the triangle rule -

PLL S LS AP

~

3. knhewing that = 30" , duterming the majni‘f‘ucb o the POTCQ P se that
the reswltant force exeyted on the Sylinder is werbical. What is
tha Grresponding magwinds A the resulbant ? P\?ﬁ €00 N

4

4. A Cylan,der (s o be (‘“‘{0‘ bj two Gables . Khow-9 :

that the tension ’n one Gable is €0 N ,dedermmng +ha

myhi ﬂ-ﬂ.d d-l”Cﬁlon a‘P &rce P So ﬂ\q} -f-k"_ :
resulbant i's verticad fovca < 9cop - 777777

ANNNN

5. If 4ha N&uit'-anf o the 4wo forces qd-.'y on the C,yl-m.dtr Qlo-qw T
lo.e VCY['ICG/[J ielfld

(@) +he value of X for which thae Majnﬁuat! °£ Pis mnimunm .
doy M CarreSPOhouv ha.)»j'["ud.ﬂ oF P-



3. RAsoluhon of Forcas into Gmpomn'f; and resulfant -

3.4Resolve the force info ks Camporun'fs_

105in50
vy .+ ION

9

12
\
59 ¢

o

) "¢ > X

—

i0Cas 50

X Compom’f of +l«u.1Corr_g. JoN = 10 (os SO (+V¢

2

Y Component of +he fora (oN = [0 Sin SO (twe) -

N \ -
‘ ~ T A 305n30 12 5in 60 l s.,m“
== E ﬁ 45y
300 30 éo® 12. G5 6o Siineg ) i
N TSN
= 30 Gs 30 (-ve) Fx = 125in60(~w) Fx =S Gsus (+ve)
o Fy = 12 Cas €0 (-Ve) Fy=5 sSmus (-ve¢)
Fy =30 sim3o (+vx) y = 12 Gs .
} =" I L ki b 535 0 it s K
25(2) , o - 5 §
’ (U"”"l';") i) Z’)"——'-.\.\JJX, asbli
20(3) (ervs) 57 = of32442 = 3
- r L84 e‘ﬂ"b :;‘%-‘“gf SYP-E RS
l 4 | : J:JJI é““ 6‘“_’-&:—&& Le)
3 - B e,
- ¥(o(4) Guleh A WS, © woly mm o
0N g 2 . - -~ .,JJ' c’g_..._a

4‘0»«8 s 3

e
& :tan 2 = 37’

é—”-(-; Find the Compon_nnfs op te porc.e Shown .
N 82+15T = |7

Fx = 34dox 8 - (60N
]

Fy = 34ox 15 - 300 N
7

OR

—

e = ‘}'Qﬂ-' (_58_5.‘ = 61‘928

Fe = F Gs® = 340 = Cos(61928) = (€O N
Fy - F sin® = 340 sin (61:928) = 300N




£Ex

-

In figure, the resulbant forca F

Is 360N and the angles of, B are
25° and us® respechively-
Resslve tha force [F info a pair of

G.)m.Pom‘Il_s ’Paﬁ!mj lrra OA MJ @
aLamg CoR .
Solution

F, = FGsX = 300 Gos 25 = 2419 N

F. - F sint{ = 300 Sin2§:|26‘8 N
g P
.—E—.._ = P - Q_
sin@ sinp  sinx
300 . Q@ __P
Sin llO Sin2y Sinys
Q = M - |134.9N
Smio
P= 3oosinus . 22575 M
Sn llo
A nothev waethed

u

F, = Q Gs(90 —(x+B)) = Q sin(L+B)

126.8 = Q sin(25t4s)

Q= 1262 - 3y.g N
5;’1?’0

Fx = P+ Q sin(90-(x+B))

[\l

P+ QCos(x+B)
27(.9 = P+134:9 Cos(25+Y4S)
.z I~ 134.9 G570 = 225K N



3-2 Resultant of /?orca SyStem

The resultant o o force System laas loaas defined as the simplest
force system whith Gan replace +ha onginal system without Changiny its
external effect on rigid body .

¥ Resultant + a Gncurrent, Gplanar force SyStem .

¢ .
F s ‘ -

Ry ) .

By BF » Eose = PCail B |

Ry = ZFy = F sin® + Psin& £x

= Y Rxl +R32

ﬁ = ‘fan-' RS
X

» Resullant of a Non Gnaument Gy lanar 'Q)rcn syS‘f&n_

A Replace forces nto its rectangular Gmponants -
b. Summakion &£ all x and Y Comp onants sapmdeg
c. Find e resuttant Prom

R . YRet +R} and iFs direchon @ - tan' *fz’"
*

d- Take mom#‘ abou‘} any pmd-nCal Poin{-

= Mp = Rxd @Q
Hun find(d) A%

il d is (-v&) than -l'YoﬂSLT the resulbont Jmi )



Examp le5 P&\

The bedy on the 3¢’ inclint in figure s
a cted upon by a force P inclined d 20° with Hhe 2 30°
horizontal - If P is resolved into Gomponants paralled
and perpenclicular to 4he incline and +tha value of the parallel C°"‘f°"-"‘+5
is Yoo N, Gmpde the valie of Hu ’Perpmd:'(‘_ulqr Co"f’brwd ond that
of P.

X ~

SooN \ [V X
30

TThe resultant of ConCurrent force.  Shown =
-f:i‘jv\r(_ s d06 N ?o'mHv\j wp alonj the Y axis -

Compide the valuas o Fand & requrd to give this 3

Solukon

Sine tha eswlkard s up alony Yaxis

240N

.@ ZR =0

F cos & + 240 Cos 30 @ 500 = O
Ccos ® -~ 292:S =0 = F Cos® = 292- IS __--®

R=3SFy = Fsin® — 240 Sin30
3060 = F—.S;ne - 120
F sin® - 40N - @)
divide @ byD yields
i =\ o
_____/F-/Sm@) - Yze = tarn O = 14310 = 6 = tan 4336 =s$\R
F a8 T 2aus |

P F - Uze -~ S & NV
Sin 55 R

@ Repeal Hhis problom J e reswhant is Yoo ny dowan 4o the Y‘ig\\‘k

ot GOO L-Q'\'“\ e X-0uds -



Example )

Resolre tha foras that Shown in figure 200l
into  thair hecl‘myufqr G:mpomn'{s ond i
Find 4he resultant ancl its direckion.

us
Solution 5 o
= Rx - 2F (00N
= —100Sin30 + 90 Gosys 4 260 (Z=
Is
- —Go+ €3.64 + 172398
=192.5 N

'°0 Rx = ‘92—'S_N —

LRI { 1=
= -100 Cos 30 — 90 SinH4s * 28 fg")
_ _g8L.& — 6364 + 89-4Y4 100 Gos 30
= - 60197 N

\

% Ry - &0 197 NJ,

s124+(60 )t = 20/-82 N
R - YRRy = U929

)y = fourth quarter

since Rx (+ve) E( Rj (—ve

& - -(2.53+ 360= 342.47 . .

E,ﬂ )




Find the Maﬁ"“'—td-? eamd direc)ion of the resulbant force op Hhe
System of Forcas Shown ﬁgur{ using the muthod of resolutic

ch por'Cﬂ.S (« or Swnmabion O'P C:hPMS 3 -
Solu-‘-l'mq

O Nmb:m'g t focs .
@ Meka « toblt as Sshoon balow -

Forca X -Gomponent | Valu \ - Gmponant \Jal.uuz.g
4 [70 Cos 30 143224 [70 Sin 30 8S
2 -1s50 Ces 20 -140.954 | 150 Sin 20 Sl 303
3 -70 Gs so -44.995 | Sin S0 -53.612
4 — o —-1506 =150
S 210 Sin 4O 134.985 |~ U0 Ces 4o -1€06-8¢9
SuUM Rx 6% Ry -228:189 |
R- ARATRS

_ J@e26) (2280 = 24766 N

o= m"—éa -t (22°0) Far' (-2:37) = -673
¥ a¢.26

—67.3

R wgn



Drbbhbms

1- Four forcos act on loslt A os shown.
Determing thu resuiant cP the for(ys G

tha boelk. Ans [ ’99-51\’&"-{-!0}
A
2. The tension in the 5“1’?"({’ Coble AR s i
6soN Determna tha honzantad am ol 5
verhcal owomd's oA ta force adv‘rg on .
in at 3
the p A B
0:.Sm

3. Two Cables Whith have knswn tensions
are attachad at point B - A third Gbl AB
is used as a 9uy wire and is also attached
at B . Retemne Hu reqw're_g' Tnsion in AR
So dhat e resutbord of e Foras everked
by the three Cables will be verbcal:

4. The block Shown = ﬂjm is aC+{CJ Upon - W
by S we;ﬁ”lt W =200 N, & horizon Fad
forca Q@ =€60N, and the pressure P i-f;o?

c.x-e.r('ﬁd by Ha inc['m.u:l PW-_TRL
Nsull-an.(' R ﬂ‘f +he 5S¢ PDYCLS HES u19 MOI

puwullel &otha inclinag Hhareby slding the
blodcup'«‘c . Determipz P and R

Hink 1 4aka ont ax s Pa\rq[[gl tohe inclne '[AHS.RzlcﬂN]-

s. Tvo horses on opposite banks df a CGanal pull a bqu mov:yﬂ parallel

to the bonks by means of fwo horizgnfal rpes. e tension
3‘,\ tase vopes o 200 N omd 240N whils "t\uﬁnjhl betwern then,
Is 66°. Find the resulbord pull on +he foag:a and  the “Eﬂlk befinern
eath off Hu vopes ond b sides of the Qanal -

1#



4. [LJOM+ o; a ﬂ)r‘ce

The momen t ﬂ’le a force F with NSP.ed to a paint A s
M"n-ed as a vector with a majn;hd.e

E
e—qu.q,( to the P”Dd«d 010 PerpenoL'Cu(aV‘ /
Aistan ce )Crbm A to F Limes the A¥— B —*

majni/'uﬁ& o‘f F_w.'H—\ d4'ned-|‘on PerpendJqur‘ to ﬂu/’(aru Conf'aih;
A and F ard dens-e 9iven lpyﬂu direchion u)o an advandr\g : rijh-(’?
hand Screw as £ is twned abod A in e direchion ind; caf ool by |

FE’ o F
" 7
Mo ment af Fabou.i-/.] " l‘;:'td Ax go‘I/'!
= Fxb |"__a{_“l e
And it is Shown, as /F

AD Ak\ g

DQ{'EYM}M +the moment op a EFCR with N.SPed +o POin‘{' A ‘For
each System . 4 & 100N

Sm

~Sm

X
’ l /= YAty =5
Yoo N
E Ma = tooa(f)x2 — 100 ()44

- Jez_3t =Um = 160 = 360 = =200 N'm

HA = Yoo ¥ X = LoowY ‘- MA - 200 Nim €

= 660 Niom )



Pmbhms

1. Two foras Pomd @ Pass +hn;u.91\ o point A which is Um te
the Nght o and 3 m above amoment Canter O+ Foreg P is
200 N direcd ed up to the ﬂ'jhf at 30° with the honzontal and
force Pis $s0 N dir-edeo( up 4o tha Lft at 60° with Ho
herizentad . Determine e moment of 4he resuliuat of thase fug

forces withh respecd € O . - A
3 > P 4
2. In I:jur-c assuming Clockws,Se momnn+5 ,/
as po sll-irc, GMP“"{ the momant G‘f ‘I(t;rCI
F- 4SON and cf )Corc‘_ P= 3¢ N aboud
peints A, B, C and D \\p
!C-.IJ:-‘ Lo} :
D fom B
b

3. A force P Pasing 'f'hrbuﬁl« Points A and B l
in figure has 4 Clotkwise moment of 300 NG, 3¢

Aot O . G»pu}-e_ +the value of P . . - o —4
0 B
6 Cm

4. ITn Ha aboye ,(;944“) a ﬁ"‘Cﬂ P intersecks the X-axis at 4§ Cm to the
r'ljk{' D'P O. I)(\ 'e\-LMOM.Gld abed A is (70 NG, Counter C]ookté':&-ﬂ_ omd
s moment abeut B s 4o NG Clock wise , d.t.“e»'mirl.e s U in"etufr{-.

5. In -P‘.’w-t. a\\.ovw.} +Hhe Mo maril e-f a Cav“"\lh ‘G)YCQ F & Igo M-C,.,,,,\((,du,,,;s‘t
abok O amd 90 Mlm  Gunter clock. wst Aot B » 1¢ &g momud
albot A S Zevp, ddemint dag  Lrcp F.



5. _L_Oca'l'l'on QP RQSLLH-QM-t:

The location of the resultant ‘)(::ra, in a force system Cam Lo ot ermingdd
bj usin.j 'HLL base GF moment °€ &poru about a PO;"!{'

R
MA = R* d
A o
AN . /
d \\ //
Determine the resulbant o the Goplanar "‘;M ;
Fora Sy‘.S?(an S'}lown N ‘{:Bure Md [xaje .li m"-}L i xo 'I |mN
respeet to pPoint “O” .
4oN
Solution

" Ry = ~l30+ Joo(—g—) = —130+60 = —FON

+f Ry = —uo —wo (L) =-uo-80 = ~l20N

R = RS TR,Z = ,/(ZOJiI‘f(szoJZ = 13892 N

; o
o - m“% . el (2020) . 5974 (thid quore)
1 4

2Ms = Rxd (S“PPos—eH- ay n ﬂjw—g).

138929
63533.4);“]: {00 (%)*31— loo( _g_)-n?_ — {ox1 - 130x2
13292 sd= 20 = d-: o\l439 m .
NB 1§ we gt d with -w Sign than
o



1. Determine the reswlfant of the Forcn

System Shown n ﬂﬁm and LoCaJL ,
: ; , I 260 4m
it withvespect to point A . 3m

1 — 4 Py =
F
2- Mrnﬂﬁn#ﬂit dﬁ verkcal Conpon!td 02 g
anFoch in F;:Qurf, is 160 N - =
& . determine the Force F (34on) £
b .determm Hu mowwni(‘-‘"e o A
wirt  poirt A- (8o N.m ) —
C- By means of Principle of 1-—4—"'—-4

momasd s , determne Mpup.end;@.(qr dis fance -me A totha L.ruz_ °P
achon op E . CZ'S’L{ m) )

3# D »2R
3. The System of the 4 iven foras thgt Shawn 1 c
n 1(;:91"1 are A.Q}-ny a.(orB the four sides
of Square ABCD. Find the majnifws&; A ) P
direction and pos;bion ( (ocation) °£ the ‘ B g

reswHont forze - hﬂa



6- Cuples

el amsis of bos s ki v snual magnds
and parallel Llines of ackion bul are opposite in Sense .

7% characteriskics of a Couple
a) Its majnr}uil. A the momant -
L) slope of the plang of Guple -
c) e swse of wiation of 4he Cbupb_.
i~ e
— It s magnituds s Fd

— ot tu samz Plane and Gan ke transmitted

. €0 any point in Hee plang -
~ Bs Sense in this Guge s o

Determine the wmoment of Hu &wp(g, 'm
-[r'jurg, w Ha re.cpui to point AJBEC .

8°lu}ioh
@ MA = lso#4 = €60 N'm

G Mg
& M.

ISo% 24 (S0%2 = §ooN'm

"

Iso*x €& —1S6%2 = 6o Nim

n

i

so
Z2m | Zm  Im

B ;gor'

'By using the transformabion o @ Guple , replace the three

Couples & Fig. by one Guple Wit a forca aching ;\OY;an’l"’ ot A and B.

m 03°‘N'm
Gnwevt
@* Mpp= —300 tUoc-200 e
=~Jo0o N*Mm mom.ln‘ts
s O
or HAB jpoN.m i
=FxAB
cF#%2 A
& Fz 88N oo Nm

‘7‘3;,.'00'\}
'

oo
1co NI
IooN _B

ILIM
[~ T§°N

S‘nN
O lao N
S‘aN




1. Eep[a(‘.e the S‘/Sf&m d‘ forcas qcl-,‘,y
on the Frame in f;)m-f by resultant R
at A and a Gouple “d'hﬂ l'\or'llan-f-all)

Ans: R=SoN |} , B=lteN —», (= (l0N «

9. Replace the Bystem of forces shown in
F.‘jurt Iy Mqujvdm‘(‘ forca ”m:y'n O and
a Couply, aCHrB throug h A and B -

Solve f the forces of the Guple wre:
@) honzentad . () verhcal -

20N

3Cm
2Cm

4Cm

30 @N

Iqey N

| Com B

361N 0 \

224 v

3. T fiaure represents the top view of a Spad A

reducer hich s Seare.d Fcr a 'me to one
Y'Ed%l"lt.\n n SP&A- Tha i‘ol'qun. 'mPld &* tha

hovizantal shaft C is 100 N-M, Ha torqua
aul Pu.{ ok horizontal shaft D, becawse ap Y

.Sf.m.d mdud'l'on,'.s 4oo Nty GMFW‘Q the

‘f&ﬂ‘uq_ nad—ion a£ 'Uu. MOMH}’B ‘90“‘5 AM&B ‘ {

"“’Ld;"j e reducey to the {leor.

O\cy—" —F‘ﬂ
..]\I' i |5
g:@' g

T

Ans .  R:zpaoon directed WV"itm.llj u.r& A and Oown o B .



7. E;‘l‘-ﬂ; brium .

71 Definii-.'on °¢ eqtul.brium . Is Hu term used to da]gna{‘e +he
Condidion where the resulfant of a system of boras s Tap.
A bedy is said 4o be in equilibrium when tu force system
QC/Hry upon ¢ has a zew resuliant -
“The Phys;a./ m.wm';y df eqw'lilan'um af a body is Hhat
4o bedy either is of rest or s moving in a straig ht G Wiy
Constant vdoo'b.

7.2 Principle of equilbum .
The Following three prinap
point dg view §-
a. Two forca principle - Tt skade « 1{ a bon in equ”;bn'um 1S
acted upon by two forces, then ey must be equal , epposite and

Co lLineary

le are important from th sukject

b- :rnl‘u Forcc. Eﬁndglﬂ.-— Tt stade « If a lgo@ in C?wl.bﬁum 1S qd'(J

Upon by three forces, thun b resulfant of any two forces must
be equ.auf, opposie arnd Gllintar it the third ﬁ:ru.-u-

C- Lour force princple _ 14 spapen If a body i equilibrium is adted
Won by four foras, then the resultont afany twe foras must be
equal , Opposite and G linear oith Hhre e subout of the dther ooy,




7.3 Gnditions of equilib rium

Coﬂs;dl.f a bodj acfgd upon by SVS{M “P FDVCC.S- A ll#b_
Considovalion with show that as a result f  these fara.s, the body
may has one of the fo/(ow'uy States ;-

ae Tha bocy may move in any ong direckion, it means Hat
there 15 a rvesultant force aCH»g on it, but f Hua law‘j is to be
at rest or in equilibrium , the resulbant force Grusing movemat must
be Zew® 5 OC; 4y horizontal Gmponent of all foras (ZF; ) and
ver tical Gmfamzn}( of all forcas ( ZFy ) must be 2Zen - Ndﬂumﬁhly:.

ZF;(:O 3{ Z"_j =0

b. The bod7 may ratate a bout H'Je/f withaud mouiry, it mean; Hm.](
there is  a single resulbant Guple ackng en i with no reswthant forc, 4t
i e Ipod} is 46 be at rest or m e?w""b"iu" 5 the moment o +he Gu.Pk_
Can $ing yotation must be Zexns 205  tu resulbant momeid of all forces
(ZH) must be Zers, Maﬂu.bna/HCAJLj:-

ZM =0

c- The bedy may move in any ont direchon, and df the Same time
it alse yotade abed itself, * maons Haf  there is a resubad force
ond alse a resuladd Gugle aC.Hn.j onit, but if the bodj is te be d
vest oy in equ,‘l:brium) mre.mlloud forca Caus-n.j movmuds and
the resuttant yomant of the Guple Causivy votadion must be ) qr;

(= Fx), (SFy) ond (T M) must be zerns mothemabiGally -

2Fx =0 ZF_‘;‘:O & 2 M=o

X TRe obove mentionad threg equaﬁ-ion_; are Known as the Gn debons
oA equilbrium - As a matter of fack > thase Gndhns  halpus w

f-'md'.y sut the reackons of foras ot a parhituar poivt; when th
bbdj g n e?[p[‘,;bdum ( Wn knswn reatkions <==P FM-QSJ.



7-4 Types of equilibrium

\Zfab’-( Oﬁwl;brl'urn A ba#j ',.S Sajd {"0 be l'l"l S""‘-bl{
equi li brium if it returns back o ifs Orfjf'na.‘ position, after
it is slightly displaced From its pesition of rest

)\..( Q; A5

E“_S_I'_‘léli‘ e‘iﬂﬁbﬁum A bodj is said 4o be in an unstable
equi librivm Jif A does nof return bade to ds °";_7"M' posiion,
oand heek favthesr away , & fer slf'jlqﬂj di:.,lqad From its position

of vest - .
.
-
o -

Neuwtra| equilibrium A bedy is said 4o be in a nubal
Mw'/.'bn'um ir it OCtu.er'cj a nuJ Po.sfHon (Md remain § at rest
In this POS;HOn) afbier GIth'H}' d.‘;f/a(,u;‘ an'l‘f PQJ‘(HOH cao rest .

O

%{( E?ui‘;brium ) When a Sy,j'llem o‘f ﬁr@..s a.dvj on a faaofy
has o resullant , the body on which e force System
actds s In e?bu/:briu,m.




8. Free body cliag reun

It 1s a sketch op a boc9 or a potion of a bcc(y or
two or more bodies Comf’cfe/j isclated or free From all dhyr
bad/es Show}r}j the force exeted by all othwr bodies oan one.
bd'ﬁ Con sidured -

The table below Shoews some of +Hiyy more Gmumon ""P?S
of free body diagram -

Type of body | Sketch of reacting Ackion of body

removed bodses I"emowd upon ¢ FBD)
= C?
Ea’ﬂ ——— V= mg
Flexible card,
vope

Smooth Surpace

™
\

Roller o» %{_ ‘:]
R
ball ,g 8 &E?-] Pe\
JLRS
e | .
Knife edge th—%
« o = R_.,

SMPPor‘" for a bean Rs

ﬂ"P‘S“ Fureo‘ qt 3
tive end B

Pin in Smeath 2 y
guide (slot) WA o R

N
2




%Pro&du’e Faf SOIUfl'on o{’ equ:/;brm.m Pmb&ms 9 -
~———————— e Ve

1. Defermine Ca—r‘eﬁc/é, the given dafa and what results are "B]ufret( .

2 Draw(F-B-D) of the member or group of mambers on which Soms
or all of the unknewn forces are actng -

5. Note the pnumber of fndq)cnd.m'(‘ equations of equlibrium availeble
for the type of forces sysTem involved -

4. Observe the type of foras system which ads on the FRD drawn-

5. Gmpa,n: the number of unknowns om Hhe FBD with a numbe- f

j,.JePMJ,u\f equq}-{ons of equi/ibn’um avalable for the fora system -

€. a- If Hwe are as many indﬂf)md.en'(' C‘]uah'ons of equ,'l;l,r.'um as unknewn,
Praceed with, the Solufion by wrfﬁ'l"y andl 5olw'nj +he ex,uq{-i.ns op eq:.u'l{br}qm.

b- I Hure are more unknown to be evaluated than independant equations
of equilibrium available , draw a free body diagram of ancthy body
ancl repeat Steps 3, 4 and 5 for Hu Second FBD drawn.

7- a- If thre ae as many ""d’P‘”d"ﬂ'L equations  of equilibrium as unknouns
for the Second FBRD, Proceed with the Solution by wrlfb’ry and So/ui.g
the heCessary equations of equilybrium -

b- If there are more wunknowns to be eyaluated than indspendest equations
of equilibrium for the Seand FRD, Gmpare th total number of

unknowns on both FRDS with the tohal numaw
c.qita;h'on‘s cf eiw'ﬁlar;um available ﬁr both dia rams .

8. IF ture are still too mamy unknowns ; them tha prablam is

Sh*:'cglly inMaminic) that is, not all the unknowns Con be eva‘ud:ﬂ
by statics alone -

The requremertts for the stabc equilibrium of +the four éypasj
systems Consiclered are Summanzed as:-




@D CGlinear forc S ysten

e ——

The a/_gcbn'c Summab'on of ﬁras a‘/OPLQ onL  Known d"ﬁd'iam

@ Gncurrent - foras _sysfem
The algebric summation o forces along twe Pperpendicular direchions

e

¢\ ‘ ',[, 3kN
(Example ) 23
Ddermine the magnitudis of +he
forees " 4"T " which, along with the othyr ‘ \»;-4

T'
P
\ 1’: l.|°°
three 1Gfa5 S hown, ad on the bn'djc Hruss .‘_:::“_‘ﬁ_b
g KN

l6 KN

| pfh* . I

solution
= Fx =0
8+ TGsq+ CSinzo -16 =0
0 #6T +0.342C =8 -——- ©
2Fy=0
Tsinygo - 3 - C Cs20 :0
0-€43T ~0.94C =3 --- -—Q@

Simullaneous selubion of e&n © ¥@ Yields
T = 909 kv ¥ C = 3.03 kN

©) Baral}e/ fore Sy.sf‘em

@ The algebric  summalion Ff foras along ont Inown divechion is Zevy .
Y ® The a'gebr-'c Summabion o’-? moment abod any reference Poimt inthe
system is s -

EFX"-'O 8] EMzé
=
2




The figare shows a laterally loaded bearmn which is .SuPPor'fed by
two rollrs and in equilibrium . Find the valuwes of e reaclion foras

Ra and Eb of the vollers on the beam .- The beam ’'s cue;_'gltf‘(g_s,s.

YooN BooN

ol 10N J
200 mm 4 Soc mm | ©00 mm
; ) y
. .

>

Solubion 200 mm 300 mm,
| BooN
=2Fy =
y=0 LooN
200N l fooN )
i " : =
- -6 0.2 Q.5 ©:3 Sy
Ra +Ry - 200 ~ 400+ 100 -800=g9 Ra Rp
Qq-l-eb = 300

Ra = 1300 - R, -—-0©

2Ma =0 &

~(200x0:6) t(400%0:2) - (lpo%07) — (Rp»!) +(800%1-7)=0
=120 + 80 - #0 - Ry, +1360 = o
Ry = 1360 +80 -120-70 = i256 N

< Ra =z /300-1250= 50N

AW Repeat‘ the Selubion by ‘ta\kinj the moment a boud @ .

@ Genwal éwidMS;ona/ FJI’C( §1~S{"cm

30



A 200 N Cylinder is supported by a horizontal rod AB and
rests a.jains'f Yu umfarm bar CD wh,ch wa'j(.({ foo N .

Draw the free boa_(:/ ddijmm_s a-f @ vod AR @ 'H“Cﬂl‘"duf—
@ bar Cp @ the assembled Cy linder and bar .

SO[Uf'a:ah
@ L& St
® p

©
Dy
I
@ P D -

100N



A body “A” in ,Gjur, below weights 200 N and the
homajaious bar ‘B” u.)e;jhts 4o N, Drvaw F-B-D °¢ cach O’P
‘H'u_ two bodi?j.

o
A
C9 -
* 7
A+ 3 3
7
Grd B
4o°
Selution G 1 |
b 3
P., c.q




Determine the tensile force in chain D .

F3D
(node 1)

69go N

. ZF‘ =0

— T Cos 30+ Tc Cosyo = 0 s (1)
Zfy =0

Tc S‘nyo 4 Tq Sin30 ~6o000 =0 ale ¢4

{’bm “

Tc = Ty Gs 3o

= '-'3 -’_ﬂ - '—-(3)
Gsqo

Sub in @)

1413 Ty Sinyo+ Ty sin 30 = €000
I-223 14 = €ooo
Ta = 489124 NV

Sub in @)

Te =113 % 4391.24

=5s272.1 N

Te

TE Cos yyg

F.aD
(hodse 2)

= Fx =0

To - Tg Gsus~Tc Gs4o =0

_Tp - 1-5- G’q;'ch C.SQO
= 0307 T423Y ---— W)
ZFI_-’ =0
‘E Simys -Te Smyo=o
& Sinks
Sub:. m W)

Tp = 6707 % S0Z435 + Y23Y
= ##86.2 N.



Determimg  the Pin reackion at A on bar ﬂDancl ot Bﬂc-

A —®
A
Ay
Bx
By
D
ZHB =0 @

~—Ax 3 -1000(8)=0

Ax e —fDC;(S) = -2666.7 N #A" = 26%-7-N i @

Eszo —-L"P

—BK +Ax =0
BX = Ax.‘-‘ 2“6'7N 4 ( 21"""0’:).‘1"-\?5*9‘2‘ u&), AS

For member DCA

G* =M. =0
Ay (3) - Ay(y)-1000(4):0

Ay = —H4000 + 000 _ (000 N
o
1-1‘2‘1'5‘_-0
fOOO-ij -0oo=z0 =» Cj =a N
LZF;:o

~Cx +Ax =0 = Ax =( = 26667 N <-—

For mﬂmbw C/B

B-":Cﬂ:o -—a o —»
Bx -_-Q 'AQ.,G‘G‘?'N



Praoblems

4. Gnsider a 75 kg Crate shown in Hu -,(,'Jurf . This Crate wWas
lyiry between two bur'ld;nﬁs,, at il is being lifted onto a truck,

which will vemow it - The Cate is Supported by a verti col Gbl,
which is goined at A o two vopes which pass over Puj(_,y_g

attached to T bw'ldiy_s ot B and C . Petermine the tensipn i
each of 4 yopes AB and AC - |

Ans - E-,;.]B-.-.C"I?'N) Tgc =t180N]

2 The forece Pis apPl}cd t© a small wheed
which volls on tha Cable ACB - Knowin.g that ;
Hhe tension in both padds of Hu Gable is FSON, A
determing Hu ma_.ynh"wi? and diredion of P-

P

Ans. [ P=93Nv , &= 3.5°] -
3. The 100 N homogeneus bav AB 8hown in «qure c

;ssuypo-rfcdby a pinat A and 4y Grd BC- . )

Deferminy 4ha Pin reackion ot A on-he Bar AB. /j?; '-15_ B

“ f— <l
Ans. [Ra = 833N, 8=362 ] gm
E

4. The densen in Hu SPring in 4he Pin-Gmected
Structure Shown i the figure is SUON, the weighls
of 4he membtrs and fricton at all Grtad surdaces
Lon be “‘)l‘dfd - Determne e hovizortal and

vertical  Gmponedls of $a pin readdion at B
orn mambeo BE .

20N

5+ Knowing that mm.}h'}uda af vertical forca P
in ‘ﬁju\l’f iS Yoo N. Determine -
O~ The reatkion at B-
b- The tension in Cable CD- EISK\QNJ




9. Centroids of area & lings

AX = 2 ax
AY = Z ay

“The expression AX as well as AY s called +the moment

of area , Can be e fined as the prdud & +ha area mull-}plital by

He perpondicu[ar distance from the Cunfer OF area to the axis b? momuAs -

X =-2ax g §= 22y
A A
TThis gives a mathod op loCa#"_rg a POir;( Galled the Cm‘fraicl 4 areq,
"h Po;nf‘ ('prre_fpom:lry to the Canfer Gf' 5mui§ of plafc 4 'Mpin'.'[‘cs'.mo\l Horckness.

The term " Centroid’ rathey tan “Conter cﬂgmv}@" is usd where
fc“eﬁry 1o area (AaS well qs +teo Ums) because ’Hu_u_ ﬂjurzs dovﬂ km:e wﬁjh{-

when raoe.rnj to lines, the Carrrid masy Le determined bj Similav
mesans

X = =Lx ,9=ZL3
L L

Alse Hv Guitroids Can be defer mingl by integraton ,and tha
equatons for aﬁ"fe"m"'ﬁ'j the Canfroid of an area would become

A% = JxdA
Ag = fydA
and for d.('f‘efm-'nénj Ho Gntradd Gf alin.t,

L;:._/Xdl_
LY =fydL



The jaurll ‘grm that Jive avea, X and 5 are Shown i, the 'Pol(uw'crg

table -
TABLE (%) Centroids for Common IJeomdric Shapes
Shage Area [Length X Y
Y iy
- b g_
X _C ) Id bxd = =
| Is 11«
¢ Ih bxh 0 h_
B IANTER. 2 3
le———2
N
h b sh b ..b_
xc 2 3 3
- 9 b . =
S
> x Jrr? o 0
7=
el 2 4r.
mﬂv.—x‘i :rrzr fo) o
e dz 2y — (o-4y24v)
R (= |5 &
— (or424r) | (owzyv)
Iz =
2 3 3
N > %
b (Line )
< X il as v 0
il v
X




”

Determine thu Centroid of He

W qll dimensions

in
g meter)
Shaded area that Shown in '[}9“'
>X
o 3 -
Solution
b
® Divide thte shaded @rea 'nfo a Common 1‘
POrHons i i @
@Pd the dimmsion; as shawon in the {:‘)m.
em
@ma‘.e a fable as Shown below ) X
—r———
m ™
GMfoMn't area, (m?) I (m) :‘7 (m)
Tt | K9 307 o g SRR 3
® ? “ “ SHEE Nl Ee2 123216 = FF2
- = b - 3 - . L = 6 =
o % brh=3s6218 | B:2.15 |h-6:3
! [
® _h bh . Ls - yg | by3-£e3:5 %:%;z
SuM 43.0%
% = S AX - F07% 1.272+(8 % ('S t IR¥S _ 2.925 wm
2A Y43.07
g = 2AY . 7o7sFeprs IBX3t IRA2 . 3283 m
ZA 43.07
7 |. Repeat ‘“Uru a boue example for tha ﬁallaw’.nj d”\"}'-"y
43 b
—p
A= -0 8FSm KX —€.CF5wm
9 z-2.HFm " 9= 3.283 m
_’

iy chcaf the caboge exa\mqiq, JCOY Cin.a (V\d\ Mfok).



A slendsr homogenus Wire of wiform Cross sechion is being
in 4u form 8hown in ‘Fl'erE- Detormng  tu Ceritraid dg e Wire WML

' axes - AR
Y‘E.SPed' to tu Given . .
Soldtion  height F Lo s height of L3 (wohy?). A Ls
h, : 75 sin4s =$3.033 mm- L’qs. p
L_3 =M. - $3:033 - ¢/.237 mm
Sinéo Sin go
Gmp - Length (mm) X (mm) g (mm)
L - Y)Gsys = 2&-516 |*h)sinus = 26516

?5GsY45+50 =103.033

Lr 4L sinys = BY4- 85/
o

Lz |7r=157.443
Ls

€l-237

168342

i'il Sin&o= 26516

s

!

293 -38

&€l.2
-— = LIC"“;"’ 2r t l:_s_%is_o_ it 7;&51{3 + |loo + . 3; G;;Co

XLg
= [68:342 ™mm .
X - Lixy+ LaxXe+ L3X3 FS%x 26516 +157.143 % 103.033+ ©€1-237 % (68342
Li+La+l3 293.38
= 97F.104 mm-
g = _i__l__g_ . 2656 \ST43HBUGSIT 61-2373526-Sl6 _ 57762 mm

2L

293-3%

HW . Repeat +he preceed examply far area .

2. locate Hu Ceutrwid of the bar built up Shewn in ﬁyurc.

vy




Exampl) y 4 923 A
Using infegradon , d efernine the (_S_@
Gentroid f  the area shown. +ds
Solution (9,6) e e
Y= mx = ixﬁf X = -‘5-1% X = _.'_!.i X

18 =
1 I <32 =4 3
- L 3c*3-q;3_] - L [ioa 3] = 2 =
o'.?—M— '-'-_Ll.m %“&Q%A.\k'\s:%
JdnA -

G oJ3da o Zitm
JdA |

HW  locate e Contreid L 4 shaded area U all dimonsions are in mder).

A= 32'

W .
- X

(0,0)

Ans: (0:4,0:5)

4 )



54

Determine thu Coordinae of
the Centroid of the shaded area Sm

Shown in :(‘i:gul_‘e . Im . :
> L=
| m Lk »
'l__ " " A .—J

R%‘ 5BSA 5 C 2234 ,p O«
3 12 3

Symoel | Areatmy | X (m) My(w®) | = 3(m | M (m)
BEREE RS L R R
3x{ - = '
B —'2'.—-'9 1+€=7 63 %:2 | g
& 4xn=yg | 2-3-3 14y -(4)=-2 ~9¢
L i -(yx3)=-12| >+3=45 | —54 ~(4-1)=-1 12
= 72 23y -2
;(=ZH3, 234 - 325 m
A P
J - SMy . -12 . -o:Fm:
- S A 32
HW  [poate the Centroid of the Shaded area Shown in fgur\e it
raspgd to the orijin-
3A

457
~ .

NN

7

Em

Ans [ -0-808m) - o l4i6m |




the Cortroids of each of the Following Fgures Witk

locate
respect to the axes shawn
b
%’IDOMm———ﬂ o | A
i // 0 s |
/ 20’ 30"]' : ‘5""“x
E\ [ s "
i\ / 125””" 350 mm —*
o D 3
p ' 7 . .

l Um
: 1 >

25mm SOmm ET \ \\\
| on
= =




0. ‘Cwa{—” J 9mwlj oﬁ a bo@
The bedy Consid of an infinite number of padicles . A gengral
procedure f C}da«lal—:'zj CG (Center of 5mV.;lj) Com be dore Gnsiilr,’nj

the plane -
whare =
dw= ¥t dA

dw - is the weight of an elemunt -
t - is the thicknes f an element -
dA-is the area 4 the elorunt -

e W:/b’{:,JA
My - [YystdA
Bd My - Jw and w= JYtdA
7= J9vtda  ___ .
S x4t dA

In the Same mannay

fxteda _ .
SY+t dA
z.Jzxtda __ )

Syt dA
Gns*anﬁ » Thon o Gn b{‘l‘ﬁhh Out\S'lJ..('“u ‘Mtjr!l

X =

f ¥t -
hemog eneu s - N C".n'sl-m*
PH—C +hi ke
jsfﬂd‘\ . SxdA Y Z - Jz4da
JdA JdA JdA

43



For 3D the Canter of grawity of solid bodies (such as hemisphyres),

Cyﬂmiafs; Vijld Cc'rcLL solid Gnes —— etc) is found oul inthe Soamu
way as thad "f phane f'r'gurt'J‘- The 0”9 i ffevence betwean Hu Plane
f}w and Solid bodies , 15 Fhat in the Case J Solid bodies ) we Cﬂlc‘-’-lq}{

Volumes instead of oreas -
7_11__( Uo(w c‘e ‘feu) Soud bodies thvtn bﬁlow"-

—
Vol.ae CjIAnAW; V= jrrzl"\ I'II &
y-bh
>

“ Zr

Vol o hamisphare = 57077 8l

G B+ foms %
y r fmA

oYy

00 |w

vel. of nroht Croslar solid Gng;

- h
g A

g« 5 T

whare
n oM o radins og Hu bodj

.
‘W height &t body

)

NB  Somstimes the densities f tha two sodids ave ditlerwit - In such
we Calculade the weijt\{; instead of  valumes, ond e Corter—
pr;;b 4 4 body is Rand oud a5 usuad -
[-] j ¥



_

A s6ld body is formeod by Joining the base o a nght  Circular-
Cone & haj.)[.,-{ " fe the u,:.u’ bast °]D arijlff Civ cudorr CjUndJJ‘ ‘}
hu'jl\f “h".

Cledate the distance & the cuiter of gravty (C.9) of 4e Solid from
s Plane face, whan H 12 Cm and h=z 3Cm -

Sﬂfl-d'u‘oh
350 thj?.]
3
Yl 3 rth= X0y -yt Om
§b= .EL+3 =243 =6 Cnm
Vg ° wrth = 3xr?2 Om
_-g :___h_: -& Cﬁﬂ
a 2 2
[pCAJ"'On ep C‘\j C;(-:o) 9{
g- SYvi . 4nrtx6t 37ty 3 _ 285 Y _G.0F Gm.
, -2V vi+3nr? + rrz

1 A boy Gnsists "? ar;j"‘-t Crrealar Soli omm
d hamisphare of

Lomm and vadius o 30 mm placed on @ Seli
ams madevial- find B pos'nhan n.f G9

X

,
d Cona of haight @Q

adius 30mm of the S

of tha bods -
iy
2. A trustrum 4 a solid rigt Gradar Gns has an -
axial hols f SO Cm diamdder as Shown ™ -ﬂam—e, . ,
Debewmine the GG of the body. e
Ans. [ G =07 m] i l'



11 M&_‘I‘"«"t of Tnerkia

1.4 Defintion

Ma-nj w&imn’,—y -Formw(ﬂ\) Sch»\ as 'H\QS( TE[AI'ny CIP S‘frenﬁﬁ
beams, Columns, deflechion of beams involve the use & mathmadiaal
expression o the form ([p2dA) » where £ is Hhe L distance fram*
to Hu axi$ of inerta

The infegral appears so frequertly that it has been named
# momernt o inortia”, that has mothomadica | expression usuly densted
bj the Symbo/ «I” .

The mafhﬁmaﬁa' cIipf'n.-'iLiah CSE momant C‘f in-EYtLiG\,;

Isffzdﬂ + dicades +hal an area i divded into small pa:
suth as “dA” s and each area s muH—:Pfieg( Ly the Square of Fs moms
arm abud the referenu axis - Thus, as Shawn 'm'pfju_rc !:dow) ;-p +he

ordinakes of the Conter of e Gilferertial area dA are (X%9), tha me
o‘? 'mg,r-ﬁ-‘n\ alad X-axs 15 tha Summxdhn crf pmd.u.d g£ each ourea di

by 4y Squwt of its memant arm Y TS WeR L
AY JA
I. = [9'dA y
ond Lov Y-a%iS
Iy :fx’dF) b .

T  nomartt aQ war ko (GP area) 'S somah\mes Called tha
Secand omud ok AreA | Lecausk each dilferential area mdi—iflita by
moment ArmM 9ives e momm" ef BAEA whan mu\’d?\\(d a SQCay\d +m
by s momart orm 1t gives TE——— wnvho-. e tem seand
o ovea 15 preforabls 4o ha expession momerk & raria Shar

ofpl:eal 4o an area -

e wids o L7 of aplane area defends upen the urds o

area  ond tha Lp,rﬁH-s“", AS: -
If +he orea is n m? and longth in ™5 Hhand s expressed in '
I—f the area FESR Y Cor ond L‘-I’\jﬂ\ N le than I i5 t&ﬁﬂj&qd 'mQ-!’
b

mre ond Lﬂhﬁﬂ in m o Ha~Lis &?nge& n ™

il the area FESERTN



.2 Moment f inertia (by mathed of in‘fqm{-,'m) of Grtdquu(&r

~

Sachin, 3
Considwr a rec(-angu(ar Seckon ARCD as A % ¥
Shown in F:jllrt I f i
let be width f theseckon . X | B _Ix
d = cll.f'ﬂ\ of the Sechon - dy -‘:,P 7&,7 772z
Now Comsidar a Strip PQ@ of thickness ;
dy POMM 40 X-axs and ot adistanCe "Y" fn.. ;{,Dl : — C o

prea of the strip = b.dy b

I at the S{'hP abod x-axis is = b\dg‘az : T

1 o Bu whale sechon Gn be Lound sl by in%eﬂnw{-»‘m for Wk
wfi,\#’ seckon e from (-44) to (A42) as Shoon.

2 d/z d/l 3
) =f'/bj?d . bl widy =Bl Z . bd”
J ‘1% j Zsi\_‘”t 12

. bR
sam;larlj
Tyy = db
79 12
.y M1 4 hollew redmgwlqr Sochon
Lot _ :
b= width AB&? outer rtcwfc.& g
changle - A B
h = depth BC of the oder reCan ks
b, - w'.clﬂf\np inney redomjl:.- T §E’ f F’Er
an}p ey redkan le - N W e
ho = def r ) N N
ng ouler = ._L.Z_L-‘-s I'\ é—%:——— _ﬁ_z(
sechen 12 \
A N\— —o-§:
1 ik § CANY)
Tyy imner = —— . N
Sechen ]z , :§ - : %
oy R
o% Jyx whelt = bh? - bih D | c
wgeckon Iz 12 )
S‘I“\'l\a\‘\j ,t* " 4-*
Ty, - RE bl
vy 2 7

41



-4 Theorem of pevpendicudar axis

Tt stafes” If Txy and Iyy bethe momorts
on inrbia "f a p[am SeChHon a bout two
perpenclcufay axes m{-,'y ot 0, the moment
o inwbia Izz abd the axis Z-%, perpendicular
tp the plane and Pa;sira -ﬂ«mujla the infersechon
of x-xand 9-9 is given by the relakion el
This s owitit of natia igs o Called ”Pola/ mormenrt °‘E iwﬁ'a”}and
densted byt Symbsl “T

T tha -f:’jurt) +ht mo

te 2 -axis i
Jdz = [deA =f(x2-f~jz}d,4 ’szdtb“‘fﬁjldﬂ

e ]Jz - Txx+ 19y

mod of on area s the x- 9 plang ¥R

. M £ o cradar sechion .

(s

Considey a Crele ARCD & 1adius (r) with g
Conder 0,and x-%, Y-9 b2 two oxis of reference \B
ﬁwmvgb\ 0 a8 Shewn in -?ig)uxrt-

Gons dur an elemerd ﬁrg of radius X an 4

Hickness dx -
“Therefore, area a‘f 'Hnlf'-nj i S

A = 2T xdx
2 M1 o rng abed K-% and y-Y aXis
Txx or Tyy =z 270X dx (x2) = z7Tx3dX
Mg of whole sechem aberd the Corter P oaviby ( Cortral ag;s| fowndo

1;'7 :ﬂfajm"ir\.’ a[cmj r!
r y
Jmsjo 20 x3dx = zyvfoxsalx 3

_J_T(_-' rd o= U\"dq
. 22
From  porpandiCuar axis theorem, Hhod Tzz = 1ax +lyy
but  Tyy ,:-Lw are fﬂ(.u'l'thJ; +Hhaon
Tyy » Lyy =>Tz2= 2Ty = 21yy

Jzz . nd? - x?
= ea  a

@:_______Q_D Find an eX-Pr‘E.S.S;on ‘Fov— Tz c:f hollaw C\r(,ul_qy ‘ggd-iay-. .

o dixs lyy =



f~'n. 6 Theorem of Parallel axs
It states " If the moment f inertia aqo a plane area gL
an axis 'ﬂirbnjh 'l!'S CLH‘(C)’ "{ jmvﬂj,bedmm[cd {_‘quorlf) 4}
moemenk of inerfia of the area abed axis AB, Parald to+the ‘P!'rj‘b an
a distonce" " from thy Center of gravby is 9iven by
Tag = lg+ Ah 2 whure
Igp = MI A the ares abeud an axis AR-
Ig = H1 - Hhe area  abod s C\q.
A = orea a:f +hae .S-t’.d—ian.
h = distonce betnen CG o the sechion and the axis AR.

:Emcrf‘
As Shown in -\c:‘_bu.r-{
Iy - [ (4+h)*dA
= f(_j‘-+?.j(-n~ ht)dA
= [y2dA + [29hdA +fh744 ll\
= [424A +2hfYdA + I«zfd/\ .. . X
Ig+ 0+ htA
a s Ty + 11 A
2 JfydA=o is 4u algebric sum of momerts of all +he Greas albow
on axis thrwgh CQ F tu Sechon is eﬂ%l to AY ohexe § is
Aisbance btneen +1'\($4CJ10'-\ and tha a¥is ?m'j 'H'\rmﬁ\.\ _ch Whig k.
ﬂuiﬂg. :
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Gﬂf:dﬂ,r O 'fr;anﬂu/ar J—(C,‘—wn ABC A
whoy=e M.I 15 Hqu:md to be Fou.nd 5 o X
(bt b= base, h-hight

Now Gnsider small strip PQ
d tickness dx at Hu distance of x L

from A as shown in 1() ure -
F’I’brﬂ a Sim, er‘ly d‘( %wo tnaﬂjhj AB C’ A/APQ /

PR . X
BsC h d
PO = BC.x _ b

h h

M o an'P: E—L:‘-alx( A_x)zdx (abot Hhy basc BC) -

+Hoin
HI o{ LJ)‘LOIQS-Q.QJLI'OH ‘V.Lcu'a{ bbaje RC s
- [k b z - A 2
IBc-fd _l-._x_ Ch-x)*dx = kéj; x (h®-zhyx +x?)dx
K 4
= —%f (xh?~zhxt+ x3)dx :%[’ﬁi‘a-z“g ]
= £ [h- 2h” | ) o bh3 | ol - bl = Sbh S~ gk +3Lh3
I = 3 y T = 'o
s Tze = LK
L 12 |
We lcnew that Hhe distance betwean C-G 0‘? '{‘hMBE ond bag
(RS d:'n/3

2 MT o seckion abod awis Pas gl Co§ and Al

X- o< .
3
IqsI&c—Adq‘:—%‘-——L;_—k<€L)

. Lk
g =

50



. '. “-g “1-1 Q‘- M’Llrcu ( oM Gruor é&C‘How).

Y
led r= radius of Semicire - |
b .
M-I of semicircle abost 4he base AC s I .01 o
half £ HI o Crewar sechon about AC, iie ’

TThea
H.I o Semicircle abed axis passes #\mﬁl\ Ceritrobd a? Sechion IQ K

Tq = fpc Ak A=ZL* % h=o092r
Iq °”§""-’—Y.;‘-z (ouzyr)?

Iaq=01r% about x-auws
X lq =_JI)—-9 aboud Y-ax;s ( beCauyy h=zo 1°¢ the C_nn'fmid [te ¢
- 4

9 M1 L a Gmposl‘fe seChon
1. Splt up the given Seckion into plane area (e rechongle Girde ~—ct
P Eind putl B mom&n{ Gfl'nlfhﬁ\ 4 thes e areas about 'H’U?JV"‘

respechive Certtroids - | \
3. Transhor thase moments of inrfia aboud te required axis (AB )
bj 4 theorem o ’Pﬂﬂda} 0x48 y 1<
Iﬂﬁ = Iq +Ah Z

4. The monmend of inwlion c‘f tha given S<¢ction masy nowd bR
OHWMOI Lj GJ}!LH'C Sum G‘{ the How 6:\0 In_ly-h'a\ abod
He )’Gtu:rca{ axi'S

%






e table below shows Some of Gmmou

«C‘jur—u -moment oqp

inertian - ( L'i.s-.)
F:'ju.r! Ixo :I I)(
bh? bh’
Xeo oL N ies
b
= Lbh? bh?
' 36 l
JTr Jrrf
T‘ L
Jexrial
.
y
ard oL
ol r 2
To.l= To-Iys ZL!
X : [ [
. 0055 I
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12- F..""rIC.-I"IFDH

When a bedy Slides or tends to slide an ofher bedy,
Y fore tangeal Eo the Gufad Surface which resists Ho
motion, oy the fmdwcy {'ﬂ;l-dﬂ.rfi mation, of one Em:dy reladiiv
to 4 ofhyr isdlefimed as frickion .

It has advanfages anol d-r'saiﬁanf:ﬂﬂ& .
I the Contact Surfoce Caren) between surfacss s assumed
Smeoth., them there 15 no frckion . There ave 2 bypes Q'P?C'?CILMH

1) shadic Friction « When thire 1S no relabive matior~
D kinefds Lickion . when there is relabive molion batuaen
He bodies -

Tha E%ﬁ-ﬁ'b Jf‘n’{.ﬁ'nn Forc.e.. i5 -:LIM?_.;F.E fhe, minjmwm 3!'?1!'“5!'.: .
rt@'bdrﬁ'ot fs mainfain ﬁ:irm"f.'ﬁrium ar F.r'Er-'en{ velatf e nrotonr
Letween the bodies,and the leinetic firickion varies Semt

what with velboaly . see figure. “
g
o —
r ok 7

N L1
W weight
P i forca applied
N1 Nermal foree
M . 7{: )q’fCHanﬂr@_, |




What is the vonge of P do impend motion .

W = 100N P mﬁ;ﬂ:
& - 3a° ifﬁ e ‘F“if-l"'mh 'Ec-ru_
apposde to thy
LisRa W
'/H ﬂ o direclon ﬂI-) motion
Solution

to impends mokion U.Pu.l*a:-’i-
P:‘.—WE:HE i F" '-—"'_E'

L Pz 100 sin30 +0:2 Ciop) (o5 30
- 50+ 1732 = EF-32 N

‘o impenris maotion rinwnwm-.:[ 5

‘mEl' .a-"'ré:
48 S
- WSing - AN - 32 Hwoes®

= Wein® - Mw Casb
50 = o.2{joa) s 3O= 32-68 N

-
=



T Coefficient of frickion M betwaan tu son body A
eunel the plone is 0.5 - The bar Be weight " is loo N « Determing
the forees H'E'H'Eﬂ on body A .

(B~

Frest, droua Ha Free L;.udy d{'mﬂmﬂ —EE:C;]

& TMa =0 535)

2,
too ( 1s5) = T (a/s)(4) =T(3s) (3) = o
T= 30N -

(one Gase of mobion is tothe right) —34 l{ T (4s))
X $ T
Lk N 7y
E—F‘j’ =0

W+ 30 (3/s) =N
N=So+ I8 = 68N

:F = T(lUs)=24M
oand  far test
.-',f’ boc{ﬁ im'pensl motian »

fo mp.os(soriz)=3yp
TRis is the value of frickon for ce to impend mghon

Thon T(We) = 34 N S T=H2S N {T‘quuide o i.mp(nd '
hw’rinh] . :

ﬁ F}I"\.ﬁl Hoa FrLass ﬁ{’ Bo te 1"'1"-'\?,1“& mﬂ-lHq.n
(anst s ke )



Example

A 26m (od der uJE-'jL\:.' so M is Ffaczd a.j&}nff A Smooti
Uﬂ”hmf wally its lower end isat 10 m *Frbrﬂ +the wall .
¢.A) Cﬂ:f%‘tim’t E‘F TEr'l'cHnﬂ loet ween H\.e Laﬂﬂ!,g? cun A Haa

Floor is o.3. Delermine bthe Frickonal fora of A nd—in:g
on e I!.ad.ch«'

K
ot
W
k.
(i
EF&:I“J
N-Weo =3 NG00 = N:- Gon T

EHE =0

F(24) + 50(8) = N(i0) =0
f: iowuz v —»
Fa :mpa-m:hlr meotian
fef = AN 0a(se) =I5 N
then b laddtr wil( net slip-
I in the abore exampl there is « LY o f weight 150 v is
Climb Hee (adder - Tederming  the distoncs from He boy Lo the wall

taham to loddar shert +o slip e R
B
ihyro = N-50 —150=0 itond
: MNe 2oo N ;¥ . sy
F = u v 0.3 (208)c 6ON F o
THg s © T

oo (£)+ S0(S) - o ( 2ea)+24 (60) =0

K Z.02 m o



Tha homogeneous block weighs 2500N: The Geffic/ent nF
frickion between the plane and Hhe block is 6.3 . Deferming the 1ange
of values of P for which the block is n qui{ibﬁ'm.

P

iy

Ges&= 4/g
Sinfh = 3,.;_5"

to Impend molion Upward -
= Fﬂ =4

Ne= Wes® = 25:!0{‘1‘,#5-] = Zooo N

f = MN 2 06.3 [zﬂnﬂ} = oo
ZF;; =0

Fe 6o + 2500 (3fc)-loa = Zoocan-

ﬁGw, If P is Small se Hhat the I;m.:b will impends mation
downwory then !

EF;:‘_!EIC?

F-'H:-f-mﬂ = WSa 8
'F:I'

T

2500 (3/5) —100 ~ AN

500 ~(00 —a.3(25ea)l{Uls)
1500 ~100~ €an = gaa N

@ Z Mp=p this is to test if Hhe block will turn over.

=
=
L
—

= P(o+2) =106 (0ws) + 2500 (44-) (ol ) w2500 (3L )(0015) = o
Pz =5+ 2ca + 245
ey s = 2Lioo N .

T 2to0 > 2ooe 4, éﬁ.&hﬂdy will mewve blpmqmt b&fﬂm
th turns sver ™.



'Badj A is a hamgﬂneaus Cy Lindler mﬂﬂ"’lﬂ' S5o0 N; and -EI'OCB&‘
B wedghs FooN - TThe r.’_‘-::::‘.]ff—;.:,:mf' ﬂ;c frickHon For atl Gutqd surfaces
of bedy A 15 oW, and loed preen ‘ﬂﬂ“{'j E"‘-"‘ld e Plane it is 0.4

Determin. Gouple Mc that will Gauge bodf B 4o haw impendling

h"l.ﬁ'filﬂ'ﬂ i

L5
B If the Clinder woill stieling |
before it moyes gt Wayd EMI @ Jwg

G*ZM, o
=AM (15) —aN, (15)+Me =0 —© M
=
EF; o Qs E— o
S0P MANa= fa
—w‘q + M +,HNL.=:_: __.@ ,E'!-,,um TM )E’
E& =0
MM = Na E))

~ Ny = 431.03N ¢t Ny = 1724130 ¢ Me = 362 Nom

® If Block B move first.

- ol
Mg ;=J‘L‘M "_"'@ —i _m
Ay W =N=0 —E) Na

N';_: j??..qu_; M = 93;'5'1'\;

'Eﬂ-.ﬂk._'{:ﬂ Eﬂ'!fiﬂdﬂr 'I:'EJ'-]'H@'}
MG i Ng.f.['slj - n+EfN:e.};n

Mc =z 2-1 My = 393735 N
‘Al Sl ‘ i
M‘:-"-'I-'F{Hﬂwvt = the body will Slip before lmpemcls marion
of block R,



1 What is &Emﬁ'g f mass g So thal
the loo kg mass Shewh in Fjﬂ"ﬂ G ot
move upward or cownward .

~Hzag
Ans y (Mo  €kg —> 62.4ky) .

2- Find the friction ol the i::n:hitf of
A) P=soo N |
b) P= woN
take Mzo.17
ans: @ IByny &) 163N .7

3. Bﬂdj A Wesghs TFoOM, Bﬂdﬁﬂ Wﬁjﬂﬁ =]
oot + The Gefficient of frickun for all a‘t&‘\.
Swfaces of Gntonct jg 0.3 . Deferming
the force P thed will Guse metto
of A 4o impend -

Ans: P=non'y

4. Three blocks aye mrmﬂjad as Shown in 'ﬁjur{ below, Tha
upper one is forbedan from move ment by a rope- Defermine
the maximum value € P +o ij.’-!qu mebion. (Ans: P=93-8N)




5. The movab ly bracket Shown may

be placed al any height on the 3 Cm §
chamdter PiFe « IF Hu {E;e;tjﬂr’f;.gﬂ{ -u--j1 stafc QD
frickon batwean +he pipe and bradeet is

g« 25 3 doterming tht mintmuwm distance X
at which the load W G ke supported - |‘3'|~'-m|
Neglect the weight of bradeet .

¥ Ans: 12 Cm )}

6- Find P sothat block B will mowe frest o
QS5 Wne RH SWFHCE ’FF;I:HQI-"I ,H:ﬂl__'? ,Lﬂ,ﬁiﬁﬂM; , E]gﬂ

Wg = foa N » (Ans. P=-323.84 ) 5

PR e

7. Find P sothat block A will move fivst,  p

,/I":E::G"E;r Wﬂ:EﬂﬂHﬁ'Wﬂ = {pa M- WF\E& 15
Haz mag;nH-uu[z of P rt:qufr'l:d ta mane block e )

B Firstly 2 Ans: (P=6oN >90M).

. Find Fnr-cq;:‘ I"Eti\‘.uirer:f to impmd mation
of bilock B - Wﬂ = 2000 Wg = 00N, Me=0Z,
rui'ﬂ{ﬂ.d" gﬁ::.‘l-inu in Pm[c;[-

(Ansy HoN)

2
9. Te rod AB vests on a horiwnhl 5“-"{“”- r % ’
ot A and ogainst Slgping sufacs at B if gon |

B
My =0:25 at AAB . Fipd Hha minimum “‘j{u 3{(
d”S‘!‘ﬂﬂﬂg a Fﬂr Etj‘ﬂiﬂbri‘ﬂm‘ mjk& ‘ﬂ\.ﬂ mﬁjlh-t - .
Eﬂsu

of e vad- [ Ans aﬂl,ﬁjm) R
0 kahjﬂ Ciis ﬂiﬂ s Beley < &Emu&l‘{- ¥ {E =9.9 M.I"Sccj
of Lrickon bt theoate and the Flooy 15 0:35 ;
P T dlater mimg, - A 9 B
e) The, temsion T vequirved o mowt the ©rufe: ,5,,]

h’:} Wh.l‘..ﬂ\l,.'f 't]'\_-[_ ':W-i'fv m"."-.nn '-“31-1&':1'.;.!, i hnl:r

ang, (98,9 Ny Slides Sine Tel4an Tetip).

l o |
G m



2. D}fhﬂmfis
Tt is o part of medunics dealing: wilh Yy analysi
of lbadies in mstion s
Ik is divigld into twe parts.
1. linematics » which is tha si’-uc‘iy of motion without
refevence. o the Gauge of the mobion .
2 KEinelics , which is e Sf'-‘-dj’ ﬂiq the relotion exisHn

betwensy Hee :ln'c:r’cu_ ach an a bed ;
of the body - # A St
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Examplo
Gusidey o parficle mavirg in  a sl Lis: aind
that its posiHan is defined by gt ABlnt

X = E‘f-"'“-ts
where, , T in Sec, X n puters .
Delevmine @ Hha tinu ﬁir’ max. Leloaty.
@ mox+ velotity -
3 displacunail ot max. velocty-
B Distance trapelid by the particle fizm tz250¢ to
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TRy pesiton of o parficl which moves along a straight
Line is defined by the relaHon
X = £3 gt -5t +40
tohere ; £ iy Sec ; X in nutens.

Delermine @ The time at which tHha velodky will be zem .
&) the posilon amd disfance ‘hﬂ!ﬂ'ﬂf’lﬁ{ Ly Hua PHHT(.[-,L_
atl that +ine .
@ The accelerabion et that time -
@ distonce boveled by the pulicle from L-4sec tot=boec.
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where , x iy meters >t insec.
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2.2 Deermination of the motion of aparficle
Evom (1) we See that the metion as a ‘ﬂmd“iun batiess
pnsﬂ-ﬁ:m «:m.ai time « In PmLHf-E. His dﬂﬂnﬂf as a r'efﬂHﬂh
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—8.  The accelpobon of a Parﬁ'f:[a is deﬁm_d by the relabion

Aa=|1g8-61t*%
a3 haie ﬂ."‘ﬂ-‘:ﬁelﬂkﬂ-j{#n in m/sd J‘t - time in Sec o
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E.K_EL The acceleration EDI:J EJ'I.PH-"{‘FE[L Ps dﬁpr'ﬂu{ EJJ( 'HLLW({:.f”a'nn

Aa=21-12X%
Where a-accelemttion m/fst 2 X —distance in mueters .
TR Pmﬁtﬁ. staits caith no inhal U@{uﬂiH al Xeo
Determine & 'Hn.ﬂ.wf_ur:ﬂj whepm Xz 5 m
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2-3 9."‘: form Recliliner metion

F menns thal accelovabon is Zevo (ive @=0) which
maans V= f:'unjm‘-mﬁ'é L
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The nccelembion of ﬂ_fva"'hd‘! ?{.ﬂj‘{"“ﬂ' 'i"r‘?mifjﬁ. ﬂ{'masjohgm is
defined by Hhe relabon o =g(1~K2vZ).

knowing thal the parficle starts al =0k x=0 with no
ini bal veloedy -
5 write an eqcﬂitr'nm for the veloaty — £ 1)
B write an equation for the velouty — f( x)
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: g W
St - [ dv . [Tdv
2 ve  Flw) o Afi-ktyl) N
" d \\ Gmplebe bhe infegiation)
. gt - J dv (Ml lompiete TAE THITRESTTY
¢ -2 Hint: Lof kiyie €os’@ or sid)

© a.fe = v 82

doc = Vv wdwy
5 Few) D=t )2)
jﬂ dx _../"1.-':‘}'.'1-'_
Ad ' b=t}
v
ﬂx = ] -L‘Ip!rl: (H.tl"u',' Eﬂ‘mllpli{"}-f 'E,.L-L Lﬂ-lr-fj .:"TLF'.::HJ
J et AL i

HWO TR acceloration o a paﬂ'u'crif is defingd B_*Jr Hhe velobion
a= —kx? where & in mAL 5 X in melers |
the particle Starfs with ne initial veloeiby @ X <t2 myand

its wInEJLj VS B mlfee wnhan Kabwm |
DPeterming @ the valine of I . 33y hﬁ:"’gﬂ

) -Huw[om‘-j o the pavkicle wan .2m [_'lg,.ig,,.ﬂ.'.

il
|



e aCL&W‘r‘ﬂh r:p dPﬂ/}rlﬂﬂé s dffra'mc.‘l L’_'_:.f the E{rﬁul?'z:h?
o= -a0l25 UV
where o~ accelerabion mfs?; Y —Mafm"_{y m e .
If e padicle is given an inilial velodly Vo at X0 find
the distane  traveled

A before the velbedy cops to half 4o mikia one .
E) L fore it mes to rest e U =0)

_-_EE‘:-J"ul";rrfh
a= fey) . v oy
A i clx i
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These two SHwalion fa.?i:':l 15 df{iru ‘H‘lu_l J’HﬂHJ’I‘L.Eﬂf‘ ﬂﬁ

a projechle ; i may be an dechron or a solid vackds . Twe
@mponent of the welocty one with x-axs where dx= o (a 1)
and with respcl to Y-axis whare Gy = Gnst = -9 (&9 2,2 9y).

T_D:-'t-jaff‘r'ﬂg
In @se of the motion of a prjechile it may be Shaw, .
A w0 , ay = =9 whue 9= D& 2 (gmfrec
heglect Hha vesistance of the air to the bod y of projechile.
then in X- direchion
XeXot Uyt & 1€ Gnshanal accelorabion

b Y = direchion . .
Vel ~ 9t —@© Sihce ay =-9,

Yoo Vg s =Ligl® ~—D

V=V, - 29(9-y,) — &

HY 4 prijechile is MBfid with an wikal velocily of
v, (misec) upr-um'ﬁ al an ang& (@) with the horizandal «
Fncd B honzmnhal dishana Gvered before the Projechle

reliwrns to iks ﬂﬁj{ml Lol . Alse ceterming ﬁ(mﬂ#}mmm
height attained by the projechile-

!n"k'.'.‘?
[Hinﬂ ua,,’—lgm
il \
T X7 3

Ans, E\:ﬁ Uﬂl&lhiﬁ s X= Uﬁls'.""?el
=9 3




(Geample

T

Aprjectile s fired From tha edﬂe o 200 m CH}F wihh an
(nrHad wfacj—y oﬂﬁ 126 m [sec af an ﬁm\fjrtfz of 30° with imr}*mnﬂ
neg lec!  air resishun e find . :

® 4 hovizonfod distance fam the gun to the paint whene
the projechle hifs the gwund .

B i 3.rgﬂi{5f elevation albove the 3mmﬂ reache sl by the_

pmj:ﬁ:ﬁ& :
&) w{ac.-b at which it hils 4 3””‘"“‘* (+akq 90 mf’.ﬂﬂ:’-)
<§fl‘» fILHT Yela!

—

Vay = Vg Q530 =155.88 m /5 »
Voy = Vo Sin20 = Jomis .

By co Ay = —lmlig®
Y =Y, + Yoyt - Lat”
to hr"f 'Hu’; EI‘DMJHEJ
Y=8 = 260 + 90t ~5t?* —D
t* - 134 ~40 = o
(t-20){t+2) =0
o te 205ec (tine to hit theground )
‘Qwﬂt ;f}c"ﬂﬂ.}f
Kimar =X Vot =03 (28) 2 318E i
mase elevation ® .gii.;g (from &?@J

d
ﬁ:ﬂ:—' do —tol =D ﬁ-’%:?é&t-

Y n, = 200+ 9009) - 5(9)*= Cos 1y,

I'l-'fﬂ. .I:Vd:’ '—ﬂt = 3{) -iﬁ[lﬂ} g =|{B hﬂj{j

Ve = 155.28 m/s.

V= "u,,;"'Ljrl.'_VHL st

= 130 m [ec,
&= tal!l Vo, age
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:F'f':lna{-hy o the 15;5!.!. ﬂ}f thy h'“; A Persan 51’100’!‘.5 an
arvw wWith en mikal UEI{:.c}j .rl? Fb omflec abt an ﬂ'-ﬂjll_,f,. ﬂ'f
Is%  with 4 hedzenlal « Find .

&) TRe horigontul distance K., toveed by tue anow bafrre
it stikes the ground of B .

B max elevadion with rtﬁfﬂttif fg B reached Jﬂj Ehe arnow .

D velecity at which the amew hit s the grund -

Soludjen
tanip = Je
X mase
'jﬂ 4 }fim” {I‘lhfﬂ L,
a M
b~ |
Xmu 51;5-'!'."&1' 4 - vﬂx{' .H'm,,u:
Y:Yo 1Yoyt ~Lgt? —@
Vox = 76 G515 = 23.4) mis Ve Vax' + Vif
Tﬂ 1= " o »
v oS5 nls 19: £F mis V{j " L"'uy -

when tu anow kits grawnd - (Y=o)

=19:6% - (6523)
a & Ha'}"ﬂnjt — 5_15-1

& =Y. S€ mfseq

i
i

Hmay tan 10 "I"'v"nj{'. -stt=0

Vox + +tan (o +U¢§t—5t1=ﬂ EQE*

7341 € tanio+ [9.624 ~5itan
326Ut -5tl-p
'.E - G525 .

Vi Jtusseyt+ (334t
= 86398 wm [1en

& s bon ' Vy

Differentiade 291 th T & =45 2. W

= glh.39

et :I{-m ‘-‘?S'Lf[ {Q‘S] = {{12'3 m !

_g%ﬂ =0 =0 ‘l*'udﬂ "'%
t= Yoy _ 1962 - .97 Sec .
3 to
Y = (Xmay tani0) +Veyt -5¢2
= 844326 4 19:6F % 1961 =5 (AP = 1033 i,
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1. A stone is thrown from a hill at an angle ﬁﬂ 60° to the
hulr'ii'am"'qf wity an Eﬂfﬁ‘ﬂf I-f'ffﬂtar'l‘-j a:r;E 30 mitec « Affer hHi-,'@
lvel grousd at the boge of the hill H stone has Gurered.

o, hoHizanfal distance of 150 m . How bigly is tha hill 7 {-zga.gq,,,‘j

2. A shell  loaves a wmorfar with a muzile velocity d soml
divected upward al 6o0° with the horizspta (. Determing Hhe
position of the shell ancl its veswlfant velocly 2o e after
Firing. How high will it vise 7 [isoom, 100 mfs , gea m] .

3. 4 Pr‘qu,[HiL is :ﬂrea' with an injtial wf-::cu'!j of €3 m(sec u]pm:a[
at on ongle oA 30° o the horizmnlal fum a point 85 m abon
a level plain. whad horizental disfance will 4 Gue lofore it
Strilees the level ploin 7 L @62 m]
ﬁw{ the problem ' the pn:]cdife, s fired down ward af 30° ‘ot
hovizontad level [ 65m7 | ~Je

Y. The Gr sShown n 'I.Pﬂ is ust to clavr

the wote -filled gop - is
Find e tokedfl pelocily vo .

Llh2aymisec] |

5. A ball is thown se that b just cloys

o 315 m Pence 2om awsy - [f i lof{ e ]
hond 165 m o bewe Ty almurd. ¥ ot m:_q.",.q af 1 Bl % I
60° to the hovizontal , what was the inikal

veloahy of 4o loall 2 L1544 wlsec] 20

Vo =T
6. Determine the distance 5 af whith aball i

thyvwn with a welbaly Vo of 32-hmifec:
ok an Mﬂ{g & = E—ﬁm"r%: Wl st ket
inCline Shawn . in E’jm;.- L1668 m]

For 4y Some Fl‘jm, aball Humwn dpwn Hha inclipg

strikes i€ abt adistanee S=835 m. If 4 ball rises to & makimiim
baighl e B1.30 m oloove Hha Dol of releage. {:En\.f?hiﬁ, i bl
L’E{ac,‘ij Ve crcl ihﬂﬂlﬂﬁ‘ﬂﬂ & . E'E,S'-h_';hfm y B3 ?--.:I




ok ::ﬁw

Datermine the moment of nirbia for fhe &mpasr'ﬁ ared Shown i n

f.:ﬁurg wirt the X-axig .

Solution : L
IKH-‘-.I&"'ID"']“Q | 2
X e
- = — P e
Iy = Iy + (AW o
Ip- 1y + (AR
I, = Is + (Ab)n
Tn.bdd 1 bk 1 .anrd s =
8 i SushEea = : 14
Tem i ares. | W | WY | AkE
rectangle BEY.§ 58 (=25 | 628 |2375
% Sem'cirde g .9¢ gy | 2.272 | 10706 | IST.28
triangle g1 N Z7 2 287
SUM | 45ty FLE- 83

Ixx = Gsgu + 13688 = 123129 h"!q

@ Find the  meoment UJ? inevis o, ﬂi’ a hallaw |_. Zao =

Seclon Showr in P-'jm-e dboul asn oms =
Passing  throwg k its Gataid and parallel _
L)
t".n.‘.l" t:‘-rll'mﬁﬂs;un; e H"!-'l“l"l}. K
Hﬁlﬁ?_‘?_ F-r!'.lci the Cestimid Fﬂ:r" ‘Hlt. lf;-.ahll't? 1" I
thy above Mw&_ wepd  H-adis Shoun :
1

[Ans: 3 zo-qosHem, 9z —1-ghbm ]

a By



	Dr. Sudad06022014114957
	Dr. sudad

