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| The stale of vest ond stode of motion of 4he bodies
undev 4he action of diffevent forces has anjagcd the oddention

of PhﬂosoPhe—rs, rnalrhemmlv'cfdns g scientists fov many centuries.
science +hat deal with +he stode of vest
Fom +he

The byanch of Fha/s:"ca]
0¥ the stote of moton 75 devmed as Mechanics- ,5“'&741“3 ‘
; analefsfs of ~igid bodies under 3'(“\’:"""“0”“1 fovce oand simpie

| ‘ the analysis of
:QPP“‘”C‘ {ovces Fhe mechanics has gyown +o ?'s

%Tobokcs, o\‘iwrcmgf-ks, space cvoafts

~ic fovces, +empe~ra-(~u—re fovces ete.

dgnow‘n e dovces, atmosphe-

Avchemedes Golileo, Siv Tssac Newdton § Einstein

have conbributed o lof 4o 4he dcvelof?menf of mechanics. C°”‘Lfrb"‘km§

b{ Voxignon, Eulevy, D Alembevt ove also sub stantial-

| The wechanics vdcvc\f);pacl ba/ these veseovchers ma?/

bf- S'rochJ oS | |
1+ Classical mcchc\nfcs/l\lw#gn?an mechanics
2. Relativistic mechanics

3. Qudn-Ium mecharﬂcs/wave mechanics

Sty Issac N'cu)-[-oy\/ +Hhe Pﬁnc;’pa\ ovchitect o:F
- Mechanics, consolidatcd -the P"’”OSOP‘“?/ 3 ex peximen tol fmdfﬂg's
‘davcloPcd avound +he stode of vest ond state of motion of the
bodies and Fujc foxtn Fthem in e Jorm of +Hhvee lows of mokion

‘ . . mechanics based on these
as well ay Hhe low of 3’(0\Vi’\"a'(‘l0n' The

aws 1s colled classical mechanics:

Albevd Einstein proved +hal Newlonion mechanics
{fails o exFlaM 4he behaviour of h?gh sPeccl C speed of N@*\‘C)
bodies- He Pu{ fovth the ‘Pncmfg/ of Relotivistic Mechanics.

o ehowed dhat Newtonian mechaniy
1

Sc.h’rodfnje § B—roc?/l odomic distances

_fails 10 explain +he behaviouy of Pav-k‘c,lcs when

Q Hu
ove concexned . Tﬁ&af P%Wv&ﬂ@?égn em‘{ of Quantum

a

I i
MeorhooTi oS
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Engineeys ave keen use +he lows of Mechanics
APPlfca“Hoﬂ of lows of mechanics +o
‘mceﬁngz Mechanics- Ry all the
hraﬁ, spced distonces closs-

me. ond

to actual Field PTOHC"“S-

between atomic distonces +o '
has stood the test of H

Ld g S'
S usg_A bz/ eng ineey

problems

tcal oy Newtonian mechanics

. that 15 the mechanic

henc

‘ ‘ tdeas
Science mazf be defined ay the gvowth q:ﬁ '

‘ f\h’w’oua% obsevvadion g axpexfmenh%oﬂ,
| which co-o+dinates the

Yeseaveh wovk, fov pYac-Hcod u’ﬁ’lh‘{

fnd ) fs kno“)n oA APF kﬁd sciencé:

The Subjcd: of E@?nceﬁng/ Mcchan?cs ’i’s Yok
branch of science, which deals with +he \aws% Fﬁncfplas
widh  dheiy aPFlu'cakons ‘o engineewing-

{ facfl knowlc&gc of Er\g?r)ee'vffnafl")cc,hamfcg
n Plann‘iny, dcsfgnmgx oand
of shyuctures q machines.

lfullu{, an engineey must
N o most Saﬂskmﬂ—fz

of Mechanics, a[ongz
pvoblems. As o matter o
5 varg/ essendial fox an engineey
constvucdton of his vaviows WPCS
Tn oxder 4o toke up his Job move SKI

| . N

iand SCTam’n‘fi’c MONNEY *

Mmechanic
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Mass : The ‘q,uan-‘n’ﬁ?/ of Hhe mattev possessed bz/ o b"db” i5 called

imass. The mass of a bod?/ will not chanje unless  +he Vbodz/ is dam-
aged and  part of Tt s Phys‘icallax scpmocﬁ,A.

not Cha"lg& but its wcighf oy’ change cUc 9c 3

fovce. Even the bodyf may become WC?@%‘HﬁS

Vanishes but e mass wemain Hhe same.

e mass will

¢ when 3vay3-¥70na\ fovee

TIMe ¢ Time ts the measwe of Succession of evenly.The successiv
event selecled 15 dhe votakion of eovth about TEs own axis and

+Hhis s called oxdag'

: To have Conveﬂ?enf units 3COY \/OW?OC;& QCLLTV;“QS/ a C‘ag is
divided into 24 houvs, on hour into 60 minufes § & minufe fnto
60 seconds. clocks oave Hhe nstruments ’de_ve}DP&c‘ 4o measuve HmME

ESPace: The ﬁeome,-kfc_ Yegion in which Shd?/ Of&‘boclly s tnvelved
1 S , A.L Pofh{ in the space maugf be ~efevved with
| Po‘in% 'ba/ o set of ltneor 3 anguloy
s colled “he  o¥igin and set of

s called space-
‘é*“’fesloecé +o « P’f&dek‘/vfﬁnéé
measurements. The vefevence Pofn-é
§3mcoxﬁmrcv\r\c:m'\L:‘: ay  coovdinades-

Lengh 1 T is o concept 4o measive linear distances

| | | d
%D%’gfziacemer){f Tt is dedined as +the distance moved b%/c\ bo ?’/

fPa%-Lic\e tn Ane specidied dimection:
o t +o
?VE’JOQH?/ . The 'YOL"‘C oJC chaﬂje of d,‘sPlaCcmcn‘é Wl"‘h 'YCSFtc

Hme s defrned ax va‘ocﬂ:a/.
Accelevation s He ~(a,{; of chargg of \/clou{»«?/

Accelevotion ¢

4o Hme. Thus

adv S USUREEY
o - — ne \

dt www.FirstRanker.com
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o
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:wcllzknown foct “hat each P&Y\L\'cié con b

:mo‘ccule,g,, ocl-oms g clechons, I'l? 15 ho‘l.

€n3?nc&'~n’n 3/ Fvol:lem

‘Onlg/ mass §

maa/ be —Hcaﬁd as POX"‘TC[C’-,
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omentum : The  prodf FIEFRAMELSOR veloc Y- FUSERNKE - S8lnendum

Momentum = Mass * \/c'\od.h{

Continuum : A bodvx consists of seveva| mattevs. Tt is o

e subdivided into
Possfb\c ‘o solve ang/
0y G COO 9\ome~a’a4—7 on

ssumed 1o consist
dhey VOO"(AS J Fhe bOCL)/

bb/ —Hco:h’ng o boc‘g/

. body 5 @
of such drscrede pavhicles. The Body

"é o continuous d‘ishibu#on of mattev- Tn ©
'5 dvealid ay  condinuum: '
‘Q‘\gacj Eodla/; A boc(?/
gPOSTHOF\S of any +wo Pa'(-f»i’cl
OCF the :lfaﬂccs,

's said +o be ’Yl’ji’a/ tf Hhe veladtive

es do not Chanﬂa undey the ackion

N\om% enjfnCC’Y‘;OZ( Pq’ob\(‘,ms can be SOIVC’,C‘ SOL"’TS'J[OLC",'OY”V%

bb/ aSSum?na/ bodies 'fi'j?cl'
;%v/-ﬁfdez A Pomf—i’c,fe_ mo% be clcz[i’nccl % on objﬁc{ which has

no size. Such a 5053/ Ccmno‘é exist ’*’he_b’wz-t?ca“?/.

Howevexy in dea(:’ng/ wWith P'*(ob‘ems Tnvolv?ng/ dfstances
4o +he size of 4he body, the body

COﬂSfCJC’YQ'D[% 10&@0{ COmPaycc‘
widhout SOLcw'fffc‘(ng/ accunacys .

Laws of Mechanics

l- Newdon's Fived ‘\au)

New 4on's - second laco

Newton's Hivd law

Newdon's law of 37(1\1?40#0(\
© Law of Hansmfssf'b”:‘\*%/ of 347603

PaYal\écijam law of fovces
Devived Loaws

P "T’”ﬂrc‘angie Law oJ( JGfC/CS

o y T W N

2- Po’ggoﬂ low of m.fﬁ'stRanker.com
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Newton's Frrst Low

It slades —H»\OA;‘ eve:/?/bodz/ condinues 1t Tts stk of ~vesd
oY of qn‘n[orfm moton n a S-HOJJM line unless it s Compclle,zl by
| ’ This leods +o the definition of
h changes oY tends 4o change

F the \ooda/.

ar\ ex-h’an( agencz/ adﬂ’ngf on it
DQch as +he extevnal agc,n‘cz/ whic
é%e stode of ~est ov uniform linea¥ motion
fNﬁw%ﬁ"fb Secandk Loww V
: »"I‘l: 54'&465 'Jtha‘[: “the YOC{L o:(' cha-ﬂjc, o:f mome,n-lw.m o?)( o
'bod?/ is d.’vcc-l:{v/ P’l’OPOYHOnC\l o the “a’mp'vessc,d Fovce 2 it take
Place i dhe divection o:{ +he Q[O’YCC ac“ﬂg on 7":-'77»145 acc:rrc']fna/ ~
o %75‘ lowo

‘ Fovce o ~ah of chanj-e oF momentum

But momentum = mass ¥k \I"’l"d‘h@/
As mass do not CHbanjC/
Fovce o ™Mass 'Ya;‘l, o:( le\(l':?& oDC V&lod-hg/
j Fovce «{ mass accc[e:m#on
| Fel ma
Newon 's Thivd  Lewo | _
It states +hat fov every action theve s an equal
and OFFO‘SHC veacton. Considev ~he +wo bodies in contact with
cach othev. Led one bodg/ an’l?/ a force F on another: Acwrcl.’r_»ﬁ
10 this law 4he second bocl.{‘ devclof:s o veactive fovce R which

5 CCLMQ[ in W’\o\.anH’ude +0 ;Q;q'cc F g ac-‘—s in dhe line same as F
but in +he crﬂ:os?"t divection:

www.FirstRanker.com
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E\/&ﬂr\{ bodg/ oHvacts dhe other bod%: The dovee of

atvaction  between ang/ two bodies s d?“/ccﬂy/ pYoPO'Y'honal +o
thely masses and ?nvcvscib/ propoydional +o the squave of Hhe

:l », FirstRanker.com

®

1df5—l~an¢€_ between “hem.
40 +this law the fovce of atHvacdson between

} Acco‘\(c:l?ny ac
Fhe bodies of ‘mass ™, § mMass My ot distance d a $hown
in Fia. (s
O m My

F =6 S

wheve G is +he constant of P*OPQ""’*?OV\Q[?-L?/ ond s known
aj COﬂS'bﬁ{ oJC 3fav7-|~a+?oﬂ-

ng,u of Tﬁamsmks}’bﬂ?#g/ o+ Fovee

| Accovding +o this law +he state of vest ov motion
O:F +he "ﬂ'gfd bodv/ s unalteved if o {ovee aol»?nﬁ/ on the boA?/
Ts "rc‘::(accd b?/ anoHher QQ?'YCC of +he same magnﬂ—uﬂe and drvecki-
on byt acﬁna/ anac,ohexc on +he bocl?/ a‘ong Hhe line of ackion
o’JL the ~eplaced fovece

let F be the 3Cov<;c ac-(v?ng/ on o wigid body ot point
A s shown n Fa‘a- A"CCO"(da"ﬂg/ 40 Hhe law oF Wansm?ss?b?\i\l?/)
Anis fovce hag the same effock on the state of body~ a +he fovce

= n??"{r A at !l')g;r\")' 3.

www.FirstRanker.com
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§+emn5m:s,s;b:\:+9( L fovees it
oL dhe boiz/

In wusing low o

Shourlcl be ca'fcful‘v‘ﬁ/ no*&c:y'}m'[: s aFFLw‘ELL 0”13/

can be dqeated s Y?ﬂ"\d-

Pat’a”e‘oﬂvokm Low of Fovees
The FONU\“dOjTam' law of fovces enables ws 4o

determine  the thﬁlﬁ Lovee called vesultant which <an "’cPl‘”’&

1 with “the same effect o3 that

g+hc +wo Jovces ad_fng ot a poin ’
f the +wo Jovces: This law was Loymulodid  based on expevimen-—
o . i

%+&‘ ~esults-

is law sdades that 1 Hwo fovces ac—l—?ng/ simultaneously
—re,fvzrcsemLﬁcl in magnitude § divection
of o Foaal{a{ij*mm, helv ~esultant

| ’ ides
;bkr +he 4wo adjacent side diagonal of +he

| ® » +hc
s 'ch"'csen«-’—cJ in m@n?-"w}c g ciwcchon bb/ e
! [
Pa”’aueloj'fam which Ppoasses —H'woua»h +he point o
+he forees.

the Hwo sides wfc,fwe,sen-—hhgx

www.FirstRanker.com
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® Loaw o Paval\c‘(iﬁvam 0 'Ffmccg '
The law of Pcw&“dgg“mm of fovces s wsed 4o dedermine

e vesultant of +wo {ovcas’ o\d—‘(ngz at a point in a plang'

| 1t shades, “zf +wo fowces, acting ot o point be wepre-
sented 1 magn‘i#ualc and divection b‘ﬂ +he +wo adjaccn{: sides of
a pavallelogyam, then thely ~esultant s vepvesented in magnitude
and diveclion by the di%onal of +he Pava\lc!og—vam passing ¥hvoush

that Poin‘(: ;

§))

(o)
Let +wo Fovces Pand @ act of o point 0 ay shown
*?'5 The fovce P s ~epresented in magnitude g divection biy OA ;

Wheveas +he force & s *rcpvc.%cn-&:d in magnitude ¢ diveckion by 0B
the +Hwo fovces be (- The vesultant of these
+he

Led dine angle_ bedween

+wo Fovces will be obtained ™ magni tude g divecton by
f 4he povallelogram of which oA g o8B

diagonal Cpass’maf 'Hﬂ'muah o)
ave two odjacent sides- Hence dvow
0% a3 odjocent Sides as shown 0 Fig (b)- The wesultant R Ts

'rcp'rescnkd b\a/ oc N magni

Maﬁni&dc of Resultont
From C d’yaw cD chPdecular +0 OA F“(oducad~

Let &= A%lc bedtween fwo {ovces P £EQ = /[ A0R

Now £LDAc = £AOB =X
0AC, AC 15 povattet mu-u-l—-l-e—eﬁ-*

Tn pavallelogvam !
www.FirstRanker.com
AC= Q

‘he Pa7a1161037am wi Hn OA ¢

tude § diweckion.
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AD = AC €05l = QCO0SX
cD = AC sing = QA sinK

Tn %fo»ﬂ\gl& ocD,

2 2
ocr- oD+ DC

But o0c=R, 0OD=O0A+ AD = P+ Qcos«

and Dc= &sing

(" cos’™™ + sin = 1)
2 > .\
IRz (P+@cCosK) + (@sTn)

)i

2 ., 2
P+ @ cosw + 2PAcosd + A 51N

L

Pz‘—q- Qchos’u + sin) + 2PQ cos«

S
il

P 4+ @+ 2PRcOos<

g = P+t 2Pacosy

The above e,q)m“ﬁor\ gives the MQ\qn‘iR{da of ~esultand force R-
Diveckon of Resultant

Let ©-= AnSle made b«a vesultanl with 0A.

Then Fvom tviangle 0cD,

cD _ A sine
Tan@ = "op = P+QCSK
| Qsin¥ >

@ =Tan { pracos<

The  above C’—%mtim gives +nhe direcHon oFf vesultent (R):
Nalrt’.';

> Tf 4he two forces P& act at vight angles, Hhen
o« =90°

magnitude of vesultant, R

]

J?:F at+ 2Pacos a0’

R = [Pran
o td Sn D
divectton of vesultant , ©-=TaR (;_;.ia?os%
“ £0sqp -0 —Forr 2
_ 10 U=y Tp )

5o = |

www.FirstRanker.com
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SRR Firssronia's dpoicss P ang @ et Syl pend =g

afiertpAngle
o bedween them. Then +he magn‘r}ude & divection

ve sultant s
5?vcn as

g o P @iy 2p@cose = J P P 2PxPCosK

(- P=8&)
R = \/9_P2+ D_chose( = \/ 2F1Cl+605°()
T - % 2cos X
Sl cosd = 26057 = W
LS
—1 Asin
= i (7 Qcos<>
1 s Psink . sind B
= —_————— = Tan
= Tan (7Px Pws-() - 1+ 05
25in X cos £
- g (,,__ﬂ;__:
zcosziz
_ - ained —_ "
@ = Tan s - ):—.’Fan C’Fan —;_v)
G = 2

3 T o= 0 fe, when +he fovces ack at"“ﬁ/ the same line, +hen
R= P+Q |
4o Tf k= 180° e, when the fofccs act a\on? Hhe Same sjrrajgh%”
line but in oPFosI+c divections, “hen

R= P-Q
In Hhis case , +he vesultant fovce will act fo 4he divection
of +Hhe gvea-l:t:( Jgﬁ(ce.

Tt s not ﬂecessou\r\g/ +Hhat one of two fO’YCeS) should
be a&on& T—0oxis. The fovces Pg Q mm@/ be n 0\”#5/ divection

as shown N 13?8/»

{ +the ow:gte between the Hwo fovces s L, then theiy

“f&f:ul‘{*’mn‘!‘ unll bhe 3‘1\;’({\ blgz (‘l(?'UC{”Hom

o - [ p-wuw FirstRanker.com
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The diveckion of BB P ™ would B P B RN EA OB o

eq/umL‘( oN Qsind

P

G = Taﬁ‘ (P+Gzcos-<.
But c\rlglc © will be the oangle mMade bta( vesultant with
4he divection of P-

www.FirstRanker.com
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i)gﬁ*ftim ot Ftovces

EYCi: I‘l’_ :5 dﬁ‘)cfned as an C&SCJ’){ V\)hi’ch PYOAMC&S OY“”Lﬂds
to pvoduce, 3654'703»5 ov tends +to dcshoy motion.

Chavaf:n(ﬁyi’ss%?cg 01{ o Force

From Newdon's Fivst low, we defined Yhe fovce as +he
Agency which hies to change state of stvess ov stote of unf.évm;;
motion of +he bodvf. From Newdon's second law of mokion we awrved,"
ot practical definibion of wnit dovce as the fovce veguived +o |
Produce wunit accelevation in a boc‘g/ of unit mMass: Thus 1 Newkon
's +he fovce '—v%uwcd to pyoduce an accelevadion of iM/sc:c" n
6 bodz/ oF 41 kgx mass. Tt ma\{ be noted ot a fovcc is com,alekl;
specified °““(f wihen the :follou)i’ng/ four chovacteristics ove s;:edﬁcdr

I+ Mognitude
2. Pq?n‘c oF O«PPH’caﬁ’on

3. Line of action

4. Divection

Tn Fig- AB is o laddev ch‘c 600N

ogainst a wall- At point ¢, o pex son

~ e

we{ghmg/ 60ON TS shndrng.'mc fovce
applied bzx-l-h& pevson on the laddey
has +the foHowing/ Chavactevs

NN N NN NNKTN

— Maﬁnihdc {s 600N

— The point of opplication s 77 , T 7777
at ¢ which s 2m from A
Qlongz the ladcle,y

= The line of ackion is vevdical

- The dt'YCC‘Hor\ is An.mn‘xgvd

www.FirstRanker.com
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Note ot 4ne/"MELRIFEUE"COM 4y, JovUEirsRaTkercom

codion g the oarvvow heod -rcpwre,scn{:s the point of application
and the divection of the fovce-

S gsﬁm of Fovces

When saveval 3Co'rccs ac{: simul’faneouslna/ oNn a bod%
“'hﬁ‘y constitul o sgs—km of Jovces. £ all the fovces in a
System do not lic 0 a single plane they consttul +he szfs-lz:m

of a(o-vces in SPdce-

Tf all Hhe fovces in o 53540««\, lie in o sTrBlc_ plane, it
is called o COFIN'\CW' fovce Sgs-ham- 1{ 4he line of ackion of all
the Jovces in o 535+cm pass -Hwough a single point, it is called
o concuvvent Hovee SUas-Itnq, Tn 0 System of poaalle]l fovces all
the Jovces ave pavallel to each othev. £ +he line of ackon of

all 4he forvces lie alon?/ o single line +hen it ¢s called a collinear

foxce sars-lem .

www.FirstRanker.com
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! esuitT ’ -

It is poss?b\c Yo aCf‘nd a sfngl& Jovce which will

%ha\/c +the éame effect os Hhat of o numbey of fovces ac#?n?/
| Such a smgle_ Jovce is called Resultant évcc,q,

on o body-
U/ +he vesultant fovce 5 colled ComFOS»'HOn

the process of :f‘(nds'ng/
o:F J%YC_CS-

andfngx ~esultant fov +he followi’ng/ szszmm o)C fovces
\

fe Col:blcmow concuwcné :[ovcc S%»Sjrcm

2. coplanar non-concurvent force system
3 concuxvent s‘afsk,m of fovces in sSpace
Resultant of Coplavior concuyvent Fovee 65’5%"‘3”"1

one con Find the vesultoant of coplanar concuvrent |
ngle law ov polgxgonal |

ovce sa»s-k:m us‘ing powaltclo\?*am law, Tia
%10»0 of fovces. The odvantage of +his method Ts it gives clear
ép:’c-h,wc of the wovk bc?ng( cavvied out- This '*?C%OC‘ needs dm'n?/
f’at’ds like Fmdl, scale, d*rcwoiﬂa/ sheet, dvawoin boood ede. Hence |
?‘c:ngme.evs pvefexr o go fov omalizrhcal method of 3(“‘3‘.”3/ vesultant

i Compos:’-h’oa 036 :Cm(ccs bad' chrhocl 03( ’choluhon | isS & 3encml
method  used fox :Qﬂd’m?/ the ~esultant. Fivst let us sce whaot
;‘05 Yesoludion ond then will see how it hclps in carnposr+ion of o

%Svs-ltm ooC Concu'uchnJ: fo'rce_s'
1

f}zmoiuﬁm o Fovces
The ~esoludion o:F JQDYCCS is Cxac,fclg/ ‘e oppos]ﬁ process
°°C composition of fovces Tt s +he pyocess of afmclrng a number
of comPOncn{ {ovces which will have 4he same effect ag +he given
single fovce: Tf we a{:\olU +he oPposit. process of Po!%rgon law, we
con find a set of com'fsor)eﬁjrs of o singic fovce. But s process
s of no use in the fuvther sh,dam

Qgso'v{ng the  given Lovce into ks two wmponcn-}s which

" VAR T W)
QYe in mu+uo\h3/ Pcvpcndfculoy divecHons 13 mMove  Usciwd i nc
| www.FirstRanker.com
§u~(4‘nmr sh«dv’.




) °°F MQI{IPle of fovces. Tn

: FirstRanker.com
+ Firstrankersehoi®is oy it rirankersht P T Swifaplieshkdndom s

= com‘aoncn-k § Y wm?Oncn-[;s while in ng (b)), ’H’wg/ ave vesolved |
into componen—ks po:fa\\c\ +o and ‘Péﬁrlocm;fculw/ ‘o a planc inclined

a’c‘ angle 9 1o hovizontal

Y
[}
. P
ks |
;
:
f
k @F R B %
Figa): Px = PiOSG, Ry = Psing Figch): Paralle 4o plane wsing|

| pevpendiculay 4o plane weose
Composition of concuvvent fovces BW Method of Resolution
 This is an ahalbf-l-w’cal method of ﬁnd:ng/ the vesultont
Hhis medhod the componcn% of each {‘\’Y“é
' o mu+ucx\\‘7/ PeYPcﬂA?culm

‘ [y s ave 8 c,b’m\;-
divecdions - Then +he conripone;n-l»s in each diwection lﬁ

ca\ly/ added o SC'L Hhe Hwo compone,n-(-s.‘Tﬁcse 4wo componenl:

oy, OTE combined “o get
/

| fﬂ fH')e Sars"‘-cm "OL’Y‘C ':G‘YS'E :émncl;

{Wc,‘:s whgch ove mu-}ua“y/ PCYPCT\A;CLAI
the ~esuwlbant.
Let B, B, B 5P, Showr in P

. . i~ved.
fovces the ~esultank of which fs e

be Hhe sarf"rcm of four

A“‘i
R
A '
o
Rl P ) | Ry b2
% [, Pax o Ox e “ J
B, ; Fax. %x ’ X
.733 Pﬁm
LA;/ N | Y (b
v www.FirstRanker.com

a
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TF’\US P‘l ) Pp_x) P31; PL(I) Pnz,} sz’ PSZ’% Pq,?/

these 4wo fovces oave Pe;vpcncifculour,
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The procedure A 3c€ L2l VWY given KELES .

Sjccpi: Find +he comFOneng of all Hhe foxces in X § Y divections
ave ob4ained-

5&1{32: Find the a'&c[y(cu'c sum of Hhe COmFohcn'(: fovees 1n *g Y

divectons.
=x = By + Box + Bx + P4y

=Y = Ptgf—i‘ PQ.?(A- %5+ Pq?/

hove —ve values

4wo mu-f*ua[l\{
i9 (b). Since

Note: Tn 4he above case Pox , Pox, P33,§ Pq?/
S{TCF32 Now tHhe sb—s-km of 34)7&:5 is eq/ual +o

shown n F
Pcvpcncjfculmr Jcovccs,, namelv/, zx ﬁ =y @3 3ﬁ {ovrees
+he PaYaHelof)""am °

o o b
R s given ?/
becomes @ 'YCC'l'Qnale.- Hence -the 'YCSUH:O‘”{T

R = \/r(ZX)"Jr (sy)*"

Its md‘inahon +0 X- axis 15 37\/6«‘\ bv/

=Y

o~ |
o = Tan >

NO-'i‘c':_
Rcosx = 5%

Rsin = =VY

vesultart
e, X &gy ove the X § Y COmFOncn'Fs of +ne vesultan

www.FirstRanker.com
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D 20N tnclined at z0° Yoworvds

DRPIFN towavds Novih

eoe

") 30N towavds Novdh west,

Novth of Ea st,

and

V) 25 inclined ot 4o® ‘owords South of west.
Find +nhe MO«gh'\%uAc and divection of the vesulfant fovee

= »—-301?"\"

= 233 A

R = ﬁz ) + (=Fy)" =

. ZF’ 33’? "
N6 = TECC TRe5

sSince IR 15 -ve § zf:j is

asn
A
‘bm\‘ NO'Y'H’\
20N
Y 20°
eek . East
Ho |
25N |
Soudin
35C05L40°
|
. o o
0 3| <
5 = £
2000530° 30 cosus’
y; . S,
ZF = 20€0%30 ~ 20 Cosys’ — 35C0540°

ZFy= 20sin3p 4+ 20 s U5~ 25 5in o +25

} C’"3O':¥)L+ (233> = 456N

-1098 oY ©= 4}
Heve fove ~esuldtant lies bedween

©

+Ve,

A0 g 180 . Thus
WWW.

- [ b o § i _©
actual omﬁu\ =3 the VesIitant =180 = H¥ o =325

FirstRanker.com
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N Eirswapkasaghmisdle ond dixpelion of dne ~vesultant & of foue conac-
vvent fovees ac%ng/ as shown N F?

ﬂ\/
Q
W3 P v
90’
60"
- ——— R
\_ P 7
150°
4p
v
. 23 P ’
¢2, ’O ,O 1

< P
W s
- o
60° o ]

2P €0560° M 3(3Pcos3d’ R

[

‘D

G

J

ZFx = 2Pcos60’ — 33 P co530° + UPCOSEO° + P

Il

2PC§) — 3WsP(Y3) 4+ uP () +P

p- i2psp = yp- IF

1\

iFi = "ws——-—

e
X

‘ZF'a = 2P S5INGY° 4 3VE P S5N30T — WP SIN60

.
2p(2) ¢ 3P (%) - 4P (F)

i

J3
>Ry = WP (3) - 2?{% - ﬁ@l’-?-i’): ~—*P

P 3p”
(Z6&)+ (ZFp)" = ﬁ EYs (2 P T
R=P B p Ton@ = {3
Tang- =2 = —p = -\3 Ton® - Tan120

Zf \Ar‘v\rgy.FirstRanker.coom o
= 120 ©=12
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AFirsggankarss dioickrrces  Giding:ianter SO S Hingh AuRands i

plane s as shown in Fig- Determine +he vesultant fovce of ©=60°
F=100N oand T=1200N"

and if W= toooN, R=500N,

TIn tis pyoblem, note +hat se,[cchn‘?/ x gy axes povallel
to the plane  and pevpendicular 4o the plane s convenient -

= 1200~ 00 — 1000 5in60°

= 223-93F N

Zﬁ, - R~ Wcose

- 500 — 000D S60°

=0
R:_\((ZFI)LA— (TR = Jm

R = 23399 N~
Resultont 15 a force of 233.9% W divected up the P‘“"C

® | Thvee fovces ach’ng ot a Po}n{- ove shown in Fia. The divection

of Hhe 200 N fovces My VoYY but +ne anjle between them ‘;
devmine the value of © fov which +he ~vesultant o

+0 b-b-

leag/s uo. De
+he thvee {ovces 15 divecGd f@ml\d

\,‘ 300!4 4’00 N
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Let +he x § Yy oxes be @ Shown in F:g, Tf +He ~esuftant s
divected Gfong

i‘e‘/ ZF\:’ =0

+the X-axig, (ts Component [N Y divectdion 75 2Zevo

200 5iNO + 300 5iN (LO+0Q) ~500sin30 =0

500sin30

sin@ + 510 (40+60) = oo

. | 25in0 cosg = sin2g
SINO+ sinllo+p) . 0-8333%

. 0+0+0 Yo+ O~
25\n<q “;* )C"S(”‘—“’L@ 9):()»8333

25M(zo+@) €05 20 = 0-8333

G= 632

www.FirstRanker.com
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(u RFeig(E{ rg;? fS‘l(:::l}'pi':c:ELO):D!c«nGOa\?vW\KO.'F‘ifétP{’éA?’;k‘éYfé‘éf‘ﬁ{: 5&5W-Fiv‘£thm€e‘r.com

T all +he fovces in a Sgskm lie in the same plane |
and +he \ines OJC acHon of all” +he fovces do not pass "thou.gﬁ o

t i nt force
Sinj\e Po‘in-(:, the sars«}am t¢ said 4o be COP\MOW’ NONCONCUYTE

shown n Fig:
SUSWLCM- Thvee Such s&skms ave 5

|4 P p
AT
A Pﬁ' %’ S
1 , P ~
T i i l / |
-7 B 3 T ( _ J/
Ry Ry —
- "
Ps“é R (b) )
R,

(&)

Moment of o Fovce

Moment oDC o fovce about o Poin-l: {5 Hhe measuve of tts
otokional effech. Moment 1% defined o the pvoduct of the majﬂi—g
tude of 4he fovce and Fhe ~PC"{FCI\C17CLA'<19‘\ distance ofthe ‘:POT")f fmm
the line of action of 4he fovce The pofn% aboul which the moment |
s consideved 1o called moment cendre and the P‘”’Pwalfc“l”‘ dfshm‘?
of 4he point from +he line of ackon of +he Jovce fs called momw%f

oY . ’
T N
s €
v
g |
[ &‘”’/ 7 o\ /
rd - \ ‘ 1("
e

Refering +o Fig fd, 1s the perpendiculay distance of
Poinlc 1 $vom +he line of oction of force F, *the moment of F about
point 4 s given \0\3/

M, = th

S?m?[owlvw, moment obout point Z 1S gVl o
WW\ﬁ.FlrstRanker.com
o = Fo2
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Tf +he mome SEWEISBAKLCONs o WY FERERANIC LMo ot
+he o[o—rCQ,F, +Hre moment avm s zevo and hence,
Mz = F %0 =0

Thus , it may be noted Hhat f a Pom{: lte on “the line
o action of a fovce, “he moment of the fovce about that point fs
Zevo.

The moment of a fovce has got diveckion also. In Fig, it
My be noted thadt ™M, s clockwise § Mz 75 antic lockwise - To
{ind +ne diveckion of +he moment, 'magine that the ’%ff’cf Fe |
connectid +o +he Po;n{ b'c'f Qa ryi’g,’d ~od Ps’nnad ot +he POIN ?m
ts fvee 4o move ovound “he Poin{—. The divecdion of +he ~otation

tndicates +he divection of the momenén .
T +he {ovce is ‘oken in New-f—on wnit ond “dhe distance

: _mm. Commonly used
N millimedve , +he uni t of moment will be N-m™ m y

» _'m
units of moment in engineeving oe kN-m,

N—mm .

N -, kN-—mm ond

VQ“YTS“'\ on's Theovem

{ollowin g

F"{Cﬁ(‘_h mod—hamakdan \/\ayfgnoﬂ Savf, “‘he

The algabwa.‘c sSum of +he mome,n-‘s of' Cr Sgskn’) o:,lc
‘N Hhedr Planc {5 eq,ua\

Coflaﬂav fovces about o momcné centre
ut the same mownent

1o Hhe moment of thefr ~esultant force obo

Cer\*"(a.

www.FirstRanker.com
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12 A Firsrrﬂk{éi&hmf to F;&/Wvb%ﬁs&ankf(%r.ég‘rﬁ Nﬁs“v&#?fﬁsﬂ?canﬁé?é%ﬁl Pgh

and B +the woment centye: Let d,di gdy be the moment orms of
the forces, R, P 5 P 'ch’vcc:h’velg/ Lromm Ahe moment centre B Then
fn +his case, we have to prove that
Rd = Rd, + dy

Couplc |

Two povallel fovces equal in magnitude ond opposite in
id?’vﬂ‘:cjﬁ‘on ond sepmra'{tcf \ozx o dcf;nfl& distance ave said -\—ofun:
a CO‘*P‘C' The sum of the fovces fo*m‘iﬂ?/ a COLAPIC’« n any d‘d‘”(“ on
is zevp, wWhich wmeans the Yron slatory effect of the couple 75 ’2670
| A deves -h’ng ovopes +'3/ con be obsewved 1f we w:_ij:(
Yotabional effect of o couplc bout any Pom—(;. Le4 the magni

of 4he fovces acovm‘m?/ the couplc ‘be P and 1 et o\-ﬂ
_ '. o |
distonce bedween +he two forces be d. Considey the

+Hhe oo fovces consﬁ—luhng/ o wup[c about POin

c pevr Pan\’cu\w-\

t 4 oy shown N

Fig .
Led tne MO\:‘nc’.n'(? be M, then,
M, = Pd, + Pda
= P(di+d2) N S
M, = Pd |
Now, considex :\—hc roment of the fovces about point 2 which
s outside dhe 4wo Forces as Shown in Ft‘géb)’ /vr?

Led M,_ be the moment,

My = Pds - Pdy o | \'i B
= P(ds-dy) | o
My= pd
Similavly- 14 con be seen that ™, = Pd .
Mg = Pdg— Pds /é%” //\/v 9
- pld¢-ds) /(F g xa%
M5 FirstRanker.com é&/ﬂ.ﬂ}/
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e, woment of YU SEYSEEO ony pETERRTKEERRE) no

we con list the :@ollowi‘ng( chavacderistics of a couple
— A coqu consists of o pPOIY of egual goPFosi‘(l pavallel

J[o~{cc5 which ove -scPaYa‘éiJ b\go dcffni’{; distance-

— The 'Hansla%Tka/ cfa[cc{ o;F ['N CouFlC on the bod?/ 19 Z2eY0 - ‘
of o CouP[c about any point is

— The ~otadional effect Cmoment) e
a constant and it ts equal +o the P‘mﬂl"‘C'£ of the magnitude o
distance between Fhe +wo forces

+he fovces and the Pcfpencl?cu(mr
Stnce the Onb{ cffect ot o CouP[e i o moment oand

¢ |
hig W\Ome_n{; is '-I-he, s50me aboU[{: an% Pom’f, ‘the C%C’é of C. Couple

s undnomge,d £ |
— The COMF\,C 's ~ototed -Hwouah oy’ anslé

- The couPle ’s shifted o ar\y/ othey PosfHon
The couple s Yc;‘olaCCd ‘03/ another  paiy of fovey whos.: “0otot-

fonol  effect ts Hhe same-

Reso!uﬁon of o a[ovce into o Fovce and & c;oupic
Tt will be aﬂvan@cous 4o ~esolve o fovce oacking at o
point on a bodv/ into o {ovce ‘ac"n’ngk od come other suiable point

on +he boégx o\nc] a COuPle-

Tn ':‘Z/ ca), P is o fO'“(CC CL(J“Y‘)Z/ onNn & bocl%/ OL‘L‘ A- Now it
be ~esolved into a fovece Pat B

A Mo
can bf_ shown -\-P)ou(: P C(f dhe Pf;(FeﬂdfculQ?\

d is
an‘ a COUFIC o:( m‘}jn:’(‘udﬁ ™M= P*d/ wheve i i
distance of B fom the lne oac action o:l( P ’H“"“W-g/"’

— «

{(ON
www.FirstRanker.com
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© Let P, P, g Py VeUWSErHHRNKEr s dem o&ﬁ’v‘f@f&r&R%gﬁv‘?ﬁgmon a
bod‘{_ Each force can be veplaced by a fovce of +he same magnitude

| and QCJ("‘l’ng/ in the same divechion ot point O and & moment about
s equal +o +he sa»sh:m Sholon

10 Thus, the given 53,5+em N ng« Ca)
15 the algc[wafc sum of the moments of the

[9iven Jovces  about 0
At 0, the COﬂCchwE 3Cov'{C65 f, Py §P3 con be combined o4

Usual 10 get the vesultant fovce R. Now the vesultant of the
foxce R aft 0O ond & moment =M, a3

given sgs'km fs eq/ual ‘0 a
‘Shown ) Fu‘a‘(c).

The fovce R and moment Mo shown N F"g—u}‘ Sean be #cPlau(Ig
°f o single dovce R acting ok o distance d From 0 such +hat the
™Mome it ‘P’TOClL{C(;C] bb/ “+nis force R fs cg/ual o =M [Fiﬁ(d)]

Thus, we get a SInjlc {fovce R ac—h’n?/ ot o distance d
From e point 0 which gives the same etfect o8 the constituent
fovces of +he sU~s+cm5. Tawsy, the vesultant of the given forcey

W\ay be veduced 4o ¢ s‘i’n\g‘e fovce.

R = Jexis csyr

=
Tan« = "ig

Ma%amalricalha/’

=Mo
d = K

Wheve, s _ a(geb'mfc_ sum of the componcn-{»s of all fovces tn

¢ - direction ”
Z‘ZT - 01965’(0_1(‘_ S O'J[ "H')C COYY)PO()en-"S of &\‘ :)QTYCOS n
td"" dl”YECalrfOn
oL~ InC{i’ﬂO\"L?Oﬂ p?C +he ’B’C’/SMHZQH‘& R ‘o ")C»»c‘f"‘(CC"HOH

SMp ~ a\gebYaic UM of e momertt s of all the 3[0’76%

about « poi’m’c O -

2o Ff"?e*ﬁJi’élJEﬁ‘ e\’e%ahee BQQ =H=|€ we%ul‘{:an’l: R )Cram

the. Pofn{ d/yww.FirstRanker.com

Q.
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BU app(bﬂng equal and opposi {ovces P of B the sys-l-em

of fotces s not cl.’s-hulscd- Hence “he S”‘S"ﬁm of D%TC¢5 n Fl‘?r( b)

'S the same as +Hhe saﬁhm gfven in Ffarca)- Now +the oOriginal fovee

P at A and +he opposite force P ot B form o couple of mg:gn?-k«c/a
aced bt{ the sUs-}tm shown

Pd. The suystem tn Fig (b) can be "@Pl
g r s ffCPlacc,cl by & {ovce P ot

in Figc): Thus, the given foyce P at A
B and a moment Pd
Resultant of Fovce sysdems

The ~csultant of Jovce sefsﬂhzm s +the one which will
hove 4he same ~odational and “wanslakion effect as the given
system of fowces. Tt maye be a anjlg force, o pure moment oY o

fovce and o moment-

46

(&) (b

www.FirstRanker.com
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Nitdrankersshedea ked o disdanca domuch Hoady FistrmRdcrt the

same divection of moment about point O ay ZMo:

Somekimes the Values of Zx £ sy may come out 4o

be zevo, but =™, may exist. This means that +he vesul tant of |
the system gets ~educed o o pUTe couple-

X and y Tmﬁvgapirs of Resultant |
Tn sometimes we ma?/ be M’HYCS‘L:CJ N o(i’ncll’ng/ on\?/'

the distance of R alona, X ov y-oxis, that 05 1«‘}5/70%“(“—[3%'
Ledt d be the distance of dne vesultant FYo?Y\ 0 and

% be its inclinadion to x-oaxis. Then the intevcepts ave given loy

d 47
X =
sine« P
d
¢ = cos /

/s
/f
/7
/
/
/7
7/

0 P %

c

Another method of Qndfng/ the ndeveepts 5 as follows -
QomPonen*S o:p +he #csul\’:ané R
of R about 0 arthe

gnon's ‘heovem)

Let Ry =3 ¢ Ry = Sy ke +he

i +
in x§ ‘3/ Cu’fic‘l"rOﬂS’ Cons?d@ysn +Hhe m™Mmomen

oF s CamFOne,ﬂ'I:S about A (Vorri
aY

sum of moments

s?mﬂmly, Yﬁso(v\’ﬁg/ Hhe wesultant
be shown Hhat:

we get }%
Ré fhess ZMD ‘3? Q
Qx*O#—E&*UC:ZMo ; v o
Y 9T A L o
~x = ZMD - ZMD OWM x e X
- R‘?’ Ty  J %,yv

into its components ab B, it can

-2
>~ Mo Mo

Y= R

= vigpw . FirstRanker.com
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Fetranier s c Dfeloaclg @(E’Wvﬁyt%ﬁ@k%('%@am fSW\gWo%tRﬁ’?kg%@Bdﬁmmg

. 20€0560°
ZFy= —~20—-30-205N60"=—-63-22 kN = 63-32

R= () + (ZR)* = J QoY% (63%-32)* = 68-05 ko

SFy 6132 34

Tan« = EE: 10
= 8I-55

Now -f-a(dngf moment obout A
ZTMp = 20%1:5 + 30%3 + 206iN60°x 4§ = 223-92 KNV-m
The distance of Hhe vesultant fom A is given by~

ZMa | 223-92  3.9qm

d = R 6805
d 2.2
xX = T = 7 1 = 332 m
SN SN 8155

T™e value of ~ ;n'ﬁ»;(CaP{; may’ be obtained us?n?/
=Ma 2 Ma

223%.92
5 63312

X =

L= 332 mM

A SHS‘RM o
the ~esultant of +he loads -
20kN 30kn "
w & 2h
h {
Az , s B . -
.5‘~; "i 2Fy
|
’T’ak?ng/ hovizontal diveckion ag X-axis ond %
e vexdicol divection @y Y-axis. v ”,;:;
ZF = — 20C0560 = —1l0kn = \g—k—/\; - g

www.FirstRanker.com
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Resultant of ConcuorYeAt eSS
H4) SPQHQA Concurrent {ovees

- Fov +he am[b,sgs of 5«0»5+cm of fovces in space we
need thvee dimensional covtesian coovdinate sszrcm x, Y, Z-
In litevodure every one has used +he cavtesian coovdinad sbrs-hfm
vepresented by +ight hoand ~ule thot if thumb, Tndex finger and
middle fingey ave stvetched to fovm Hnvee mutually pewpendicular

coovdinaks system,

X - coovdinafs s YCPYeSCﬂ'Ec’.d b‘J Hhumb
Y~ coovdinat b.a/ tndex f?nge;( and

2 - coovdinode oy midd[e ffnjev |

Howeve~ diffevent authors hove used di ffevent ovien—
todions as Shown n F';aw The expvessions dexived hold good for any|
mfen{u_(,;on of 'ﬁsh{ hond ~ule ot caxvtesion coosdinate S\a»s{'efn "

ace
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First 's choi : '
e o & Fovce vapRireiRRRKEISgMangle WY BYSELCLH the

COO"‘(cliﬂOCLL Sids’tems, then its comFone,n%s in X, %g 2 divections ave

given oy,
Px = PC05(91
PU, = PCOS@?/
Pé = PCDS@Z

COS0x, cos@y g Ccos@y ove tevmed a3 divechon cosines.

Tf [ andj ove the 1wo points on the line of action
of o force P, with coovdinotes (Xt i, 22) § (X, ' 25) then Hhe
divection cosines Fvom { to ] ave given by

X5 - X ¢
CO50@y = —_..L_.._.
Y5 - Y
cos @U, - _
2 - 28
Co5©@; = L
Wh&(&

L = \/Cx;..xz)"+ CY; - Uz)l'+ (Z7-2:)"

in
W‘“ﬁ +he oabove eq/uo&fons,. the com,:oncn{ oaC [oN force i

b
thrree mu-hmlly P&thﬂdfcu\ah cooxdinate sxafsh:ms x, Y,z can be
found -

The procedure to find the ~esultant seveval concuyrent
acovces s SPa(.e

£ P P B---- are the concuxvent forces in space, +he
i) 2,13

divections of which ave known, +hen we con find Pz, RZ/’ Pz, Bx,

Pm?/) Plz-i P3;(, sz, %21 ***** Then
Ry = =R = Ry + Pyt Pax +--—--
R(a': ZP.a/: Png—f?zg*‘jga.i- e

RZ = ZPZ:: P12+P22«+P32+— _ - -

Then +he mo:gn?)ruclc of resultant R S given by~

R = J RZ 4 R;+ Ra :J (=R + (ZR) + (Zr)-
The divec lipn  of the ~vesuldant TS given b‘f,)/

= UTer. = Co Z
Oy = €COs % , \@g\/v;&r@ma@er comg, s

——

R
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Fovees P‘, P2) B and Pq o:( Wﬁfg&wé‘é( TE)CLN/ 20kN, 25 kN and 4o kN ove

20 concuwven{- 112) space and oave d?vecl-td "Hwou&h +he Po:n-’:s A(z,2, 5),

:l », FirstRanker.com

BCy,%u), ¢cCu,-214) and D(-2, L,~3) vcsrechve(;/. Detevmine the ~esult-
ant of Hhe sgs-hzm of fvces. Given he 53s)rcm fovees ave concurvent
ot +he ovigin.

The length of 0A, 08, oc and 0D are given by

6164 £.0)
0LO|

1

on = 34+ 22+ 5"

op= P+ FHyr = 8124
oc = \ﬁﬁ—:— 2y = 68

oD= ~ C2)5+ ut+ C3) = 5-385

3-0 2-0 5-0
= C = -
COS Oy 164 05 9;3 G €058,2= ¢ 164
=0 4B6F = 0:3245 = 08112
Py = 10xo0. P2 = 10 0-8U2
P = 10 30.ug6% g = 1003 z
= 3245 kn = 8112 kN
= 4-86%F kn
S"m\’(mrb{,
(
+ 4
C = cos - J—
058, 8124 Ozy = 3124 €05 0y3 = 2y
= 01231 =0 8616 = 0-H92y
- Fa - )
Py = 20 x0.123] Poy = 20x0-861¢ 32 = 20%0-4q2Y
= 13232 kN = 9.848 kn
= 2-462 kN
Yy
co = — -2 7
SO = 3 05Oy = & CO8035 = —
Fax - = -~ Z Piz - 25x A&
3x = 25x L ng, 2 x25 z S
= 16-
= 16.66 3 kn - 8333 kn 6-66% kn
— 2 L
Co0sQ,,. - _ -
T 5ass 0304y = 535 co568y; - i
-2 L
P/-ii = HO x 5———385' Pq% = HO» "—"“'5_355 Pq;..: Lo s :_‘:?,_
5,385
= —14.856 kN www.FirstRanker.com,, o oaven
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S Py = H-B6F 4+ 2:462 +16-66F + (-14.856)

Ry =
Ry= 9-14kn

Ry = ZPy= 3-245+ 13232 + (- 8-2333) + 29-H2Z
Ry= UI-856 kn

Rz = >p, = 81+ 9848 +16-66% 22-284

Ry = 12:343 kn

JZ;.u,)HL (41-856)"+ (12-343)"

Ly 585 ki

R = Rx"" +R2
R =

e divecdion of +he ~esultant s given \o\(?/
a-14 3813

= co5% (Ex) = 05’ L5385

v -l H856 0

—1 Y\ - = O-

92:’.: co05 ‘-R“> = (oS L. 585 20135
2733 | 3393

—A

—i Rz \ _
Oz = co5 ’E’) = C0S Tl ss

www.FirstRanker.com
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When 4wo bodies n con}ac{' have o +cndcr\c«zr +o0 move

| : . - Thi
ovey each othev o ~esistance +to Hthe movement 5 set up s

vesistbance 40 the movement s called +he fovce of Lickion o7

st‘mPlZ 3C’Y’|c£10n~ Friction dt‘—Pcv’ﬁs upon the noture of the SWJ(W—OS

contact. The
of condoct. Fickion acks povallel o the surdace of
ne of Hhe suvdaces of

2 r £l e 4 oh Qn ¢
vdn’eC'luor) of this Frickional §O¥CC ‘3/ which The eontact

1o the divection

contact will be OPPOS'JCC feicbion opposes moton -

isuv’&%ﬁ tends 4o moue. In other WO’YC‘S,

R

77 7 A ; rd
R e —
F

W
F.Bw shows o wooden block 'fCS{:Tﬂgf

Le:l: N be the Wdfgh{: of 4he block - Let the bloc k
| ied fovce is sua(f."cs’cnﬂz/sman,%c

on O vough hovizontal 4able.
be subjccﬁ_d 40 o |

ghoﬁzon‘{:a\ 40“/6(1 p- When his OPPI
%‘E\ock will ~vemain N 6q,u7(Eb-r{um. h
,"{ o novmal ~eocktion R ond o %njc,nJr‘{a

""hc. b\oc'_[( SO as 4o kce’: +Hhe blOCk in eq/u}'“lg'r?um-

e wough toble surface will exe-

| ~eaction (Frickon) F on

Resolvine, the fovces on dhe block VCY#callyghmfzonhNy/

R-w=0
P-F=0

Sb\ﬂocﬁc the fovce p s j*adual(},/ incveased - The Fricton F
£o +that ot evevy stage of ccz/u.f[ib-rium F=P-

will also incvease, L
incvease. We canno

2l Hieve 15 @ \7m?‘l’ 40 which :"}(C.Hon can P
) . tncveasing Intinibily” ag
expect the frictional ~cariwETEtRATKer com r v
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dhe foxce p is increased. Let Fi wepresent the 9reatest possible
é:gn’c‘n'on' Let P, be the QPF)ic,c) fovce COYYCSPOnATng/ 40 +his condikien:

7 At Hhis stage.
F - F

I{ +he QFFhC’A :%chv ex.ceeds P, ¥ne \:\ock will S\IP

- ncyease
on the table since the FyicHonal ~esistance connot 1

bcaor\cl 4he value F - The 3~rca~k:5{: ?ossﬂale £t ton dc‘:cnés

éfupon the novmal -rc:acjc70ﬁ-

FricHon
| 1o stakic Ficdion 2. Dynamic Friction
stotic frction — T4 is the Lickion eIPCYfCﬂ(,CA b«a/ o bodA{
When il (s al ~weste O¢ in othexy words, it is the frickion when
;‘““6 bodv tends o move.
JDY"\C*WC Frickon — Tt ts +he fickion expmacnced by o body
when it s Tn mokon- T+ 7s also c.allcc\ kmc-lﬂc Lickion: The
dynamic  Friction s of -ne &ilow?ngx +wo Types
| Shd?ﬂ%/ {viction — Tt is Hae ocvicjrwﬂ , &ircﬂencd b«{ o bocl«?/
when it slides over anotnex looclg,

Ro\\in6 Friction — Tt is the {viction , expexienced by a {C)OclA?/

7uohcn it ~olls ovey evnothey bo&\af.

www.FirstRanker.com
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Loaws of Friction
Prof. Cowlomb , after extensive expeviments , gave some

laws of fviction, which oy be grouped undev the :Collowfnﬂ/ head s

1o Laws of s-h:&fc fvfc#on

2 Laws of kinetic ov d\anamic Q(C{;m
Lows of stadic fviction

- The QCOYQC; NC fﬁcé«’on cxl«uou(fs acts N a cl‘:«rcclcfon, oFFos’.’c«L +o

that in which Ahe bodz/ tends 4o move, tf Hhe Lorce of FicHon

(would  have been absent-

le

2-The mﬂni-luc]c of the force of fyiclion s E.IO.C{:I”/ equal +o the »f:wce,
which +ends 40 move +he bodzm
2. The maﬁnﬂudc of +he \imﬂ-:’n?/ Liction bears o constant vatio +o

’Fh? Novmaol "'\fCOLC'Hoﬁ bc—iwcem Fhe Hwo Suv:)%ai&

-——g- = COﬂS%ﬂﬂf

whevye F = L:mqhﬂy {vic-l—i’on

R = NOt mQ! YCGC‘“ oN

L. The dovee of OCﬁC—hon S ‘Inc‘ep:ndcn% o‘)C“H’)c aveo OOC contoct befween

the +wo surfeces-
5 The force of Fricton depends upon the Youg/ﬁﬂﬁss of Hhe sunfaces.

Lows of D?Sﬂamic {rickon

The fovce of fvickon a\wa% acts in o divection, opposite +o
ot in whick the body/ {s moving.-

2- The m%niwe of kine fie $vicdion bears a constunt ~votio to +he

novmal veockion between +he +wo surfaces. But +his ~odio s Shgh{l?
less thon ot in case of ﬁmihnﬁx Friction.

3 For modevak speeds, e Lgce of Frichon ~emains constont.
gut it decveases S\@’HH% with *he fincrease of s?eu:ie

www.FirstRanker.com
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Co*cfa(icicn% oaC F‘b’iC?L'Oﬂ

T+ is dcﬁncd oS the '"{OL—}-TO of +he Hmijr?ngx JCO”A'CC of

dvtchion ¢ F) 4o he novmal ~eockion (R) behween +wo bodies Tt

s denoded L;%-Hqc S&Mbo\ -
L‘im?kﬂzf fovce of fxickion

. £
TR

M =7 Noﬂma\ ’{C&C‘lﬁ’of\

Angle o Fvickion
Tt is defined as 4he anﬁ\
the novmal ~eackion (R) ond +he \‘\’m?*}—in?/

with Hhe novmal ~eaclion (R). Tt s AQ”O““CJ b%

ev L b\é/ tre A(CSUL\’Ean{ o:F
Lovce of Hriction (F)

@

W
e 1
24 ?
51 |——+¢
= T 7777777 777 F/?’
&

F,-a. shows o solid boc\y/ «asjﬁn?’ on o wugh hovizonfal plane
Let o = Resultant of +he novmal ~eaction(Rr) and \‘Imil—ingx
fovce of Hickion
Then omgle o:F aﬁriciion = ¢
- Ar\f)(e between 5 and R

From the f“guvc, we have

F MR
TCLF\¢ = "5 = R

"TonszS: ,U\ = CO~C‘F:»C|"<J€,GJC oA iga'i(x\—ioﬂ,
Thus e "\-onjen{ ogﬁ the angic o:f acn‘cl-fon S eq/ual {o the

co-efficient of Liction.

www.FirstRanker.com
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/—\n\glc of Qcpose,
The angic of Yepose 1S defined as +he OO N U ‘mdfna%’om
of o plane at which a boch?( ~emains in equilibyium ovev +he

inclined p\ane b\g +he assistonce of Hiction or\lv'-

considey o bocla( of wc,ia/h{ W, chhng/

o & ~Yough inclined plane as shown 0 Fig-

Let R= Novmal ~eaction acjﬁn? ot Yfgh{

angle +o the inclined plane

X = Inc\‘mo;hoﬂ of Hhe p\cme with
“+he hovizontal

F= Fvickional 3C0ﬂcz de-”fna( quowd cx(ong, Hhe Pianﬁ'

Let Fhe Oﬂgte o:( Md?nm\ion (<) be 31&&;@!\3/ ?ncveased,

CEI e bool«a/ Just stavie sliding down Hhe plane. This angle of
g‘hC\inCA plane, ot which o bod% Just begins +o slide daon +he
3P|une,, is called QV’S\& of YQPOS€'

Reso(vir’\z/ Yhe Jovces a\onav +he P[aﬂf—
SE =0
F— Wsind =0
Fz Wsng —=3 ©
Q.cso\vir\fa' the fosces novmol +o +Hhe P{G\f\e
'EZ-F@/:O

K. - Wa0sL =0
R = W o5 — ®

D‘w’\dmg equotion @ b\@f@

Wsing  F F |
wosl R o Tang = — = M
F .
Tant = o ¢-—Anjlc’ of fackin
Tand :’TZSU’\¢

[ ‘p":Ci“G“‘

i Fal " \
Af\gle 67 Ye se = nglc o JITETT
www.FirstRanker.com
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A block of Wcigwc W s placed on o vough hovizontal plane
Sbtva(ace os shown in Fia«- C\\"A (4N fo«ce P s ,W o
£
OPP\icA ot on 0“3‘6 © with the hovizontal * AE
& L |
such tak the block Sust dends tomover | 7] Fece
F TR TP T T
Let  R- Novmal ~eaction °

M = coed ficient of ﬁn"d%oq
F= Fovwe of frickon - R
TIn his case the Novma] ~eackon R will not be eq/aa( to
WC!’ghf of +he ‘oochd/- The novma| ~eackon s obfained by ~esolving-
+he foch on the block ho«viz’konhlly g‘va-k’ca”?/-

QCSO\V%NX the ‘.)COYCts oN -H'w; b\ock \no’ﬂzcn‘buv/

ZFL’:»O
PCOSO —F = 0 F=MF
F= PCOSG

Q"”“’“”g’ the forces on +he Hock ch-l—im“tg/
R-—w 4+ Psin@=0
R= W—Psing > @
Fom &cLqu»ion @/ {-l; i< cleax -Hf\ov& ﬂmmal —rcacjri’on is no4 e%ual

to 4he wciﬁh{ & the block-

ues o W, Pgo ave known, *Hhen
lwe ofF R

e oF M-

f in c:q/ualion @, +he val
value of novmal ~eaction (R) can be oblained - This V&
can be substitufid in equadion @ Ho determine Hhe va
The dovce of Frickion fs a[uuoua«i 3‘?}«1{ o MR-

F= MR
The  nowma| ~eacton CR) s no

0:3’ ‘he bodia/.ﬂlbooua);-

b equal Yo e weigh®

www.FirstRanker.com
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¥

i

LA bocigf
hc\vingz o coeffictent

dovce . which can ~ove +he bod

+he hovizontal.

R P

A
25"

[ &l

77 S 7 >
]
200N

Ncigh’c of +he Bodg/, W = 300N

c_oef:fn’cicn{ o :vcn'cfi'on, M=0-3

1

Let p

F - Force of fviction

11

Resolw’ng the dovces \'\O’rfzoﬂ'bu*{,
=K =0

Pcos25 — F=0
F = Pcosas’

Resolv’mz 4he -fo—rccs \/c(-H'a:d\z/,
ZF”»:O

R-200+4Psin25" =0

= 300~ Psin25°

We know Hhet +Hhe force of 3C~n’(.¥ion, F
Pcosas® - 0-3 (300 - PSin 25’)

0:9063 P 4 0.1263P = 90

1-0323 P = 90

- 8312 N

www.FirstRanker.com

.| www.FirstRanker.com
of wc‘{gh‘f: 300N 15 i(xﬁng on 0 ~ough hovizontal plane
of Fiction as 0.3. Find the mognitude of the

Y while ac-hn? at an ang(e of 25° with

N\&gnﬂude of Hhe force, which can move *he bodrtd/

MR

www.FirstRanker.com
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A boxa/ ~€S

180 N taclined at 30" to the plane just o move t. Tt was found Hhat
a push of 220w inclined at 20" 4o the plane Just moved 'H':c 'boév. Deter-
mine +he wda),\’c of 4he bocl'f ard the coefficient of fickion:

180N = B 920N = I8
R\ . R 23_ i .
20 § 20°
e S e N F iy b
F, - & P cos30 | 6 fcas30
‘ VN
W
(6) Push of 220N

(@) Pull of 180N

Consider a Pu\l of 180w acjcingz on the bocl‘[-
Resolvmzz the forces hmizon’ml(g/,
SF.=0
P cos3zo® - F, =0
F, = 180c0s30" = 155.8 N
RaSOIVinar the fovtes vc{-h'ca\\\{ )
TFy=0
Fsinag + R, - w =0
W~ 180sin3p’ = R,
We know that the foxce of 3C~xic,~¥ior\, F= MR

F = MRy
155.8 = 1 (W — 180 sin30")
155-8 = M (W~ 90) —> 0

Consider a push of 220N ad:inﬁx on e b°d}f'
Resolv'mg the fovces hovi zon%allw,
=F =0
F, - Bcosze’ =0
Fy, = 220¢0530 = 190-52 N
Rcso(vingf +the Jovces ’\/cvkca\\\az,
ZF’.GL;O

Ry — IN — P, “wwav FirstRanker.com
Ry = W+ 22095030 = W+ 10
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we know +hot +he fovce of acric-Hoﬁ, F= MR
Fz: HR?—
190.-52 = K {w+110) —_— @
D‘wicl‘.nax eq,ua-kon ® bW @
155. 8 M- 90)
190-52 M (W +110)

155-8 (W+110) = 190-52 (W-90)
155:8 Ly + 13138 = 190- 52 W — 13F146-8
42848 — U2 W

W= 98%4 N
Now 5ubs{:i’4u-‘1‘naf the value of W in equation ©

1558 = M (S98%-4-90)

W= 0-133
Two blockes A and B of wefa«h{‘s Akn and 2kw frcs?cc‘n”vc\y/ ave in

it

equilibyium position as shown in F—Kg- £ 4he coefficient of fiction
between 4he two blocks as well as the block B and +he floor 75 0-3-
£find the fovee CP) q'cq/ui*‘fcd 40 move the bleck B

2
A
p - B
A Ry e e e vy
R\ T Ry 7
& 'y /l
30 e
2 }_-_-.m!
7 -] {a N
! ! \
- - -1
L
] \ : P —
““““““““““““ = —— ITIT 7 ,/’,/¢! TIT T
< 3 2kn 4+ Ry
4c
’1h° .\ﬂ i i -
Z T = ) BlockR B
Teos3o'

www.FirstRanker.com
(o) Rlock A
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Rcsol\lt‘r\af the Lovces VC‘Y‘I’TC&N%/»
R, +Tsin3y = 4
TSNz = 1-R, —> O
R“"*"‘W‘g the fovces hoﬁzon-\-auy

= R
TCs30°~ F =0 F MR

= 03 Ri
Fi = Tcosso —> @

D‘ividinzx c’,CU,LCchOﬂ 0, b‘\d' @

T sin3p° 1= Ry
T cos3( ) MR,
‘...
Tan 3¢ = Ry
O‘3R|

Ry = 0-85 ku

Fi = MR; =0-3 %085 = 0-255knN

NOw consider +he block B- A litte considevation will show that
the downward fovce of +he block A Cequal teo R) will also act

| cx\onavwi% +the we_fa,h{ of dhe block B.

RCsOl‘Vin?/ +the fovces \/eﬂhcall?/, SE =0

QQ_~2-R| = 0

Ry = 2+R;
- MR
- 24085 Fo= ¥
- 9.8
R, s kN 555 kn

F
R':Solvmg +he JCO'Y(cs hoﬂ’zon—hllw,
sz =0

-P+F +R =0

P= R+F

= N.258 4 O6.85 &

p= \wywywFirstRanker.com
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A FE&E[%“"?FEU*‘@'?'@S% 500 MwWEFirstRArker.cgm on i’nwchEirstﬁhnker,cQj?, @
fmce of zs0nN- The inclinodion of +he plane s 20" 4o the hovizontal
ond +the {ovce ts applied pavallel to +he ph’m& Deteymine the co-effi-

clent of Fiction:

“The b°d§f is in eq,uﬂibﬂum under the ackion of +he aCoyccs
shown in F.‘3~

Rcsolv’ma/ +he :‘?mces noyma| 4o e p‘ane.
R-5So00cCos23p =0

R = 500C€0530" - 433y

R“Olvmg’ the fovces a\ong +he plane

350 —500sin30° =~ F =0

| F= 350- 5005in30" = 100 N

We know Hnat F= MR
100 = n (433)

K= 023
A bod?/ of wetﬁh‘k usonN 15 pulled up “\mﬂ” an inclined plane
hcwfng inclinodion 20" 4o the hovizontal ot o 5+m&3/ speed. Find *he
force vequived if the co-efficient of Eriction between the body” and
the plane §s 025 and fovce s aﬂ:(u‘c,&l parallel +o e inclined
plane. If 4he distance “vavelled by +he bocjly/ to tom aleny e
plane, find “Hhe work done on +he body

www.FirstRanker.com < ¢ w
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The bod\{ s in ewWuwibistRankercdm the wevdrivsyRanker com
shown in Fig-
K‘:solv'm%/ fovces a(onzx Hhe plane
P— wosinzg — F =0
P= Wsin30 + F
P= 4s0sin30'+ MR
P=450siN30°+025R —> O
Re,so\v‘mgx fovces notmo| Yo +he P\ahe.
R - wceszyg = O
R = Wcoszpo’
R~ L5S0C0528 = 389 - F N
Subsé‘;-ﬁdﬂ‘ny the value of R in eguation ®
P= 450 sin30 + 0-25(389-3)
P=222.425 N
Wovk done on +he body Force % Distance 4vavelled in he diveclion
of dovece

222425 % 10

N-m = Joules

1

= 322¢4.95 N-™M

W

Work done on the bOAW 222¢4.25 Toules

What should be +he value of the angle @ in Fia‘ so +hot the
motion of +he s0 N block "'mpeﬂc}s down the plane. The co- ef ficient
of frickion p Jor all dhe surfaces is Yz

Co-efficient of FHickion fov

all suvfaces, M= /3

Motion of wciah% 90 N §mpcncis
down Hhe plane-

www.FirstRanker.com
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Fivst considey +he €q/u|(ﬁtla*num p)

n:zu)cfﬁh 20N

As dhe wei’ah‘c Q0 N 4ends o move downwcwds,%e/ve Wil
' be o wubb‘inaz aclion between Hhe surfaces of wda/k{ qoN € 3ON-

Hence o fovece of {vickon will be adﬁ’ngz between these o surdaces

The waigh{: 30N is +ied t0 « S%ir\g. the othey end o:)c +he
Sf:r’nng/ is fixed 4o the plane- Whey the weigh’a a0 N tends to move
downwayds, Hhe waighf 20N with ~vespect o Ne"@’hé a0 N will move

icH +e lo surdoce of +Hhe
“Pwoarcls- Hence the QCO"(CE’, of JCYIC\Lnon on wey

; ' shown in Fig.
will be n equilibyium undey the ackion of he fovces &

T = Tension in the an”«\g(

R, = Noymal ~eaction on +he Vowey surface of w&ia,h{ 20N
R = Fovce o:( :ﬁridﬁon = MR, & mai('\eﬁ’\
Mod
V
R¢so!vin8/ +Hhe fov;cs a\on%/ the F\anc ‘Z\
Z FI :O )
T—'SOSV\@_F‘:o
| o‘bﬁ‘e// 4
T= 30s5nQ@+ MR, > — T 2
T=30sing+3 R ——> O 3on

Résoivmz/ e fovces no¥mo| 4o the ?lam‘:

R, — 30C050 = 0
Q‘ = BOCOS@ > @
subs-\-ﬂwhna/ +he value of R, in Cq/ua#on 0)

T=30sing+ & (30cos0)

W

T 3051NO 4+ 10c0s50

—

%Now considey the €qui \(Ewium oac wd’ghf 0 N

The weiﬂ—hf Q0 N will be in 6q/u?[i’bfﬁum undey the action

Lod fovces shown in F:“&\/ww.FirstRanker.com
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Qgso]\,m% +he fovces a 008/ the plane O A
o«

E o+ FL"' q0 s‘m@ =0
qosin@= MR+ MRy

| 1
- ’3“2\+3R7—

* 20C050 + —':-g Ky

-
-

L
3

90 SiNQ = 10 050 + & Ry )

4‘2550“"‘“3 the Jovces novmal +o Hhe p[anc
R, — R, -40¢050 = o ¢ R\=BOCOSG>

A0C0s© = R, - R,
Ry = 90€050 + 20c0s50

Ry = 120c05@9 > B

subs#?-l—u-hn%/ +he value of Ry in &q/uaf-ron @

90 $iN@ = 10 COSO + % (i20¢050)

= 10CO0S50 + HO o050

a0 sin@= 50 cose

Tan@ = 06555

5- 29.05°
@ R@_:‘C«ﬁnﬁ o the 35.8, given below, dedevmine 4he least value of
s“*he fovce p to cause motion 40 Y"\P@ﬁc{ 'ﬁa"“{?wmfés* ASsSume. Hhe

co-efficient of Lrickion undex the blocks +o be 02 and pulley +o

be $rickonless.
v

100N

P e A A A S B

fffff

- S sl S A - s

A MY S A A S Ay N et 3}

www.FirstRanker.com
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@ Co~e_zfscici'enf: of &fc’cior\ ULY\AS&Y goe_\_h T’\OCkﬁ; P‘"L C-2 .

Pu\le?/ te Fictionless. Mokion of block of weigh{ oN s towavds
'Y\'a,h{:- Find least value of P

Considey the eq},(i[ibv?uw\ of block o¥ wdgh‘& 150N A

As +the block of wcfazh{: oo N

tends 4o mMove. vﬂ’ahjcwcwds, He block
of WC:@*"‘{' 1So0N wil| tend +o move

YPwards . Hence Jovce of Frickion will

QC‘L dOWﬂWQ'\/dS as 5“000(\ n Fiaf.

Let T = Teasion in +he S‘HM?
R = Novmal YCQCHOQ

F= Fovce of fﬂc}for\ = MR

F=02R

The wca’a,w; 50N {5 OkC‘l‘IY\ﬁ/ verl%axlhy downwaxyds « The bocltg( is

EM equilibyiuny undex +he ackion of fovces shown in F;a.
Raso)\/‘m%/ the BCO’Y(.CS a(ong Hhe p\anc

T— 150 Singp" — F = O

T = 1505in60° + 0:2 R —
Resolvin% the fovee s novmol 4o inclined P‘ane
R-1s0cosge -0
R =150 c0s60" = 35 > ©®

Su£s£74u4?n3/ the volue of R in equaton ®

T = 150s5in¢go + 0:2 x 35
T = l4d4.9 N

Now conside~ +he equilibyium of Block of WC?@/H% \00 N
The block of WQia—h~E loo N Yends 4o move "n'a,h{waYAs,Hence

Pt v acdina. Yowards left as shown in Fi(g,- Alse

Y

the pulley is Lricdion e s wwwerirstRanker tomsion in  the 5*“““3/ which is
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hai _ |
otloched 1o e btocwwsvalw&Fﬁimer-m wi | W FiguiRagker.com boa‘i;

will be in eq/u'ilibﬁum undex the ackion of forces shown in F;a,.

Cx\on?/ Divecton of motion
Qc’.sal\;ing the foveces morme! fo the F[cmc- -
Ry
Pcos® — T — F =0 A Q g
<3
Pcoso = 1H4-9 +0:2 R, —>(® T < t o o
PCose
. T AT R P N
Qesolvuﬂg he 'jQNCeS novrmol 10 Hhe .P\mqe 4—»——-—»—-—“{-"
Ry~ 100 +pPsinG = © |

R, = too~Psin® 5 @
'5ubs¥‘;~¥u}m8/ +He value o:)é Ry in eol/uahoq ®

Pcoso = 1449+ 0.2 (100 - Psing)

=

4.9 +20 — 0:2 Psine

PCose + 0-2psing = 164-9
P(coso 4 0-25in6) = 164-9

b - 164-9

— B

. COSO + 02 51NEO
The :\(owcc P 1 { |
w b 4 3 Pe . b
il be minfmumy 13[ (cos® + 0°2.Slr\e) 'S Maximum.
el . .
ut CCOSG+O-lSi09) will be maximum i f
d

[

de

i

( cos9 + 0.2 sin@) =0

= SiNO +0-2 o5 = o

0-2cos5® = SN

0'2 o _E'QQ
CO50
Tan© = 02
G= 11-3°

subskh&mg Yhe value of © in cquotion B, the least value of
P will be obhﬁnéd.

FTOH-Y

P - 16
Ueast) oo 1o 2 o Www EirstRanker.com
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Accow’clmg/ +o Newdon's second low of motion a bodla/
stovds wmoving with accelewsation £ ot is acted upon bv o vesultant
3[0'»’(@. Hence {[ another fovce eq/wﬂ n mcgn?-l—ugle_ and oFPosi’ﬁ in
divecdion 4o +he fovce caus‘ing/ mo+Hon, 1s apphcd :o 4he iiclf/o,%e
body comes to ~est: The force which s equal enc cpposit. tohe

~esultant Jovce s called Eq/u?[fb-ﬁar\%. 1 find the eq)ﬁ[{bq‘;&n{ Ofa
of the fovces 5 found and e equi-

wltanrt
o fovee Sars-km, dne vesulta rcection *o dot of ~esultant -

L d
\"bﬁcm{: *s shown N +he OP[Dos‘{Z.

A body s said 4o be In Eq/uﬂfb'ﬁum when it fs at~est |
o has unifren mMotion Acco’zrc\ing/ Yo Newton's lowo °:r mo%’o{n,\f means
| : libvium s
%‘1": the ~esultant of all fovces ac{?ng/ on & boc{'g/ in equbipvikm s

: . 20N 5 m adioining
ZeYo. This COndf-)»?on hC[PS T dc’;lt‘f\'ﬂlﬂin e '{C,&CE‘OOS cho 1 3’

;f:bocffes. a(_,L'm&/ on e boaz/ under considevadion -

Analgsznj/ aq/u'«lfbﬁum condi¥ions o vavious bodies s chscn+e,§
3CO.‘ Hhe ‘.@O“Obo.lﬂy Sgs*cm o:F JCD'YCCS
| Ve Cop’anay concuwcn-f: :Fo'fce Svrs-l—cm

2 coplanay  non-concurvent forces $3rs+cm
3. concurvent sgskm of fotces in space
%E(’?/u;i;bﬁﬂm of a bodaa/ SuEJ'cc-l:Qd +o concurrent fovces
The ~esultant R ofa Sgskm OJC concurvent dfovces 15
;26:’{0 on[yz when +he acollowing condifions ove satisfed
=X =0
Sy=o0
Tt mav/ be obsevved -that onfnf one of +he above two

. - +hat Rcos<=o-
conditions $s not sudficient. For examplc Sx =0 means

L d @ : {:i&
This Wil ensuve Yhat the vesultant R cannot exist in any’ diveecion

= } % [ . ot oy YHenmee A e candi*l-i’oﬂ Z7=0 a!SO Shou(c‘
Cix_ce’c‘t n v AT ECTION K= o g o+

be sodisfied to ensure %Wmsﬂaﬁkgﬁﬂd}n g does not exist, +hat is,
o equilibrium condition exists-
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TUPC"S oac
When aPF"ﬁma/ @q/uflibﬁum conditions to a bodz/ s

essentia] that all fovces Oxc—l'?ngx on +the bod?/ should be consideved-
The vavious fovces ac«h’ng on & body may be grouped a3 "
— APPlicc\ {ovees
— Non- aFFlfcd fovces
APPUCA {ovces
APPHE,A foxces ove Hhe fovees aPPke,A ex—l-cmoll?/—lv o
boc‘b" Each dovce has g0t @ Pofn{’ of condact with the bod%r. f o

Person stands on a laddev, his wef@"ﬁj‘ is an applied fovce: 1 o
foyce Tn the wope 15 @0 applied Jov e

‘1 +¢m[>[c caxv s Pul[ed, Yhe
?;Cav.
iN0ﬂ~ applied forces
Theve oave two ty
Ry Sclf«-wﬂ“’jh'l:
Self- Wej\gh{:
Eve:ma/ bodﬂ/ = subjecku' +o jmv?%-konal accele~odion

pe s of non- OL?P\"CC‘ Lovees -

b) Reactions

i;and hence has 9ot @ self- wcbh%

W:W\g/
wheve wm {5 mass of the bﬂdg/ and 9 s gvavifadional accelevation
C9-8l m[s* neav the eavth surface)

! Sel{- wcigh{ a\wagzs acts in ch-kcaH?/ downwavd divection

;thn ow\o«lvsing, equilibvium conditfions 7 a Eod%, sdﬁwci’&h{ is drveated
Eaﬁ ac«‘ﬁ’nﬁ/ "**Wough the cendve of 5mv71n7 of +he bodg»- £ self—weight

;‘.’s chb, small, maz/ be neglcc_-h:d.

| Reactions

| These ove self-oadjusting fovces developed by the other bodies
which come 1n contoct with +he bodta/ undev considevadion - Accovdh?/
10 Newlon's Hnivd law of motion, the veactons ave equal and opposit

B € achHons- 1

eq,w'li’(yrfunq. www.FirstRanker.com
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e e e face WA EiA3ERAKETL0m Mot Wi, ElrsIRANKE coth 4.
~eacktion s normaol to Hhe suvface of contact: Tf the swdace of

contact s not smooth GPCW'E From novmal weackion, theve will be
7

:Cﬁc-HOHQl weacdion aolso- Henc

Norme | to the suvdace of ccmkm%-

e He ~vesultont ~veaction will not be

Free Bod\a/ D?%T&m

In many pyoblems, 4 s essential 4o isolak +he bodz/
widey considevation fvom the othey bodies in confact ond dvaw ol
the fovees ach'ngz on the boct‘(,r.FoY +his, Livst +he bo::lz« fs dvawn and

+Hen QPP“&A fovces, self- wai’a»h{: and +he ~eackions at the points of

condact with other bodies ove dvowon: Such o diagvam of +he body in

which +the bod?f undev considevation s Lreed fFrom all the contact

surfaces and all Hhe {o~ces ac.l,;na/ on Tt (tnclud;‘ngz ~yeactions ot
contact suyfac,:_c,) ave dvawn, s called a Free Body Diagram (FBD).

Free Body Diogroms fov a few typical cases

FgDp ~vequived
Reacjcfn?/ bodies ' &Yq’ FBD
- N}
Ball /t\ \
{\ )
777 7 ? L S

-
el

£ —~
g / Ba\\ R k’\‘.
é 4 "Q\ i MM-—-H{ }
" i\,\ | /f
1
W
| ?T
, weigh
\\\_.z | Block weiq ingy 3
B OoON 600 N ‘
eUON
www.FirstRanker.com T
g—gc:ord R
FTT7777 77 /
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600N
600-'\; /
# W E\
|
= Lodde~x
o
= | G
y s P
F L 7
smegth
Ry

i Lami’s Theovem
f o bodﬂx s 10 &cbuilf‘:wi’um under +he action of o number
°3[3(OYCCS, it W')a\{ be anah(se_d usrng the equations =x=0 and Ty=o0-

Howevey, if +he bod\a/ °s tn eguilibvium undey the action of only Hrree |
be wsed co‘nvcm'e.nH%. ;

.,
QCOPlan&Y concuvvenkt forces, Lami’s theovemn con

s 1 byl undey +he
Lami's +heovem states : If o bod‘r ¢s in equilibyium

éﬂce‘ion of Hrvee fovces, eoch fovce ts pYopevtional Yo the sine of the
?ﬁian\glc between +he other two fovces-

i

Thus, {ov +he 53'540‘*’1 of {ovces shown in F’ig.
R 3 B

sing s;‘nfg - siny

AN
e
AN
NS
2
\\
. }//
/b
ol /
;vﬁ‘/j
,»f"/‘{\
yd
yd
\ [l
| ’ /% % B
= 1)

www.FirstRanker.com
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Pvmof': Dyaw the Hhyee fovces R, P g P, one aftey +he othey in d‘;‘vcchoq

and magnitude chcdhngx from point a- Since the body s in equilibyium
C~esultant 1s 2e¥0), +he last PO"”J‘ must coincide with o Thus, it vesull
N a 'hrfc«lg\c of fovces abc as shown N Fia,(b)‘ Now, the extevnal o\rglcs

at o, b §c ave equal to B, | and %, since ab, bc and ca ave pavallel

fo P, B &R «/espechvcly/
In the ﬁfanjlc of dovces abc

O\b:Pi
bC:PQ_
CcQ = %

APPlgfng sine vyule fov +he Hviangle abc

O\b be o

o

SN (180~ sin(ige-p) ~ sin(iso-f)

PI - P?_ %

-

SN sinp B sinf

www.FirstRanker.com
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A sp\ﬂdm of Nei’ah{" tooN s ted 4o a smool, wall bzz o Stvin
as shown in F{J- Find +he tension T in the St’ﬁf\g/ and veaction R of
+he wall.

\60 gl ]
[}
%t
; T
; , |
2 / -
l 5,
"f 2
/
/ !
/ 100N veocw

Free BOCLU Dl'og'mm of 4he spheve s as shown in F'@"U’)‘ Figcey
Shows 4 Hhe 'E:YC&S mo\,;nz, away from he centve of the ball- Applying

,’LG'YN 's +heovemn +o Hhe S\drs-&m of J(ovce.s;

T . R 100
° o A = —-——:‘—‘_‘_’
sin qQ SN (igo-15) Scn(qa+15)
T = 103- 53 N
R = 2639w

The above pvoblen Moy be solved usfng equations of equilibrium

also,

Takfny hovizontal divection as x-axis § vVerhical divection as

& axis

Tswns®
Y=o -
. A 2{3
T cosis’—100 = p lL9
1S
T=103.53 N el F
% =0

R-Tsinis°= ¢

L2 - 9o s of
—_—

www.FirstRanker.com
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I- The s{:ﬂnaz can \ave only tension in it (it can pull o body), but
Cannot have compvession in 1t Ccannot push o bodv’)-

2 The wall ~eaction s & push, but cannot be o pull on the b"‘lﬁ'

3 Tf +he magnifude of ~eaction comes out +o be negative, Hhen assumed
divection of ~eaction is wfrong/. I+ is C\C'Hng/ ﬁxac-&(y in +He OFFOST{F_ to
e assumed diveclion. Howevey, +He magnitude will be 4he same- Hence no
fwrther 0“70‘5'5!’5 is ’*C?/Ld“/cci‘ This o.dVan-}aSC is not Hheve in “53”‘3’ Lami’s
equation. Hence, Mt fs advisable fov beginners to USe equations of
e‘?,‘*;hlz"*“‘*m, insdead of Llami’s +Hheovem even if the bo&y fs tn cquilibriun
undex the ackion of onlv/ Hhvee Fovees.
Determine +he hovizontal force P 4o be applied +o o block of weight
IS00N ewd to hold it in position on & smepdh inclined plane AB which
Makes an anslc of 30° with Hhe hovizendal F;a ,ga’\r\‘w' ?

— RC0S30

® P P AN

P - \/3/

30\

%

A 1500 N

The. bod?/ ‘s N e,%;l,-g.,;um wndey the action of GPP(I'E.J fovee P,

self- »ue.‘a,h{r isoon and novmal ~eaction R from 4he plane. since R

o

Which s novymal +o +he P\anc, makes 30° with the vevdeal Ceovéo

with +he hovi’zanfa\)/ %«

o

=Y =0 0

R = 1%32:06 N

X =20
1S00N
P~ R sinzc =0 Lami’s +Heovern
R P 1500

P= psinzg® - _
S'N"lolo" sin (180 _30) sin (40 +3o)

= 866.03 A www.FirstRanker.com
R =1332:06 § P =86603 N
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A ~ollex o wc;af IOKN Yests on o smooth hovizontal fhor and s

Connec{z& 1o the Foov b?/‘Hm: boay AC ax Shown in F.’g. Dc—{tfm"mc._ +he
dovce tn the bar AC and ~eaction From :»CIOQY/ if the ~olley is

subjechcl ‘o a hovizental Fovce of 5knN and an inclined dovce of

Tkn  as shown n The figure.

A

Fsinus®

-1
Feosys’

o) -

o
10knN (%)

A bay can dﬁvclop a +ensile ﬁwcc oy Q@ comP*rcss‘c'vc 'f;rce. Let

the  Foree de.vclo’:ad be o compressive fovce T ( Push on the cylinder).

Fyee Bod«y Plagvam of +he cylinde~ is as shown in F,'g.

Since. +heve are move than thvee fovces 0 the SZ’S%M’ Lami’s

equations cannot be OPP‘iec‘» Considey the COMPOﬂﬁn{:S in hb"'"ZOﬂJCa(g

vevxtical divections.

SH=0
TCOS3p 5 __ Fcos545° -
T= ~0.058 kn
Since the value of T is nejokae the fovce exextd b‘df the bor

is not @ push, but it is ‘PL‘H ( +ensile dovee in bav) of moynfjrwi‘ﬁ 0-058kw

=V=0
R— 10~ l}sinus".;. T sin25°=0
Rz 10+ 3sinys°—Tsinzo"

= 10+ 3Fsinys’'— (-0-058)sinzp°

.1y .
R = 14-939 k'\7(/WW.FirstRanker.com
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When +wo o¥ wove bodies ove in contact with one ancther
+He syﬁtm of Hovces appears as -kugh it 7s o nonconcuvvent quclq
sgrsjrcm. Howevev, when each bodg/ ’s conside~ed scpava{zlz/) n many
sttuations i1 tuans out 40 be o set of concuvvent fovce SVSM'I“
such fnstances, Fivst, the body subjected 4o only  4wo unknouwn forces s

to be anala»scd Followed bﬂz e analjsi's of othev connected bOJHbOAFCS‘E
A SySftm of connected flexible cables shown in “ﬁ is S‘AFF"’“’J’"‘;’E

two VCY{‘CQ‘ :[O'YCCS 200 N CU‘\C; 250 N OL‘*‘ POIHJCS 2 and B. Dc,«}-:,ymmCE
the fovces tn vavious St\gmen{‘s of the cable.
C
20 c
A % B hs
60
?
200N
D
(o) 250N
@
PR
Ts
3 Tl
Tacos30” 7}
20 A
- 56
Ty ® e
60 5
-
To COS560
- BN,
200N ?
T2 SiNGo°
‘? 280N
(b)

Pree 30‘13’ Diegvams of +he poinks B and P ave Shown in FigCb)

Let +he :Q:wccs t +the membevs be as shown in the #j‘**c'

A?Pl‘:j'ﬂa o 5 theovem 10 »R,—s-gﬁ-\em—eJ—%mées—ecFﬁeaﬂ-{—D,

T WWWg_FiI’SIR?.ﬂ kerze@m

-

sint1oo sin 135° sin 105’
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Consider -Hhe s«a»s&m o:f Jerccs ac{ina/ a% B
V=0

T3 C0530°~ 200 — Ty 0560 = 0O

—

3 = 336.60 N

ZH=o0
Ty - Tysinge®— T3 5iN3p0" = 0

® A wive ~ope is fixed of two points A and D as shown in F?‘ e

‘*""‘Zf“"s 20kn and 20kN ove attoched to it at B and C'VN’CSF“LWE’}Y'

The wcfjh{fs ~est with mefons AB and Bc inclined ot anslcs 30‘75%&
in figuve. Find the tension in
inclination o&%“f

1cspcc{2vc|?/; 4o the ‘\IC’YwLTC&l a3 Shown
“H"\c wive in 5e;3me.njcs AB, BC and ¢D and alsp *he

§5§3Men~£5 ep to vorhcal»

,.(35,‘?\9
7 T3
A
8
%0
6
B C
50°
To
4 ‘ |
x.‘.()kl\’ 36-’01

www.FirstRanker.come)
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T T2 20

5in5p° sini5p° sinlge”

T, = 44-39 kN

1

Ty = 2924 kN

Nﬂ!f":ingz e%a"‘?OnS O:F eq/u:ll'lyﬁfrum QQ)’Y ’H'\& Svskm O:F JCO'YCCS a{ C
Tz sin@ — T2 SiNS50 -0

T3S.i(\6: 2 2.4 _,_>(D

T3 €050 — 30 + T, 0550 =0

T3¢c050 = 11I°20 — @
From © § @
T3 sing@ 22-4
T2 €050 w20
Tan@ = 14499
© = 63.42°

Ty 3 25045 kN

of ~odius WOomm and weighing 100 N,
walls, the distance between

c.f contacts A,

Two sMooth sph@'cs each
~est in o hovizontal channel hwing’/
which is 2¢0 mm. Find +he veacktions at +the points
B, ¢ and D shown in Fig-

O|Oz = O$B+ OZB

= 00 + 100
0,109 = 200
A
/ 0,p= 360-0,D—01A
/
/ = 360-100—100 0
:; O2P= 160
/
/
/|
f,
A
D , %
/ / e, » P

I PP PP FT7TFT 77777
c www.FirstRanker.com

a)

o,P :J(OIOL)L~ Coap)” = 120
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(b
RS
Re $;f\‘(
| A
< - R RA O,  Rgeosk
?"% 7 'lOON'
tOON

Let 0, and 0, be +the cendves of the fivst and second sPhevcs.
%DYOP pevpendicular O p o +he ho~vizontal line %vouazh 0, - Fig(h) § Cc) show
Free bod?/ diagvam of the spheve 1 and 2, 'mSFCCH\’C'ﬂ"

Since He surface of contact ave smooth, veaction of B s in

+he ’{C‘dio.l df"(CC‘:fon, i.e., in the d:’fcc‘:foﬂ 0,0y Let it moke ang‘& <
minq +he hovizontol. Then,

O, P 360-0,A-02D 360~ 100 -100
CoSeX = = = = =0-8
0,0, OB +0.B 00 +100
. O;P 120
Sin« = = = 06

0,0, 200

Considey sp‘m—m NO-1 considey sphuc No 2

ZVv=0 sv =0
s . - _
Rc —100 - Rgsin«d =0 Rgsin« 00 =0
oy Rg = 166-63 N~
R = Z00 N

SH=0
ZH=0 ww.FirstR m - = 13333 A/
Ro — Rg 05K =0 Rp = 123.9W aRKRLEQM R, = o Ra
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An  electtc Itght £ HPUWEEHRIRKEL RN hourUw FISIRAKRERRE ¢
bnf +wo s{wings AC and BC. The s{—vfng/ AC s tnclined at 60° 40 Hne

. ig.. Usin
hovizontal ond BC of us® +o +he hovizonkal as shown 0 Fip ¥ i
| v s C-
Lomi's 4heovem , ov othexwise, detevmine the fovces in the stvings ACH B

& "
o o TAC,
c
04 150°
125
Y 15N
1SN

"\I¢Ejh{ oul: C = ISN

Let TAc Fovce in +he S%Tng/ Ac

]

| Tac = Fovce in the 5‘\“*“\3/ Bc

The sgrs-&:m of dovces s shown in Fig. From *he 3comc‘|”ﬂj/ O;F tHhe
:°f‘;°5“'¢—/ we Find +hat angle between Tae and 15N 5 150° and angle

=]

between Tgze ond 5N is 135"
ZACB = 180'— (LS+60) = F5°

APP‘W"‘? Lami's equation ot c,

1S

_ Tac ~ Tec
SN IS 5in1z5*  sinisp®
15" N TAC ~ TBC
sfn 35’ siny s’ sin30°
15 .
Tac = - X sinys = 10-98N
Sin3s’
"5- * ©
TBC = x S5IN30 = 1. F6 N
sin3s’

A Sé’ﬁﬂg ABCD, aHached to fixed points Ag b has two equal

e

-

[3

the povtions AB and c WWLEIRSIRANKEL.CORY les ae shown in Figuve.
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% Fjrsiagked{gv{:shlglfg in W WpGRIESIRANKENEO € o WIWW. FyﬁRaqursqtqm\g/
if Hhae inclinakion of the Pmr#toﬂ BC with the vevdical e 120°

1000N
Load ot B - Load at ¢ =1000N

Fov the sake of convenience, let us SP\’l: up the. Sjrw’ngf
ABCD ‘n{Q 4‘“’0 POL"‘L‘S The SWSkm O:F fO"ICﬁS CL‘E JOIn%s €3 and s
shown in F'g (a) § Cb).

1000N 1000N
@ Toint B (by Toint ¢

Tension in +the povion AR of the S'H"”g/
of +he S“Fﬁr\}/
of +he s-t-ﬁr\j

LC{ TAB

i

Tac = Tension in the povhon BC

i

Tension in the poviion <P

1

Tep
Applying Lomi's equation at Joint B,
Tac 1000

o~

Tar

5iNge° T sinisp $IN150

Tag = 132N Tge = Y0O0ON

APF"B“& Lomi’s equation ot Joint C,

R rYa Yep 1000

sinize | Sini20 MMWBTStRanJFSLC.OWOOoN
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Equilibvium of svskmw"c)’w':d'&?@&nﬁ‘?éﬁ‘em fovce sV FiiRanker.com
If +he Svskm of fovces 7s in equilibwium ~esultont R=0
Tn case of concuvvent dovces Tn space, it means
Ry=0 Ry =0 R,=0
ieeey =Py =0 ZR,=0 sz;o.
f P is a fovce in space makina/ ang(; Ox, Oy € Oz with +he

coo*rclfnmLc 585+e.ms when Tts COmPoncn{s n X, 4§ 2 divections one

given bla/
Pcosoy

i

P
* 05Oy, 050y § COSOz Ove

Py

1

Pcos oy teymed as divection cosines.

PZ = PCOSGZ
Tf  and j ove the +wo points on Hhe line of action of a Fovce
P, with coovdinates Cxe, Ye,20) § (x;, 5, 25) Hhen +he diveckion cosines

Fom ¢ to f ove given b!ﬁ/
3""‘3‘: os@z = 2i— 20

A5 - A;
L L

cos @3 -

COS Oy =

L

L= N O (Yo (g,
A ‘tvipod is ‘Yesb’ng with ts legs on @ hovizontal P\Ome. at pointy

. the. flooy
A,B,C as shown in Fia* Tts apex ?o?nJc D is Hm above ¢ Jtoo

lood of 12kn- petermine the

‘e,vcl cur\cl caryies o Veg’«h’c,o\\}z/ c.\owrw)ch

{ovces dczvc(opecl tn tHhe ‘st: y

>}

12k
)

! -

©

I =/ >
M’ WiFIrs ker.com
4
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Let +he Jovces dc,vclopa in +the

members DA, DB and DC be R
R and % “\’CSPCCBvch/. The. Pofn{: D is in 6q,ut‘iﬁbﬁum unde¥y 4he action
of the dovces, R, R, B and 12k~ load.

Takl'nz/ point 0, the projection of top point D as the. oxigin

ond +the coovdinade Sb—skm as shown in Fig., we have

A(-2,0, 0), B(3,0,3), CC3f0/’3), p(o,u,0)

L = ‘Cﬂj‘u’? oZF DA = J (-2-0)2'.,_ (o,./_“)z:‘, (6-0)7‘ = 4- 432 m

Ly = \cng*h oF DB - ﬁs—o)L+ 60»4)’1 (3-0)* = '5'.331 m
-2 -0 0-4
€05 OBy = -
ETETS oSOy = T, €050,3 =0
Pix = P €os®, o Piy = B oSOy Piz= Rcose,
= ~0-U4F P, =-0-894 P, =0
3-0
Cos@,, = ¢ 0-4 3-0
] 05@2y = cos -
5. 83 77 T sgs %22 > g5
Px = B.cose
= o
X PZ%: ?16051913 PQ_} = PLCOS@li
20-5I4P,
=~ 0:68¢P, = 0:514
| cos o 3—-0 ' 4
0 - —— Op
> 5.83j ¢O5633 = o050 _t_3_2..
5-83} 32 7 T siga
P3I = P& 605(931
Pay = P coseo Pas - P 05O
Th 2 °
€ 9ivenn lood s in downwayd diveckion osc Y
S Py =0 Pay= =12 Pz =0

Ry - >p

Tz

The &q/ua-‘%o‘r) o£ cq/u?(ibw‘.’um Ove.

RX:ZPC

—O-HUTFPR +0.5I4R 4+ 0.SI4Pz0 —> O

x =% give s

Ry = ZPC\{ =0, afves

) P PP
T T vVe S

=0:894P, — 0:686P, - 0-686 P = —12. —> ©

OP, + 0.514p, W

vgv\gl-';'kq%RgrB(er.com
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From ec)/u.ctkon @, we 3c":
P =P —> ®
Sulasbﬂcuh’ng it in equation @, we get
-0:443 P, + 2%0514F =0
P=23p — &
subs{i{uhngf foy P, and Py in teyms of B in eq/uakon @/:
we 3c{:
~0.894 %2.3P, — 0-686F, - 0:696F ~12=0

P, = — 3649 ki

P, = —3.64q kn

#

Fﬁ(or\q eq/uCLHOﬂ @ we SC{Z Pg

fh

From equation & we aet R=230

= 2.3 (— 3’6‘4(:1)

)
1]

~8:39%3 kN

www.FirstRanker.com



- R FirstRanker.com o~ i7-7m

R Firstranker's choice _ .
ww.Flrs;Rankeq.com, . wva.FlrstRanker.com
7 CeaIve ol Ovweawvee 9
J

C(’v\{\!{ N0

i ’_‘C ¥ \'\ . (l'l U{

The plane fiquves Clike t~iangle , quadriloferal, cincle ete)

< Ture <
have on\la’ oveas, bu{. Nno mass. The cc‘n«{vc oJ Qarco o:; such ffj 2

s known as centroid:

| The method of finding out the cendroid of o .(n'ju'c IS
| same  as hat of -f.‘nclina« oul the cenlre of 3mvf'hdf of o boc‘y:-

-the

Fov any objcc{ hav:naz omlld' one centroid-

Centve of G\'\(wiha
The +4otal wciah’c ov MAsS of 4he bodta/ Pass'maf -{-h'mu.alk o common

point is called centve of _c_)-ovHU-
cov) | |
Cct\-‘-rc ,'f‘ _r)-uwi'*qﬂf can be dc{l'ﬂcd os the POIO“; ’H\‘(Ouath I-Ohlt.lq

qesuldfont of Jovee of gravity Cweight) of the body acts.

www.FirstRanker.com
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[
A OV 09 a(x, Y)
AT i
j: S~ TN ~  Zax!
] | ) *® "Za
:\'\ ' - j {
et d 1 | —
‘-‘ X - E*,' " IU:KJ:
| xe ! Yal
r‘ —
l 1! '
-
: -
' %
. X
| l e e o e S e e e o e . A AP \

O
F.’J- shows o p\onc /ijurc of todal arca A whose centre of

t?“':(“{ is 40 be delevmined: Lel 4his arca A 75 composed of a numbeyr

iof 6mall aveas 0,0, 03--- = e te.

l A=0|‘f'n7"‘05l-uu,
i Let
| X, = The dislance of the <G of the avea Qa, from oxis oy
i
‘ L
Ly = e dislance of 4he G of 4he avea ag fyom axis OY
ond S0 on.

Thae momenls of all small avcas aboul the axis Oy
= OX, + 03X + 033+ - ~- - - —> ©
Let 6 5 4he centre of j-raviiy/ of the total area A whose distance
$rom the oxis OY iIs Xx-
Ten moment of todal arca about the oxis oy

= AX —_— @
The moments of all small oveas about the axis oy must be equal

10 the moment of total area abbu{ +Hhe same axis.

Hence cq,uo-hng/ equotions @ § @

0%+ 02Xy 4 O3Xg 4 -=--- ~- = AX
a,x, + 0 X, + 03 Ij"‘ _____
>x =
A M= (J|‘f‘u:_+q3+ ~~~~~

o www.FirstRanker.com




:II FlrStRankeﬂcmﬂmCﬂ{o of the small arcas obout +he axis 0x

Ea'.gmin:f rfﬁ:ﬂfﬁwn{ ol FirbtRankenéant the www.FiossRankerotim get

| QvY, + Gy Yy + Qg gyt == = = -

e

| 37 A
; Wwheve
| Yy = The distance of 6 fom oxis ox
Y, = The distance od ¢.6, of the arca q, *'Om axis o %

i OX
Y 43,4, = The distance of €6 of +he avea az,0s, ay from axis

Cenke of 3Tavf{3/ of planc fit)urcs by Integration method

Centre of 31&\/(4;3’ of plane {"jWCS by Method of moments

| > Qi x; . Tou 6(x,9)
= ' = '
wWheve
C= 1,2,3, -- - -

xX¢ = Dl's{:anc(_' o{ C by of areca Qg :/'rom axis Oy
Y: = Oistance of ¢ G f avca al fiom axis ox
The value of ¢ d,_-_Pans upon 4he. Nnumbey of small arcas- 1f +he

small aveas ave |m3¢ " numbc:r Yhen the summations in the above

5 fed
equations can be ’YCFIGCCA bzz .nkﬂ«a-hon Let small areas ave vepresen

written ay
b‘ﬁ df‘\ Tns'lrcod ,-_.;f Q, +hen e above cqya-hons ave

_ Jxda §xda fxda = zxia:

T qda T A Syda = Syia;

g: IBAA = .I_:lj:‘—i ICIA = Zai
fdA A

Wheve .
X = Distance o €6 oac area da :(:rom Oxis OY

Y= Distance of ¢ of area dA Fom oxis OX

{ www.FirstRanker.com
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Y i\‘.\ dimensiona ¢ L § <4
‘A rrn
e ‘100 . I
{ ) —— ‘ﬂln-,__:‘f:“:-‘
20 — 3 |
S | —

100

(54}

] ‘é;___»_v_:;-i??_f"’l' I
- % T " 1

Refevence Axls
Heve +he given T - secdion is sbmmc-{«ic about y_axis. $o X =0. Then

centwoid lies on y-oxis:
Now +he given T-section is

divided info thvee pavts: Takin%/bg‘l'h,m
of 4he T-sechion as ~vefevence axis.

- Re c—{om_glc

3. Rec lc«n_f) \c,
b

\

10omMmm , d.: 20mm

ba = 150mm (:13 =30 MM
o

bid, = 100X 20 = 2000 mm*

03 = badz= 150 %30 = 4500 ™"
Y, = 204100+ 22 = 1H0mm

2 =30 - 15mm
2 Yy = 20 =
’ =, - a' . .
2. Rectangle v " Hlis S‘-a::ﬁ" —> The distance
b = 20mm , da=100mm L2123 od cendvoid from
bottom of the
Og = bady = 20%100 = 2000 mm* ceckion.
Y, = 30+ _I_C;_‘Q_ = 80 mm
01 Y + 0242403 Y3  2000%I40 4 2000%80 4 HSOOKIS
e Qi+ay Qg = 2000 + 2000 + 4S00

= 50«F mm)

Thus, the centroid 15 on the sUmmr_Hic oxis ot o distance 5PH mm

— | foradhe hottom.

www.FirstRanker.com
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4l

L

P

r L FA”
| v g™
f I | @
| —eem— 100 v [
| PRI 1], S - i, L,
| RN S e ——= T
l s 1! — o, Sl 20 l
' / 3] T ——
B O R

R

«
14

% 100

| All dimensiong are 'n mm

Heve dhe oiven T-seclion is SUmmc{'ndf obout y-axis. So X =0
Then cerdwoid 11es on yv-axis.
Nows he given T-secbion s divided indo two Po”'{'s‘ Taki“j’ top of +he

T-6cckion 04 <eference axis-

I* Recdangle 2. Recdongle
b = 100 mm , diz20mm by = 20mm dy =100mm

Oy = 1004 20= 2000 mm* Qg = 20X 100 = 2000 mm?*

e a. . .
. Y - SC;'H" —> The distance of centvoid from +op of
¢
. +he section
L:‘/ 2,
_d_l_ - ?£ = |ommM
P 0131 + 03.92_ L'jl - 2 2

_ 2000%10 + 2000 % 10

s —

2000+ 200 0

E = H0 mm

—_— ] e mm
NCe, CeNnA10iI0 » —Sec oy 15 oN

Lxen e 40 o, www.FirstRanker.com
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Theve ave 1wo TMFOT"O"\ covems, {1z Propose B?/ Greek

seiendisd PaPPus ond then vestaded by Swiss mathemadician Faul
Guldinus for clclcrrnfningz the surface avco and volumes genevoded by
Wohkn%z o cuyve and o pfonc_ arco. about o non- n'n'fcvscch'n?, axis, some of

which are shown in F.'J. These theorems ore known os Popf:us- Guldinus

Hheorems.
y N
A ;
w — 1
H B '_T 1‘ T [**‘7 T=r
| ! R
i1 &y [
I IR o ! o "
o B > N
solid CylfﬂJcY
7

1
v y=¥t g
A
"(;v : > * Pt?
¢) bhergro| curve General Solid
Y
<
semicire la
\E&

l (:n > A > X
? sohere
| 4 oph
! A7
?
! t
LAY ’

L(J > * L(, ———— > %

ey Torus { J( qr.l'jj Toxus
menevoling surfoce , g ; 4cva,uﬂLfor)
~rcml..+Z«~. www.FirstRanker.coffnerating sol d
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The arca of suvfoce ywv&-FAtFéBa@lf%wfv:ng/ aWUIRETTBIBACLET &

inon- in-lcrsccl{n?/ axis in the plane of the curve is equal to the length

a‘{ the _r,:ncvcﬂr?ng/ curve Hmes the distance tvavelled bla' —H'..r_ cent~oid

{o»{ -‘H‘\C cuyve Tn "*")C -fCVO‘u‘l‘TOﬂ-
|

' Proof ; Fig: shows 4he fsomet~ric view of the P[anc cuvve vYotafed obout
i'I"O'xn'.s b\a/ onjlc_ ©. We ave interested in ')(fndfn?/ the surface avea genera~
EJrf-cl btr ~ro+a+fny the cuvve AB. Led dL be +he clemental Icnj% on the
cuvve ot D¢ Its coovdinote be v’ Then the elementol| surface aveo

’;gcncro&e_d bl,r +his element ot D-

|

} dA = c“.-('de)
A_._jclL(‘j‘G) = GJB-C“-

A- oLy - L($.0)

| TRus we ged areo of the surfuce ge.ncvoqu.J 0s length A +he
! 3cncva44n9, curve Hmes the distance tyovelled blg the centvoid-

|
|
|

www.FirstRanker.com
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The volume of the %WW-EH&B@%%*-W chofvfﬂy‘ﬂ-':}’lﬁ@n&ﬁracqﬂw’c o
non~7n+ﬁ¥s«:c4-in2, 0xis in +he Plcmc is c-q_,uo.l {o the arca of the jm&m}r‘ngz
plane Hmes the distance +trove lled Blar the cenfroid of +he F!c\nc: areo du_'rl'n?/
4he ~otaHon-

P;o:f: Consider +the Planc aveos ABC, which is vototed 'HonLgJ'\ an anﬂlce

about x-o0xis os shown Fl'g"

Let da be the clementol areco of distance Y Fom x-oxis- Then
the. volume generated by this areo dulng votation s given by
dv=dA Y@
v=]d"‘fb‘l9 = 0 [ydA
v =0AY = A(%H)

Thus +he volume of the solid generoded is aveo Hmes the distance
+vavelled b?/ its cerdoid clw,;ng, the ~ototion:

www.FirstRanker.com
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diame fval axis

- TThe 9given secdion is st.dmme,#rm} aboud
| Yeaxis, Hhen X =0. Cenlroid lig o
Axis o Sbmmc’m‘y-

AT - Jyda

Elumental Avea, da= ¥do xdy

"f—-_dis'\om(c o)C element fom O

&- d-'siraf\ce_doac element !0“”"

dfame-l'ra\ O.'X,lsc‘l-e-} Ox)

‘,{
5 e
<)

W= SO ~C059

) 1,
A= Aveo of seni —Clve(, = ,ﬁé’—
| AY = jtg— dA
2. AR
TR i ,
9 d J-Z('ngcly) Y 5IM©
| n R.

| . Lsiwae [ RIS

"]

___www.EirstRanker.com -
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Firstranker's n:hau:sﬂz 3

!gvvmw FlrEtﬁé.ékS@})m [ i—g\)vvil]/\;%irstRanker.com
= (i +1) ( ~——-)

—_ o 2R™N 2

ey

e s
3 7\‘}2;

_ l—lR
3 Fgn 3w
A0 UR
= CO} ‘-‘_3__[‘_—
Ceero{A o:(/ Qum(&v/ cive (e

-— “"_/——_-__——_—— H f

The  gwen sectiov)
ms«'amm‘é,%fu-.l ecotiec]
eithey oaboudf —od(is

oy Yy—axis-

—

Then.  Finde X, Y-
' N
X = cdA »rsmg
A fj } 4
AG = Jgda e
. = di 5']'&1(\0&; o(F 6LLMCA"‘ -jfron') &{amhal
oxts, i-er Oy - axis
N = COé@“-
Mea of E(ﬂl“nCﬂ"’} &A = ’YA@ Jed'\/
Aveo od QQ{O:AI:Y. Cl"Y.C,(_L"A _ T,'r o™

A
xL R
N 5/‘7 (vdodv) v 038

7 o
www.FirstRanker.com
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Firstranker's ch

X 2 @
- (5““0)0/" C ‘133’):‘
A p+ = 3
- R X - .%— )

3"_ ’ -—@-.
3N
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~  JxodA N Z A
X = deA — X= " » = FaEal
R fof o4 T . B0
: A
Cenr 7C|a 0"! Qa lnuﬁJLl N,

COﬂsdef +he nonjl.e
PAR of base width b ol
& hcxjh{ h a5 shown

in fig. | oA
J s | e
¢ oy L : ':\ = \‘ A
Let b be +he l
wid+h o +he c[gmcn‘{o‘ ‘l +
3“1’?[3‘ ojc +Hickne ss ‘Jz' - e b >R

ot o distance '3’ from
+he base-

From similox 4viangles, APQR , A PST

BE ke
O
[;l,-:' 'J;_(h'ld')

- Avea oJ( the CLU\"JEHJC, da = jO‘cJ?/
Avea of +he hiarlall/ AL é bh

<. fvdA
Fom eq,, %= “»
i Mome_n{ a:)( ayen f‘ga’,q
A T e -

> X

| www.FirstRanker.com
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r's chojige w = N . |
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h
f—*i;— Chy—y") dy

b s _%ff
» h 5 ¢ s
b (.h{-'_{ ('ébs“_%‘f) b
£t "h L% 37 n ¢ h
o | bH
e T TR
| -~ bk T the eentroid o
L bhy . 20 k g
s B ‘a’ " 6 1 y ¥ H.f. AN E ,,‘ix. Y
- h \ b :
} 8 = T ) > 1 ! r’
' ]‘ vy ian )Ls I { ) !
{ +he +viangle
A i - f')( AA
"
b O
-'i'ln\qi =[ xda _,(
o }\\’
R Y
-j x h dx N
[ Eh — H /\p‘ 4y
54 )(:L ~ T;O:-—X)Clx » %
i A <
= —b- (Ib—xl)dl | )
J 8 h{4 {
b .7
b Xt X3 \ A
| o h i gl g ; A dA
| b [ 2 3 > Ny [@ / t'|
| h E' _._53_ < b R
| 3 'E(?— 3 >
¢ M R T 3
. A%
= I"\b" //)"
| R o
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