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CHAPTER NO. - 01

BASICS OF MECHANICS AND FORCE SYSTEM

i d ANCE. i
Ylzchanws can be defined 23 branch of science; wineh daals with bebzvior of 3 body undes the action of forces
Emgm_mﬂimu_n:&m:rsﬂsl qq:hn:tlm-:fmn:m&nfmr_hnﬁ.: SN TrobEm
Eﬂﬂmmumukumphedmmi hmn%mmisﬂrehpe!ﬂfbﬁﬂmt
nxepety 12} Rigid body () Beforrmables body (7 Fimd

Divisions of enginesring mechanics:

Te= zubrect of Eppme=me hizrnames may fo dreded mto the Sioems toomam sooops:
1. Satws gnd
= Drmames

SEancs:

o T o ths banch of Ermmesme Machgnics. sharh dasbs with the forces and theie sfficts whits -t
mpan ihe bodaes 22 Test

Drnamics:
o Jim ik braneh of Erstree=n= hWiarhanies ohich 425l aofh e forces ani ke =tSpty whiis aetes
upon the bodes = motsen” Thmeemcs may be fother mb-dnided mio the Sllovans two braeches
|, Hin=eshies
o Emrie dagiy with the forces achine om movines bodies abersss Finsmoihes degls vjih the motion of
ihe bodies wibout a0y reietencs to frres responabls for the moton

Fundamental concepis

Bafore we gudy the mecksnirs . s=rtam Bace coneant shomld be cloariy imderstoed

Space: It = a reson, whoch etends m 31l drection and contams everythms m . Bomples Stm meon. star ete
Its space posiion of body s locsted vwith sespectdn 3 refiretics svdiam. The position of a= sirorsf m spare foamd
wEh respect to sarth

Time: It it messmreof supcession of =ents. Tha time s messnral i second(s) mnd other relatad unty Ar avent
can be descmbad by poamionof pomt

Afwes: It = 2n spdicgiven of the gomity of soiter pressnt ma svstent The mors s remms mors maffs
Flesitle body: Abody, which deform. undsr the zotwn of applisd Sirce. = call exible body
Etiﬂh-:l}*_l:ﬁik ﬂhﬂ&ﬂﬂtdﬂﬂﬂ@iﬂ:ﬂﬂﬂ@lﬁdﬁ:ﬁ&,ﬂﬂﬂﬁﬂdhﬁr

Stalar and Vector

Tha phvzies] quardtshes m meechemics em be Expres:s nsthamaticathy as follews:

Examplas are mzaa_ feneth fome voiome. tEmperaiure afn '

Vector Quasiity: Charnties, winch described by thes maoninde snd dyechion (Sothl newn 2= vactor guadey
Fxzeples are veliordy, Do Ecelsston momsniom

£ wecior-guantty cam be reprezemted by siraipdd ime ool 2n armow bead. The enmsth of strzient One reprosents
h_@&ﬂﬁ&d@ﬂﬁ@gﬁﬁﬁﬂﬁiﬂﬂﬂﬁhﬂﬂﬂﬂﬂ&ﬁmaf
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Units of measurement [S1 mmite]

Fondamiental units: Lansth Mz and Tims =e the bane findamartal grast e and unt of thee quartie: ==
imown 22 Ansiymentsi it
Dmﬂumﬂmnis&mthnimﬂmmlm_mvhedzmmm:nm mmvts il =
darimed unts. Exomples: (1) Arss £ el of muliiplicaton of fwe fexsibs qm‘mh a8 L7 (7) Veloeity 13-iensth
drmded oy time = 17T (3) Fonee = prodort of rm=z & acceleation & s misee [H]

5 wniitw By miematom| ssreement m in 1950, the ndematnrel sysizm of umis bimm 2s §1 Tt &
zoceptad and wmed all o the maidwide - The Tﬂ:ﬂ:-:rfl_andﬁ:ﬂm:u}n of 3l wnt= =nd ther darnsines ==
sizndarirms to ol Fny pesibilEy of confnee

Fundamental ST units:
Sr. No. - Fundsmental Quantity = Name of S]unit | Symbol
: Abass. | Kilogam ke
3 __ Time \__ Hecond 3
£ 'EIEE;E:.'_I‘I.-EIDEII r _-'I.:g;EJE _'-J-':..
3 Tempesture o . R
& Lommmons prsmty Capdslz ed

. Fmtenfh:;‘:lﬂmﬂ:dmummﬁtn—dngeihﬁrmefrmtnfmmmm@uufibjﬂ?ﬁmEI
graisi bne [t may ko detbms a body chanems iy dibmenzioms

*  The fores msy e Iossdly defmed 33 3n zpent winch profoces or tendl o producs, dedrovs of fends
to dastrov motion Tt ey 2 saseniids ged direchion
o Mstheswatzrally,
Fopce= Aaas = Sccelemaion
Where -F= e M = masand & =accei=aion.

Units of force:
* In C.GCS Syyiem: [nthe sstem ther= @ too oo of f=ce (1) D amd (40} Geam See (zmi)

Dhne is the sheolts it of forod in the CG8 rystem. O dyre fn that force which actm= on 3
mzs= of on= gram produces m # an accelerghon of ane contmater par sacond”

o In ALES. Syatem In ths svst=m ung of force & hiozyam force (k=f) One blogram fores i that
Eeca mnich ackme on.z mas= of ons oo oram prodoess md-an sccslematen of 381 m a7
# [pS51 Umit inthe sy=em mas of force 12 Sewtom (25) ﬂﬂﬁ-ﬁ:ﬂfﬂﬂiﬁﬂ!.ﬁ:ﬁ_&nﬁﬂhm:ni
mass ofons b eram prodoces 'm it an soesdeaton sf one o 3ac™
I Newton=1F Dyme
Representation of a Force:
Smee oroe = F vecior QEIEEY, & cEn bersmessred oy 3 strmgnt (me [hemncih of the me Tepresents
maznitude of the force fhe line #wif represents the dirscton 3nd an strow it on the bead of the strasht
e tdicgtas the sepse miwineh the force aots

Denotine A Foree by Bow's Notation:

A
_\N-.\HF
Fi= L0

» In Bow = notshon for desotme s Soree, twe Enslek capits] leftars o= placed conzonssrhsde ofthe
Tife afartion of the fce: In Bemme | 10 AB desotes the Sqea T
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Eﬁtlﬂiﬁﬂ'g
A fiorcs seay produce the foflowins sffects 2 bady, on which wacte

o Tt oy chnss the mstion ofa body. Le. ifa bady &= 2 rest the foree may s=t 3 in motion “And ke

hﬁﬂﬂk‘mmmhcﬂmrﬂdﬂeﬂdﬁtm:

Hmrﬂﬁﬂ&nﬂm:ﬁ:&nﬂmeu;h&r thus brin=me 2 {0 rest of in sgnlibroes

Hmay gnimetwmemimﬂm.ﬁah&b onwhich i sci=

A orce cEn changs the drecten of 3 movine obpect

A fce can cha=e thes shope and iirs of 2m oloact

Characteristics of a Foree;

In orsder to deterrmina the dfec: of s Bz, atwe on abody, se mudt Frowthe  Bllswins charsctanshes oF

= foroe
L]

lseninds pfthe force (1e. SO N, DN 20 et )
Ths dmaction af the Hes alores whichk the forre ot (i alone TWaas 10" Ngth ofExtaie ] Itn
alen imnam az Jws of artion of the frace
* XNotores of the fores {goah o pall)
o  The poir at wikeh {or throash which) thes forrs 200 an tha bady,
=yvutem of forces:
When two or mose foress 2ot on = body, they =e called to Sorm 3 system of Sorces. Foroe aydiem s bamically,
o Coflmeazr forees
¢ Conbngr freces
o Comcmrent fxces
* Coplanar soncumest forcas
* Conbng pon- oonoErest Srres
& MNor-cophnoes cosrurant Dross
* Non-ooplansr non- conrmrent fracs
Collinear forces:
. Eamna,nﬂ-&ehuaafﬂmlnmth&mﬂhn&mhnmzmﬂmﬂafmﬂu They a1 aloms
the zame Ine Collmesm Srcss may 3ot in the oppostte dEections orin the sams direction.

o
. L]

Fal|pnmi b
el

Ca forces:
% Tha fwres: nhose lines of action lis onthe ssme plans - are Ievivn 2= coplmar fhrees

Concurrent forces:

* Ths forres :fhmﬁlmufm;alﬂnum nmmpmﬁmﬁg Th=
eemcarrent frees may or mav ot be sallinear
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Co L et forces:

. %hﬂﬁiﬂﬂhﬁﬁﬂﬂﬂlﬂﬁfhﬂ#ﬂ;ﬂfﬁ!ﬂlﬂpﬁl@lmn
poTm. 32 imomn 52 coplanar conomrent Srees

e
i B
e id

Co Non-Concarrent g

* The forres wisch do ot meet & ore pomt, bt ther Mdmhmﬂﬂm;ﬂ:ﬂa == e
2t coplanar non-conmrent fraees

1 "y
i
Gophares Tan-
sanaiirmi) haries
=13
Non-coplansr concurrent forces:
*  The forces wherh mest 2 one pomt; oot thew jmes o1 sohon 0o not b onthe same plane &= nomn
23 non-oonbrar conrmrar Eeces
Jr = b
; [ __.."'.
/ b /
o b
: R

* Eeﬁmmmhmmmnmmmﬂﬁerhhdmdnﬂhuthmpmrﬁ
2alled pen-coplane nem-conrmrrant forres

Principle of Transmissibility of Forces:

* It states "I fooce aci= 3t =ny pont o = e body, o may 2lso be corsidered to'sct s amy ofher
ot on #5 Ime of action, premded thes pomt = nzdly commested. woth the body” That means the
pomt of appbication ofs fwes can be mioved mrwhere slons #u Ine of action withont chensimg the:
extEmnal reacton forcss on @ R body




Flll

* EHoe forcs 3t pomd A =Torce 32 B (the reewmds of fores m the body 2 any pomt alons the bre of

ArfioE me somisl
Principle of Superposition of Forces:

* Thi poncpls sizies that the condimed effect of forces system schng on 2 particle or 2 omd body =
&mﬁ#&:ﬁnfﬁdﬂﬁzﬂhm

o  Cosnsider tve forroe P gned Q) soting =t Aon = hoat 3= shown e Fie 112 Let B e the reoilant of
thess two forees P and Q. Acconime to Mewton's sacond Bor of monon, the bast ol moes m ths
direction of r=eultant fores R with scesleration proportonal to B The sams motion 'em be' otrtamesd
whan P znd  are apphed ammianecosly,

fglid

Resolution of a Force:
»  The moces: of spltmz up the grvan force mto = nundber of components witheot chansims s affact
on the body b zalled rEspheten of 2 fomcs A foree m seenlly, reched 2ioar twe moholly

Method of resolution:
» Easplved U the Foyces bonzontslh and find the algsban sam of 2l the borzontz! componanis (12
+H)
Resskred all the fooss verbicsty =nd find the Slebrae som of 5l the wartva! componsnts (1= T17)
Gk resulrant B of the groes forces wall be groen by the squshons

= :
R= J{EHJ +(2v)
ar
]

tan 8 =

Twvpe: of Component Forces:
Genarslly, 2 Svre = renbead win tus types of components

Aivtosby perpesviceisr components
o Xppparpondiculer componeniz
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Turnally P ndicnlar Com

=4

FS5ne m

o FCosgs A
Fe 13

Resolved pariz of 2 frre mesms “comporsnts: of the fore="alhae ton motmlly perpesdicalar
dwections

1=t 3 forre [ rmmesended o maenituds ad dxection by OC puks 2 ansle uph OX L 07 &
draentroneh O gkt snelee fo OX 2 shovmm e T 13

Throo=h € lmas CA snd CB are dravn peralie] to OFF and O respactively, Than the resohed nets
of the fwee F aloee OX and O 2= ropresented i masmiuds md dmsction v 03 7od 085
rEspectively.

Fowin the rizht sreiad A ADC

caz8 =
= 04 = Feozh

o4
F

32

AL A
nuE_——“—E

_ 0c
ZAC=0B = F.nnﬂ

Thus the resebred zarss of F alons OX and OF are F cosd and F smf zespactraly,

Non perpendicular components:

Lzt P be the srvan {orre represewted m macududs ang doechon by OF 2 chewnm Fig 1 14 Ahke st
O aed OF be tve zrvem directions dlone which the component: of F are o be Sond om

¥
o/ P

Fzll4

L /B0 =gl /BOY=§

Trom B lme== B2 = BC =e drom pamaflel t= OY ama O respacimsly. Ther the requned
componsnt= of {he sren foncs P :Iunﬁﬂ'l]:dﬂ'f]rirmqnﬁdmmnﬂ:ndemiinthw
O and OC respecit=ly.

Smee AR = pmellelto 00 284X = £4A0€ = a@ + fArd s 04AB = 180" = (2. = )

Paga | T



* Now.md QAR

o4 A8 ge. )
sinf  sing  oinifl0 - (a+ )

A A8 P
= tinf  sina  sinla =)

P sinfi P sina
Ol =m——— And AR O = ————
sinla+ f) sinfa = [

Composition of Forces:
*  The ppocssz of findine cob the resubest force of = pumber of sren frces & called composthion of

forrad or eompoomd m= of forres
Resultant Foree:
* §ezamsls fores replaced by mmber of Sorres artme upon 2 nEn bogy, whoss effect on# 5 same
== the combres =ffert of 7l foeres
C
Q
R
0 = A
=l 12

» Infi=ore 115 R = the respiont of fwces Faed - 3 B = the resnitant of two fore= P and Q. ot
means forpes Poand () cam be replaced by B Similarly, R can be repliced by two Sares P oand
whoss 3ot effect onz pody will be the zame a2 B cn-the body, Than thess fvo fomes P =nd O ==
mafled compomentz o B

Equilibriant:
* Egmivwant of 2 srstem of fomes = 2 single foree which il kaap the sron fores m egmbibrom.
Ecdantly, aquilibranf & &qual and oppests to te resaltant ofthe zomn foross

Alethod of Composition of Forees:

Thére ar= tiie 1mporiznt metheds of congpostion of forcas.
. :'lm.“:.‘hﬂlmeﬂmd
¢ Craphrsl merthad

Anabvtical Methed!

Parallelooram lnw of forces:

o It states “If e forcer. ecmng semltaneousle an o perdele, be represensed in muogmimds and
divection by the pwe ediocens nder of ¢ porallelogem: therr renedmne moy b seprevensd n
murgrruds and dirsenon by the diagoual of the paralivlogram, whick porses dhrough thair popr of
T s YL 1)

» Fuxpleanstion: Lst two forces F end § =re actinz & 5 pomt O be represented m masntude and
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diractwn by OA sl OF respactrely &= shown m Pz 115 Then, scoording to the theorsm of
;ﬁﬂt&k&g:mafﬁﬂgthzdﬁgdmlﬂﬂdnﬁnﬁiﬂghﬂmﬁasmm{Pnde
magnEuds and Smector

Ergof:

] " i

& . - i f I

" H g - Fa

q-ﬂ.r . = y :

.’r' = g "1;:‘ . |

F i i AN ey Y|
i P i E

F=ilT

it S P il " it sk ey Boom pbil *AT i e i Haws 117,

Lat the fitros B oand Q) =e rapr=sented by e too sdiacent 3ides of = porzllelneram ATY and AR
respectrvely moshovm m fi= Lt 8 be the angle borweon the force P and Q@ and o be the am=le
btwsan B 2rill P Bitund hine A8 a6 dripi perpediciler-fitm povs C o thepatindad lns A5 th

M St oomt 5

Coryicer digkt angls tricvgle ACE,

Af* = 45° + CEF

iip+ FEF + =T

A43% + FE* + 2.48.B5 + CEF

= A45% + BIT £ CET + 24585 cviieeinim s impin s s (51

Covriger rioht nrgl-.!tm:-r.gu 8CE,
BL* — BE® +CEF

Cosd = B2/ BC

= BE = BC.Cozf

Putnng SE- + CEF = B-E‘IE-. DE = Bi Cos § mneguation (1), we ges
ACT = AB® F ar‘ L AR 5. Cos B
BurAF = F.EC = Qand AC = R

o, magniree of the rezuitent,
R=PE i G ~2P0Cos=8

In rriongie BCE.
Sl = CEfAC 2 CE =0Im0=0T3n0

Iy ricmple ACE,

So girection of the resultons,
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ﬂiiuﬂ
-‘-EEEIE
Now lof = commmder two forces F: sod F: are represenied by the two sdjacent sides of 3 parsllslngram

F; and F: = Forres whoss remnlant = reguirad i be found st
8 =lnele botureenthe foocee | and . aad
o =Amele which the resaltam fores skes pth ona of the forees (s25 Fi)

8 Then seengusds of rofam

~ foma =

R= HJI.F,I + F." +2FF, Cos#
o 2id Foection of the renilted,

F3m@

_ Fy=F;{os8
o 1¥{a) s the ausis vrhich the resultent forcs sabes with the cther frcs F., then

fanga =

Fy8inl
F;+FiCosd

fana =

Lle=01e, when the Sroes 2ot zlone the amedme fhen
B =+ 5

2 H8=90° Lo whenths forces actat righit anale. then

5= ‘JIFE +FF
'_'L_H.E=15.l.'.':’ L2, when the forres 30t aims e same stricht e ot opposste dEectoms. then
By =Fy— T
4 T mwe Desz=coqgual te whenF =F:=F then

FE4-Fi+2F esd

= 2F* (1 +e0sH)
=/ 2F7 x 2eor {5/ 2)

= :Er‘rm:afe'iﬂ
= 2F e /2

Exmmmpls — |- Tﬂﬁmdlﬂ'ﬂ.\ aad 30N ary oy amutmnsaurdy ar 2 pome TV aar o the revninmr
of theze owe forces. I the angle berwean thewony $557

Sahotion. Green Foef force (F ) =100 5 Ee:pn:!fm‘::g-f_:}:L“'—;l X and anzla betwreen

Fiand F; (B} =357

We know that the resultznt force.

5= .,"IFIE-i- F:"I + IRl

=/ (1007 + [350F + 2 x 100 x 1S0cos 43t

=4/ 18008+ 2500+ (30000 = 0.707) =232 N
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Example — Twe forces aor ar an angle of 1230° The bigger foves 13 of 25 N and dhe resnione o
pﬂpﬂlﬁrﬂumﬂfrm:ﬂwm Find the smaller foree

&m&ﬁnﬂghmmﬁeﬁrmﬂ—]ﬂ' Birzzer firee (7 ) = 40 M and anzis berveen the
rﬂiiﬂﬂmﬁf (L BOCT =907

= Srmglley forea m N ~ if

Emﬂ:sgmﬂﬂa:rnfﬂuﬁmw&fnﬂﬁ:tLﬁﬂﬁt \ g
a = 126°- 90" = 307 ' P '

' ak o
e Xy ~

.
S
Fozin 1207 Form 60"

= 'tan 30" =

30+ Freox =8 40 + Fs [—cus®0F)
F.ow 08B DEEER

= = R 05 10-0EF
:4:1—-.'5&1’-:%&-5‘.—553:15 Fy
¥ B577
:-_'.-:F; = &0
= F=I0N

Exampl= — 3: Find the mogrituds of che two forces, wuch that f they aof ot right engles, thar resudtens
irv 10N, Bur if they Actzs §0° cher resulnini 1z VI3N,
Solution. Treen Toefrrss=F ana I-
Fost of 2l comsidarthe tuo foress actme st neht ansles We lmow that wien' the an=le betwssn the twe
Erven forcss 13 30 then the resnlant fores (E)
E—
Vi0= .I'!'.F‘;I-E-.F-r'

SIW=F"FE°

.. {Sgumrimg both rides)
Smilarly, wien the s b batwoon the fvoy Sercem 5 &7, then the re=nlant e (R)
Yisd= ,;._=_ + 524+ 2F F, cp=80°
= 13=F +F +IFFx0D3 o [ Sguaring boch ziden)

ri_F: = 13=10-= =
o Substisuting 5T+ 5" = 10)

Welmow tiat i
(FL+FF=f +R =2 Roi0+s=18
=FR-F=vie=4. P
Smrmiarly,
F—E = —F +2E A= l0—6=4%
SE—A=V1=2 e e ()
Sobmmie enuahon: (1) and o),
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F; = 3ANand F: = 1L ¥

Afethod Of Resolution:
* Tespheadal] the rees boneowizlie gnd fmd the sleabrae sem of ail e horoontzl componesss (ca
)
o  Easoked all the frees vernically and fnd the al=strate sm of all the vorrical sonmorssts (12, T3

P ‘;{E .H'I}E ” EZ P]E

* The resuliant foree wnll be molined & an amele 8, with the horrontal smeh. that
¥
=

Notes: The valos of the znsle § wall vary depending upon the values of TV and TH, 25 dwenssed balow
I Wher?V =—e the remitont mekes an anwls Sotween O° ood S5 Bt when 5 Ve -2 the
raugltant wokes an a=sls betvaesn 1207 and 360°
& “ﬁﬂ:mis—fﬁ-&aﬁﬂmfmihzm:nﬁ!m&fhﬂff ez 2707 10 380" Bt wiben
TH & = the resalant mudss 1 ansle betwasn 906 270

Example —4: 4 mrangle ABC Roy uy mde AE = £ mm zlong pounve y-zos end snde BC = 30 wom clong
jﬂﬂtr:d';—nﬁr. Thres fovers af 40N, 50 N and 39 N acv-along dhe mdey 4B, BC and C4 respecxively.
Doaomins megmiude of the revulorss of sueh o sewem of forees

Solafion. Thesyetem of srven frees iz zhown i Fioms

From-the peometry of tha fizora; we fnd that the tromele ABC = a neht-amelad tromsle. o owhork the 3=
AC=130 mm Therefre

tan § =

50N
30
ond =—=06 A
&1
el =—= ’_/
a ”/ A i
Ee=olme =l the fosces horzoniallv (v aloms AE), 1 ﬁ.% \ l
YH — 40— 30coz 8 r o e N
=40~ (30 » 03) = 16N [ 9% e =

M
and now msabvine afl the forred werhmlly f1=, skms BO)
' TP = S6-30ziné
= 5= (30% 0.E) = 32N
We kmow that mizenifuds of tha sesnitant fores.
A= JIEAFF V= 16T+ 80 =358 N

Example — 2: Fhe forees J0 N, 20X, 40 N, 50 X 2nd 80 N 2re ecting er one of the sngulor poiney of 2
regular kevigon, towards the other five anguldr poing, tokem in srdsr. Find the mugnituds end dirsotion
of the resultany force:

Selurion. The system of srven froes = shown m Fipwe
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Magunituds of the remirant fores
Besokmz =l the fosees horieonially {r2 | alomz AR,
EH =20c00 F + 30 cos30" + 20 corhl® + S0 porS0* £+ Slcox 12N
= (20 % 13+ (30 x 0.386) + (20 X GE) + (B2 X Q) + EO - QS N =38 N
m-:l.::rwm]h-'mg: the all forres vtimally (18, S rivks niggheEAE,
TY = 205m0F # 305m 30 + $05n60° + S0 monS0° + S0Tn 1205 N
= (20 0) + (30 X 03+ (30 « 0BEE) + (50 % 1)+ {60 x 0HEEAIN = 1516 N

We kmow thae mzenmuds of the sesulmm fares.

f= RE £ V) =436 + 15188 = 15550

LHE;AE;]&.nﬂ:li:hﬂEttml_hu force makes with the bormommal (12, AR
Wa ke that,
X 151.E
rnnﬂ:-E—E;::_z e =3711
=8 = FEE=-

KNoie Smee bofnthe weloes of T Hapnd 7V zre posiinve, Bersfore actus! 2agle of resalont foree les betywesn
3" and 55,

Example — 6; The following foress zorors pome
() 20 N imelinad ar 36° mwards Novth-of Eas
el 25X soveerds Noetk,
(i) 30 N'rowarids North it and’
vl 35 N mefmed ar 407 ronerds Sourk of Wes
Find the mogairuds snd dirernon of the resulmnr farcs.
Salution. The s7stem of syven forces = shovmm Fipme
et
Hhim

e
i W

=
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Hl,pmkafhrmimﬁ:nu
Fasohing ail the foree beronmialiv is | alofe Fact Weat Jins.
TH = Mo 30 F 25e0390" + 3022 135% + 35 2205 N
= {20 x Dgee)+ (25w 0} 4+ 30 (- 07070 + 35 (—D7FEE)N =—30F N

= neoy resohiie=s 2] the forrse veriwsllv 1= 3lon= TSorth-5South hes,
TV = M oem 500+ 255m80° + 305im 1357 + 355m 220N
= {20 % 05)+ (23 % 1L0)+ (30 = 0.767) + 35 (- DLE4ZBIN =337 N
W knavr that megmgnde of the. resultant frres,
F=y(ZHF (RN = (=307 +337F =356 N

Direseiom of the revultane foree
Lat A= Anel= whick the resaltant forrs makes wrth the East
Welmaw tiat
bR 37
e _ﬁ_ :i-ﬁ =—=1.093
= B =475

Smmes TH s tecsitre and TV K postite. therafore resuliant s botorasn 390%™ and 1857 Thos actos] angls of

the resaftant = 1807 —47 77 = [513°

Graphical Method:
Trianele Law of Forces:

o It staten "If ewe forces scting stmultaneoinly on ¢ pardicle be reprovesned o mognrtide ond

drecmon by che ove mies of a rrangls, mben o order; thar resulrmwr may be represensed in
mtm&ﬂn‘ﬁrmh&rﬁn’i:ﬂrd’ﬁfm& mhnmm.nﬁr’

Explamation: Lt two forges P and O actms 30 be soch figt they can be represented i mzsmmmre
nﬂddn!ﬂrnh*-'l:ﬁzﬂ-ia'..lﬂzuﬂ.ﬂﬂ of the M ATC Then sooniing tothe theorsm of
trazaels of froes thair resnlant K will e represented m masniude =nd duection By AC wheh =
the third mds of the tnan=ls ARC tabe=n i the reverss order of CAL

Proof:
/ ; >
W
{ I - |
=|" I| B _,-""'.r H'
i l-,ll _'_",..r
| -~ G
/ [ - /
/ L~ /
v F :fr - -
Fig 118

InFe=1 I8 ﬂn;mﬁél-_'hgjm ADCT is cowmpisted with siies AR Il:i:].ﬂ[: .EE?EEHB@'IE ABC 35ds
—aDuE:]mlEh:!paEJ]altﬂB{: Eﬂ'ﬁﬂ:&@ﬁihﬂﬂp‘gahdmm@m:miﬂrﬂhﬂuhm
How, the resuliant of P (represented b= AR} and (} femeseread by ATV} mreprecented momasnaods
and ditzctipn by the dizsoml AC of the porsflelozam ABCD Ths ths reuplant of Pad O s
wmm@hﬂ&mdﬁmhﬁthathdﬂﬂeﬁﬂﬂfﬁamézﬁﬂﬂﬂmmHMﬂ
ords
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Pobveon Law of Forces:

* Hzmﬂumﬂ"ngELnranmtEﬁ!mzﬂnn*m frres. wheh stwle, “If a mumber of
Jforess acting rimubmrrourly om & parmcle. be Fepresoued in meputeds dnd direedion, by the wdes
of a polygon cakew i ovder dem dee resnltanr of all desse foresy maoy be reprasemeed, v magninude
mm&&:mmfhmhiumﬁha@umﬂiﬂ'

* Proof

{#} {nl
Fe LS
Lzt foreesP P, P and P. zctme of 3 pownt O be much thae thes ~an be remessmed m mazmimde and
diretion by the sidss AR -BC, (I and DE of s polypon ABCDE = chewn mfi=. 119
* = zme b mmors tha the resnltant of thess forces & represented m murnrode and deechon bvthe
apla AF m the dracten fom A Sowards B
Aecordme to the iransls b of S AC represssts the resiltamt B of ¥ md F. AD reprezamts
the resultzg E: of B and Ty T, AT reprecerty the resulrard of Pi, P- 2nd Ps
" —'u:c.:::l:i@!at!iemﬁhu ALz E;uamh!he;aﬂmnﬂ..nf"ﬂ._ i T]].E..ﬂEng:remhﬂE
resmitat of B, Py, Piand Pu

B Forces

* The fores whoss lnes of =cton == paralls] (o sach other, then the formes me bown 23 paallsl
B

Claszificstion Of Parallel Forees:
The pamllsl fwrees oy ke boadhr classfisd min the follonms oo cat=sone:, dependme wpan-ther
A

¢ Liks pamalle! vz

Like Parallel Forces:

o The forfe whoss Imes of 2eton 3 parelle o sack other and afl of them 208 = the same dractinn
s showm e Fag- 1 73 (5] e bnowneas: Iije paalisd forees

S 1
(i) Rudfes ] Miniien () Linlike parllcd forera

| Fis. 123
‘nlike Parallel Forces:
» Ths forces, whoss Imag of sction are paralla] to 230h cther and 21l of then do not 20t m the tama
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dirarten = alorvmm Fie | 21 (b)) e bewn = hhepnl[&’lﬁm:ic

Methods For Magnitude and Position of The Resultant of Parallel Forces:
* The mapmtisds 2nd posiam of the resaftant force; of 3 gneen systam of parzilel forces {hke or mnbke)
mEy b-e:ﬁ{m_imm}:iuﬂll}':rqﬂ:mﬂj Hezue shall dervss both the methed: sme brores
Anabvtical Method for The Resultant of Parallel Forces:
v In this method the =om of chokwes nesmenty = equated with the someof aniriecdoyzs momeats
2ot 3 poant
Ezample — T: Twe ke parelle! forces of 530 N and 108 N zer ar the-ewds of g rod 760 mm long: Fud the

megninuds of the rendoans force end the paint wiers i o
Sobpiton. Giraw The evstem of sfwen forces = shown m Fignrs belpw

ok ks =

it ol rEm
¥ v
3N I3 BT

thegrm:mmmﬂzim{pmﬂh'llhnlﬁz!mﬂf{ﬂrﬂuﬁ:ﬂm
_ _ R = 50 + 100 = 150N
Poine where the remulrans foree aen
Let x =DHutanes hetween the fine of actsm of the resoltnt frcs (B amd A ({2 AC) mmom
Tow takine clockwse and anteclockoas s moments of the fopees showt € and eqmtines the =ame.
50 % ¥ = 100(3R0 =z} = S6000=-100%
= 150 = = 36000
35000

=F="120

Example — §: Freo sndtke parollel forces of magrinde 400 N and 186 N are aotmg v mck o way thes
thisir breey of socfon ave 150 mm aparr Detorpune the megiimed= of the rerulmne foves and the poimt or

IR IF ACTT
Solwiion. Giran' Tha sy=tem of zrven force 2 shomn v Fremre balow

=240 rrm

—a(

.L [50 ) ———— =

e

A By "
Smre the green-forces e anhke-and parallsl therefore masmiude of the resofant e,
E= 400~ 100 = 300 ¥
Lt x=Distance betwees the lines ofaction of the =mbant-fores e A bn mm.
Paga | 16



Sow taimE rlocivme and amhisiociwES mrEnts #hoit A and equsting the sams.
00 o« r — 200 ¥ IS0 — 15 0H
1S
00
Graphical Method for The Eesuitant of Parallel Forces:

Corder 3 mumber of paraile] forces I,’iﬁﬂ:ﬁ&hh!;l::ﬂ&lﬁtﬂ&}?l FZ =nd 73 whose resniant =
Tefuyad t5 o= Tound ouf 2 shoum i Fiz 4.6 (55

= 50 ==

1

| l\.-I.
i i e i fi -
: @ .
| @ @1 u Y N
I:El:l Fj‘ .rl-u,_,bl:i' oy r @ 1 .-/-'.:'I"Iv
L] 8 I l _'_,_.-" o

| Pl
=1 ’,

| 7

-4
-

!

L]

(e} Spay diagaiil 63 Varnoy Mgy
Fi=. 124

Fst of sli, draw the sprs dizme of the sivan sysiam of fagec and moes them ascordoes o Bow's
notations 23 shownm Fie. 174 (3, How donw the vector diasram oo the grestiforees ze shovmm Fie 134
(o) znd = d=oyz=ed below:
* Select soma sustsble pondt g, and dmw b equal o the fwce A (P)) 2nd pavallel to 2 to some
mtshiz srais
o Similehy diger b and o squalis and porallel to the Broes B (P2) &nd O (F:) m=spediszly:
o Xow take some comvenisnt pamt o and it ox. ob, oc and od
o Balect ipmepomt p on tl= bns of arfiom of the fnca AR of the spare duaprom o throush # daw 3
hing £ parallel to e Mow fimoisl p drew oy poralisl o b mesime the Tma of action of the fcs
BCxg¢g
* Similmly draw gr and rM samallelic oo mnd do respectialy
» XNow ettend I ond Mrmomest 2 & Throosh b draw 2 Ima paralisf to od womch mves the reqred
position of the et furs
The snzenitds of the resmhant forre i wives by o o the arals

Node, The= resinod & the posion-of the resniat fere may slzo o wed for 3oy sv=iem ol foeces 12
narallel hie, unbie o sennehmes

Moment O Forge:

It = the tomme afecs prodneed by 2 Sres on the body!, on winch 7 20ts

¢ Ti= momant of 3 fore= 1 equal to the produrt of the fores and = perpendicular distanes of the
o, Shoot winc b the pomient = regoEed z2nd the Ime of achon of the fores

*  Listhermtally, meoment
AM=Pxl
Where F = Force achine on the body, | = Perpendwulys distance bebween tha pomt zhout winch the
mmﬂum@mdmﬂth:h&nfn:&mnﬁh&&nﬁ;
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* Exumple: dioment Eﬁﬁ:ﬁﬁwjipﬁ!hﬁgpﬁhﬂﬂﬁnﬁmnﬂﬂepﬂpmﬂmhdm
af tha pomt from tha Ins of action ofthe Swoe

L]
5

e £
——F-.
-:r!';‘- .
g 1
et < - T
| il =

[ |
o

* L= force Factons body whneh s tmped 3t O Than moment of F shout the point O methe body 12
=F » O, Whee ON= mmﬂmmﬂmﬁﬂﬂmﬁmheafmdﬂmﬂu:
o Ut of memest: Newton mster (N-m), kile Newion smeter (kN-m), X-mm

Tvpe: of Moments:
L Clociosm=s momeits 2. dnticho-loiss mommeests

Clockwise Moment:
o It & the momewe of 3 force. whnse =ffect & to tom ar totate-the ‘hody abot the pomt & the mes
grectson i winch hands of 2 clock monve 23 shoywme Frz 1 15 {30

Anticlockwise Moment:
* it 5 the momment of 2 Soree, whoss effect = to-tm or rot=ts the body, sboot the pomet mithe opposta
:Erﬂnm‘.ﬂ::ﬂhlhhmds_a.l_i-:ﬂhmz—eiuh:m&nlf'g L5

4 ! |
T b
{i) ClHikschae reeients (0] Armheton b lse e
Fedl3 '

o
P

*  Sion eonveniion! The sessral contenton = o =ke clockwizs mémest 33 posttve and aniclacioime
mOnent 3% NeSEiTE
Geometrical representation of moment of 3 force:
v Congidsr = forcs T represemled, m mesnsids and deection - by the me A5, L=t O be' = pome, about

whaele the mcmant of this Eﬂumﬂhhﬁmﬂ.ﬂE!ﬁ“‘anl_ L.Eﬁ:mﬂ drme OC
pependidar o A8 Jom Ot and OF.
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s MNowmomentofthefreaPaboe 0= P % GE
= A8 = o5
= I x (12 x AR % ©C)
= I x Aréacf AACH

o Thos the momsent of 2 force shoot ey pome. hz@ltﬂmﬁth!j:uﬂfihmak__nhﬂha;a
fhe Fria fzomme spile rolrpapetma tha fhice and whose vertex & the point shont-whwk the moment
= taken

Varignon's theorem:

Fm:iﬂnmmmrhihérmm#&mmqnmﬁrﬂnnhﬂmmm S
plave iy pqual to the moment gf their reseleane aboue the seme popur

Proof

Lat P and ) be'any twe Srtesacteis 3t & pomt 0 slong lises OX and O respectnly and 12t D be 'y
pome m ther planes s shopnmTis L 27

Linz DC' drawn paralisl to Ot mest OY 5t B L= msome saitablz seais n= 058 reprecent the fote= 1)
m mEEnstuds =g divecteen ang b=t m the same scale, 04 repressnt the Sroe P m masninds and drscton

With OA and OF as the sdiacent sigss parallzlogram QACE & conpleted and OC iz jomed. L R be the
resiftard of Sowees T and ) Them. acromdms 1o the =T hearem of ramnllalomam of fwees™ R = seprecented -
mzomiuds and divection by the' dizzonst OC of the paralletceram QACE.
The pomt B = somed with pomts O and - & The momests of P, Qmﬂﬁ_ahm:l:[} areeron byl e af L
AODD 1 s zrecof A DED and 1w ares of A OCD mspacimaly
From the geomeiry of the Frgure;

Arzgaf 20C0 = aremof A OFE + arsaof AOHD
= Avéaaf A OCD = arzaof A AOC +arecaf AGHD
= Avepof A0CD = ar=aefAA00 + area gy AGSD
= 2% Areaof AOC) = 2 % Ardeaf AADD + 2 ® Arinaf AGSD
= Mamers of R aboir D — Momentof P ehous D+ Mowignt of § glotut D
[Hﬂ:.ﬂsi&ﬂﬂ:ndi&ﬂﬂmm.ﬂumhﬂmdhﬂﬂemMi&ﬂféﬂ.&@ Az
Az ADC and OFBC heve 2goal Sase: and egual sintndes. AS0C = ADET]

Exampls - 9: A foree of 13 N v gppliad parpendiculnr m gz adpe of £ door 0.8'm wide 23 sheown in Fig.
fa}. Find the moment of the foree abant the Rings If dis fores o applied ar an-angls of 607 to the sdge of
the samz deov, ey shown m Fig. (b)) find the moment of thiv foree.
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b 0B ————— e h e |
i i

Selusion. Gren: Force spphad (Fl= 15 N znd widthofthe doos (=08 m
Meomeat when the force aoo pevpendicudsr i the door

We bnow that the momant of the fores zheat the hines

Mapeanz = P < | = 12 % 02 = 120N -m

Hmmﬂnﬂrfmmnmmﬁﬁ#ﬁ*mﬁdm _

This part of the svmnpls may be sobd sitha by fndre out the pepadinle dutmes hewser the biess

=% ime of arton of the orce = shown m Fip. (5 or by fodms ont the veriica] component of the:

farz s shown m P (b)

s S omp i W
. i 1%
I'._"‘"Tﬁ—'j IIJ f— A — | - i3

:Tﬂ_%w- ] l';Elhl'H M M

"

ey

¥ s i

From the seqnestry pf Fiz (2, weTnd that the parpendwnbn destonres betureen the Tirie oF action of the force
and hmrzs
G = OFrn&E0° = 0.8 x 0256 — 0.593m

Moment — 1S x 0593 = 10.4 ¥ —m
fm she zecond coss.wv kmow thot the weriical componsnt of the fores

=-3Sam bt = I X 0EeE = TN
. Moment — 13 % 008 = 10.4 N —m

Notz. Smee distancs betyesn tha hormovntal componsnt of foree {15 ges &07) and the hm=e 12 =m_ thevators
momert of hormontal componant of the fores shoot the hmee' 1= zho zan.

Example — 18 4 uniform wheal of 600 mm diswctsy, weighing 5 EY reo sgaines & npd recaanguior
Black of 150 wum keighs 2x sthown in Figure Find dee laas pull forough the contre of the whesl roguirad
JuTr g2 mivw the whesl sver the comer A of the Bock Ale find the rencrion on the black Take all the

surfEeer i be ymooth
B
(01 L EE0)

* .-lll.[_:_.'- .J.l

Solution. G Disrestay of whizal = 600 sy Wagsht of wheel =3 I8 and keght of the biock = 50 mm
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L=t P= Lesst pull required just o tirs the whes| m EN

A Ittls comuderston will shome that for the least pofl f moot be dppled norms] to AQ. Ths svstewm of
forr=s & shown in Frznre. Fyom the seemehry ofthe Geore, we fimd that

=0 " "
.rE=""'""='ﬂ-:l_.- E:El-ﬂﬂ
EI 300 ar f;‘.
P _ 7 An
AB=./(E00)= — (5507 =280 rim P _f
L
Hovw EEmE moiantz shont A and eguzhne the sames -~ i 158
o L
P x-300.= 5% 26D — 1300 e i ¥
"4
K ] i
1300
=f=- FTe) — =433 kN kN
Eesefion on tee blosk

Let o= Eaection on the block m B

B 20z 305 = Proim 36

:q__P_-manF_'aasi-':na_I_EH
T eozdgt T OBsE

Couple:
» Defimition: 4 coupls = 3 par of tvo agual and unbhivs pmrallsl Sees actine on 3 body moaurh s way
gt tha mes of achen of the two forces are rot In the sames shasht Ims.

* A= g muiter of ot & coople 5 onehis to prodoce 2y ramistory mobon (e, mofon I 2 stragle
Tme) Mﬁmﬁmaﬂns:rﬁnﬂnmiﬁshﬂvmwﬁﬁd‘m

. Tﬂsmhﬂmsfz:mbeﬁehw@h&bﬁahrd;ﬂ-mﬂe!l:l:hmg

HEicEmE &

Arm of 3 Couple:
v The perpendinbr detanes (=), between the Ines of actaom of the too equel 20 epposte paralisl
frees m bevum 25 i of the compls 20 shawn m = | 23

i

|
]-l —
g 118

Y

Aloment of 3 Couple:
o The momsnt of 2 coople 1x the predict of the fouce fis, mdth&irﬁa-:-fhtzﬂsqmlmd
epposte parallel Brcas) and the armofthe conple
o Algthemanealh
Momentof acouple — P % g

Where P — Magnoude of the force/ans 8 — Avrtof Phecoughe

Units of Counle:
o The Slumd of soupis will ks Menton-mstsr (hrisfiy writen 3a 2-m) Similerdy, tha umts of coupls

Page | £1




v ainy be kN-m iz BN « m) Nopm{is I « o) =

Classification of couples:
The conples mey be, Wwoadly, cizs=mhed mtothe Siiowms two cfsmore:. sapantmes npon ther Jiracton, m
trhreh the senple tends to roiats the hady, cnwheeh i acts
L Clecinsm=s coani=: 2 Anbriockves counle
Clockwise conple:
o A couple whose teudsner v o ot tha body. o nhick # 20 in 2 elockois desction. [ Evoum
38 2 clodkowiee rouple & shoonm Pz 1 2% {3) Sech 3 oople &5 =ko called pontme ooiple
Anticlockwise coaple:
¢ 4 cowpls whose tendoncy s te rotzfe the body, on wineh = in an‘amxleckwns doectan, =
Emown 3s an eelwincloyEs ooupls 3= shown am D 29 00, Surk 2 coppie 5 2l welled 5 pesatn=s

pouple:
& I
A | i A n_n_mj A
- i * - u L
L N Yp
(&) Ulnciwikd chsipia (b Al oc Rwing aoamia
g idy
iez of a Co -

A eoupls (whethe clodk=is of amticlockmnsa) has the follonies chsmdtersho
*  The zlechraic sum ofthe forces. congtiinfms the coople = zem
# Theaebrywe som of the moments of foe forces. sopattmime the coupls. absut any pomt = ne aome
o A couple canmof be belmoad bz amele foree. Bk 2 can be bolancad anly by 2 couple of oppossts
SenRce
" Awy . of coplanar eotipissran ba redured to-7 smzls conpls. whioss masniuds will be egmal te the:
ale=braw oo of the moments af all the copplas

POSSIBLE SHORT TYPE QUESTIONS WITH ANSWER

].Dﬂﬁnahﬂzli:.ﬁn‘ginnnitinﬁlgam fW—fﬂli&_?.ﬂlﬂ _

Ar The foree may be teoadly defimed = on svert wheh preduces = tenils o prodees dstios orteds e
destioy motion. 8.1 Uit Newton (30) '

2 Define o rizid baady. (S — 2019 Old)

Ars & body = =3u] tobe ned o 2 dos oot undereo defonwating whateer fhres may be zpplied to the
body, In 2ctnal practice, thare = ne body wiuch can be =d to be nzd m tros seome of terms:

3, What &= free body diazrem? (5 - 20198 Naw)

Ane The represeniation of resction force on the body by remosme 3l the sment or forees act from the
4. What do von mean by concurrent forees™ (W —2017, S— 1019 Oid)

Ama The forces; whoss limex of action pass throush = cormmon pomt. &= ncwn 2 conctment fweces. The
comcarvere frpoes may or may not be collnsar

E. What do ven mean by coplanar foresa? (5 - 2018)

Ans Tha forces. whose lnes of schon lie on the same plane zre kmown as coplanar foeces,

6. State parall=loeram law of force= (W —2015)
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A ﬂm‘lfmﬁrﬁs_mmmlm hmnaaﬂ&mmﬁﬂmﬂdnﬂm
b the tun sdisser wides af 3 paralleloeram. their seeiad-may b reyrecasted in mmonituds and dirschion
11]. ﬂud.:u_gm afthe perallelooram prhivch peszes throgsh theyr punﬂ_qinﬁm‘:gttnu.

7. State paly=on law of forces: (3 —1018 & 2019)

A It & an sxfsswon of Tronsis Law of Forces for mors tham oo forees, winch stmies 1 2 momber of
forees drties apmilrgramele an 3 parficls be rerrecamiad i mmondnds md dirsction. by the stdes of 3
priveEcn taken mE order then the respltant of a2l these far=s may be rar=epfed, in me=minds =nd direction.
b the cloim=tiis af the polv=pn tkon m sppreds ardar™

£ Define moment of 3 force & =tate gz unim 5.0, (W —2016)

Ame Tt m the tornms sftect modiced by 2 fnve on the body, oo wheck f sty The momand of a Brce
equzai te the product of fhe Srce and fie perpesdiccls ditance of the pomi abood winek the mometd =
§1 Unit- Meston meter (-m), ile Newton mistsr (N -m), Nomm

%, State varipnon's theorem, (W —-2017) _

Any Vamnon's theorem siztes that the alzsbrar wim of the momants of too forses shout asy pond m their
plene = =quzl toths momsed of they resnitant zhont the =ams pomt

10, Befina couple. (W— 1017 & 5— 2015 Ol)

Ams & ooupls i 2 paz ofteo equel and unliks parslisl forees actine on 3 body I vich 3 way that the e
of actzon ofths fnwo Eroes e not i ihe same sfransiit Ine

POSSIBLE LONG TYPE QUESTIONS

i Teoforces aot 3t anensie o 1207 The g torce & of 45 9 ansthe resultant = pevpandsilizr toihe
zrmiler ore Fird the srmalier forre (W — 2016}

Himfy: reler page - 13, exzmple-3

2 Explom principles of rmemizsibeley & sopepoittion {W—2016)

Hinte: refer pags - 07

3 The ettt of bwo e Pand 15 K 520 N imclimed 2t &° to the lfhrﬁi_-'._a.ﬁmiﬂ:em.gﬂtds_mﬂ.
gitectionof P (W-2017)

4. Fmnd the znele between two scual foress of mesnimis P when thew respltant 1z {1 P and (o) B2
(5-2018)
. somufosmny wheel of S0 mom disssier wetshrie 3 KN resiz aramad = mesd recianguiar bloek of 130 mom

hegent 2= shonmm rie below. Tme the Jasst pull fores throush tha center of the whee! rasored foet to tom.
th= - whael over the cormer & of the Blockl iﬁaﬂse_ﬁrﬁzﬁ te be zmcodh) (W —20186)

| fll]']' TR
= 2 |

| 1 ;
Hintz: refer pase — 24, smample — 1
&, Sizt= o =phom v’ s theorem Ww- ""EIIE&S 2019 OH)
Hinte: referpape — 11 & 1) '
7. A sodfrm rod AR of neisit 75N md * m bne = senply spported o o Eﬂll.‘iﬂﬂl;ﬁﬁilﬂ foroes of 75
ad 60 N e adime= 2t 3 deomoeof 0 S mand 1.7 m from theand 4 Find thereartors 3t S and B
i5-201%)
£ ABCD 15 3 rechanmiz mwhich AR = (D= 50 mm md 5C =DA =7 mm Foress of 320 N exch a0t
Page | Z3



alor= A snd O and forres oF 159 W =ach 2t 3beos BC imd DA Find the resnltant mement of fhe two
coupks (S—2018)

8 3 particie = aoted on bv thres feces 2 32 =id 1127 The first force 1= hormoats] and towards the nsld-
the sacand arte 2= 45 to the hormontal and melined n=he gporards 2nd the third & verteal Determme the
resuitant of tha siven forces. (5— 2019 New)

19, What o you mean by force™ Yention four effects of 3 force. (5= 1019 OL3)

11 Stat=and sxphiin tramels frw of forr=. (S — 2019 Old)



CHAPTER NO. - (2
EQUILIBRIUM

Equilibrinm and Equilibrant
}]eﬂ:l:li‘lin-ll
I.t'..'l!ersu]!:.l.m-;-‘ nurwher of forces, soting an 2 partiels = rere the sartiele will be m eqmitrnrm
Sirh 2324 of feres. whose reanitent i ==p zr= called sqrifibrinm Sroes
o  Thefosce which brines the &t of fivces n egailibrme. 1= called =n egquilibrant
* A= 3 motter of fct, the sqmitorant 1= sgual to the resnltont force . m mE=wmds ool cppesie m
deecton

Principles Of Fquilibriom:
» Thoush thes sre many prncplss of sgmbbnum. v=t the Silpwms thres sre voportant Fom the
et point ef 1newe

L Two force principle: As per the privemls. o 2 body . equilibrem = 2cfed upon by toav
ey then they st be squal opprest= gl colfinace

2. Three force prinoiple: 2= por fus prinesple, if = bady m sqanivwmom = 2cfed opon by ires
E-Etrﬂith!mﬂmammﬁmz-nhaqﬂmﬁmﬂm&nnmm
third forre.

3, Four foree prinriple Ac per thes prosesple 3f 3 body = aquuiibriom = scted open by fom
Er.rr:é‘r-_m&emuhﬁﬂfiﬁgtmﬁrﬁémﬂheequaﬂmﬁimdmﬂﬁéanﬂﬁe
e itant of ths other torp forras.

Conditions Of Eguilibrimm:
Anatviical conditions of egomilibriam for concurrent, non-conourrent forces:
o  The zleshric:aom of ormmet=] componsnts of the foress mud bemstn: 12 EH =0
»  Thezlpehrie o of vertes! compoments ef the s et be zem 32, EV =
*  Thoalrehrc sum of moment of Spaces shout =ny pomt 1n thew plane = equl to zere. LETI_H =}

Graphical conditions of eguilibrinm for concurrent. non-conc 18
L Stable ritnm:

* A bodi =33 to bem stabls sgmithriom. of & retums tack o = onemal posston. after = shehtiy
displared fom gz postion of sest Thi= boppavs when some Hdmwome) free sef= up due o
dEzlaceriont and brinsy the body back tots orimma] pesdion. A smooth evinda, lvme n s cred
mrisre, Emﬂabheaqm]fmnmlfﬁtmghﬂ—iﬁg!xethe*}lﬂia'ﬁt-mnpﬂiﬂ:ﬂﬁﬁ-f‘h.*ﬁ
shown by Eﬂﬂhﬂx,iﬂmmmwmhmpﬁﬂnmmmmﬂm
norml 2 hormentsl 20= 25 shown @ Fis: (3],

e

—” T o s e,
|llrr i I'J ! L\ ﬂhﬂ II (I ?l'l
i J il i 1 '
L"n P ,.é‘i;:_ ‘;_??_b,-
(] Saubsle (b Crmtlice i el
2. Unstabls eguilibrinm:

* A body = 3= fo be m an unsighie sgmbitemm of & doe3 not retom teck 3o ¥ on=mal postion Fnd
byesis Sarthue s, afer slichel dupl:::t:[ﬁ‘umd: mesition of re=t This loppans when the addtional
fsca motes the bedy sxay-fmm s ponhon-of =st- This appeans whan the sdartions] fiace nores
the hody Fway from s pestom ofrast A wmoatl cylindse lving on 3 convex swfice ia 1 unsizhla
equitormm - e ey displecs the cyfindsr fom fs posgom of re=t (3= shown by dotied Tnas)
the body will t=nd to move Sy from # orEmnal peste & shewmom T (o),

FEEETTT



3: Nutral squilibit
* ﬁhﬂfﬁmﬂhhmzmmlqmlhmfim@mimwﬂmimdmirﬂimﬂn_
posttion) sfter shwhtte dnploced from s postiom af et Tmh@pﬂwhmmﬂﬂmlﬁaﬂﬂ

up do= o the desplacoment. & smaoth ovliindst lviss oz humumlphmuanmhﬂaimhhmmt
shirrnm T2=. {cf

Free Body :
s  Frez body diasram of 3 bedy is the diz=ram drawn b showins aff the sxisml fross and reachions
om the body and By removne thecontert srfiess ' '
*  Sters to be Dllowed m dawms 2 fiee body dizgram
l Tzolat= the body fiom 2l otbier bodisa
2 Indicats the external foores on the fre= bedy, (The weizht of the body zhoold abo be
inehdad: T shonld be applied 2t the Canfre of sevty ofthe body)
Tha nmemtuds and drection of the bnown sxiernal Erces sheald be mannonad

Tha reartinps sxetad by the aopparts o the body sheold ba clasrhe mdicztad
Clearly mark the dmensome mths fee bode dzzram

L e

Lizme 2] (3)

~ zpherizal ball & mested upon = sorfsce 25 sheonm feme 11 (2 5 follwmethe nacsszsry staps:
W ran drEw the fres body dﬂgﬂ:ﬂ.ﬁrlhmﬂmufrymaahémmﬁﬁul;_l&] EJ:::LEII_IT =]
() sepretants fes Body d:aa:::m!ﬁEﬁn.. svgtem chown m fizmwe 21z

Lami‘s Theorem::
* it stafes I ooee coplamer forcey conmg ar o poent e 1w sgarhbrimm, thes . 3
ﬂdﬁmummlw:hm;fﬁllﬁrbﬂmm&lnﬁnm J
E_ g _ & 1
ey
T

Whers P. Q. axed B dre three fres md o, B v = the =l =5 shovwm m
FEme

Fage | 28



Proafi

+ Comside tirss coplamas fess B () and B stms = = pomt O Let the o <
wﬁtqhswthﬂﬁ:&hs.ﬁnﬂfmerm:ﬁwlﬂm ae e
compiste the paralleicgram DACE wih O3 and OB = sdipcent mdec- a3 :_J. 4
shororn 7 fhe Ferara. We doncwr that the remltint of two, fafes P and (vl "
be Siten by the disonal OC both m massdude and direction of the i

;:anﬂ&b,gamﬂAEE Since thase forces zre m equuiibrmim. therefoge the

rembat of the fress P and (§ mmst be o bne with OD and squsl to B, bt e
m apposds drection
From che geometry of the figure:we find D

S —Famd AL = @
= £ AGE = (186° - 5)
ane LACD = £ B0 = (280F-a)
L ETAD = 18075 (2 400 + £ ACD)
= 1807- ({1807 - §) + (180°— &}l

= 1807 1531'*]5—15'-!.5’4-:
= a + F-—I1np”

Butg + fF ¢ = 3—:1-5’

Subtrosinng 180* from bosh rides of the abore squotion.
(e + - 186" +y = 360°= 180= — 1BO"

orsCAS = 180" -y

We tnow tant in fricmygle A0C,

oA AL o
Hns ACE i AOC sing CAC

ey B AL _ oc
= ZmiiB0° —m) smliE0R—@) #mliE0f—v)

F @ K

_rinnr__rirlﬂ_ Finy

=
i [ En (1807 = §) = gin ]
Example — 1 An sinme fight oo wegpiiong 15 N kangy from e pomer €, E}ﬂ&mwuﬂﬂﬂ

ThmeumﬁuﬁmWﬁrbmniﬁfﬂ#_“uﬁrhmmﬁ ay myovin e Figure
Uring Lami's theovem, or otherwize, determire the forces in the siringy AC end BC.

I iy
5 o o
o
18 N

Solyrion. Gres Wesht = 0= 53
Let To = Forse i the stning AC, aad

Fage T 28



w = Farce i the strin= BC
The system of forces & shown m Fizwe From the geonustry of the fizure; we fmd that ampls betw=an T
and 13 W e 1307 end amzle betveen Toe and [N = 1337

£ ACE = 180" - (45 + &0%) = 75°

Apalying Lomi = dgustion at £,

SR 75~ sin 13557 s 1505 i
o> '5- d Ty
3 Te T Tae™,
IMTEF  =zm45F  mn 3Dt m- ] "'1111-'
o _15smast  1EW0T07 _ ShSH
=TT omTEE 09559 v
: 15N
o — 15 ma30® —EXAS:
B o7t 99658

Example — 21 4 sing ABCD, sttuched to frced poters 4 and D has o cgusl weighe of 1000 N erached
to if qar 5 and € The weighn rest with dhe portony AB and CD mcdined mt angles av diovom e Frgure.
Find the senpivns o the portions .!.E,.Hfd.nim of the wning, if the mclingtion of the portion BC with

thr vergoal o J20%

§ —

o oo
L e
4 -"n. ="
Ly, | ~~
VN el

-Hl'J"'H—.___ ¢ -

(EHTIRY l
{ TN T

Solotion. (r=ew: [ead o B =Load 3t © = 1000 N For the =ake of romvemencs, = ps spht op the srme
Aﬁﬂﬂmﬁmﬁm'ﬂuﬂmﬁfﬁmﬂﬂﬁuﬁ'ﬂmdllihﬂmmﬁ_r,_ﬂalmd{b:l

Let Tor = Tensmon 1 the pornon AF of the strns
Tw = Tetsion in the portion BC of the string and
Tew = Tenumn i the porteog CD of the sfrins.

F ;
Ve o SR T
-7‘-:1__ 134 -'rnr e LT #f.rl.‘..
-
pir
L. H--l:
'"
P N L
Lk B & ji Y i
Apprrmy lemes st 2 omt B,

Fage 1 H



Tz Tee 1000
cntd®  mmlS0TT meisal

Tas _ Tz __ 1000

= Tiz T AE =4173ZN
100030
=Y Tgp = —— 1000 N
Applyving Lami’s squation =t jomt C.
Tee Ter 1000

HR1Z0F  ziniapd  =inizhd
= Ty = 1000N

Example — 3¢ Tuo sgusl heevy mwheves of 30 mm r=diuy ars o sgiliboiums wirfin ¢ oross cup of 150
mm rodine Siwow giar i regonon Bt ehe oup of one sphere 1y dowble than thar bepeest the owo
mhera

Salution. Green Radins of sphares = 30 oo and madws of the cup = 150 mm

()

fir]

The oo spieres iadh cemtves A snd B s m egmbibrmom. m the qop woth O 2= contre @r= shovm m Fisa)
Lt the two sphéres tonch 'aack cther =t T and touch the cup 3t D and E respestialy.

L=t B =Feactwons betwesn the spheves and cop,-and
B=Emtﬂnmﬁztmmzt
From ths Eanmﬂrl. of tha Geme. we fmd that 0D = 150 mm =0d AD =5 mm. Therebra 0L =100 mm

Srmularly, OB —Iﬁ:rr_mﬂez_mmulthztﬁ_ﬂ 100 e Thesafore, QA & 20 squilsteral mansle Tha
symimm of forfes ot A 1 shosm m Fieor= (1),

Applvms l=mrs spoahen 2t A
E W 5
Ex3F T oniilf T oniGDT

F W o
= 1= ened— mra0e

Fage 13



Henes the resstom batweanthe cup and the sphers = douhde than tiat between the tg spher=s

Example —4: 4 emiosrh corculer oylinder of rodues £3 wu&wmlmqﬂur;rmm.ﬂirqf
ﬂiﬂﬂﬁiﬂﬁ‘:ﬂ;&ﬂiﬁ:ﬂﬁnlﬂ:nﬂﬁfqﬁ&rhm[fﬁiﬁ;m:tﬂrmﬁm#
comimet, i thers v me fricoon and the oiinder wesghes 160 N,

Solution. Civen: Waisht of crlinder= 100 ¥

i
T

P B
-]
=

F

V‘

Ll B
e ()

I_.g.

"-l:il

F=acton st A -ana
FEmmomnz D

The =mocth cylnd=e lyms ih the groces © shenn in Fiz. (3) In ordsr io kesp the =vetem in stmilibrmom.
three forces 1= B B and werht of cyimder (106 3 mme pe==. throneh the contre of the oilmdas
Moreors 23 thee 5 se fchon, the raschons ‘R, ahd Eo mibst be pormat to the unfares 2 shown m Fis
{3) The sygiem of fopres B shows m T (b)

Appivms Lame's aqmetion 2t O,
iy e 100
Tn{180° —40°) - o180 —155) mniist +40%)
B, _ E, 10
argls ™ pam1sC T !:u:E..'_E':
. _1nﬂarj:=qn=_1nn5:n=.5uﬂ_?a5ﬂ
T T mmEs? T gp1gz
H__lﬂﬂxr;qiﬁ‘ 100X 02888 _ o
I Y= B T-T T
T of ing & beam
Baam 1= 2 Smcthoral =jement which = talsn 32 spectmen for vndyinge the affects of loads on the stractore
It's' camvine trams=ease’ Inad. The-Famrhon of beim 5 o cany loads I rest ot mpporis whick can off=
reaction tp keso svatem sl Beares zre chizafled accordine $o thew type of supparts
Tvpes of supports

Sfructors o thew somponents ¢z be mpparfed on different iypss of smpports wieeh s be clesified
depending opon ine reachon-ofisred oy e 3z mllwme

Fage 132



& T e of | Desbription for reastion. || g wi Hymbal & Hea, of
Mo. | Buppon raatinn , tumethan

i | Faolior i propadizn. N e=alancg 1o
|n|;|"|.|'u|-||:nt TRHE 2l cueohion ,Sﬁﬁ-"'::
perareeliod m sLipparin ﬁ 104
asrlane ke Ghtusg rodes H‘f

E | Berpic Il Eapporo  withool . gy’ | © RTE
type ol poinl o ooreeciion -t
A NeEno= pesiEion = .ﬂ]‘ﬂ'ﬂp -"',..:-f_f_. 1
aiing iz i|'|.|= | Preezincey o 3 hE
Tt n

=2 | Hirge: 0 o FEE-E'-I:HHII.- 0
movamant i any . Seuction
ey mlinriog merwd ppecieah 107
By Daer hings .

4 | Fiawd. i pemwites raaEianne 16
potabiog & (L sSechvely beid S
N, poaiien & pewtiacmd ra 1y
againing et £l PEH I - |_J$
thir wnl| ' ' Faw,

Tvpes of lvading

Losge whirk =t on siroctors] compenenty €3 beaxdamat &f de= to saifsreisht of body. Thess load sot 35
forces on structure Fallowawe are mmportant types of boadme (A} Concentrated ar Point load [B) Unifoemly
distributad load (£ Cmfimrndy sanes load (D) Momsst (£} Couple

[A) Concentrated or Point load [fie. 2.9 (a]]

Lead comcentrafed on 3 ==y smal] len=th compered to leneth of beam = Inown 28 concentrsEsd or pomt
load it practiralb 2ssmmed to be actme tiwouzh 3 pomt Exumpis of pomt load i car standins on sroumd.
Irs the comizct zres of whee! on ground = very amall zpd bence bad on mound w 2 port load A perzom
standins ona beamn = abo an =xppls of the paint foad

Uniformiv distriboted load (DL 2.9
Load amformly sareed over the lensth of 2 bean = bnoom 22 wiformby distrémsted load (DL} In thus type
Jlﬁ;?ﬁdﬂﬂfbﬂmmbﬂhhﬂmhmDflﬁ-ad_mduumzihnE‘lhzhgmtdﬂzh
dencted by w nith umi Wiem o B2 lem ar iWm o Ki¥m A ek bad=d weh szed of =qual heigle &
cmmmumm:hﬂﬂﬁemmi&m_ﬁpgmﬂmmEéiﬂL =
malvees ol boad = taken asio < [) =cime 23 pomt-So=d P 2 ond-pome of teeth of VDL 35 sgaralsnt
vaie of 7D to frdd support rascton of baam 3= shenn mohs bin)l

WiTH FTWI
P = T/ LE -
/ .ﬁu"—'".". [y '.I""'--'"':||I " [ =
A ] | s ' | A 4
iy DL {1 ' Douivid=s] Psint Lol

1a) Mgl Load i) Lnfiprmiy dinrouied cod:
Fig. L Tyjoes i el ’

{C] Uniformly varying load [UVL] [fig. 2.9 (c}]

Ifthe pesnanv of ioad = not t@me alonz the Easth ot f muformily morea=pe or dacrecam= fom one and to
amothss = imown a3 uneymby varvne load I miensaty bevasze fom  to oo walve wl & the other and.
then UVE kmownas tran=ular doad =nd if intesnsty norezse or decrsase from wl vaine = one =nd toowl
—abie 5t othemr amd thes TVL kummat‘upe::miﬂlmdz shiyus m e ().



Ll 21 0 F

: Wi
o T |9
A L = I
- ALY | [ ¥
|
Fig. 281 (ci Types ol Lond - Undfarmly Varyieg Laoe UV ol

Atrogk loaded with sand with top snfece-an mohned tthe Example of UVL. In thn type of load, tota] lcad
= o be actm= = C 4 of ad dostam & vaies = total ares of load dosram 3= shovwm mefe {2)

(D) Couple: A coupla iz defirad == two paslisl Broscthat have the same mapnkuds opposits dirsction &
are sepErated by 3 perpenheaisr detanee & 2 shown mobGe (), The sanant foros m this e wnil b= zero
hibadjnﬂﬁnthmgquﬂﬂxmaﬁﬁeﬁ}mﬂwﬂudmmthehdv Emaa&mmﬂnlaﬁd
afmu;ﬂ&ﬂtapm-duee:mmemﬂwmﬂu:?ﬁnﬂmmspeﬂﬁﬂdim Examnles ar= 1) 1o
opem of cioke 3 water tape () mighne ste=ries wheel of sehiels (i) to wind the sprop of the clack The
plame m which the fogres corshiivhme the oople 3¢t & callad plime of the couple & perpendenlar detanca
hetyzen the imes of atew of forre comstitntine coiinde & caflad @ 4" of the conpls = shown mb= [d)
Yoment of coople B amitmlication sf force Fanf arm d

F

a

—

F r
[l ek Sy it Thyihas
Flge 29 1) Types f Lode - Stnpie

Tspe of conplsr Accordms to wit=ion of tha body dik= 16 coapls. i clazsmhiad a3 clockwrizs coupla &
acieckase counte 23 shownm iz (d) (1) & (o) respactmely,

Tvpes of Beam

Beams = moadlhy clizafied i 30 twe oups.
'Mﬂmﬂhmm&fﬂjﬁm mo=t=rmimata beam
Aty Eof statraly moafemnmste beare B polm scops forvos ot e sese

{A) Siatically determinate beams

A beam 1= sz 'to be stancally determmate beavn 1f the munber of onkrown resctioss e not mese than the
muitber of squilirmm condimns. Thers are thres eqoafiops oo s somdreen wheeh ar= (1 TH=
A EV =10 (m) Ihi = 0 Hence accordmes iz types of supperts of beam mesxivmm tieee snlmovwm rsactom
cat be solvad  Follairins me staticalhe defaimmats hamms

{i) Simply supportad hﬂm 1 = swppostsd on two sompls sopoores o Eli:hm&_.:ffﬂ&b_am. In tim s=a
sppEHtE offer only seaction Sros mmd s mement Usnslly one sopport & hmes & other 5 roflsr or both
sapmart iz smple mppart. Mes: of mibwows sormers reachon are 0ot mors than 3 m 21 o252 2= showm @
below iz

PRETH



T

r" S
— N e — g — Y — ﬂ l " W L ]
152 Y by
of b i
Flg & 10c BEmply supparod baam

(i) Comtilever heam: Tnthis besm, ome end =5 fxad sipmom and ofher =rad 3s fea s sipmort I practics
sach besms zre veed when 3 & not pozsibls to pronde zuppost st ozs end of the ands of the beam WHos of
meinvins are nof mors than 3 i thes beams 3¢ shown m balow fi= Foed sapport may be on leff ead or nzht
end z:ashoun mfis (3} & (b) respectiealy.

o Al L] g
B

L

- = T i
Wa Sy
1] k=t hand sno Tead puppon ﬁ:i‘lﬂhtl‘uﬂﬂmﬂlﬂi-uu‘ﬂpﬂt
Flg- X442 Cartevet beamy

(1) Overlmng beam) Ifthe one portion or tos partion: of the simply sipportes bear are emtendsd bevond
the support. then t's dmoowm & overhane beam Dizpendme upon the overbars, they ave chanfiad 3¢ sm=la
crerhename beéam or dovble swerharsme beam a: shown i below Sz We o 22y that s special tope of

szmply mpported beam.
'}

. J/.F‘."-“;'N‘f'r"[ J A T -n‘-r:v’f'i'w'w'!l .
o o e S @uﬂ: o oy .

I L.

Fig. 2.12: Qvirhang betiin

-

- . W
2] -

L

e

(B} Statically indeierminais beams

I pos of tndnonn reschon & mors o the eqnifibrmm corttton than siack fvpe-of basn = knowe 3=
statically mdetermmate hesm Followms are differem staheslly mdatermnete beams

(i) Propped cantilever beam: [n thiz beam on= =nd &= fixed support and cthe =nd o simpls mppet with
eeerhans or a0 overlans & shown m Oz

L LU o ml I | B— § i,
e ]:.':;;, e | M ﬁ‘.}.‘:"mE ol
. I

(a) Wahout overhang 4k) WiEh aveshanig L

Flg. .12 oo corillisier

PaE T



{if) Conrimucas beam: In thic bagm mos o sopper 2rs mors thon tuo 2 shown o below B

) foedond 1/ w(ﬂ

el e Hi=gn
Bafipon Sapoan H:l.p...r'_, 2 !qq:-l:lrt

f
r

Fig. 2.14: Sontinious baam

{Hi) Fixed basm In ths baam beth snds zre onih frad sipport 2= shevm m below fis

./4‘(‘\’ J \
Hy a Y'Y EIE-_ Hi
Frege [ .
"'-.,_': o _lhq;p-_; !n..qqﬂl% ..rjﬂ"

N

Va Ya

Fig. 2,18 Fraed taam

Beam reactons

Beam soppora resctamn ran be fedme by foo methods [T} Amabincal mathod (11} Groephics] Mehad In
snalytirs] mathod vee hav= t0 uze conditun: of squithrnim to sobra unlmows sapport reactson 2s discpsa m
trs tope Coaplocalmatind ool deonss m gyl topie 25 T beam e havs o conssser ane (A4 Canisletes

Beam reaction for cantilever beam
== w= ey the canhilev= beam l';ur--:a:lémd Faxadd sopoort and other and = Fee 12 o speort. Waam
find Bear mrnort resctian: by umines sonditione of scmlibrimm by takine 2oms sczaplez

168 k3 21k k=4 = wl T M
Me=2 l I 1
— _=E o c =] A
Kig =7 r" i - o} I + i "= +_ LR i
W =T
Fo. 258

First draw the besm and badine onthe besm 3z por zren dafs = shepnm fi=

{z) Uzmns egunlibremm conditisn TV =10 with == sizn for 7 upatard ed Azsemesvertes] redction
E Vz =upward ioad
= N=15-20-5-10=0
= V=077 (Amw=) _ _ _

%) Usinz agihfitersm somfiten TH = O wih —= smnfir — axstwad faee Ae o beveondsi bad =

actins on beam. Ho=01N — (Amiwe)

{c) Cam= aquitibrom condriion T4 = § with +22 s=n for clocloomee,

Comeidar mpment = fived support B we oot

Fage 133



M =(Bx )= x D=3 =105 -M==0
cME =15 =40= D=4 = 110 B m O b lodoas e (Answer)
Natz . i ibnistion F=t o2 50 oo mwimes] s R peit sffEema se v toreEs

Frample 5 D=t=mmsa ﬁﬂwmreaﬂti'mnf.lmﬂamh-ﬁma shown m 8z,

35 M 9 b8 20 kN A0 o 5 ke
'_||1|'|kfl-||'r|1 A
MsT l G g
P F “ o fwm E £
Meer PlELL_AM_Q Eo 4 tm
1'|."'? "‘IE'IN
(l Do I cimpaiasty ol rotead liea

Flg L ¢

(g Fr= e ke to find howeoetal w0 vertes!l compements of meimed foece 65 BN scone= at
Heaetm83=2 mE=E & e E=-5:|:.i

&m@lmmﬂmf—ﬁqﬁwﬁ=ﬁ“xi=“ﬂ':—-
& Vertical component st poug C=63 x sm B=4£3 }I:r- aEN ]
(£  Abc fmd equnabent Had for UDL mDEpn:buuuf‘ﬂ:&bam
{n Tomlbad s pomt bd =P=wx I= 10 x2 =201
() Pomi of spplicatemofpomt losd & 2t ond -pomt of TS 18, D from pomi & 32 shown
oy dstted Ime m fi= {a)
Mawr applying thrée Spmlibriom conditizns ons by one, to oot reactions:
iz) IV =0 n2h— 7= 3170 235 — upward angd zzsamims ¥V 2= spwad
=N — 2 =1 T=0
=Wu=1F L8020 =5 * (Amwer)
B EIE=0wih+=sEna= —*-Elnv-ﬁmdmm'ﬂnlami
cHe—=25=1)
« Hy =I5 N — (Ansyver)
(e Edfy =10 mth + = 5i=n 2= U clocisa nd zeammm= M. as v locwss

Mote - Hormorsal cormpomant of §0 29 Sree will piss Fom pomt A, henrs moment due to thys
E=rzwill bez=a

2% 51 = 60 3 #2500 = (10% 2 x 8= My =0
~ My=25 =180 - 0= 120=335 B m o mticiockeizs (Anywer)

Example §. Determma the sunpest reacton of exntilaver beam 33 showe m fig:

10w 1.1.15"-17! c20 BN
dgwr 3 1
C' A B
Mo s T T | im -
Wyn®

Solusiom
Aﬂ]jﬂ;ihﬁqﬂtu‘nm:uudnnm one b dpeto == reachion 2 =mppaTi



(BDIH=0 As e Horomtsl forre e on beam H; =0, (Amwer)
o) IV =0 with=vesisn == T upvand and dssamine V, == npwast
=W, —10=10-{llnc N 20— x2}=1)
K= 10—10=20+20 =10=20EN * [Arsaer]
(el LMy =0 b - = 5i=n a3 U clockwnes 3ne assumme B, - 33 gnfolocoye.
= 0 21— (X0 2= (T10% 23 x35= 0= 4) —({5x0] x5)—My =40
= M= 10 —40= &) = 50 — F0==50EN-m oticlodkurzs U (Answer)

Beam resrrion for dmply rupported beam:

Az w= o the simply supported Beam hevs sompls suppert = beth snds or one =nd with yell=r supportend
other el wh hines spport,. Wa ke slie cndied the soppert reaction B 2ack apperd B pane
etk condibon: e st rkmonn soppert r=achioa. Lat tn sxplain abore point, t2ke soke oxammles:

Exsmple 7. A smplv supported baam of span. | (m carriey thres pomés oads of 40 EN, 3055 and 10 &N
from jeft bonge suppost 2 tha dutance I m. 5 mand § m respectrvely m doveward disactzon. The night-land

Vo wre X Py ig)
=1 A 1 l l i
Hingm 2% ® V] E Fa
o || T i T 2m ¥
i 1
Iilh w7 1""- -
Fig. 2.18

Solntion: _ _ _
st drew specs dis=gae of the beom fom mven dets 2 shown m fe Now spplying v squilityiue
fz) TH =0 snee there i no bovrizantz] laad onthe hiam 5 H="_0 12 (Answer)
(B EY=0wrh+reapn T upwerdand s:aome ¥, and V; both mynesrd
< ¥, A= 30-M <Y =0
SV FVe=R ﬂ'!h'ﬁ.hunalhiseqm:ﬁﬁkmﬂ ef o mleaition
fe) E X = (1 with = <& sien 3 U clockwiss mnmani
(1) Conzider momenst 5t supoost poast A4
-EH‘,_=f-T-€IH.I}-{:jIG:-:'ﬂ+ﬂ_ﬂ'I -z xli=Vyx®=0
S0 =E0— 150+ 160 =390
o We=320 10=300N T (Answer)
(o} Comadar momant 2t pthar sopport nemt B
Ehe= vy w100 — (40 5 8) 130 25— GO+ IWe x0)=0
Sl =31 =40=310
G Wy =310 10=31EN T (Answer)

fﬁb&wmm&ﬁe::ﬂ:nhﬁnhpaﬂmﬁ:mquﬂﬂﬁﬂhh’bj g mifith oo
ezlcniztion ks nooamor.

SV, e =Wpd ke of ¥, md Ve n=zs
LHS =31 + 35 =00 =RH5 OK. Mean: our amswes i peefect
If not sxtufied m any caze, you-he=e done zome metaks m caleulzhon recalmlsts # ol 's

Fage 1 =



Exampls 8. Ford the reacteon B the beam shown below

00 kN w8 kNim

ﬂh;;-ﬁé\. f‘f"z"-fwﬂ

Hinge /& c 3] E Q Ralldr

t 20, 3w . #m  c2m ]

r “F T I ".

Va=? V=7
Flig. 234

Solution
Fh;mhmruﬂhnrmm:i&—ﬂmﬁmnﬁuﬂJuEmﬂuﬂﬁhalﬂﬂﬂfmn;#pﬁmtﬂnmgh
L% path begm alizmmant.
s Honeonts] conipansaty of feee 100 129 2 C =100 ¥ co= 47 =T 71 I = exstnard
-E:Tu‘l:laz'l-:ampﬂﬁaﬂ of foroe IO EN 2 C= 100 = am 4F =T0TI BN dowomward
Sasondhe F.'th’r—'t&quhﬂhﬂumﬂhﬂﬂm&—;&d&lﬂﬁmmﬂmﬂfE
:h:rmmﬁe.'ﬂthﬂti*adhne
Eguiraisnt pomt boad of TOL =P=(f «4}=20 N sfpomi £
%mmﬁmd@&mﬂ:ﬂﬂmgbﬂm
fal TE=0with-venmas = szzFvard and as=mmne H, 3= sastward
«» Hy=T0.71=0
o Hy = 7071 N —wtwed | 38 v b =ef — e v3ln= v b tn revins the aesmmad
amection. (AnTwer)
) I V=0 with~v=szn | oyvoerd s sssume Vy and Vi both opeard.
S V=TTl A=V =0

S W, =V =80T N Wekav= to nee this equatios 35 check pomtof oo eslcal=tem
fo) M= ﬂ'm—*'.mﬂgnaﬂﬂhc‘nmemm
"EI Cmmdgmﬂmppnlmml
--EH—E—I}—HI.-H--EI—UIJTJELE
143
'E=£_—_¢EEE=T (Answer)
Eﬁ}tuuﬁammm-:ﬂu:m;qnﬂpamﬂ
EM =V, WS xR 2-T0Tl =TTl x 0 =H, 0+, % 8=0
S BV, =042 05 C-0=dBL 28

S V=32 05N T (Amawer)
{d} Now we can ==t ssifcheck af cur cintlsme Sy perfctress m squton dam m (b ot

EEEHLWFMMMEH

SV s Ve=9071 B9

Fat _muﬂ}_andl’g_ﬁegd-

IBS=35205=- 3 5= 3071 EN=HHE 0K A= =y srewer = perford

I niet st fed i 3wy case. vou have dons soms mimhis m eslrnlstem . recaleulats #unhl o sahisfed
the rhack nomt sqmnion

Fxample 4,

A b=m AT lEhnluﬁs.‘.m:g&I kﬂhﬂmlﬁmﬂdmmﬂzﬂwﬂﬂﬁrﬁzmz
1G"Hﬂbﬂm&mﬂﬂnzhthmdnq}ﬁﬁtﬁ The bem = cmryme Joad 2= shivomn in 82 Find the feactom ot
=poart: of the baam

Page i



= e ]
g, l "": - ]
'&' = F - .'H'I'"' | % .:?.Ii"_
!_ Jm o [ iw :. Ll
i = : '
Vi i
Flg 221

Solation: _

{0 Iulhuaaihehﬂnasmp@aﬁﬂn:ﬁhﬂtﬁiemjﬂ#;{*ﬂhﬂmlimmﬂu
swgﬂimm-eﬂmpsﬁmmhrhth surface the pesrhion B, makes zn ansls-of 60°
nﬂjﬂm_a!h_mmﬁ dnmnh.&-Emﬂ:umafR_g can fomd =5

e Hy —ﬂ;'nq:u-i-ﬁl‘—ﬂ"lE.g—wﬂwn’d

& Vg =Rg ¥ m e =0 566 By T mpmard
(i) Wz hav=to fnd hreoatal & —ertieal componsats of melimed faree 10 129 sctme =t point D'at

an=le &7 unth beam ahenmearm
Heonzontal compopents of frce 10 E9 2 D = 16 % cos 607 = S0 BT ~—westumd
&V ertcal compenents of force 10EN 2 D= 10 x =m 6= 365 27 | dowvmeard
(z) E H=1 wifi + = sign 3« — =a=iveant and s:semms Hy | =5 eagbwant
S H -5 0—038 =0
S H—=CESRe =340k
(8) 25 =0tk + = sen | upmard asd suame ¥, axid F= both npwerd
SV, M-S 0366 R =0
S W+ OREER =286 1
e} EAf={ yoth — ve =D 3 L clocowess moment & Comsider moment = sopport pomt &
EM =V xlU=Hy x0+WxI=-888 6= 0= l0-H;x O=0
& D—E—-ﬂ:‘*iﬂ—-ﬁ—Iﬂ#ﬂ.ﬁﬁﬁﬂg'—ﬂ=ﬂ'lﬂl'ﬂs='ﬁ.ﬂﬂg}
't -EE'E‘ RI =005

=g
S 0N A
= LL -

o=

() Pot t=loe of B m aguation o£ (3], w= et Hy,
H,_ —05SR.=30

2= 2005w 1062 = 10,2 B — eastward (Amzwer)

(e} Poi t=loe of Romequatsn of (h), w=zet V,
Vi— D BEER; =28 65

y= IR 66 —0B6S w 1062 = 1948 12V T apmad (Asizwer)
Beam reaction for simplv supported with overhang:
Adrancs Bape 1] Asm_kmwih if the ors o te'o oortions of ths L@hﬂgﬂﬂ&bﬂﬂimmﬂﬂd
beyond e sonport, thed 1tz knowew v overhane heget Lot s fake comp oxgmplas.
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Exampls 10,
Caltulzte the resstons 22 sonpotts of the baam shown m Gzare.

a L
A0 wh
. -.:IH?III.'I'I o i
Hys? A ¥ r-w
%ﬂr’;‘&_ c P\
L ;. dm . 4 m 1 2m |
[ ' | [
Wam? ".l'lll
Fio: 2.2
Enhation'
{1] We hare 1o fmd hermontal & vertpal components of mehmed foree [00 BN 2otme 2 pomt €
. 106 =3
.-.Hummwdmmﬂ:j::%:ﬂk}i;m
& Vartical oimpemds o S 100 BN 05— 2 S 05N | Eramwnd

{n} “ﬁhﬂlﬂﬁﬂiﬁm‘ﬂiﬂﬂhﬂﬁlm amﬂh.dnmﬂpm:ﬂlﬁpﬂrm
Eiguivalent point load 6EUDL =P={25% 5) = 125 kN sct af distuticeof 2.5 m from pomt D,
{ gl Bﬂﬂmhﬂ@lbﬂmhﬁﬂ:ﬂf&ﬁﬂﬁﬁ-k}:—'gﬂIEE'lﬂ,‘l.Eh.Fﬂ!.ﬂ_EIEE!EQ
moment that shonld be comider whilz apphins moment condibion
@) IR =7 with =tz urs s — =mtwad ad sssumins Hj, 3 sastwand.
M, —60+20=0

o Hy =40 N Temivard (Answer)
) EV=0 with = ve uen- T upnard and azsems Vi and Vo both wpward.

SV =B0=(25 % [ =0
S ViV = MR EN B b o e the spaten = chek pomt of sor calealstion,
(¢} Z A= wih ++e sien 3 L clockwes naorment
() Comuder moment ot support pomt A, wes et
EM.=vy wl=Hy xf=alul ~30x3= 13595z w [B=2Wxi=10
HEFES0-M0-11E S0 —12v, - &0=0
1TV =124719

S Ve = 10356 EN T opeard (Amwrwer)

fﬂ%ﬂawmmw_mﬂ. B _
IMg=203+Ve w0125 :L‘:‘ EA#—-EEI--.EI*HQ PV, 2=0
SV =803 -T20=

_—

L=
Vgt B T aprard r.amuj
lc}‘%ﬁwmmﬂmlf—:hﬂafuurnhﬂmm By parfertness m Sty obram s (%) 2
Vo= Vp =205 125 Ha folille. our calealation ks no amor.
We _’sr._f_EEETrn--‘t-H—-HH—IES_'}E 5 LN=RHB ﬂEMﬂsmm:rEpEﬁi
If nct st fied ity = cm=e. youl humwe dons some mivtale n calutstion, recaleulste tont] de wErfad

Fage | &%



Exampls 11.
Tmd rezction 2 cuppert: for = double lon=mE beam shownom beloor Brara

2 i =i
N o
Eg—v—\}ﬁgh '
: Hy—s Ol Tom 3
o --—‘umm ’—%
TR R ) Y I
'3 | F i i
L Vil
Fg, 2.3
b
i1 Asze badine UDL on AC may lave syuivalent pomt load of P nf‘ﬁ i1 3=30r1a
emd point of 40
i

On beam CART 3t part D, there are tye equal & oppesse force of 10N, resdltmemtca
couple of mesminds of 10 x (0.5=0.55= H I&'m O ahirioelmrs=with st hormmis]
SICE 3% DeTD. _ _

[z} EH=0 oth=vespna: — sastuord and s3comms= H, == eastmoard.

S He—10=16=13

I:*Euf'\mrr}
['h}':“'&' ﬁﬂhﬂ:;ﬂfmﬁrd:mimﬁ"mﬂl thopwad
o rl'_ii—ll_.J:"-': ]_."J-'-—.._l"'l‘l'a —'U'

oo Wy =V =30z 1.?E+E'=Em-'mathneqmmna¢5¢p:nﬂﬂfunr.:ﬂ:ﬁm
(O EM=0wth~ ‘E!IEEELMPEM
(1} Comider myvmeat st suppor! pomt & we gt
EM, = x 4 X310V 0 0, x QS0 1S x BT
SO IEY, =i -0-2235=273
L] 1.5,;—’ =150 T upyears (Amwer)
Fujﬂmlﬂsmmemrqﬂu'wpmmﬂ,mgﬁ
EM =20 135V, x 0—[0+H,x 0=V, x 25 30x325=0

237, ~——3ﬂ— 1 —9"”7—_.' 3

s T"=E =310 T upwad (Anawer)
{d) Now w= can === self chark of cur calrubstion $or periscinsss in agmtion shisin in (b} 28 ¥5 =%
= 3t If g mifills oor cal-niztson has no aror
Webr=1HE =V, +\z =310-180=0E7=RH5 O Msss our answsr s perfect [frat
watfed m any 38, vouhste done somes musizkes m cafcuizhon. recaloolzie duntd 2 st fed the chesle

Fage | 43



Ezxample 12,
A b=am = joaded 2z showmm below fie R, =56 &N, find the mtenasty of UDL wm EN'mon
bmrth AL svipeoction B

wey ] Dk
m";“ﬁm 5
C 0 £
II £ m ‘I‘ im 'IL' 1= im %
=58 Fe
Fig. 2.24

Sahorion:
Here oo reachion By stsupoert 4 = =roen, bt thevalia aFUDL (ENm) & tmimewn with othsr rescton
Fp- We bzve to zmply teo squbbeuim conditions to sobee these two unlmnwme

(i IM=0with—veszna U dockwee moned Coapide momed & sppatpoint B ue ==t
T M=, x4 —(wx 3T %1+ Re x0—3x1=0

rIE R Ew =TS0 =F=0
SEm=rl4_5-3=144

.'.1_=-,-=_E =1 4+ m (Anzwer)

i EV=0wih= —eaa'gn'upﬁlim:fmigu;mmd_
RaF Rz T3- {m“—f—ﬂ
e b Re=3 =1{14=d) -3

< Bz = 1 2EN T opreard (Anrwer)
()} WeecantdkscherkpomtasTAA=0wh= 'ﬁ-_ugnaatrth-:kwﬁcmmam
M, =i )Xl 5 S Ry xd-—S5x5=24x3 "1 = 15134
=485+ 15=28-T5=1
So, w= obtzmed that T8, =0 means our calonlzhon 1= srror free. This, we get zelf-asseszmers for
TRUE wal=

BEAM BEACTION BY CEAPHICAL MFTHODD:

We mne demszad anafrtvs] mathod i mevon: topie 24 for chffmvest types of bazms. Now we zra
dysrne=ms the sacord metind 1= grephiecsi methed o find bans soppet r=actees

Tt ths methngd == have to stndy only fbr momely wuprortns heam sprrins ondy pomt- Soad 2t far voor
syilatooe

Funicular Palyzon sraphical method:
Ir % necessary to understand certzm techmica! termuncloeies for graphuca! mathod Thiz sraphcal mathad =
afis lmown 3 Fomieular Pohean Msthod
(g Dow s nofstson | [osces Zre wdenfined by o aiffersnT idamtwa] capes! istisrs, mizced on
Hnlﬁimm]afthehtgzahammﬂpl

Fig. 33« fves rodsivin
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Tn this casa four fwoes Fy, Fa, F; and F, are actine on the hody, Now phced capital bstters of
sipksbets on efher sudas of the forre deection welkseto pt A& B forforee F; Now sspar bow's
m&nimr.mﬂ&ﬁnﬁrnrﬂ Smiiarly for othes fwres Fo. Foard F5 Bl the space om sithey
sider ForfomceFr ononssd=B JEEB‘E.&H-H\*]JLEE&HI.HE 3o on other 5desHHS) pot ancthet Ietter 3a
. 5o F; reprasent Do ppw motaton 2= For This Sree £ mns £ ran wentily = Fron 5t Foo respectesly Ty
bow 'y notahion
(! Sosce dingram 1 A ¢m=tam shonang =l the forces m posifion 2ions with thar mxsntuds
lﬁﬂ.m_mmgﬂibﬁinmumiﬂﬂmﬂmipﬂmﬂ]ﬂﬁMEu
por smalbls Imear scale v, fom=_ = m

(@  Vestor disgram : iﬂuhmmmghd?nm&mimhmmﬂmi form b
m@ﬂhﬂhﬂmﬁh&ﬂﬂnum&uﬁdhﬂa@hﬁqa&
masmmds = reprasaniad by soma sumanle foreescale 12 lom= 5 or I Now, wm
can tnderstand the stegy of drawme Tmerular palvpen. The praphses! mesthod to def=rmne
. suppeTt teaction == gnen m follvwms

-

® | e o
A [t, - r: E — W
¥ m | b= B e 1l fm [Ww .
i RS
] e oy
"-"r!_ "‘"’f |_.___“‘H-\-'l-
ﬂ"'-';'lr | 37 B -‘—_:-::: u
H'-."‘an* nf'_"'.--*’"'_ﬁ _L——'__:..F"'f
-t r_,. T
i} St Phagytait =¥ Liveit morw (b Ve s iwith Fame aoeew

" Pl 7 Foadee gl (8| el teee)

Step-1: Braw the space dusramrwine b shows posthon. drechon & mazmids of ab the foress stme onthe
hmr‘bmleahrﬁn:fﬁ, {3 Emmmmhmnﬁmhﬂmu =

Eﬂp 3 l'.":'re!:u:'w = notations te all forees by placing siphabets an both sides of amow. Rasction =
eomsiderad Se foree dotins on the body.

Sﬂp-ﬁlﬂxnﬂ'eﬂmdi:g:!mﬁxtkg_ﬂmm.fums anth some smfable forresmleie lom=_  Hoalkd
witech represents the paasminds of each foree Sl the frres wers droom. o= by oz takten moorder fna
veotor dazmam 2: shewn m Gr:{b). 11 to =0 62 Enpmearms Mechames.
Siep-d: Taks same conranmse poant O i Heet of ﬂmﬂmgIﬁﬂa&umﬂt&pﬂm1hm
fizgrav with o pomt
Step-5: Moo select s pomt | on the fme of sctem of first foves B & throush 2 dawa bre paralled 4 “om”
Wi:::hueﬁztpﬁ!ﬂt"’mﬁsm—l’ ‘uuﬂ'tmﬂ-ugi;pﬂmi"m]me -3 paalisl e “og . Smmilarh deaw lines
34 £ 45 pamallel to vector dosram [mes “or” and “os" respactreely on space dosmam
-1 MNow join fisst gt point | & I=5t end pomt 5 obtzined on line of forse By aa dotted e -3 i

space doErem 3= shomm m fi= (3] Draw = paralist ime t2 1-5 on vector dmsram passmg thraosh pom: Chas
“ot” 21 dotied ins3s shown m Ge_ (B
Step- 1 Nowrnisanme Pt & T Ensthonweckor disgram & comert it by foros sczbe as reachon Ry o=
Rz =mpectrely

Lt tn oxplam desis of spoincs] mefhind (Fimeala Pobveon). take ope sxamipls

Fais |4



Frample 1Y Sobw =xrmpds 723 shopmin below i by magdienal ::E.h:d_

oA P =

| ® L
LN ! .
I.I:TL‘ fini i fime I“E_'_ﬁ L 1_.?\_11 ‘II'!
1 - § —— - . - - oy o= e I
X Ed
Hib g _':l_:‘.l!-""'
i} Bnuce dingrarm with Lotgit ok |by Mg sagrEm with Fom
Fig. 227

Solution:

Step-1: Do epacs dissare foes pren data with lersth sl s ] em= i m= shown = e (2

Step-1: Gives bowe s ndtztons €0 31] forrey incline reactines VA & VB by p.h:ms:lp:nhﬂ:.maﬂ:hm‘sﬂ
=pace oo e of direction. Hars fox fopee F. =400, neboe phacad F & ' on etther sides of
tnmcs am Hes of direction af Sorce F.  megws Sre=T, i now Fpg == perbow’s notation Similarly
placed T, 27 &£°T 23 bow'z mofsthos 2= shown m fg.fa)

Stap-): Branrvéctor dizszam for the Trpas on the baam with fores seals 351 eon =720 12728 thown in B= ().
Salect stavt pomt “p & drew paraliel hne 33 Emef:ﬂi:&uufﬁmn?pqﬁuﬂ:hgu vertically
drmmwad) and s=t pomt g ﬂhﬂh’ﬂﬁﬂ]ﬁmﬁ:ﬂ!‘fﬁﬂmﬁ!qnﬁkﬂaﬂmHL
rm from poig “p”. This Ime “pg”™ represent vectonal Brm of fovse Fpg. Smmlariy dratr 22l the bres
Sakew; i order mnvector fonm mvectoy diseram = g & brfrrefag{f) &FEif: )

) rEEpeciesin.

Step-—4: Taks sore comemes pomt "o m fromt of vectorn! form of forces. Jom all pomts of vactor
dizgram p g, £ & 3 wath sand obtamed |me po, go. ro & so'as showm in iz (h)

Stap-5: ‘-’.wmmﬂadn_mmﬂim&ﬂllmemmﬂaﬂ&eﬁnrs Szlect shart port “1” on lme of
raction B, Throush this point =1”, draw lins porslisl to fine “pe™ of 5=ctor decmm [ 40 50
Eqm]:b:m..ﬁ"m-;etp‘zm"" mlmeefmnﬂfﬁ:n:&ﬂ Thie Ime <1-T" = pmllsl te n="po™
Smmilerly dmw 2237, "147 & ‘45" parallel to line "qe", 0" & “so” repectnaiy,

Ehp—i:‘-lnw_lnmfﬁtahﬂpn-mt‘l vtk Jsst ond pomt 57 m this ezes 22 Bme <157 20 chvum dntted Tne
m spoea diz=rarn g (04 Deswr paralled Hee 1o 7 - r'nn—ech:rhmﬂ:m:ﬂ:miﬂ o &estima

) “ot”" zz-shovn i dotiad lns in Ge (8

Step-T: Now mazsme bosth of Ime “pi” & "5 and comrert o m foves mosniuds by mems e szale we
&t
Vi =@ Xforoescale = 2 6 oo w0 200 = T2 BN L Edrewer)

EVz =t xbroasale =1 S on w20 =38 2 L {Ansu=)
Hara, the waine of rosction by sraphical methind mayvory By 5 e 10 %5, 33 compared to- mmalvtical methed

and & permittad.
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POSSIBLE SHORT TYPE QUESTIONS WITH ANSWER

1. Simte Lami's theoresn. (5 —20158)
#= it statss If mirer coplonar forcer dening ar 2 pomr be mregunitenon. then snch forer o

praportomal o die nne of due ovugls benwesn tha other owo, ™
¥ NstHematially '

F _ g _E
sita  =nf  smy
1 State the rondition: of 2quitihriam. {5—2015)
¥ The zlzebne som of hormontsl cormensmts of the fees ot be zaro. = T HED
# Thsalechne som of verhes] components ofthe formesa mnat be zme te. 3 V=l
# The algetwc sum of moment of foeces shoot sy poust m ther plane s egual fo zevo 18
TAED

POSSIBLE LONG TYPE QUESTIONS
1 Stateand proof Lami's thearem (W —2116)
2 Aneleome bebt fidure waslbtme 15 3 ones from 2 pomt C by twio gnmes AT and BC. The strme

AC b melinad 3 8 te the hayrowal and BE 5t:43° to the horprowtal 7 showm in Fisprs, Tains
Loy’ =dhecrem or ciberwrss. defermmes the forcss mthe shimes AC and B0 (W= 2016)

g 'Elll""T-"' A
/

g
L

(¥
"n' i

1IN
3 Tirts down the conddeone of squiibrnun? Alee mantion o mathemgteslle {5 2018103

that befwsan the'serond and thad & 1207, Find the ratio Bebwesn the fross |5 - 2019 {0)]
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CHAPTER NO. — 03
FRICTION

Diefinition of Friction:
. IEﬁmanmﬂﬁnifﬂ&bmaamﬂmdhﬂt = remshns Sece i sxerfed = the srfars of romtact

thes resrsting fires 1= calisd forre of fcon ow m:p!‘rﬁ:.‘.‘tlﬂ-u_
o Jizlneys ach m s doechion opposistn fhs direstyon of motion

Clgssification of fricton:
*  Footes ey beclsssfiad mio tovo types
|, St=hc fichen
L Siwtie frictinn: [* is ths Ficrion swperjisered ba g bocky han te s iz Orbs soter wepde it b the Fetion
mﬂzsuﬂ&hnd}'la:mmmrﬁe )
. Dymamic friction: I 2 the fcton sxpenencsd by 2 body when s 1n metipn It 1s afso flad
Enebic froctssn. Tha dymamic fotion i of the follosms two tipes
¥ Shime frchon Tt ths fuhon agerisnred bz body whan it shdss svar onethe badv
# Rollms forhon §t = ths Mmicion experienced by 2 hody when ot mfls ore amnthar body

Limiting Friction:
L] Eubm&zaﬁrmbﬂjmﬁﬂmmﬂﬁhihﬁ?m o mo= o=
mother bady

Angle of friction
s Coml=r 3 bady of weipht () {srastine on 5 horivontal i s
Srce P iz appliad to'the body, no ralstiva motion ks placs until
the spphed foce P &5 aqmal to tha forre of fiction F, actms
sppostato the diracticn ¢f medion.
Lt By ="1Horma! reacion schins on the body
W="Weszht ofth bady_
F=Xaxmmum foe of rchon
P=Horienti £ave aotins om thz bady,

* From the seomens of the fimwe we bavs

F F
WP = g=tan" rﬁ1

* Whas ¢ = Angie of friciion

» Defimtion of @: I = the snele betivem normal reaction (R ) snd resnitans (B) of nevms| rsaction
Coeflictent of friction:

» Tty the ribie of limitires frictizn (F) to the morms] reechion (R} betvem two bodias

* Qv geerglly dencied by . -

o hizthammanzaliy,

=—=——1{i3an
H=g @

S e=1am T
Anole of repoze: '
* T the pmxmom sl between the melined pline znd horzonts) plane &1 winch the bodr just tands
&5 slide dormwards
o Thi anole it senarallv specified bire
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* Angle of frichon (@} = Ansla afrepcsaig)

Lmwe of Friction:
Prof Tonlomb 38er exdensrrs expermments, EEve some [Ewsof Iichon, whreh msy be srooped unce ihe
ih-]]mnaaﬂ.i:

& I vy of slate fichon, and

* [ sy of ionst o ghymamuc: frecteon,

Liaws of Static Friction:
Fnibnwmgzetu === af sate. Mchon
mh‘méhrthmﬂmmmi dirschys, oppoois to thet in vwhich the body teeids o men=
Em.amwe-*‘fﬂ::ﬁ:c c&'ﬁ:ﬂ:ﬁut..ascﬂ} a@ualhﬁleh‘fa,nimﬂ:hmﬁhmﬁehaﬂﬁ
'ﬂnﬂml_gumﬁ&trﬂhel:nnmng fmichon (T ) bears 2 constant rahe to the noma| resctom (Fu) batyeen
toz too mrbees: Wathemaneslly:
F

= — ioSans
Eﬁr'

* Tha force of ncton o indspendentof thearea of contect batoreen ths tvo nxfares:
* Tk foece of Sichon dapends upon the ronshness of the soriEres;

Laws of Dhvnamic Friction:
Followms == the lsws aflometic or dymanus fuchion:
*  The fxce of thohos alwars 20 in 3 ditaches, sppoats 1o thst in which the bodv mmesins
o The mu=minde of kinstic friction bamr= 2 constanf rafio 1o the norme] reaction betmee the tis
=wiare: Bit fhis rabn yo aligitly s than thet m case of limitwy fechon.
* For moderate speads. the force of Bichion remss constant Birt # dacrssces sliwbnly wuth the rmase
ofzpzed

Advantages of Friction:

*  Froofrom s Tesponsible for mamy fypes 0f mobon
It hisips ws walle on the sy
Biﬂ:é-iﬂiﬂ:ﬂﬂ!ﬁi&ﬂfﬂidiﬂéﬂﬁlﬂpﬂuﬂf.
Adteroads are buomit i the stmosphears belfor reschme Eapth due to fiechon
1t hadps mn the emnmghan of hegt when wa mb aor hds

Ld
Ll
LS
L]

DHsadvantazes of Friction:
* Fochon modurss tmnetesssary hest |e=dms to the wasage of shar sy
. 'Eﬂfmdﬁﬂmaﬂemﬁgmzdlmdimafmﬁm:ﬂﬁmmm&mﬂﬁﬂﬁmﬁ
Forest firss are cauzed dus to ths fchon beftween tree branches
techmgoes hke sressms znd ofins.
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OF : L AROUCHHORITFONTAL PL: E
Wa Enow that 5 body, lying an = roush harmonts! plane will remain i sgeilibrum. But when- v forcs
= spplied on 2 the body will tend to mov= m the direction of the Smree In soch sses. somilibnom of the
body s shudiad first by resokns the forees bormantslly and then warheally,
Mow the ~=he of the fogce of fichion is obitgned from the relston
F=uR

Whers, ¥ = Foros of fnction

g = coefiient of frirtion

F=Normsl ragchion

Exampls — 15 4 body of wamghe 300 N o ling o0 g raugh hergonmn! plone hoving a cogfficient of fricion
ﬂﬁf_ﬁﬂ&:mﬂrdfﬁsmtﬁdmmﬁrhﬁgwﬂ:lﬁgﬂnm{fﬂ'ﬁ“mﬂ'&r
i el

Solstion Gien Weishl of tha body (W) = 300 X, Cosfficent of fictdon (p) = (3 and an=lz mads by ik=
frirpe wnth the honamta] (2=2F°

L=t P = Mazuds of the Swca whirk can smova the bedy, and
F=Fyreoffwhm

Fazoling the dwess horinomally,
F'= Péssa = Peoe25® = F % 09063 ?fﬁi—}fr
and mow resslns the Srces vernaally, Fa_ bt =
E=W-Psina= 30- Ponis® = 300- 7 = 04336 _,1,_
‘e kmowihat the forces of inchon (F),

G9063 F = af = 03 % (300- 04235 71 = 50 - 012687
= 90 = 0ODEI P 4 Q1ZES D = LO033LF
=0 .
S P =W LN
i % x 3 |

Fxampls — 23 4 body, resng on g rosgh hergoami plane. resured 2 pall of 100 N -melsd av 0% to the
prlasme ust s mose it Tz was fotnd thar 2 push af 220 N inctined ar §0° w0 the pinne jure moved the body
Desermuns the weight of the body and the cozfficient of friction
Selstinn Grrem Pull =150 M Push =170 W and snzie gt which fores it inclined with horreodal plare (o) =
=0 '
ot 7 = Wit of this oy

R=Namz! viechon #1d

a= Conflirimg of Sction.

Foe et =il -:mldmzpuiﬁeflﬂ;ﬂﬁm;mﬁ; bods. Wa oo et Hine =sa, the force of foction (F 0
mﬂﬂﬁtmﬁ;h&:ﬁ;hﬁﬂ:mﬁg Gl
Rz=ndrinp the Swres hovinomtally,
F = IB0ecs 30" — 1B0 x DHEE = 1559N
and now resafvans the Swees varbeally,
B = W-iB0n=30"= W- 130 % Bz = W- 50N
e Emow it s foros of fucnen (F),
1559 = pR. = W= 90) cm e e (D)
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a—“wh |||!' r"’
3 .
-.-I-.- [ l R -_ N :_q-u—h- |_-.I. ]
L
P LI'
1ﬁ1h+-|}:rr.‘uu (i) Pawil i 2358 P

Now eonsider 5 push of 220 N sctins cothe body W Imo thet in thiy cis= the fars of Michan (F ) will
act towars rfg_h:sshuu;u.tu]:—jg. i)

Resolmng the $qves hormontafly,
Foe 230 o3l = 200 X 0.856 = 1905 N
LB S e the Brces honsetally,
By =W +=200snd0 = W 4+ 220 x 05 =W + 110N
W ko that the force of fction (T:),
G = =p 15 i = 1)
Dmtmg equateon (1) br (&)

555 _ piw-50)  (W-50)
1205 — @ (W § 110} (W + 110)

= 1559W + 373149 = 1905 W —17 145

=34EW = 34292

REReL -
= W= —99i.2N
45

N sobeiinhne fhe vaine of W m squsbon ({1,

1559 = u{995.2- 90) = 0LT

EQUILIBRIT) 3
ACTING ALONG IEEBE.]]'EETPLAEF_
Copuder 3 body bvine on = rough mrimad plane snected force apms alone the mrimed plans, whech kasps
it i aguilibeim 35 shovm m Fiz &) and (k)
Let W= Washt of tha bads,

—Jmmvit:hﬂum.ﬂmedp:m&m'mmthﬂia:mhl,

E=Nanmial mection

L—En&ﬁﬂﬂﬂfﬁmﬂmha'ﬂmmm&t:n&ﬂumhnﬂphn&m

= Anzis of frichon surh that p=fm &
A hile consideation will show that o the force 12 not theee, the body vall shde dowm the plans How v
shizl]l diecve=the followne twe cases

L Miniwum force (Fs) which will keep the body in equiibrinm, whes it i a1 the point of sliding
dovwomward:
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I

o] TR an Tl i) anr i Py s e ek
u]ﬁgmmm ! afialiiag vigpwrnrdn

In s czse the fece of Mmohon (F = 28) will 2 uwemrds s the body 5 2t the pomt of dhding
Bovmurerdsas thown in Fix (a). anealtmlkaﬁ::caahﬂsz—phm

Bi=Wama— &, ... .. ..0i)
Ard o restinng the foross perpmdonia t the plane
R=Weosa (4}
Sunstimnnge the ins of X m sgmeto (),
B=Fima—j Fosa=iF(mma— ko)
Ardl now substittine the value of [i = tm & in thia shove sguhon,
Fo= Wi e—wm o=
Sultiphine both sides of thes squation by cos ¢,
P eomyp=Fiannersf—smPech )} =Fe=nio-§
5, :'ﬂ":qi'm[" —g)

cos 0

2. Msvimam force (Fi) which will kesp the body in equilibriom, when i#t-ix st the peint of 1tidins
up : . -

In this o= the foren of fetion (=31 .} wll as dowireards 25 fhs hady js = the point afshidies upeards
az shemninFip (0] Slowresthme the forces 2lons the plane

B=FTmae-u & .. i
Aird now resolying the forees pepindicatss to the plans
= Weesa
Snbutiintine the rahe of £; m spestion (1),
B=Wamia+yFeaac=F{una=|leocs o)
And now sub=rtutme the salne of = m § tn fhe sbove equation.

= {Tism ¢+ tam ik oos Q)

L)

Mumplyme both seles of thes aquahon by 205
Pond=FEnaes¢-mmésm )= Fanig=49)
sinfa +2)

o Pr= WX =
cos 2
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4 3lock of mass 18 kg i rexting on chs rough inciised plawe mwface with inclnarion of 30t horizonzal
If eeefficiens af fricamn tv §.25 beszn e contast ssofecsy, find the exerrnal foree o5 be appiy paralld o
melinad plane o neove dae bleck (i} wpvward and {2} dowrsand.

[} Lpereensd mwsiian of gk on meknnd am [Py Pevenweair miln-of sack on Behaed pins
Flg-a.m

Givemndets F=3F u=02T & mp=pm=10ke W=ms=|0~38N=02N
{4} Blosk maotion {mos 1upﬂﬂmmﬂaﬂdp}xﬂmﬂ1cs [Be 2110)]
fllﬂﬂhmﬂﬁhmmlugmnmﬂmmmﬂ
N=Weash

= _ =83 < cos 30"

N=HHETN_.{)

(o) E==olnine 3l the frpas raralle] [alon=) to zrven an inclined plane sofere oo,
P=F .~ W und

P=uN=Wamb _{m)

Fg::l:mgﬁli:aafp_&,:‘l&w,m'g:

P=({023 « F48T)+ {98 = um )

P=T702T N { Avewer)

{B) Blork motion (mo==) dosmward s e kned plane sofee=- [fiz 3110

{1 Bzsohmms all the forees parpendioular (normal) to zrom an melmad plone sorfece. we et
N=Weash

N=98 » cos 30"

N=HHETH_ Q)
{q]ﬁ&e{n;gﬂﬁﬂ-hmpm:ﬂzlfﬂm@hmﬂmmﬁm&plm&rmﬁ:aﬂgﬂ,
B=fF . —Wanid

P=u XN _Wam8 _ (m

Dithre valees of p B N EW, we et

P={025« 343N —FE e an Uy

P=-1TBN ﬁmh}{_%mw_s}

A Black sexighing of 300 N jant ymey @ty mogon in demmrard Siveetion, on reugh inclmed plane fivfzer,
when 2 pull force of 200 N tv appiy perailel o the tachinmed plamne vurface. The vame block o ot the pomr of
ey ymvenrd, soh n_pulﬁt:sﬂ"_?ﬂﬂ.\ o applx parells] te the inclmed plane surfece Find the
inclimmnion af te plawe and tha coafficienrof fricoon Beoeren Block aud inofined slans surface.

Sohitson Tres body diagress of hinck o miove donoward S opesrd sz ehownmbg 3120 (22 &0b)
We mar noteihst retons| foce F, dppoame the mohon & achns on opoosts grechon of mohon of the
body. mﬁnﬂz_‘k.—pﬁfuhﬁfﬁﬁmﬂﬁm}hm
Giren data W=300X, Exteras) force 70 200 W & (1) 3003 (23 Block motion (mee) dovwnveard on
melmed plane sntace: | ﬂ"iﬂkmgiﬂmﬁrﬁapanmdimln'[nmﬂmgﬁummnﬂjﬂ;ﬂmguﬁ:ﬁ:
w2 Es

M= cosd
3=400 « «ec5 B
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(i) B fiid imanse ke indle 1) BRGk jusf mayad e
Flyg. 2.12

(1) Rezoinne =il fhe forces paralle] (slons) o the moimed pizns wrizes, we =st

PF = Wmd, whereF..=a¥N . @)

Substitnhing valiesof P W & W in squation {31, wa gat,

200 + (u « 500 x cosg) = {300 = 2n 8]

20=500 s um B—p « S xooa @ 1)

{B) Block motion (ma—=) mprward on melined plame sorfsss:

mﬂﬁhqﬂﬂeﬁmm{mﬂh =ivan g inclined plane wurfics o
=Weoosi

W“Dﬂwm;_ﬂm'azﬂfﬂ

(i) Resotane 2l fhis fevces parallel (zlons) fo'mven annchned plans mriaes we gat

P=Wmmd+F.. whaeF. =aN

300 =3 Esnd) =(u = 200 < oz 8) (&)

(G Fow, Addins equation (1) & (vl we gt

S00=1000 = sn @

=m §={0.2

B=36" (Ansivs)

POSSIBLE SHORT TYPE QUESTIONS WITH ANSWER

1 Define fnctron. (W —2616)

Ans ﬁmln;lﬂ.lﬁi'rahdu?!mﬂbsnﬂdh&r 2 reushmy fovre 1n moyiad o the arfes of sonded
M= TESMEmME forTe 1= = called -fiaree of ficim or amely Todioe. B =lvays soisn & dvedion appesite 0 tha
dization of maetion

2 Dafjs limgtin= fischon (Pezzible)
Ar it the masoymme foms of ohion betoeen twe comtact arhees whan 3 Body tends fo movs oo
ancther body '

3 Define zr=lp of frichon, (S— 2018}
Arm: o is the anefe batvees normml reachion (B and resoltant (B of nomeal rescticn and fchonat farces
Hizdmotedbr o,
F
= o= gt
o =tan Im?}

4 Diefine coafficent of frichon. (W -21016, 2617 & 5 - 2015)
A

* i thomho of immes richon (F) to the noems! teechon (Ha ) bebivess tac Sodies

& Dz zsmaslly depoted v

. _p.hﬂzﬂmhmﬂ'r
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5 Deefine 3ziz of repose (S — 2019 Old)
SmE Ilrs'themm&mﬁdpmﬂmpm;w&uhlﬂhﬁhmxﬁﬂdﬂﬂ
shds dopromrds. Tins gnefe 18 gensmity spembed bya
&. ATte any fwo Gzsadvaniszes of fwnion (5 —2019)
P
*  Fodhies produrssimnessszare kact leadime te e waslace of =emey

g obfacts :

POSSIBLE LONG TYPE QUESTIONS
| Expilain bews of Smtom® (W-2016)
= What zrs the zneanisres and giisdantzse= of fchon” (Posssble}

3 Teoblads A and B of wastes | K2 and 2 N respachively @ m sgmithnom. pesition @: shemm mFig
balewr. If the coefficiEnt of fiction bstwesn ths toe blocks a3 well a8 the block B and the flom = 0.3, Gnd
the Swoe (7 requursd to meowe the block B (W -2016)

43&&“‘5@3.}11@&@1&@:@ gail of 18 N mehmed 32 30% 1o the plmes jus 10
mead Hon ud otz pehof 21N ; inclined b 35° 5o the platie just st the body D==mins ths
wremsht of the bady srd the coaffimzss of fiction (W—2017)

£, A Exve of 25) N mulls 3 body af weizht S00N up 2 imzlined pians, the fores beme spolisd mersllsl tothe
plees. IFthe inclination of fhe plame s the hevizetsl ia 15 fmd the coefficient cf fricton. (5 =1018)

L A uwbam bdder 3 m lons wesghe 200 N1 i pleced zpmenat 2 ﬂlmkmfmisglemﬁﬁ’ﬁnhme
Acor. The ecafhioyent of Mictiom betmem the wall and tke Tadder i 335 and that between the flaor and
badder 12 035 The béder, in 23dincs to iz onn weizht, bus o suppent = man of 1000 3 2 Rz top B
Cabitits e hariroidal furs D to beapnliad o blder i the Have feved 5 el i {5 — 3019)

X Aabody o weasht 30 X = milled Hons = roush honsents! plans by 3 Sowe of 18 0 achne ot an =pisie of
14" with the beprontal Fivd the cosffieient of Siction. (5= 2019

& A lsddsr 5 metsn lots rests an 3 hoiresia] sround-and lesm zsainst = smooth verheal wail £ n anels
" wth the honsonta] Ths vezight of the hidder 3 800 N and acts ot #=ouddle Thes ldder = 3t the poms of
shihm= oches 3 man seickine TN shrds ooa russ 1.7 misre from the bottom of the ladd=s Calmistzthe
cosfficied of nchon befvem: the Gdde sad the foor (5-2019)
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CHAPTER NO. - 04

CENTROID & CENTEE OF GEAVITY

Centre of sraviiv:

may be semimad o =t
Centroid:

¢emcariraiad

Camir= oF oty of 3 body may be-2afined == the pomt thircush which the whols waelt of = bods:

Centroid oy Comtre 0f 2rez = defmed 2= the poant wheee the wheds ez of the Opare & zzzumad 30 be

Comparisen between Center of Gravity and Centroid

fpldicabis 0 cSjaidE wity
drlg (eyuly

_i_ T e coctot 0t Gewilly. || T

Purcogsine Carvier of gualvity la th poiie | Carmrokd |/ itie gooihiiho cenior i fhe
ampie W Ty ol e | et nies efnil pen B aTiLe v he
otymc =l CMIETE

M:.lm Comw of Gty @ |Carime W e o=mnl pant, of ciyechi

welt anidutth Sahait

.fi‘!ﬂi'l'r. Emiiin mith U0 mlnesideg,

Tellirg meitt slinciuie Cibieriily, S=als with 30
St
FLilys femcaalaiyy Caettisy W Gy B torm |Conma2 A Wiis)  offer  ased W)
e e e i Maifigrmulice, rlu|uh'-blnl|rlmul.
Faumnpiies D= o, Tyinde | Sqpam Fecmwryin, Tigype. Soe
Bahess  Fminl  sohise | Ssenioidie Cloaer ohidhe . wis
-
ment area a 15 _ _
' rofares 4w mﬁhmﬁ:&hhﬁ-ﬂaiﬂhﬁﬂu&hﬂriﬂnmﬂmlﬁ

2|, @, 2h

of B cemtroid from s fredpomt O = shome m Fie habw

Srmilariy

sto helhﬂmnfﬁspﬂﬂ:&hand{: w )y (o), (o 38)

it

& A




et
I

Whare
A= 8. T8 F 8T

Cenrroid by geomemrical conzideration:
The cemroid of momple f=mes mey be foomd out from the szomatry of the fimre 23 syven below
1. The cenbrois of mnricom rod 1= 3t 1= mddls pomt

Lihmnhﬂﬁmfimh (o7 = parslleiozrem) = &t the romt where i dizscrsls me=st sach other =
ahp 3 nnddis pomtof the lepsth s wel] 23 tha besdih of the tectansle sz hown m Fiz &1

3 Th= controwt of = nangle = = e pomt. whars the fieee medums {2 madian = = Ima comectms tha yorie
s muddlis point of the cppoat xls) of the rompie mest s shown inFe &2

i"i' i
T. I s I.l-l'“'\-»..
. i i ;
’ ' P 2
i - B . HH
L ‘- = I = .H-HM
a - B ._l-__- (] _--\-__
4 M i L
= 4 |
Fiy B Bactarla Flg 2 THaryin

L?ﬂg:@ﬂﬂdﬂiiu@gmmnﬁgmﬂﬂﬂiﬁiqﬂhﬁgadgmun {-:-':lfmﬂﬁmnﬂ:te
e naz shommm = £33,

i.m.mnﬂﬁzmszameff_inmﬂI;uuma;mudah-r@.th-*.!tu::lnimsu
shomnm = 64

A l' i ;'_'.______“__' : 1'*.1
Ly gt )
i f _f-'| '.JL‘_ 1‘—‘-H

Fig. 8.3, Tinperum Fig. &4 Sennonam

8. The controi of 5 circulsr ssctor miking sami-vertical ansle & = at 5 distanes of ‘;’%} S the cenfre
of tha zerter messared zlope the contral 2da =2 zhownmTig 8.5 '

i -.'- 2 o= :_ h
¥ ‘..\. .‘E = ji-anlll;r----l-r -‘IE lll
7oA M) l Ll | ——Setue e
S LiEs — _f == =
! - N, I!'.' » - |
Frg & & Sinsstar secsw Fig: .6 Moo

7. The centroy: of 2 oabe B at = dstencs of |/ 2 ffom every Soe(w ! 1= the lensth of eark i),

E. Th= cantrom of = sphers =5t = 0stanes of 272 fom every pomt (whers @ =1he iameter of the spievel,
Fage | &5



8. The comiroid of 3 hemisphers 1= ot = datancs of 308 fom i bas= messmad slons the wertval r=dnis 25
soonmie= L6

10 The centror of neld cocolsr sohd cone 12 38 3 distance 2T h'd from o= base mezsored zlbong the vartical
e 2s shosm m Tz BT,

1l Ths canfroid of 3 segment of sphsre of s heisht b s Ezd'eﬂanm-ﬁi"i

-'_"‘.'__;E-um the cenirz of the srhare
mesznred slons the heisht ssthownmFiz 6.2, '

[Er—&

i ) i
= =t S O,

|
Jillh
' | e opAEEEE R e e AT
H * T Y agrs
% T YEO, . = 2

1 ; -

— §om —

& |'I':__ ,._-_%_‘:.:::'.'p .
}_ — e

Pl e F Sk v s come Fig B Swg=w (1w b
Centroid of geomeirical fig &
1. Rectangls
r-
L'—#
| |
Sic= A
B s &
) I—Eﬂ }—E.
2. Rishi trisngis:
'
! . l i
H = L]
. | -h'--. -
1
Armm ;Il.l
_ b _ h
.r—énm:i}—a

3. Triznzie
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4, Cirele:

6 Quadrant:

-

Nk Pl i bt s ot i s il .
7 =Vareal detance hetween the centroid and the honzenta] axm.




Centroid of plane fisures:

*» The phne seomstraes] fipures (soch 2¢ T-section lzarton, |-secten siv | he= only sess bl oo
masz Ths canire of gravity of =och Sewres = Sund oof m the zars way 33 thet of sold bodies. Ths
Gmme

* L=t ¢ znd ¥ be the coordinstes of the contrs of srzvity with respect to zome =iz of refarence then

ﬂj_.ﬁl"‘ﬂ[i':‘i‘ﬂj.i!'[_'"

]

8y < 0: + a3 +-

By ¥y T2V TRV T—

T
il

Centre of gravity of svmmeirical sections:

Sometimes, the groen section, Wisnss CepiTe of SEAvEY 15 required to be fomnd oot, = svmnmstnes] shoot XWX
axeor -V o= Inmeh ces the froczdore for cdieulzne the canfre of oravity of the Tody i vev much
mmpdmed; 2= we e only to mloulste sther @ or v ThE = gue to the resson that The cenfre of grevsy of
the hodr tnll e oo the s of sonmmizry

Exampls — i Find tor compz of grmanyef 2 100 mom « 130 mom % 38 moe Tsempon.
Solution: As the saction i spm:sstmzlih:ut Y-Y axiy bissctins ths aah. therefors it
Cemire of pravity will Ba'on thes axis Spht np the section mip two rectanples ABCH and DEFG 2=
shown m-figurs, _

Iﬁbﬂtnm:fﬂenﬂ:ﬂfke_ﬁ!_z:ﬁnﬁgm

(i} Bectan=l= ARCH ' A

&, = 100 % 30 = 300mumT a0 m=o 4y

. o 1 | 50 mmw
=i ) T 2

— Ian—fz—}zzsemn A 3
B3 1min F
(i) Rectan=le DEF G i
]
gz = 120 » 30 = 3500won" !

| - ‘__
m EE 0
¥r=—7 = &l0mm e LR, T

-

f
11'ehuizl;rﬂnt!had.'m:u.l:ﬂéEﬂmtbﬂnfﬂﬁdﬂﬁ&&dﬂﬂih@mﬁﬁfﬁg.ﬂmﬁﬁ
2y ¥y 3000 135)+ (3608 x 60)
P - 3000 + 3500
Exsmepls — 2: Find the contre af gromn of e channel seevan 100 mm = 30 e = 15 mom

Selurion; Ax the section = symmetrcal abhout 33 o, theoafore Bxcosire of mravey wall he
ot thin axia. Moo split-up the whals sechon mis fiues pectampies ABF)L EGET and COHE 23 showm
m fizurs
L=t i fare AL bathe i of referce
(1 Bectanzile ARF]

¥ = = 54 1= (Ans)

&, =20 % 1= = 750mm* )

o T 00 e T
AR

i
&

1] i

wml &

F = IS

X {1 by
N a—reriromehps—d—rrms—r

(it} Rectansle EEKD
a; = (100 — 39} ¥ 15 = 1050mm"

'
f
E




We know thas the di=tanes between the cenives of sty of the sertion and ladt Sios of the section 4T
0:1: i:--:!']r'l-l'.'i}l! 'l':.?tl' t.E-m-‘-fIlﬂ..ﬂ::{".E-I+|'_?EG]-2ﬂ',l

e ot e o? Bl ) = 17:8mm (4
= P TEOQ+ 1050+ 750 B, {Ans)

Etl:lﬂp!ﬂ—}ju{n Ezection har ok following dtmmesions in mos anirs
Bostom flangs =300 = 100, Top fMenge =150 « 58, Weh =300 1 30
Bmmﬁum&muﬁmi&-ﬂripmﬁni n}'rm#jmng af tha weemom.

Solatiom: A3 the ==chon = symmetrezisboat T-1 2o besdfme the wab tharefire &y conite of gravity
will b= om the o Sow splhit ug the sectvn mio thres recbimeies 32 shown in fimme.
L= bottom of the botiom fanse be thes =0z ofraforence

(i} Bottom fange
gy =300 % 100 = 35000m i | |“‘|’"“'H‘*
16 Shuny UL 0L )
¥y =—— = =lmmx L |
) |
tﬁm’ab ,
= 300X 58 = 15000mm™ J00) 3 }
— | —
“100+ 3% < 55 |
y- =100 -1-—-5-—_ piitas ] + 1'
{m) Top fan=e. AU | 'I
a3 = 150X 50'= 7500mm? b e 00—
.. ik .
h:ma+:=n-n¢.’2—=415._-m
W bnorpy that the thetanes between cenite of sy of the sachon and battom of the San=e,
- B3 asyr Hag 30000 500411 ﬂ-ﬂﬂ'.ull‘:-ﬂ"‘--'.. 700X 42157 !
3 L Z¥ _,._:‘3: all - i — 160 mm (Ang)

A, +a- +i, 30000+ 12000 + 7500

Centre of gravihy of unsvmmeirical sections:

Sopstes, the gren sachon whose ganirs of gravty &= Tequesd o be-fnond o, = not symmatrical adher
shout 3o ms or T-Y mxm Inmech cases e bree o fimdd ot both the vaives of and ¥

Exampls — 4: Find tvr comproid of an pregued anple secnon 100 mone = 80 pose = 0w

Sobatinn: As the sechon &= ot nmrestresl shont e oo thersisre we e to And out the wgives of ¥ 20d
¥ for the msle zection Spld op the section nde s rectansles 3u shovm m Grure

L=t aft fore of the vetiral sarbiom mnd bottam G of the bl st e reg abrzforence
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| i) Rectamgta— 1 -+ jemm

@, = 100 x 20 = 2000 -
il
Ty = = lumum E}
iy Epctangle — 2 |
a: = (B0 — 20 = 20 = 32 00mn* I Chk et
&0
Fr=20F—=50mm i
3 f Hinm
20 & Q .
=TT AT kd—-—!.L’rrmn T

And walmow that the detenre bistvwam the canfre of sty of tha sariion and Ieft G-

Ay T azsz - (2000 10) + (1300 x30) 55 s
A +8; {1000+ 1200} =LA

Smmlarly, the antance betwesn conires of sraviy ofthe secton ang bottom Ges

sy +apy: (2000 30) + (1200 % 10)
= Far 2000 +1200

Fxample = 5: 4 ungform o shown i Figery conmy of o eemiple, & oovle and 2 suangle

Salution: As ine sachion s oot symmetrizal about 2oy 203 therefore we have i fmd onrthe welues of

both ¥ and § for the lomim

Lat &8 =dze of crenle porhon and bottom fee rectansular portoe be the axes of refirencs

T

= 3omm {Anz}

¥

(i} Restansuisr porhon _’I'Einl il r—
s: = 100 x 50 = 500Gmm® \ T
N o _ —.-F_:I ||,||||L~|(-3-l|g=. "'1 I-"J- D3
¥y =354 e = FEmm ; .

= it b _*
i ’/ [ 2 i
2

T4 .
g ==X =5 A28 = 982em”
ir & ¥ 25

:;:.'EE——];-_zlE— =3i45mm

50
¥y = 5 = 25Mm

(iiT) Trisnaaisr portion

50 %50 -

- = = FaTr

We know that the diviance between the cemter of zravmy of the sechion and the f odse of the creuls
portion
Fags | 51



- B2y T8yt ¥ 8% - (5000 = 750 + (987 = 1440 + (4255« 100}

i= = = 211 o ()

= 8y Ty ey SH0E + = 1S lid
Similarly, the diganca between the confre of srraty o f the saction #nd the botiom Ee= of the rectanesla
poshon

- = +oasype (2000w 35) 5 (082 w A5) 4 (1250 X BETF) -

oS Tey Ay % 25) + (082 230+ | ST iy i (i)

8. +ag + &3 5000 + 98z = 1250

Centre of gravity of section: with cut out holes:

The cenire of =r#=x¥ of soch = sachon = found oot by conmdenes the ram section first 22 = completz ane,
ard than defurfne th= mea of the cot-out hale' 1 = br takm= the ares of the cut-oot hole 38 nesstes Mow
mbsstating 3: (1.2, the area of the c-of hols) 22 nesgive. m the s=ner| equation for the cemire of @iy,
e st

= i : - ¥y T @p¥r
F = mmere——— and F— ————————
d; — &y 33 — 87
Exampls — 6: 4 muwy kolr o muncked pur of mrcular losomn, she disgonad of tee sgusre bamg Hee

Solution: As the sachicm = symesineg] shout -X o thaafye i sore of iy ol = on thin 2o
L= A be the pomt of refemsncs

(1 Mun oxela
ey =wr"
i — ™
{mj Cuot oxt sy
rET .
Gy =——/— =45

IE=-’"_-'.,,'=1 T

We o that detanes betwean reviresof gy of fhe sertmm and 4,

2.5 —G=%r imrwe)l—(0S+ x LEr]
&« _l:lz = FT"':_E"':

T=

rifEr— 675} rim—075)
TTR=05) _ moos )
Example — T 4 semr-cirenlar eree iv resioved from 2 rapezium o3 shown i Figure {dimanonny i o)
Deezmune the cemiraid. of the rematmng arsa (dhown hareheg}
o
x

¥
%

L

- e i

Solutinn: A= the sertion m not svmmi=tical shoutany o=, thesefprs w= have to find out the
valzes of £ and V for the zree. Split up the mres inio thres paris s shown o Fis 6 25 Lot e Gce and
bas= of the apezmm b= fhie =xe= of refarenrs,
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g, = B0 ¥ 38 = 2400t 1K
a5 o
T =5 = 30mm — st &
- el
20 ¥
Fi =— = ISmm Wl @
S | % (!
{4) Tramezle i I | ¥
hzﬂi‘:_.iﬁrz - = o i — el L[} :
=
80 xz
= 53 3mm
-
10
¥= =38 +-— =-4&imm
=
(15} Sem cuxls
:—i:EHFIZ-,;EUI:EEE.EImmT

43 4r
f3=—.:-.-_,-:..—-._ﬂ_5m
S TE = 1=

Wekmow timt the distance betwresn center of ZEavay of the ar=z and lof Gos of tapamom

e +Az¥r = G:Fz .’_—:-ﬁﬂ'--l-l:ll}-i-fi‘ﬂ-ﬂ'-._j.a}— {6183 X-&0)

= 41 {mm (dAns
S 3300 + 1200 — 6283 i Ans)

=

Simlarly the disbncs betr=on cenise of iy of the ==d and the hase of the fapsoarm

.Gy Fe e (2400 » 15) + (1200 x 401 = fa2R3 % 8.5)
sy Fas—eg 7400+ 1200 — 6283

= 265mm (Anz)

CENTRIOD OF COAFOSIIE FICURES

When mors than one standard plane fizores comibine to-zather. o forms 3 composite plans fisgres. To find
the zemiraid (C6) of composits frue weloreto bresk up m 1o the dandad phre feures snd follow tha
=2eps 3s expiamnon paxt sub-tope £:3 1 W e to stody onbe the composits fipure, winch =ve composad of
it mrors thes thres mermetres] frmes = this beak

Steps for finding centriod of Composite figures
To find CC of compodts fizares. we hyveto bllow Sllommns s=ps.

Siwp-1: Einnde the grven compoane {sompound) shegs mto warnes standard Geores Thess standard Deures
inchade smmrs rectansies swelze cominirisc trznpls and mery more In dradins the conmients foare
meimdz pars voth heles (oot ont) = to rexf 3= oomponents with nesative vakies: There = 2l=0 possfility of
rotaten (207 B *'E&Jﬂﬁﬁiﬁﬁhﬂﬁﬂﬂﬁ:ﬂ:ﬂ*mmﬁzm.ﬁzmtﬁmﬂhﬂr
dowm =vary part of the compound shape In o sarions commonsnts with dasisnste nerse (Commonept-1,
Component-2 & 55 on) befhre procesdms to fhe meas =2=p

Stap-21 Caleulsta thie area of sarh componsint 3a por sandard skans from tabla 4.1 (B). Make the zms
neszive for dessnated arszs that 20t 23 holes (cut out)

Step-3: The siven fimmeabionld e an X sl ¥oprs 2= meforenrs fins Phrgw the Xogyin o the
hryizemts! ina pazsms throush beftom mest poant of the eren composte fizure. whils the Y axs 2= the
Step-4i Getthe distance of the centmad of each componant = dimided mio mdsrd fparem step-1, fom
&E_E—:ﬁ!:ﬂiﬁ'—ﬂﬂ:f&ﬂglﬁﬁ_

Step-5i Make 3 cabmpizton ntakls = shvam befow
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e Weitme “ﬂ“l!ﬁ““ﬁ 1 I‘-hhruull.tlhu_ Ax Y.
Sranr b 2ley T 3 T
I Compenar | N X, ¥ A, A
b Camponmn A [ iz Aty fiy
| Camponart v A X, s e Aol
Summation  |1A- - - TAr= TAy=

Step-B: Uz the sqmations to fmdthe coopdmates { x, 7} of eemiroad (T8 from referencs fmes
(A} E=X-TAxAad(b)7=E-ZAvA

Lot to explam shove pomt. take some exarmeles of commeste Somre {section’. 3z per svilabo: commozge
e mant be compesed of nol ticre than tlese seometmical frures

Exampl= 1 Find the compromd (OG) of 3 100 mm v 150 mom = 30 nem Tezactaon 2= shown m the feare

+ A mm
— ] -
'E' -!':'— : 1
14 ' i T L S
" [ S
¥ L
= |li} e n Talmm
= 1 ! &
o —
5 . o >
:Iju-nncl
Flg.

Solution:

Step-1: Thude the srven composss (compound) =nepe nrio varen: standard boores Inthes caze the I-
mzmmmm Fams the hwp componEts = compmnst- | o tep retangle
{Flanzs) ABCD & componant-Z b rerticsl rectenzle (Weli) EFGH 22 shown i Table balgw

Step-a1 Calmlafe the arez of sach commonent 22 par standarn shopne (Rectansley’

Stwp-d: The snan Dowe shonld kave an N-a0s (O i) and ¥oam= {07 Imis) 2= vefotencs Ime

Step-4: (et the distancs of the cantmid {x & v7 of 2ach componest 3= per sfondard fisore from refersnos
e (Mawic & Foaen) Stap-7- Po 5fl ths waine ablamed from dep-2 tosiap - in the fahie a9 Dllve

. .Distanceof COol
= .lhuntu ﬂmlmmw'l
=0 | Compansht Name: | Comparant A line=: Ao Ry,

e e x T

1 Eﬁﬁ:i‘;-;‘ma 100 1 20 « 300 %—"' 1*:5}1-% =135 | 150000 | 48

. wﬁmﬁ] W EM0=3800 ﬁm ‘? <80 | 1anppan | Fanoo
Summation TA=2800] = — Bf;"c;q'u ﬂ;—;“-ﬂ‘;ﬂ

FazEl
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Srql—ﬁ.' 1ise the sguations, to salrulsts Cantroid (CG] of comprspe plns feors by poities fhe vaioes fom

r'_:l T =IZAaxla
___E-um 11600

=H8 [ Avewrer)

(b} F=Zriyia

=7 3& 000 116

=£3 00mm [ Arewer )

[As per svmmetry of compost=-firurs 3hott vy 255 (warheal), we can doectiy,
Fird v= Tetal wadth 2 = 1302=57 Dimm. A we obtamed by oabnizems |

Fxample 3. Find the centroid afthe green compeane feore shewm m fzors

i Ll e 1 =
- - I - T":}IE - k&
Tawar : rjl-;'r Ry paar “H
e 1™ ﬁ ' d
i :-H' =) _: B ]
3 I
| ¥ &F Hi i 4 13
o
E =1y
e g I f
1!
£ :
=1 | ) w4
I=t . |

Fip. 48

Step-1: Dynds the =rsn compose {eompommd) shaps into taripn: sand 1d feores. T this casa
B compmation of tires fipmres. ame the tires componants as compona-1_ entof
conmenent-), and rirt of coanponsrt-3 2= shown m Tzhls halroy Hs'lbm]:.-:.:tm:lz!

crented fom standed dhape chown m table4 1B}, Henes the pesttion of CG shifted
ectcrdmely. For sererarrle 5 ¢ onented to 9, x ccordimstior barors= v & vecs v=rms oy
rieit anzle tnapsis az dopemted 2 1507, h:.zgwmmp,ﬂﬂ-&hncam}hemmmd
accordimgly,

Stap-11 Caleulsta the srea of éach componsint @s per standard shape writh negstre= sifn for cuts of
oomponant- 0 & 3

Step-): Ths siven fisweabionld fose an g (AB 1ins)) md Yoz (AD lins’ 3 refarence fms
Stap-4: G=t the distance of the cestroud (x & v) of each component 23 par standard Azure
Step-5: Putall the vaine sbizmed = dfep-2 to stzpf in the tzble

“Armp i Dot =, O ol =0 l'r!rl:!:l-1| |
Gampaoem A | Hem S| i
- 1
i i " i 4
P T . ) iigin L . . .
1 ABco) SEC & 200 = TEOOH —= - un == | nzee | msssosd
|:H:I|.I.|;_:_ﬂ__&'n|uu = -
e
|Hungs- 7 T s ,
-] FHR it =) 0 A3 5 2 CE T U T T LT A e TR
1157 m=) Huss : o
| Adusghi hiing
it
- Emfitdence 3 B ) ;
a I EI e | B ggan |35 100- 134 | —gEmeanEr | —niamd i
Al — 1KY = ! EFsu)
ey
i & - = AN = ‘IF, -
BummAtia A - s i st | raniem g
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Step-6: Uze the agiations, to mmioniste Cantrost (CL7) o0 compesie plane fisme it the wahe from fahle
EiF=T3AxT = '
=3T11554 | § 5705704
= 163 25 mm [ Anawer)
bir=E-ay L3a

=3T424TE A0 3053 04

= 11023 mom { Amsaver)

CENTER OF GEAVITY OF SIMPLE SOLIDS [2-D ELEMENTS]

For standard 3 D alarnents | Sm,.l&:ah:ht the cetar of Tty {- ) == shonm m Tahle 4 1

Tahle 4.2: Cantar of Sirmapy [CEN of Thres Dimemnalaral Stardais Solid

rﬁ' ' Goomatrical Shaps VoHima 3 =
. w
=

1 W o T r h

- T E

&+ W= Eﬁ PR r h

3 . Vit ’ [
b=,

2 ar

. W =:E A T )

B



CENTEE OF GRAVITY (CG) OF COMPOSITE SOLIDS
In ths we Eve to cowmter the volumis of aphds (V) mefacd of mas (A) condorsd o piene fpme Al
other process repmms mame. bot S conveyvence the step Het oot 3 fodlowns '

Step-1: Dmnde the srveh compost= {compomndsondamio: Yenousstancsrs sonds. [Hess standard solds
melds Corm, Cylindss, Sphere Hemd sphera [n drvidme the compostte solide. mebuds parts with bolss fom
ot @me to trest = conporsnts with nesstre vaboes: MNake wms that vou bresk doem svey part of the
commomd sohds m to vImons commonents with desygte ame (Commonent-1, Component= & 20 on
beiore mocesims o the et mep

Step-I: Cairnbte the volume of each components 3= pey smnderd soiyd Som table 4 1 Miske the —ohone
nﬂ:’rhﬂmﬁmﬂdﬂlﬁﬂaﬁsfﬂw-ﬂ,

Step-3: The zren sobd shogld have o Moz od YVeznm 22 referencs bme Draw fhe Momos 3z the
hamlhﬂ:p:sm_ﬁnuﬂitﬂjnmmﬂi;ﬁﬂmd!h! s=r=n sonmedds sohd @i the T -0 s the
swriical fme pasuns troneh 18 most pomt of the sTves composEe soit
Em&&dmdfumﬂefﬂ:MEbﬁiMMﬁMIm—lmh
M-z and Yoaxts as refaremee linas

Step-51 Moke 3 szlenbron m tabies: shovm below,

| Ristance of C&of
R HAolorencg Ines N Ny
' x y
1 U-:rnn:rt‘lt'l W, 1, i VK, ViV,
g Camaanant 3 - ' K ¥, Vo, LA
i Camparsar n V. X 18 Mt Yivs
Bl on V= = = W = EWy=

—

Step-6: Lazthe symabons to fnd the soordmates {x v } ef testrow (06 fom refotencs nes
(@A r=EV-xrI¥amd
B)F=LAx'LA

1 & tr sxplesm abave pomt. k= some axnmmes of compesse sobd (zechinn), 22 par ayllabus composits sold
st be compozed of ot mose than two seometres] sofuls,

Example 4. Find the cantre of sregty (T8) of the compostte soid hevme cylmdsr of Someter and heshl 2=
== prith |60 pom which wrports 2 cone of howe dipestee gnd hedsht 30 zams wpth 6] wmm Show fhe
posthon pf CG tnthe femm

['-." = s pre Pl
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Salohom:

Stap-1t Drode the srea composze (compomnd) solidy mtctvo damdsd solids Hee bottom pat ovimdes
QAR desrerots 35 componant- 20 upper part cons
Step-2: Caimlsfe the volome 5 2ach componients = pestanind solid Fomtzhl=47
‘Step-31 Th= gmen sohd shoold kave an X-ams #nd Y-zms 33 reference ns  Draw he M-ampE as the
horrontal lne peccme thignszh bottom most pomt of $s smep commessts solid whils the Voo = =
wartazsl hne pezange throoeh I most pomd olfthe srres composis sobd .
Siep-4: Gt the dutanes of the centrond of sach eomponants &= drded into standsrd sohd m step-1 oo the
-z and Y-ame a5 refvencs Imes - Step 37 MEke 2 calouizhon miable = deoumbehow

: T e 'ﬂiifmm:nfﬂ‘iiiil
81, | Componant ml‘“’;’:, ‘eampansnt fram ! vx V.
ool - Mame ot | e tnes
x Y
= |
i 2 ] L
: W%?ﬂﬁl =14 4 16D i6n | A0 DR [T
=}= =gz =Ty B '
— & =8
AT L ]
3 ; H o E
ok BCD ] '
| =kt | sxB aine | 160 | -163 2| eresunzg itctn:
| =2 = i e = &£
= ITEesn 2 =
_ e LT Wy
‘Bumnalfien TV JameaT Y A3 MG D AT1RC55H.40

StepB: G2 the agmarion: to find the scordimtas (= v ) of cenfroid (C5) T6m efranca nes

igs=L V.x

A

=343145893 £0 I8932] |7
=50 0 e {Amsieers
B)y=X V-vEV
=ATIR2SRIR 40 478930117
= 110 80 pom { Answvar)

BiD degenate 25 componee-2 & shonm m fie

Example 5. & frusinm of cons & o= base dmmetes 100 mmeand top diamster 57 oy with heasht == 160
mm T ths 05 of thes Suztim.

FazEl
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Euhﬂifmﬂu‘emgtﬁm:u._Ehﬂ!hﬂiﬁhﬂﬁ;ﬁ!ﬁﬂﬁm.ﬁmﬁsﬂmﬂmﬂﬁiﬁmmﬁf_
Forfisll cone DAY c_a-m;;re trianel=s DOE & DCF.
we set DE ( QE= I:'F
BE ([ 50=PP- lﬂE; 25
M DE=3DE- 5000
25 DE=30U
DE =G0 mm.

EI=TF
=DE-EF
=200 — 100
BT =100 mm

Step-1: To =2t the sroen solids. we Bate to swhsdats pprper tone BCD fom fnf] come OAD 25 shown n fi=
Here fll pore DAL desmnate 52 componset- 1 g upper cone BT} Jes=yate 3= compoment - 28 shown m
o=

Stap-1: Calenbete the voloms of szch componsnts = per standed sobd Fomtzhle 4 2

Step-3: The rrvan sobd should heve an ¥-amm and V-zus == refeencs line Draw the -anm 2« the
bormontal Ime passine throesn bostom mest point of the er-en composs= sola wihile tha

Yo = the vartieal Hine pemars throreh laf pysct momt of the =rem commpose sahid

Stzp-4: Get the distancs of the cantrosd bf sach compozents 32 drided mio stmdard sold mstep-1

from the 3 osos and V- 20 r=fmenes inee

Siap-= Mhake 3 caleulstion in tabls == showm below

' = nm?rﬁﬂ,ﬂ' '
b | i | Wehime af,

Bl n e m _— e
Mo, hm t ﬂqrq:unml Emﬁ' _ Vix Vo
4] H

Faloocs A0 I‘FFH 5 .|
(=100 mm'
3 . =z 50 1 1K) 150 o TIANEOIE0 THEH 50
H = 00 ir] i S el e
=40 :-.!E.
ﬂlﬂﬂfl_.mﬂ:iﬂﬂrm. - i h,*%'
& Snm | EAERE 1 Frini Jog, | FEEITATI DN - NI
ii:ummu e [ il .min
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Step-8: Use the sguations to find the coondimitss (x, v ) of centrodd (OF) from referees linsy

=3IV IV
= :_m#il.-!:ﬁ-ﬁ'ﬁjil 4821 AT
=3 ) pon { Srmwrer)
[Aa per symmetty o f composite Gaore sboot 11 oo (v=rhieal), ws can dmecty,
Fd x=Total wadth /2
=1/ 2
=501 05 momc &= we obiamed by caleniston |
b F=EZV-yrLY
= 33098124 00 4189511 37
=309 oo { Arewey
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POSSIBLE SHORT TYPE QUESTIONS WITH ANSWER

1. Drefine centre of gravicy. (Pomible)
Anx Cenfre of sravieof 3 body oy be definad = ths pomt thyoush vined fhe whale veisht of 2 body max
be azsumed o act

2. Define centraid. (W — 2016 &£ 5 - 2019
~ne Ceparoid of Canbre of 2re: = dsfmed = {he pout nihse the wiose arez of the feme = asmed 5o be
comcentratad.

3, Sinfe perpendicuinr an: theoremn, (5 —I01%)

Ane It states If1iv and §o be the moments of meta of = plms section about two perpendicolar axs
mastins 3t 0, the mers of kaiz Iy shout the 3xn 7.7 pependicalar to the glhins and passing throush
the mtermaction af -3 d T-F &= mven by

b =lyx # Iy
4. Siate parallel 2xs theorem. [Foznible}
Ane I stwe, H the moment of inertia of 2 plans ares shout oo threash its mﬂaaf;&v—d?ﬁémﬂ
b 155 thes momani of merti= of the 2:ez shont amy othay =xe AR parailsl io 8= frg and gt distanre b
fremthe rentre af ey s =m=n br

Yz =g + ak®

S, What i the diztancs of centroid of 2 temi-cireular areas from the baze? (W - 2017 & S 2015
¥ =:!IE =0.424r
Jic
POSSIBLE LONG TYPE QUESTIONS
1. St=t= and sroee papendieniar oas theoram. (Poaszible)
2 Siziz o move palls] amn theorern {5 — 2019 Old)

1 & semm-coonis #ed 1= Temoved from 2 brapermim 3= chovm m Frzure {dinsansiom: o tim) Defarmune the
carrtrod of the remamme arsa (shown katehed) (W - 2016)

-
-
==
-I—'-F_

* -- T
A

2 L
- e — il —
4- Fmed the po=ition of the centroid of onaesls sachon (L = saction) kving dimension of 150 mmm » 200 mm
v 2} men, (5 —2FI8)
Efmdfhe-ﬁaﬂiéuEfmgﬂrfilmaﬂrmmﬁr@n:héﬂw (5 -201%)
=i =S
il?

T

JL —=—] 2
L L ¥

Fais [ 8D



| & Pt e riarrasc of st of 221 - sty b= s v i whvmst i 30X qmis 2] |
Yo¥ s
Tngﬂhng&].’rﬂmh =)
Wehe 130 om0 mm
Boftcms fanes 380 mm = 30 pom
(5-3018)

7. Fmd the moment-of mertia of the grven sectson zboot the cemrpids] B30 nd ¥-F mee {51019 old)

~» - mm
&
T

[HERTTIRY |

!

X
i é.-!' -2

-l—Eu-nn;-.—l-l T

Fage 1 6L



CHAFPTER NO. - 05

SIMPLF ITFTING MACHINE

Introduoction:
o i mvenizd sanoms fypes of mackmad for bes sevr vtk Eommebwees ane peon canent do ey
work b wsth tha help of machma. the same werk can be azue dons.
8 Ta plore the tyr= of 2 230, mﬁatmuﬁhmﬁdﬁ;m&ﬂrhﬂ;i;‘?ﬂ the
=amne work <3 be done by 3 simsls man Thesefive: fack scks 2= = machma by which the joad of s zar
mhhﬂaﬂm‘mﬁmmﬂlﬁmmat@:&ﬂﬂﬂsmﬂﬂm

Simple liftine machine:
* 35 adevics whek sfables os fo bt = ke ol (W) by sapphne = conmparmire]y smstler abiort

Co d machine:

* A componmd hifinz machine may be defined 23 3 device, comwhng of 3 snmber of cmpls machines:
ey smahfeg g te do wome puefinl ook 3t 3 Geter spead or itk 3 ek by affit mooyrEsd iz
simpls mechme,

Effort:

* Moy bedefinad 2=, the forgs wheeh = sppihed 20 25 to oyarcoms the resmiancs or to it the Joad

i denstad by =P
Load:

* Tk wekht-is be b=l artharesmires Sree to be oarcome with tha bsln of 3 mechme =oaflad 2=

oad (T

o Thka peckamies] sdiantass (riafly wrtien 2N A 5°ths rahe of weisht lifted (V) & the =t
applied () znd & alwars expressed m purs momber

M.Aa = F
Velocity Eatio:
* Ths vebogy mhe (brefly nooten 2= VA ) & the mho of distance moved by the sfiwt (x) to the
diztanes s b the lead (x) 3nd = ahyars =gesiad ™ pere mambee,
o Aitheissteally, valocity e,

V.H.=

PRI

* The imput of 2 weachms w ths work dons on the machine In 3 liffins pechme, 3 1 megursd by ths
product of effort (P} =nd the distance () thmosh which o bas moved

*  Mistheratally,

Iriput of amachine =P % ¥
Output of 3 Machine:

* The coiporof  meeine & the acinal wore-oone By the machee In = Hime mechme, & = messmed
b the meduct of the waoid fifted (1) 2nd the detanes () tloush ahick o bos bean Iffad

o MIsthenistirally,

Dutput of a machine — W xx
Efficiency of a Machina:
s Tz the rahe of potoot $o the mpat of 3 morhme snd 1= penerglby sxoressed 3 5 parsantzes
s Misfh=rectically, sffirpmey,

_ Outpmt
= rlr.:put *108
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Ideal Machine:
»  [fthe ey of 3 oochies i 100 12 1 the cxdpint 1= syl i the et the mgckms = :':E-ain
= perfeqt ot an e merhms
¢ In practicsl cazes oo machme = 100% Eﬁnmﬂmmlmﬂnﬁwh&kmEehﬂ

* = Enmmperiant relizhon of = hiftme machms, wnach thoes isht on dy mechaneen. Now coraisst 3
Sifrye masohms. whoze affireacy 1w regured to ba fame oot

* [ i=Load hited by the machme
F=Fliori requesd to It fhs load
& =Dhstance maved by the effort m bftms the foad, and
z =Dhstance soved by the bad

¢ TWeknow that

W
MA=— and V.E.= L
E z

» = zhe Emow thst mm of = masrime = Bt sppbisg « Dhetance fivoses wherh S sffort-mes
mo=d =F « 3 A
o of 7 mackme = Load hift=d « Distaree throwsh which the losd bea betn bflad = W= x i)
= Effouenay,

Output _Wxs W/P_MA

u e

Trprur .F'}{;' viz V.R

Exampls —1: I & covrnmn seeighe [fmg machine, & weight af 1 loV iy lifeed by an <ffore of 253N Whils the
weight masey up by 100 mom, the pore of appheanon of =fferr mover by § me Find mechantea! advammges,
vedoomy rane end ghicency of s machme,
Eu-hﬂiﬂn.ﬂ—r_ll’i’fﬂzhﬂm =1 &M= 1003 19 Effort: (= 23 W Dctanpce thionesh whesh the weisfi-i:
mod (1= M e = E]mjﬂ:ldmeiﬂm_hﬂimnh_ﬁﬂtamaﬂrw am
Mevhanical advanmge of the meching '

Ve know that maﬂ:lm:l:d".w ofthe machme

i I0E0
MAd=—= —
#F 25
Veloety rane of the machowe
W know that-welocsy rato of the mazhwns
] 24
i*.ﬂ:iz.—zﬂtl
) x 0l
Efficteney of tie moching
We aleo knoeer it efhciency of the macns
_H..—i.._aln_ﬂﬂ —
T=V.E =0
Reversibility of a Machine:

o  TWhest 3 machins 5 capahls of doine some wock in the revese deection =ten on mmoval of =ffort_ #
B walled 3= reversibls mechee and o= action 15 knows as reversthaldy of the machma

Condition For the Reversitdlitv of a Machine:
¢  Comade zrersiblemehme wnose conddson Sor fle reresinisy 2 regured to be found out

# L=t W=1Lcad hfled by the machine
F Effrrt required e fiff the load
ihlmzmr!fih'lhgcﬂz*r il
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We ksow that mpot of e machins = P « v ond Ootpot of the paohine = 7« 1

v TWe s imoer that marhmes Gatien = Inpot —Ontpol = = vl — (T « 37

» A il consmeaton will show thet i 3 T=versible machine the sty of fhe pmchive shieald be
moTe than the machme friction whetthe sffort (F) =m0 1o

(Wxzl 2P y)— (W xwx)
S HWXI)>{(PX)

Wz

Fuy 'z

WiF 1
:-—;}u
yir

5T Y]

=

_4.}1
SVaRT3

1 .
=Ty = 0.5 =50%5
» Hewrs the condthon Br s mackme to be revesibie = et o efficiency shonld be more then 30%.

Self Lockine Machine:
. "Eﬁh!-ssm.a.n!unEhn:l-'rE:pﬂabnfdﬂmggnmmmkmﬂﬁterﬂ:haﬂEnﬂmmrmEﬂaf
=5, # = malled 3¢ Freveahls poehine oy morsashle machine o s2if bebme mochms
s  The soedition for 3 machine o b= nop — ceeasibie ar zalf locitm= & tot = =Mirienry shoold not
be maore than 30% Le, n<50%.

Exnmple - 2t AmIEnngﬁtIg&u;#mchud'm rens 3 cem lifr 2 M#!Jﬂhﬂﬂ&ﬁrh@'
of 158 effore. Deterems if che maching iy revevaibile
Solution. Gren Vabetyrate (VE) =3, Load (W) = B Nad affernt [F) =123 M

We Emow-taat
HJ.._H:_;:EW_E
RSP Tm13E -
M.A 12

1=V - WE

Einnétﬁu'zfrf}'cr_fﬁmﬂ!ﬁei! L=y thum 50%5, theafors the machms s mem-rerersibls

Example — 3: im & Oftieg mtachme whess veloomy mno i 30, an offoer of 100 N iy reguieed o Ifr 2 [oad
af 4 LN Ir e maclone rivermbie? If vo, whar effore showld be epplisd w0 dhat the machune or ar the potnt

of reerung?
Solutiom: Gier Vabeitvrate (VEI=3), Bt (P1= 100 Nand foad (W) =4 EN=4000N
Ravermbiiiy of the machine
We knooy that

M A= Hr-

=¥ T 1om
st =Hrione
A F 1
e

Smee siGoency o the mzchms 35 mars tham 0%, E'.IEEE:E“E b= mcnms B Feverninke
Effort o be applred
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= bl comseratvn wnl] show that the mochrs will be 3t the poms ufmmgtﬁmﬂ:ﬁﬂs-:ru_fﬁh
ar 0.5,

Lat P =Effort ragmred to bt 2 lead of 4000 N rrbn.thmimeaﬂﬂupnmtnim.
W kmaw- tat

y o1 _ 4000
= _PI. = F‘;
ana sffnency N
__ M.A, s000/7. 'S0
YR~ S R
# = —a = ARON
= -1—u‘5— oy
Idenl machine :

A macrhima harne HIO% affie ey it fallad o idaz] machms I 30 idasl marhme fschon B oam.
For mes! mezrhme Crtpot=tnpat or MA =VE

Eiffort lost in friction (Pf) :

Ir: 3 zppds maching. effrat required o cvercome the fiction befwean varpus party pf 3 porinne = gailad
effort lost in fcton

1.0t.F =Efort, Fo = Effort for vieal meshime Ff=Efort lost m frictem
Efrt lost mofracten, By=F -2

For Idez] machme 32 = VR

WE=YVE

P =W/ VR =Ideal effort

Dhee to frction. Actml P > Ideal Effort P,

Fd=_._P“—?_.

=P WVER}

Friction load (Wi):
Totil Bt Tores prodonad - yiisn sxiciies s s, 1 satled fasteo Kisd:
ot W =Load (Actsa]l We = Laad fo 9=l machm= znd P=Fffa
For b=zl mackms M4 ="V
W.=PrVE=1dz2a] lnad
Mow: fncten bad We=W-—W
Wi=3F s VEI—W

Law of Machine:
* The agmtion whirh =ries the relation betwean lbad liffed 3rd affort spplisd m tha form of 3 slope
=nd miseeptofa skeaight Ime = called == L aw of 2 machme
» Mathertially, e hiw of a il srachins =-srven by the ralatuin
' P=mW—=C

* There P =Effut apphind o 5t the Joad,
m = 2 comtani (called coeffirant of Mcting) whiek & aqual to the slope oftha lne A
W="Laoad hifted 2nd
C = annther constant_whith represents the sadline Fractom 1= O4)

—_— Wiy, ——

Page | 62



Moaximum Mechanical Advantage of a Lifting Machine:
] Tzkmwﬂﬂi mechamrs] sdvamtass nfi!rﬂzﬂgtm.n:hmr_

W
Mid=—

¢  For mesvinmmm mechanins] sfvantase mhatl'ﬂtm_n-lhea.'ﬁ! of F=ml" = C in the shove squston

e W 1 _1
A =S . € m
‘H'li-.l"w-

£

—— {l‘-’egm"n.j w}
Maximum Efficiency of a Liftine Machine;
* e know thot efficsency of 2 hiting machme.

M A
T
o 3 bl pomifestion will showr shaf the efficmarrwall B mexmmem, when the machamiral adwantzee
witl be meormnm
. __Max M.A. 1
TH=T"9R  muAV.R

Exunspls — 4: Fhﬂlﬂiﬂhhﬁhﬂﬂm#fl?ﬂt f the veloemy ratio te 18 and sffimieney of the
mgckine ar thiv load ©v 6097 Dasormune the law of the mackine: o & &y obzerved thar aw effors of 200N 1z
regutred oLt £ Lnad of 2600 N and find che ffore regured e ran the machies ar = foad of T3 EN
Solwfion, Grien: Efort (F) = 120 N: Valocty ratis (VR 3= 18 and efficiency (i = 80% =26

Leoad Gfred by die machine
{60 = Lasd iftad by th siihing -
Weknow th
. W
A= F 1m0
2 =ffeienry
BES _.'rl"._rL W/ W
VR a8 Z1sl
=W = 40& K Iicd = 29N
Lovw of the machice

In the second rzea, F=M10 N =nd W=2600 2
Spketivhns thetwoabist ofPand Wmthe mwaftho ngelms 12 F =m i < O
120 = mK 1296 + T mvvie e ma (i)

WO = N ZEO0 F £y v (5]
Subtractm= aquation () from (i),
B0 = 1304 m
= = =4.0E
=My

amd now sEbshintme the vahs of m m equahon (&)
20 = (006 x 2600) + L =156 5 €
= £ = 33156 = =4
Mow sobelifohns fhe valie cf m =0 06 2pd C =44 m thoTaw of the macheme
F = BOEW + 4%
Effore rrguired to v the mackine ot o lond of 3 FEN.
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. Eﬁmﬂgﬁ:m_ﬂr=ifiﬂuﬂﬂﬂﬁmﬂrﬁﬂﬁm
F =006 x 3500 <4 44 = 252 N

Exampls — Iun!gh;m:ﬁ:mﬂma_ﬁ:ngfﬂ\md:lmﬂ#lk\ Hﬂﬂ'ﬂmanﬂum:hﬂtn
ﬂ_h.uiﬂumrelﬂug mame? If on oty muchiee. o afferr of = N mised 2 Ieed of 3 BN, wharov sow Gee
efftriemey? Whar well be the affore reguived to rane a load af 5 ENT

Selwtion. Gren: ‘LﬁE:EE;mI:F} 40 N Load (W =1 EN= 1000 N; Effictescy {v) =0.5; WWhen 2851t [F)
=T4 N and bad (W)=2 EN=MGE R

Velocty rune when efficiency o &3,
Waknow that
_W_toe0
==F
e =fhmeney
oo MA_ 28
VR VR
25
F V= ———50
=
Effictency whee Ptz TV N and Wir 2000 N
Wa ksowthat
W 2o
."-.I!'.L:—n- = = - =¥
_H.a-':.._:"}_ —
e T Tahas

Effors ragurr=d to raire 2 load of 5 kN or 5000 N
Sukstimhns thetwotalizt of P and W m the mw afthe el 12 7 = mi + £
40 = m X 1000 + Coi o e o= 5}
7E =1 5 000 F € e it v wm 113
Snbtracims squation (1) from (i),
34 = 1000 ==

A BG3
= == -
™= 1000

= now mbstiuns the vshe of mom amsshon (1),
40 = (0034 « 0a0) +C = 34 +C
I3 L =20-34 =&

Snbstitime these vahues of m=0.034 and € = € in the lmwr of machine,

P=0034W + 8.voee (il
E&ﬂ@ﬂﬂbmﬁahﬁniﬂﬂﬂ,

F = {0034 x 5000) + 6. = 176N

N.B: Friction in 3 suachine

W

“Fepre =P 3R

« Froaea = (P xV.R.) —
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*  The shove fizmre shows 2 sonpla whea! and axls m which the whes! A and mile Bars keved to the
m= shaft Ths shaft p moifed on B3l bearmes. ordee to rednes the frtions] reidtancs s
mumimom, A strne = wound rovmg the axle B winch cames the load to be Sfled A second strme =
woamd roome thes wibeal A i the cpposits divachon to fiof of the strir= on B

o L= D=Dumeter of effort whasl

d = Diamstar of e lnad axis
W="Lea=d kfted. and
F =T applisd 1o hE the load

o  Onpeond ofths sinng s fixed to thenidssal wiils the otiise i fes and the =fort & applisd fo thisend
Smea the fwo shnes are noond mooprosie directiops. therefore 3 dowmmasd motsn of the 5o [F)
will raese the boad {177

*  Smre the whesl z=-well 35 the axle = E2ved o the same shaft thevolfore when the whesl rofstes
throo=h one resolotion the axle will 3l sot=e throosh ons revalohion.

o Wi koow that daplacement of the <fforiin on=renbhdon of st wbesdi A =nd. (1)
And dnplacement of the oad moreremsg =ed. ... (6

Diztonce moved by theeffort wD D
V.R = ==

Distance moved by the load “wd

foge lifted W

i e i 2

E_ff:.'r'r appied P

M3,
ViR,

Frxample — 6: 4 somple wheed ond oxfe hay whes] and ovde of diamecery of 300 mom ond 3 mom
revpentively, What ix the efficiancs of dhe muckine, if it can v a load of 900 N B am offirr of 160 N7
Solutien, Gren Diamste of whesl DY = 390 mus Diamster oF axis (d) = 30 wom Load hifsd by the
mschime (W =900 M 254 et appliad 4o I ks load (F) = 1000

Wa kmow that salagiy st of the wnple whael znd axls

N =

r _D_ Eﬂ_
1.HI_E_3ﬂ —ln
L—1tr— L] —
MA=_—= o=
= Efficieney,
M, A =
e i bt
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.El:ﬂ:-uwh.'FTI'.r!dirmEﬂjﬁ;ﬂ'ﬁ':ﬂdlﬂdﬁ;m\'ﬂfﬂmﬁmﬁgmﬁﬁﬂl-mﬂ.-b_r.uﬂmnj_"
whes] and exle The oxle e 100 mim dicweerer and the witzel v 500 mmnt Stamerser. If & foree of 120 N haz
o be appbed o the wheel find {3 mechanical advanmge (o) selony mno end (o) sffceency of dee
maofine.

Salytion. Gren: Tota] bad to be Gitad (W=%8 4+ 330 =480 N Dianseter of the load axls {d) = 100 pon:
Dm.ztsﬂf&rfnﬂueﬂ{'ﬂ-ﬂ=‘tﬂmaiﬁnm'=hu‘;

Mechampee! advantoges

W= byttt mechanwes] sdvemtase

sV _ 380
T E T
Videomy rzoe
We know that =lsewy romo
' I D ] = ﬂ-_ _
V. i E— ﬁ—.‘:
Effiniency of des machins
M.A 4 )
'E_'IT_HJ _E—Euﬁ'—ﬂ'}-ﬂ:

Single Purchase Crab Winch:

IJ![I]]HJII! -
{li=

‘I

|_
o

—— —
k=
Fiz. Single E'Enh;-! crab winch

»  Irzmzle puecbace crab wmeh, 3 vope £ foced to the drom and = wiound = Sw toms yound 2 The free
and of the rops cames the Ioad W A toothed whesl A & rmidly pounted o fhe bzl drum Another
tnathad oheal B callsd pmon. 5 zesvad wihrthe bothed pheel A a= chown i the Fisure The offoat
n@uﬁﬁiﬁe:ﬂﬂﬂnhﬁhh:ﬁﬂ:

* jat 1, —""-n- of teeth on the soom ==z (or spuy whesl) A,
Ty =2o. of tecth mm fe prnwon B,
{=Lenzth ofthe handle,
r=Fadms ofthe bad drom
W=Losa hitad and
7= Effort applied o bt the 5ad.

*  We know thar dirtanes moved by che 2f fort i ome revoliition of the hondls = Zwi
= No.of rezoiunmz made by tha pinion B = %

Ard po.of revplutionz mads by the wheel 4 =

=i} =

+>
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ol

= Mo of revaiutions made by the lacd drum = —

=

s

And dizrancs movsd iy ths load =3'-'!"”'-::3'

o -

FR_Mtnmimurédﬁjlh:éffurl_ 2mi I Ty
7T Distancemoved by theload 5 Tz

Esed lifesd W
Effpreapniiad P

M.A—=

M. A4,
=

V.

Double Parchase Crab Winch:
v A donhle ymrhes osb wminch = m mpeened - fam of = smele prohezs b wmch. mowhehthe

mﬂ'mum&eﬂwﬂﬂzﬂdﬂmmnﬂﬂimnhlmpﬂm
rrab winrh) there are oo zpor wheels of testh T, 3nd T: and T v well 3=t pumions oft=sth T: Gnd
T

. &mﬂmnﬁuaﬂpmmmﬂzﬁﬂﬂmmﬂuﬂT Eears with the
pimy of feath To. Somlely; the spor wheal with tegth T: ﬁmwdhthﬁpmmufihu tasth T, the
=t & apphisd tos hendle = shoom m the fizore below,

Il

-

s 1= T, amd T =Moo oftesth of spor whasls
T:and i = Mo ofteeth of the pmuas,
£=lm§ihﬁfﬂit'h:nﬂsl
r=Faim= ofthe 2l crom
W= Load Hited and
P=FEffrt zpnlisd 15 1 the load 2t the =nd ofthe handle
* We know that dirtanes moved by the £ fort in one revolution of the hondle = Tui

= No.of respigiiomzmoede by thepiniond =1

il [

and no, of ravolutions miods by the whes! 3=
T,

= No. of retolutions moda by the pinion E_:‘F
i
I &
='-“"'-!l1"-{"'*-""..r""IF‘-'l"-|5-F-’-_=I"='-‘l made by *hf'ﬂ-'li'ﬂ 1 ‘—i:‘-h; F
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1 R
_ﬂmmmreﬁbpth!i::ﬂ=2m:i;?ﬂ—i-

3

Dirtance moved by the effort

=W.H= -
Dizrance moved by the lood
. Zai I Iy I-
2 V. R= = .[T";:Fi
3 e
2or ® ﬁ-xvf*
foadliftsd . W
M.A= : - = —
Effnﬂ:F_,!J_ILﬂf £
_ M
)
Worm And Worm Wheet:
4
s
- [
[. = = ; A=y i
) =
1 8 | b o =
e _____ ’ w
t=
I
Fiz. Worm and wormwhesl

¢ Tt sormmis afa mmﬂ:lna‘h-:ls,m % (zown = worm) sl 3 teothed whes! (noten 28 wom
wiez]) gezed with =a-h othe, = thown m the ghove fizure A wheel "A7 1= sttached %0 tha worm
o=y which passss 5 rope @ showm o the fears Somstmes 2 handis 15 2l fxad o the som
(msfead oftha wWheell A load dnon'E sacweiy nivopied on tha worm wiasl

o 1= D=Diamse of the st uhiee]
r=Radme= of the bad drom
F=Lload bft=d
P=Effort appied to hft the lozd, and
T=3Ip oftasth o the worm wheal

* TWelnoy that distmce moved by the =ffbet in ons revolation of the wheel (or kendle) = =0

¢ Ifihe worm s omele-threzdad (e, for one reoimbon ofine srheal A e sorew S posies the worm
wihaal thrageh oo tasth) them the Taad dnpn wll mes= feroesh
’ L

- =
]

anil dsteres. threush which ﬂ&rJﬂ_:.d'l'ﬂ] e
2ar
=
Distance moved by theeffors =D OT

=Wz Distanc= moved by the load — Eﬂt;?_r ~2r

PaEE 0



Loadiifted W

ey e cpplzd P
_M.A
T

Notes
o If tha wormi = douhia threadad 12 foy ansserohion of wheel -4 - the =crey 8 prosless the womm
wiest throuszh fwo t==th, thes

_or oT
VR = e a
* Ingemeral fthe worm s o thresdad then
BT
P-E :qr

Simple S Jack:
* It comastts of 3 sovew, Sied mo2 mnt whek e tme hody of the =0 The prnemle on whck =
sereey fack works = symiar te the of an me fmed plama,

» The fizure sthows 2 3umple serew jack. whuch = sotated by L -
the spplication, of an effort &t the snd of the leemr & A=
hffme the lpad " Now comiider = smele Hhoeadad zmpls = =1 1k
SOV Jark . z

o Lt [= Lasath of s 6t arm. o |
= =Dk of the sevew, ot
= L fithed, —
F=Effort apphad to it tha load 2t the and oftha bever T = T
o We bnow that detsnre moved by the =ffort 'm ons
rnluhon of seew = 261

Fiz. Stmple zcrew Jack
* Distzres moves bythe bed=p

_ Distance moved by the Eff:rl_"'." _ 2o

== -!!'.!u'rnm;re moved by theload "p
foas {iftss W
M fforcopplied  F
M, A
"=V
Differential axle and wheel

In'fig 3.3 t'shrvm = differentsl sxls and whesl In tha fase. the bbad mis BC 5 msde of tvwn parts of
differare diameters & offort wheel 4 are ber to zzme shaff

PEEET T



il LT
LA rra

g 53 Clillleomitimd doxfes Sing e

]]:e&ﬂ'nﬂﬂ@mwﬁmdmundthenhﬁl A End gnothsr sttne B wound mouns tha zxis 5 winck afes
pa=iez round the pullar {te which the woiit to be it & attacked) & weund round the mis C m apposits
girection o thet of axila B Bo omoaomds strms fom wheel & ofher dtring 350 anwmeds fom axle © Bot it
winds onaxi=T to b the boad W
Let B = Dhiamater of wheel d1 = Daomsier of bisser axle &40 = Duspster of smaller axle,
then

VR =1ID[d=ds)

VWeston's
It comaists -of fie guller blecks A and B The upper Blsck & R oo vofleys (Pl & 37 one havmie ds
cluaprestes 3 bitls Ermer than thot of the o 1 both of palley bahaves 35 sre poll=y wifh fwe Zogv= The
bﬂl&h&h{kﬂ:&ﬁ:ﬂrﬁimﬂz_«? hn&hﬁehﬂﬂ'hﬂmhbhﬂ@ﬁmdﬁmpma
around the milley Pl than sround the buer black sulley and thap Srally roond the eolley P2 The offort F=
apply to the chan pecame over the pull=r Fi_ a0 thit bed Wemba i ppas Sowp m B= 5.5
Lot I = Dhometer pf bizger poller 2nd d = Digmster of emaiier poliey,
th=m

YE=ID{D-d)

Wisnton = Diffemwrdind Pulles

A
%J.n—dll | W |

IFigy =B Waa e e ol lmann| lal il s

page| T2



block
In conusts of 2 soswhes] 2 sound which & pasmad o endl=s choin A smull = wheal B keoun =
pimos E-Eey to the mame shaft 25 that of A The wheal zxis B 5 gear with another nzcar wheel  rzllbd tha
spur winssl A copwhesl D = =y te the sme st as thet of spur wisal € Tie load W Stk o 3 chem
that patses over the comwheel T and the =ffoet P = applisd to the andles: cham wheeh passes orer the whesl
~zshoenmbiz 29

Flgi 501 fismd puly Diongk

Let Tl =Mo. of cozs o affint wimel 4T3 =Ne ofteadh on pimise ivhesl B Ti=o. aftesth e spmw
whzal T Td=No. of cogs en load wheel T3 ' '
ther

VE= (T Ts) = (TsTa)

POSSIBLE SHORT TYPE QUESTIONS WITH ANSWER:

1. Define simple liftme maching, (W —2016) _

Ame Bt ma device wioch snables =t it 2 heaoy bad {5 by gpivins 2 conparstively amalle offen (P
A& =ple mzchme mar be defmed as 3 devize. which apables o 12 do some mefiil =ork = some pomnt er fo
ovTos some resstanrs, when o effert o foree s appled to o, & some other commEnient pomt

1. Define mechanical sdvantage of 8 mackine. (Pezzible)
*  Ans The mechamcal advantaze (brefly wrsttem 22 3 2 Y = the st of waaght hiftes () to the affoer
appliad (Frand 1 shways Epresssd m poe mmmber,
* Disthemsteally, mechapmes! adantzps,

M.A 4
s _P

X Define valocity ratin of & machine. (Poztible)
¢ S The velacis rate (Befly writen a3 V B = the matio of diEtance movad b the affort (o) 4o the
ditance movad by the load (x] and = alwars expresed m pore mmber
. M R N

'l"'..ii'.:I
x
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| 4, What s reverible machine, (5 - 2018)
Ams When = nmischms 5 c=pabls of doms som= wortk m the resene direchion sven on raserral of effort. o
cafled 3= revemihle machme and s artion = knovm as seversimbis of the machms

£. What is the condition of revertibility of o Eftine machina™ {TW—2017)
Ans The condiion fog amoachine to be remerubls = that i efficiency should be more thes S0%%.
i e hity

6. Define zeli-locking machine. (Poszible) _
AN When 3 maEchine = not carmnle of Soms sms wark my the reverss drecteon =0=n on renyal of affort
i ealled 3= iwersrsible marhme or- nop-reversinls maslone or zalf-oelone mae e

7. Witz the expresminn for velocty rato of 3 omple wheel and axe. (5 - 2028}

A
Distense moved by thzeffors _aD D
Diztioneg mored by the lond  md £

. What iz law of machise? (S—2019)
*  Ang ]leeq:uhmnﬁmhsnai&‘&hﬂmiﬁaﬂhﬂhﬁzdaﬁ=&-n spohead n the forms of =
sinpe and tErent of 3 Sraeisr fne 1s caffad 23 Lz of 3 arhing
v Atheimsteally, the bw of 2 hiftme marhmie = given B the r=latom
P=mW+£

9. Sate the relaticn betwesn ALAL V.R s5d effciency of a 2impl= liffing mschme. (5 —1019)
A

V.8.=

_Quspur Woixs W/P  MA
T Immur T Py wxr PR

POSSIBLE LONG TYPE QUESTIONS:
i Derree the velocty ratie of = componne gear tram W — 20168, 1017 & 5— 2018, 1019)

2 Defns mecremcs] shvedEze. velocsy e @8 effciency of & LfmE mafhme and derpee them

3 Derry= the condthon for reversiility of 2 srrpl= hftins mochms {5— 201:)

4.1y z wemhe liftine machme an effort of 40 N can bt 3 lozd of 1000 N and 25 effort of 33 W can lift 3 boad

oF 1300 1 Fimd the iz ofthe machine. Alsp find mascirermm mechanies] advanty=s and mazemm 2 fimsnry

of tha mearinne. Take veloogz o of the machme =45 (W—2317) _
Az P=0.03 W=10; 105 §9.4%%]

% In 3 cortan wersht e reachira, o0 offwt of 13 W con ift 3 boad of 300 M oared an sffwt of 20 H o b
= oad af 300 N, Find the lanr oftha machme  Slin find the affiut remmred 46 i 2 load of $80 M
(5—20158, 2019)

[Anc P=0.028 W = 7.5, 202 N]

6. Iz 3 shrple whesl and =xl= radii of effort whesl md zxi= it 240 v and 40 mm respecteely. Fmd the

efficizney of the machine if 3 boad of 500 M can be hifted by an effort of 120 1, (Pozaible}
| Ams B330%]
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