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(1)

e dise 10 wir resistnce and the

A ball eolling on the Moor comes Lo rest after sometim e
force of friction are

friction between the Noor and the ball, I the air resistance aml the
eliminated, the ball will continue 10 mave in siraight line.
This second frard 15 the definition of mertia and hence, I lae
be termigd as law of inertia.
A body at rest, tends to remain at rest. 1t is the ipertia of rest
A body in uniform motion in a steaight line, tends fo retain motion. 11
molion

Second low of motion -

Tl rate of change of momentum is directly propartional to the impressed force aml takes

first law ol maolion can alsn

is the inertin of

place in the direction in which the impressed force acts.

have,

This law relates the rale of change of momentum and the external force of impressed force.
Lest, mi = mass of the boshy

u = initial velocity of the body

¥ = Final velocity of the body

a=ncceleratiog

= tinee in secondds in which the veleeity changes from u to v

F= force that changes the velocity lrom o lo v in | seconds.
Mow, for the body moaving oo straight line,

iniial momentum = mu

Final manmseniwm = mw
T — P . -I'H{1-':—4l] ———

S Rate of ehange of momentum =

Where, 3 =4I,
According to Mewton's second law of motion;
rale -D:I'ch;lnge.: ol cdnicnlum e |'Ir-||'.l|il.‘-l:| force.

= | qx
= F=K.ma A1)

Where, K = a constant of proportionality,
Mow, i a unit force is o chousen o act on a unit mass o produce uent ecceleration in i, we

F = K .ma
= |=mKx]|x]
= K=

Putting this in eepeation {1 we get

F=ma.
The unit of foree aohtawed Teone Hag T.Irll'Lllll.:I of the mass and accelerat s bngsn as alsoluie

unit as this marenitude of lorce o i same anywhere m the universe T 51 system of units,

the umil of force is Newton, brclls womten as N,

Scanned by CamScanner



ehe Tovreee sy hch when acts onaones ol | kg, proshuces s sccelenifsom o | mduee?

AT R T LR

i b whires L o b 1100 IWCE

St s secomil L of maotion s also kiown ad bov of dysamics, It has two parts which

el 1% Ui “l'l'l.

b Aceelepatme i imslinced v a oy only when some Toice s .:IFIFI.Iil;_'ll a0 .

it e apphicd Terce s progaortional i ahe poduct ol mass ol ihe body aml the sceeleration
e ed 10 of
il Thired bw of peolion

Clar every potson, there o always an equal il opposite neiction”

I o bty exents o foree B oo another Body, the second boady will exert e saime Toece P oo
the fiest boody i thie opposile direchion. The lorce exeriad by e Girsg boady on the seoond besdy s

cafled actor where oo the o e exerted by e seeond hody an (the iest body 15 called rerction
13, I ALESMUBERDS PRINCIPLE

“Ia mged oy e scted apon by a system of Toroes, the system of forces is i dynamic
gaquilibrasm willi the werte torce of The body ™,

Let, I'= reseliant of 2 number of forces acting on the ragid body of mass m.

Uhen, this sesultant (1) will mave the body witlvan acecleration (a) in ils own dircction. We
hinwe

P~ ma AL

P By swall g af pest if a force cqual 1o fnea) is applied i reverse direetion. | lence, For
ahymamne copndchrmwen ol Hse body, the swin of the resaltant Torce amd the reversed Turce will be

-:.:|:|u;|| o retn Wi lvave
F—ma=1 (2}
B Foree | =rmal s known 0 anertia foree or reveesed cMective foree.,

Equanca (1) as the eguation of dysammc and copuation (2) 15 the cquation of stanes The
equatinn £2 14 bnown as The eguatin ||I'd:|.'|1.'|m||.' -u_-r_||||I|I'|r||||1|. tnder ihie achion of PP Thes |:,|:""_-|1,|.._.
is known as [ Alemben’s prasciple.

Solved Examples
[ |

Example - V1 Oetermeine the acecberafinog provhieeed e o bocdy of 700 ke mevess wliens 2 £y oo fod

: fn an forece of TSON, Ulve 1 Alemberts principie,
.‘l:f.l ficrivn
L [* 1M
X

A grer 1V A loembier’s |-||||u_;||1||:_ Wi neetea o Dok e _||||||||_-|1 o Al reverse dareetioe
:'lll.l. 1" e [l

150 81 =g 1)
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115 Wiije R

Wlheh o Diiig Ay 1 |Hl.“l
Phe st wl wieh e
Bormichib sill ik I'lﬂll.

Tkt Snnsiii Ol wmb ol pige i eiqual i
II'-'l |I.|.|.|l I-.'I' I"I-|I.'

ile |"I"ll:| iy I|Ir|I|||_lf||.,i:|| 111 laslane o
il epgily upos llic magnsnb: ol e Force and the smowml of

the praslict ol loece and the displacement in ghe

S

e auting v e bisily
i s

: ilinlars lirmp i vileicl it luul:,. Eerees
Fimw, tlig Wb alime, WP = r ey

= p
¥ e - e
W?x’:ﬁﬁﬁﬁf;rﬂ

Fig 0} PR R Ty Ty

P . Fiz i
v sl diyphiccmient wee collimear Force amd iliplavement are mof eollinear

I

Soanelimes ihe Toece ond the displecenisig s sl collinzor.

Im sch a case, wisk dime i3 expressed o5 the product af the compenent of the foece i 1=
ihreetimn of mesan and the displacement. [efer Fadb)

”l.'l‘l.'I ek ot W FPomadl = &

01D = 907, cos Ib = 0 and besce, there will by no work dome. We may conchule [hat il force
sl displecerment ane ul oight anpbes o gach other, wonlk done will he acro

Wihen ihe poind of appliation of the Farce mos in the direction of motion of the body,
sk, i3 5aul o b done by be Tarce. Work dong by the force i laken as +ve.

Similatly, when be paint of application of the force moves in 2 ireetion apperite b that af
the meation af besdy, wark is said to be done againa the force, Wark dune agains! the lame is gk
s - -

A5 wark is the product of force and displacement, the usits of work dipend upes the wits
of farce and displacemenl. Work is expressed in N-moar K.M=,

e newlan=meser ar |M-m it the work done by a force of IV in moving the bedy throngh
bm IM-m= b Joule or | ¥ ]

Similarty, ooe kila Mewton-meter or TEN-m s the wark ddoewe by 3 force of TEM i movieg
aboidy threagh Tm

IKM = m = | kila Joube or | K1

146 : FORCE - MSPLACEMENT IMAGRAM

This 1 the prapkical repressntation of work done Work done by a foece €2 he represented
by the area under the free-displycement care ar dagrais

Baw refer fignre (0} (BY e} (d)and (e}

b | ¥
i i A il
I'-:ll.:!.ll'l Fise (L1 _
i1 F E B [} ‘ r‘—..:.,'

dghaummnd f—B i pleniam sl =¥

Fig. 2] Fig. 1

y ¥

A

T

A I
| atllll., “VZ2Z)..

b
..I.-.|l!1..|::| aib a1 —=h

displacemenl 15) =—F

Figle) dio 1

Scanned by CamScanner



0 e 5y - —

) e i

Fawitn  £4 ﬂ‘r/’i?"':dl ad The Frate of. E.‘:f::l.h-; Vararde
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T pawens.

_I.?ﬁa‘}lia?“ﬂnﬂ"r_l,é_u_h{.ﬁﬂ' [:‘IF_..’ i I‘f‘ -t‘-'-ﬁ "HJ-E_-E_E:_?I#E.-:"_/&;HE.L
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Ao b gf&hﬂéq me! 7 24 alto Comaiderned ad

—#he ?t-'»m-.—“m Fhad fj_q}ﬁék.v".-ﬂ‘ﬂ.?‘& #E.?rht by THY ™S
::rf cabnelie Vel :2{ ﬁ/ycf : =

iy Brake Pawer (15.0%)

Phe bt power developed by the caping cylinder 15 pog avaalabibe for work Thies o due 1o
Plo aae dliat o gt ol thie peoasver develiped by the copoe ey hnder s atilized uosven onting
PR Sanare ol e mmpwy s s ol the eagoze. Flece, the power oy alabibe Lo wseful westh o the
tatal cnatpot b e cpepe s P dosses) Phis s called brake powe
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clastmats

| i o Y Ll -

]
(0,0 FFFIOTENCY @07 AN ERGINE N
T 2 i " - I.‘.‘ 5
Dl e flicicmey on geehamicn] elficieney s delmed s ghe pabio of brake posser B oedieaned =
it

: Fife
Wis liave, =

! ¥ a
LB ENENGY

: - ; PR o priae e s g sared

Fncepy atiay be defined ns the capacity foe deing work, 5oy cnergy ol 1 anat K

I tlse sk it ean do, thereliore the nme of cicaey is e same a5 Hhal ol winth -
e T Py s oof impechameal

- [ S syt emepy is expressed o jonbe, or Kilodooie, Thenc -
CrHCTy
(21 Patential Faersy (1VF)
Iis dle vawigy posscssed by o Body by variue ol i13 I"'”"i“'“ = |
Acbidy, ot soane height above the groand level, possesses Fl'lfl-""ti‘*[ CHETRY A5 I Cih o mork
by il v el groniiad

- 1 4 besty ol mass fm) is enised dooa heaght (h) above the groond level, the work done i sl

s e Doy s
3 = wuiphl of the bady = distinee through whiclh @ moved = |
E =fmgi= h=mgh e
Fhis work ig stored i the body as potential encrgy. While coming dowmn, the By can a do
wiork emgpal b -|'.'||gr|;| “eleqrtial CHCFEY BS 2000 v liem e hnn;l_l,-' 15 i the cardh o
iy Kincie Encrpy iKE) -
I a5 the enerpy possessed by a hody by viree of its mation
Wiz can mcasere the Kingtic encrgy ol a body form the werk done by the oy agninst the —
wnterisal loree o Sl ol g
Ler, = 5%azs ol the hn:l-n;l_:,'
in = Welociiy of e Tody gl any msian, Jo—
1" = lxtermal force apphied el
a = Retradation ol the hody.
v = dhistance tnvveled by e bosds b fore coming 1o rest. et
Sl Doy comes g eesd, os Tl scloceiy v = 13 it
W have, F=ma
Hut, v - o = =2 ns (For retardalim ==
_ . -
= gt = 2. (~a)s = #t= 2af ——
8 Q- & 2 e
| -2 f e [ﬂ—g_ o= =
= F |

Bet VWomk dane W = Fence x distance =
| = pxs
w o= fxo o KE = N5 = E-' S

‘L.q}p-’:fﬂq énctial Velp .-'_'..""“!}' I s (v) aved insdead % (ee)
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1 17+ FORCE, MOMENTUM AND IMPULSE

(np Force : : .
Eorce 5 an extenal agenl that 1znds ta change the stale of rest or of unifprm malicn of

bedy, 11 accelesations or retasds the moticon of a hody. 1 is a vector quartity. A foree is specificd by
ity mmapnitude, lioe of action, pont ol application amd digection, .
'H,_.._,,h,,,-ﬁ secomi] lawe of motion pravides the relationship belween motion and loree.
Force ie tate of change of mamentum,
(by  Momenstom o
If 15 the product of mass and velocity of a body. It represents the energy of motion stored in
a4 miv i@ Dody,
Il m= mass of 3 meving body in kg.
and v = velocity of the body in misee.,

Hie mementizm of the body = mv ky - ""T/'
BEL

fc)  Impulse
Accordeng o the second law of motion,
F=ma
e if i
= F=in :_J'; = o {iny]
B Iy —Jl?l_n'

= A1)

! R —

Where, v = linal velocaty
il u = anatial velociry:
[he product of mass and velocity is the momentum of the body
We have, mw = nzomentum of the body aller time (1)
e~ momerntum al the bady ot the begimping of motion
From cguztion | 1] we see thal the change s liear el prer il me 15 directly
peopaztional o e external force or applicd force and tbkes plicy sy direction of the foece
Aaain, from eqisatida | |, we have, N
Foen - my - m {2}
-miv uj
The prodact of Lree and the time during whech o acts, is called mipalse of [orce i
Fience, riipualagr - B 0 | 7o =, e, IIII|I"II|'-I.‘ sl o g fnnge o amssme ki

The cawaton 1.2 represents impulse - momenton el
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1118 : LAW OF CONSERVATION OF LINEAR MU IMENTLM

_—-y, anl if no
hjccts) always renvains constant if

I states toral momentum of any system {group of o
extemnal fivvce gcts on 1™
Momentum along ¢ steaight line is called lincar momesiurm

el is eonstant’
It mas also be stated ag " Tor an isolated system, otal momeniim ool thee SYSLCIHT or
. itv (1 1 collides with anather body

e ities of by Aand 1 respeetively.

Suppose 4 body 2 of mass {m,) moving with vieloe
mmass Lert, ) o g with velecity (u, ) Lelqy,) anl iv,] be the ve
gfier the collasarn We have

[otal momentum before collision =mw, | m, u,

and tofal mosentum aflter collision = m v+ m,v,

Mo, aceording to the l2w of conservation of limear mamienium

mcmentum before collision = mamentom after collision

= M, * L, =Y +m.v,

TP LAW OF CONSERVATION OF ENERGY

It states, “engrgy cannot be created, mor can it be destroyed, but it can be transformed from
ane ot 1o the other.™

Bt miay aleo be stated as, “the total energy possessed by an object remains constant provided
no erergy 15 added to or substracted from 1™,

Suppose @ body of mass {m) 5 at a height (h) above the ground level. Al this pesition, the
kinetee eneegy (KEpof the bady,

vt =0 a5, v = 0)

fod | —

Hat the potential energy (PE) of the body = mph
[oial CREFEY d Hig |.'.|.$|J_',' El=PE =1 = |“!_.|| |'|!E.'|'I
Moo, Ter the beody Galls through a distance of Cv ) Boopoim e, We have

R | I

[v = veloeiy of Fall of the bas wd 0 vnptiad velocity = 0
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L] =]

. I =L "I

oy b
- nrvy = —mrs Lty = M

ko7 af the [sacdy b = anl "

il ol the lypcly al puind o = g [ x,l gl - MEx,

eyl L Beidy il prinl e

arml |

Total enet
Ko+ P

= mga, 1 ik ||1|;::~:|] imgeh

[atal enery of the hoady an the heght (h).

A i, det the by Falls on the grod level to paint “b.

et v = wviloeily el Lall
Wi st ve — gt = L

-,_;' — (0 = 2ph

| I
KT ol the body al point *b* = ?:-h'-hf = :-n'n-! 2ol = imgh

and PE of the body at point "b™ = mg = =10
[utal epergey of the bedy = KE + PE = mgh + (= mgh
Lotal enerey of Ui bady at lsezigglat €1

Fotal ensrgy of the body at point o’

11 <hivws the sumof KT and PE ol 3 body remains constan under the action of gravity. Lven

it Ko E and PE change inedividually, teeie sim reanism conslant.

1.0 COLLISION OF ELASTIC HODIES

Uhe ferm collision means the mieraction of the conlact between two hodies fr 3 show

perd ol time. The budies produce npulsive Inrces on each olher during collision 1115 seen thal
produced during the process

this sitgalsive Force is larger than any ather finne force present of
[ g act of collson between two bodies that 1akes place a2 <lanrt perind of time and during which
flo: boufies excrt siry |-1r~=',-: Jorces ain cach arllaer, 1w ki s I'l'l'l|'l.'|H-'l--|'|IL' Boidaes comee liviest lor
apeiesit encdiatehe after collissan, Puring the. phepmnenah of eollision, the bodus tond 1
comnpress gach other The hodies veimd to regan eherr actual shiape and size alter mopact. due ke
ange ek the orginal <hape a5 calliad restinataon

clispivials vp g lasl e [ RERRT LS R “I-.' ||||u.'1--.-.u|'1--.l|
e ——— i . i T LIS
I bic Eninir w5l RETITHT TR P W i penie 1abun Jix |||._|_' pan it Drsidees 1ne COmnpsne S, s liate |

CRTIR R L B A LT R [T Hae ariginal slunpe allve cesllistusn

v ik il ilig L ol -|_'|.|||1|||1r|_mi1|_|||| o] el il i

- i e

et oesllisgeont Dlie timwe ol restatubom s i

el st or Hee perssid ol collssim i= 1l

I |
_,—J
—
= - —
— e — Com— .
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H2LNEWTON'S LAW OF COLLISION OF F1 ASTIC HODIES AND COEFI
: 5 L TCOLLISION OF FIAST MES AND COLFFICTY
- OF RESTITUTION ON OF F1ASTIC BOI 18T

""': - iy . ] i i = .
caiel it i m'? s law of collision of elastic bl i stistes that when two moving bodies collidy wy)
oIS LR T . i - 1 . ;3
vr thier velocity aof separations bars o constan ratio o iheir velocity of approach

e e | . o — e

Let us consi
. 3 ishcler | 'y 3
I same e and pm.:lu:r- ..;m i_m:dlu A :m:d B ‘{J FPitsees 1, rand (m,] respectively move along £1e
Tt sl 1.-1 l”'—'ﬂ l"'l‘-"-'ll-_[]'l"-'l-"l impact is the impact in which twa bodies move along
SRy ]_'m. wlore collision. Tl'u. ltne of nnpact is the line Joining the centers of two
l_”"_ prassing through the point of comntxcl of the bodies.
Lot w, = inital velocity of the body A
U, = mitial velocity of the body B,
v, = hnal velocity of the bady A afier callision.
v, = hinal velociry of the body B afrer collision.
ipact will take place when u, = u,

4
! Hence, the velocity approach = bty =,
- Ph two bodics separate from eacl n-1i||.-r, alter impact ifv, = v .

Henee, the veloeity of separation » M =W

According to the Newion's Law of collision of elastic bodies.

v, - ¥ lauy -u)

= |:'|.-: u|j=-|HIl|_ —l|_1:|
| Where, ¢ = a constant of proportionality known ax coe(Micient of restitulion.

Phe value ol {e) lies between © and 1, IT¢ = 0, nindicates that the twe bodies are inelastic,

e = L itmhcates that the two bodies are perfectly elastic,

11.22 : MRECT COLLISION OF TWO BODIES
Consider two bodies A and B having a direct impact as shown in the figure.
Letl, m, = Mass ol the body A,
u, = mitral velocity ol the body A.

- v, = Fimal velocity of the body A.
m.. u.. v, = Corresponding values for the bady 11

. of fontac

T Bane of comtict

According 1o the Inw of conservation of linear momentiom, we have,
H - ] =
TIR I J!I.III_ =my, Ty,
e Dssls is at rest initially, then sueh a collision s abse called direet impact.
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Centre of gravity

Centre of gravity: It is that point through which the resultant of the distributed gravity

force passes regardless of the orientation of the body in space.

» Asthe point through which resultant of force of gravity (weight) of the body acis.

Centroid: Centrroid of an area lies on the axis of symmetry if it exils.

Centre of gravity 15 applied to bodies with mass and weight and centroid is applied to

plane areas.

¥ = EAJ.TF

Ax +Ax,

x, ==l
A+ A,

_AN+AY,
J'Iq' - l“]+a‘1=.

Moment of area
=y =

£ Total area

X =

¥, ™=

jert
A

[
A
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Centroids of different figures

Shape Figure I ¥ Area
Rectangle ] By E i bd
| 2 2
i - &-4
[
[ 'k
Triangle v 0 h bh
;}j i 'l 3 2
— b
Semicircle ¥ 0 4R wr
—
Quarter circle BT 4R 4R P
B § "
]

Prohlem 3: Find the centroid of the T-section as shown in figure from the bottom,

— 100 ——

L

| 20

I t

—»| 20|«—
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Area (A;) X fi A; X; LAY

| 2000 1] 110 10,000 | 23 0000
2000 0 50 10,000 10,0000
4000 20,000 32 0000

v = E AY, _Aynt+Ay. 32,0000 L
% A A+ A, 4000

i

B0

Due 1o symmetry, the centroid lies on Y-axis and it is at distance of 80 mm from the
bottom.

Problem 4: [.ocale the centroid of the I-section,

Ll |

As the figure is symmetric, centroid lies on y-axis. Therefore, x=10

ArcalAdl X (v | AaX Ai ¥i
200) 0 140 0 2E0000

| 2000 0 il 0 | 160000

| 4500 0 15 0 | 67300
¥, = 2AN _A¥TAY Ay, 59.7 I

A A+A+A
Thus, the centroid 15 on the symmetric axis at a distance 5971 mm from the bottom

Problem 5: Determine the centrond of the composite figure about x-y coordinate, Take
x =40 mm.

g™

T e = =
l" _.-"‘:’j.-f/ T
o
|

& q
__.-'
N W
N X
- -~
- #:'; 1 -, -

= . ' k
panmfete —th g u—t fot

A1 = Area of rectangle = 12x 14x=168x" .
Az = Area of rectangle 10 be subtracted =4x 4x = 16 x*
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Ay = Area of semicircle to be subiracied = “f' - x(4x)

2

=25 135°

3 )
A4= Area of quatercircle to be subtracted = ;f— = E!‘EI—} =12 561"

As = Area of triangle = E'xﬁ:rx#_t: 12x°

Area (Aj) Xi ¥i Aj X Aivi
Ay =268800 | Tx =280 i =240 73264000 | 64512000
A =23600 | 2x=280 10x=400 2048000 10240000
A; =40208 | Ax =240 4xdx 9649920 2730364.448
=67 906
ir
= 2009
Ay 4] Iﬂ.-:-l-[d,r- 4 xd;J h{_[“_ 4 = 4:] DRSO 64 | 8281420926
ir 3T
= 492 09 =412.093
As= 19200 I4x+%= L6x % =533 12288000 | 1023936
= ()
AX-Ax -Ax -Ax +Ax,
x'l_ = — = 326.4“4”“"
A-Ay=A -A+ A
¥ = Ay - Ay — Ay - Ay, + A =219.124mm

AI_""‘:_AJ-AJ.+‘4:

Problem 6: Determine the centroid of the following figure,

_'?"'\-C

*~.

Ay = Area of triangle = %xﬂiﬂkﬂﬂ = 3200m

xd® xR*

Ay = Area of semicircle = T =2513.274m’

As = Area of semicircle = =1256.64m"

zD?
2
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[ Area (A))

Xi | vi _ A X Ay =
iEDE 2=(R0f3=53.33 | B0FI=2R.67 1706356 83344
2513274 40 —4 =40 S iei 100530096 | 42650259
ix :

1256.64 40 il SO265.6 ]
X = A% Tkt — A, =49 5T nm

A+A+ AJ

Y +A v, =AY
Y= AN+ AL~ AN 9 Simm

.Iq.' + .I'!! _.-.‘1-.

Froblem 7: Determine the centroid of the fallowing figure.

A = Area of the rectang|e
Az = Area ol triangle
Az = Area of circle

Area (A) | x; ¥i A X A; v |
30,000 | 100 75 3000000 | 2250000
3750 [OH200/3 | 75415003 | 6250125 | 468750

= 166.67 | =125 I
7833 98 [0 75 TR5198 SR9048.5

i =ZAI.II e s‘:,.r.M=Eﬁ_4mm

3 ZA. -"Il i "q.a - "d'J
A_ ' s i
¥, = Q = AN &Y AN = 64 Bmm
EJ"-, A=A, -4,
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Numerical Problems ( Assignment)

1. An isosceles triangle ADE is to cut from a square ABCD of dimension “a".
Find the altitude ‘v’ of the triangle so that vertex E will be centroid of
remaining shaded area

T

3. Locate the centroid C of the shaded area obtained by cutting a semi-circle of
diameter *a’ from the quadrant of a circle of radius "a”

H

e :
4. Locate the centroid of the composite figure.
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