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UNIT-I
Projectile and Impact of Elastic Bodies

Projectile-path and range of projectile-impulse of a force-Laws of impact of a smooth
sphere on a smooth fixed horizontal plane-Direct and oblique impact between two
smooth spheres- Loss of kinetic energy due to direct and oblique impacts.

Projectile

A projectile is any object thrown by the exertion of a force. It can also be defined as an
object launched into the space and allowed to move free under the influence of gravity
and air resistance. Although any object in motion through space (for example a
thrown baseball, kicked football, fired bullet, thrown arrow, stone released from catapult)
may be called projectiles, they are commonly found in warfare and sports.
Mathematical equation of motion are used to analyze projectiletrajectories.

Path and Range of the Projectile

The range of the projectile is the displacement in the horizontal direction. There is no
acceleration in this direction since gravity only acts vertically. shows the line of range.
Like time of flight and maximum height, the range of the projectile is a function of initial
speed.

Consider a point P as the position of particle, after time t seconds with x and y as co-
ordinates.

The equation of the path of a projezctile or the equation of trajectory is given by
X
y=xtan a —g.ﬁcosm

The time of flight (t) of a projectile on a horizontal plane is given by

t=2u sin a/g
The horizontal range (R) of a projectile is given by

R=u2sin2 a/g
When the projectile is projected on a downward inclined plane, then

R=2u2sin (a +B) cos a/gcos2 B

Impulse of a force:



The product of average force_and the time it is exerted is called the impulse From the
Newtons law

Av

F =ma =m—
average average Af

the impulse of force can be extracted and found to be equal to the change
in momentum of an object provided the mass is constant:

Impulse = F At = mAv

average

Direct Impact between two smooth sphere

Let a smooth sphere of massm1 moving with a velocity u1 impinge directly on another
smooth sphere of mass m2 moving with velocity u2 in the same direction. By the
principle of conservation of momentum the total momentum after the impact along the
common normal at the point of contact is equal to the total momentum before impact
in the same direction

m1v1+m2v2=mTul+m2u2 (1)
Vi > Vz
_., _.‘
@ Before Impact
— Vo
During Impact
Vi < 43
_., _.,
@ @ After Impact
v1-v2=-e(u1-u2) (2)
multiplying eqn(2) by m2 and adding (1)
v1=m2u2(1-e)+u1(m1-em2)/(mM1+mM2)------------- 3)

multiplying eqn(2) by m21and subtracting from (1)
v2=m1ul1(1-e+u2(m2-em1)/(m1+m2) 4)




Equation (3) and (4) gives the velocities of two spheres after impact along the common
normal.

Impact of a smooth sphere on a fixed horizontal plane

Let a smooth sphere of mass m and whose coefficient of restitution is e, impinge
obliquely on a smooth fixed horizontal plane.By Newtons experimental law,

VcosB-0=-e[-ucos a -0]-—-—-—-—- (1)
VsinB=usin a (2)
Divinding eqn (2)by eqn(1)
tanb=tan a/e (3)

Oblique Impact between two smooth sphere

In an oblique impact, one or both of the particles’ motion is at an angle to the line of
impact. Typically, there will be four unknowns: the magnitudes and directions of
the final velocities.

(Ya): (Va)

y Line of impact i
O ’
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The four equations required to solve for the unknowns are:
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Conservation of momentum and the coefficient of restitution equation are applied along
the line

of impact (x-axis):
mA(VAX)1 + mB(vBx)1 = mA(vAx)2 + mB(vBx)2
e=[(vBx)2 - (vAX)2]/[(vAx)1 - (vBx)1]

Momentum of each particle is conserved in the direction perpendicular to the line of
impact (y-axis):

mA(VAy)1 = mA(vAy)2 and mB(vBy)1 = mB(vBy)2
Loss of kinetic energy due to direct impact between two smooth sphere:

The sphere of mass m1 is in the direction 0102 while the impulse of the mass on m2 is
also I but is in the direction 0102.

The change in the K. E. of m1 =% m1(v1%*u1?)
I= m1 (vi-u1)

Therefore change in K. E. of m1="% | (v1+u1)

The change in the K.E. of the sphere m2
=m1m?2 (1-e°) (u1-u2)2/2(m1+m2)

Loss of K. E. due to direct impact between the spheres
=m1m2(1-e?)(u1-u2)2/2(m1+m2)=1/2 I(u1-u2)(1-e?

Loss of kinetic energy due to oblique impact between two smooth sphere:

Since the velocities of the spheres perpendicular to common normal remain unaltered ,
due to the oblique impact between two smooth sphere there can be no loss in K. E.
perpendicular to the common normal. Loss of K. E. due to oblique impact

=m1m2(1-e*)(u1 cos a -u2cosB/2(m1+m2)



| UNIT- 1

———— e ———

STALOU T (HOVTEROTT
Fm owurdBomor o SruuLL Wﬂem&.é@o& g

B> GHUIMLL BonEund STUNITE STRnBrme o)mehgm .
| SuuwulLL OunrGooorT STHUMEB BT OTSOTUT . CTrhiow 5 oo
g MUY ancoeu) Lo , & TrH oot HooLW) 6 O BFWrSL® B &)
B Do WIIMoTt 8 @&m}/"mo-rﬂu&w BDWHBETNB U LIS Deomuys |
- Qumg, 9 oot m@uq mrrrerLDOU gS]@uus/‘.rrEbab mﬂpnmaﬂuudaﬂryg,
SIBrREss rmbcoT oL BhetES B 0V o1 & s m&:rrd‘r'rm-ru@mé,\m‘

| QUo ITwToN eom Cpelincky
P4 :’PULM' p)
TONUNDoTT SIBE Lomroudois B TrHWLLGEIEST
| Bquyerrorhenw ST Brroet ( pounk 96 p_m_aa;azﬁm ) sTETIUT . |

%D'Lbu&:j.@& SWras v oW lium o S B wneotgy a—;@gnﬂmu
DIWITES & OWFodagils BIELS BOTEEI LosT SHodLoEE Lo

G&rerrtw otri8eTooot Lo (an?hl 5‘% m.eazdwn ) eremrury.

m?o\un&m mgwaa:mmry urrom B oo O’T@L;mm‘ﬂ 2l lHusrmes
mg:,,:,oy_;mm’rry BB D8 O5MbBerwte; HotoNBS 1 Homlew
urmoMzetr OYbEG & b oStoot Uy .

| 2ovon &AL ot o
o) U N oo BHUWIRIB ezt BT 56 B on) i B OVT -
m.ﬁmungwﬁﬂﬂ:’ B_bl;u:?u @maemag‘mg SOy B2 oYM

LOrMes BeoN T LD .
1. OFEGsSs En
2. oL oL B2

WP oyFwn) LD BSToThy FT-I:I‘L‘IL’ QNN 8y

otriionu % oM oo?
B—!.Urrm“l%_.

as’seenabesm NG LO BB . DHBEm Do
oummornoot o LLLL BUWBES B U0 LTHEEIDE . HEnog
@m%@&,w &) o roEB ToBy - 2B1n) 29 oot Ly Tt Uy Lo ST o) un porr
! PSS wpoerd PLUTuleundy, Booot B B)%  oysrovion Qﬁ;m@u |
‘p}!eg g_w,g-g/z,w 351@@%1 29\¢tg Lol Y mhu@@nw, oy
19)"""’7“"“" oBr® L Blopeaid, St o Lo . vooirs) B |
| @mrjw’“—’ LGB ordls BonBEatlo LnplLO B - 858 e

./_



B e
S ou oTts oy BTy MWL GounplL® Ry & . @Lgaurrgaﬂ%m’qﬂ’;'
LE’L-.D'ILUc;J wmw Q”Ummwm mUrT@U?T gmﬂ@“_ﬂ. 6“”%")
mg&‘oxa’d, Lort g @0 P -

BB B & (Aot HByooT® U L. Do BUEBOP ‘5’9”9‘
HonS HyooTOL o\ Bn® B5100T 7 qa&arﬂumad o oot Eron @6 B

g@nL® G)omguﬁuﬁ a8 ULHoot 2618 QLo M B oV énrr@ oM So
otootuly .

6 LorB; Ay EE BoTT 2 -

; o8 GD%L:.L.@?? 8 T ot ToT d,ﬁ)@ L
Bl IR oL L ooy QLo urpn? Dy & By

@u.bL.-Lar.f é’lﬁ"gb‘wU.TL @ﬂﬁ)mwm an.ramggﬁg.nr}.

DO auﬂmﬁﬂrméwwﬂ-ew aro 1 Glor Bov OJ"‘?U‘D'-B gure »
QuorBol & U Loeor Broioynflesr BUY B @mgﬂ@&g}@tﬁéﬁ
2otort 2N B Lo LorrmAovluin ey Lo a—rna)rf'@-ﬁu;mtdw%”@@-“.é
Dot L] Lo -

B U brnhod | 8 anol LB oreozt CLO-GB,bLu'.PJ"l ﬁ‘hm"'t*m'bﬂ)
ot . e e ot NGB BT G B LI LG ED B

gurg @ oTy SO LML Bt ouns B @)
gmw& BLors oy B @ttt 2oton Bongloum borpeor
W, Y2 TR BLornB Y B® 9ot D s rgmor V, , Va 610012 L
0 Tt LI Duy L Loo) 8ENBomTTl ABUUL,

V}'Vl
- -C

UJ_-—UI

Gwnﬂjmﬂoo:T QU BWE B Bbmmov B L1,

m, ooy o reoo? L ownmon V, BHong 6@&$@Luﬁ
oot D Sy unes L Bovbls 77 ool e B oootis &V OleTin, 1

glon & eoz.'a:a}»@usuff mesr s o Qourlo . G’mrrgofmrfnabi

ore #guH 8 5 LTI o Lo LI O 5

(m,-l-rﬂg_:)\/:m,\ll }'(IJ




m PR . B
m|-+ml
2
GLpﬂ'B‘,»ﬂbuEb@ @tﬂf; K-E :,/2 m|V, —_— 3D

8&”9%@@ ]_lﬂajq' kK-E = ’/g_,(ml""m:.)v:"_‘}(q')

= m
'/2. |

2 2
m
Vi Cm,+m4.)

m,+M2

m+M2
M
. L1 &Gwnw,
l"ﬂ |+M2

SMHB;'OJJE.':@ oot K-E @“”9‘3-'&9@ @’U":F Qo or K-E,

Y, mM,v,> aNLe & YUNG Lo . SbBER Curoirey Swe

pyrympoan Blguy FryHUEEYS: Pe By DU L eson.
oL Py ounG L. Borfioor BLmeo -
36 @L:Lid]urr@arﬂm; g TOH 2NoNg
. ¢ rrpm Do LDE)7S),

o guiryLO 2no0 GO0 WS
Lenw Moo B&E HOWwHET?
OUAdHL grommort  LEL Flu oy oOunod L&

LBTD G e GALULL 2Ws PN 6 nge oo @aun s . e
S e OBror Qounls - ar8T

3. g5 L Ligew L o) UTHorgu oTIoNT
ov1 OlootLl . dyp Boooricostiiy

2N GBS B il lon D & B 2

QWG PN ODG BNy LoD OFWRIGTA , Slome Soor gl

OB oL gub Honplnmls FoTIGYHIBL. &)L Liou 1 & L @oflst

P Beotonlo Fo17oTTIONE ouncon gl U

|§mg@@l§bu’: Lo e e

g GunBopls HTWR BLNBoyls -
gunpopee B s Howod auneL e oo

HWE BB H 2 g Lerrofluilal @.ovi o 6 &6 B8 8B TLOS



MMN %Umm » .@L‘DG’LDHWN Brbr;emrfg}o: O‘fd?:“-‘gt'

1. Dy Leet gEnBencer 9L N
Lo P, ryerin 5 G

Lo mwew urdbLe moov  QoMbey

. . (22 rr' .
M - & heTTTL fa Lol =8 = oIV EI 2Nt D g
LJ-OI, L oot > 9 . pr g

@B U L 8075 BB S LEW 8517 QLorr Bov qf,pw,_f GUITEY »
ﬁm&@m&-gi/ﬁrp@

CLorBalth ©L L9t SeairprP ot FU L g

-~ rrom 2NE S 20MH ) W o2 o mr:,"lrr@rﬁu.;wmu...l@nw

. W oreot U L oot Le w Grwa Gwﬁ@f\/ '

& SLTBayesL Lnevt OUNGE @rne @ HH Doige )

F o & Borp @&l CLMeiype & 1907 PHED

PRSI S Uy S Bon FEE Gop & Dol eoion
m -

ane B Lorrpen Wne Bl 5 BRSNS 2oPDLALGTH 0210

2915 L ndHo) B o

Sreon Loy
ermudLe 8Lt

ootor Uy Bon

Piem o] Ls o LPL ) oroost oroot Ul .
GofooT OLME  gnr BSE D

- o L
QurE e ooty @0 oY ‘ ‘ .
g-‘-(:' QurBopB& G 2ot Doonglas TP ST
Ben o ‘ - | J
v, 0 ereotm] Wb ewrrg',a;yﬁ'@m f Hebenrpeort VoV
2 72 2 i y
J a2ngéully,
STesta Ls oErroost Loy 5 Bluh L Loot g ot &)

V;—vl - _e

—rsny
Ua -VI
. 8 = L) r o:)
&2\ 5 @wozﬂguf_inmf G ebriovot @BiFoNeot Q8B

n]t mg

s Yl

oF Ny Y N2 Ua)
> ?—ﬁ-—l—“"-——q— AL
\ |
\‘-h._h___.., . |
N B s ‘
> * : . o o O) Eb Moo T
n|' @W’Gemm@aﬁw o) 5o poooTry M, @ l'y’ \ .|
Qm&,@‘ 6)05 O g oot OB (ToaoTtiorsag |

Caroale A o) N2 Do G

M, B OBneEiL Gerel, [ UL 8ropne  8Lorgov |

mﬂf’m—"'}’ %m&:é O revt €t o .



AB crmtny @@ OB Cmnort nSeoias: oW s & M}Bb@

GHENDV , PHBEaws BlorpeyB® ot BmroEiber MHrosrols AB
é’w’MG’N DErOma . Houn o Blon 8§l g rpi ooV, Vs
Moot 5 O’BSrrm'G@_pm_p 2

ré)ué:_:.am genBeo ot NIl emngy.las@u LNowt Aure
IG5 & B @msn.wm B - Cenovtre) mohast B &)
FUY B Qmwaumabtb ,'9259191-’ opLliy ﬂmﬁ‘ea:.:sag.@am =
oL B L -

V-V, =-e (U-V1) —— W
2156 @H_p’)mﬂw;amm andluLil,
MV, +maVa =M30, +M; 02 — (2D
Fooot (1D o m, Sbov LD G,
MoV, =MaVy = —my (VL2-V1) —> (3D

(2) —(3D.
My (m+ma) =M. U (1+€e)+ U, (m,-em,

m,Us (14D + Ui (m,~em; )
Yi = — L4

m,+Ma=x

B‘:tw:r(!)% nm, %W mua%’ﬁz

m;Va -M, v, =M, e (_Uz—UI) —F—> 5D

(2> +(5>

Vo (m+mM2) = m,U)iir+e 2+ (U2 (ma,-emy)

m,u, (14ed +U2 (mMma-€m;)
¥a = — > (&)
m, + My

Foort Lne (49, (b) CLnpape @ nowt G@ron mE e oot
B\ovn BQo BorBl B omIovT 8 8. B e Dot NyosT .

| BrplLy @rsrox |

1. & emrormipobw ooyl L& Bootom o

|0‘>E{>rrwvrl.§”£5m4l.a Blo Bomoy mabrraaurLg,ng,a:_,Lo 95@!36:7'@- [

L ) e e S : — |

l

|



VisU, , V; =U,
'gbBSG’dJJ, ;5 FHo oo O a8 oorT L. @'P@CH-’M Lp'—'mélp"”'?mw
oot L em*rtmfh.‘u!?:-m\* Cungie Bun G‘Long%;eé,@u 16007
BonF Carem ot mBm) Lo urﬂwmﬁ&‘; oVerort oot Moot
2. € =0 OTO'U'ﬂC;V V;_ =V
3. m, Ponm o neesTL GBsror b A - oot Pooot 1 eb @ A - ot
@-Eg@ mnl}'v’nyl.ﬁ m, (V, -U,D

1 =m (MU, (+L) + 0 (m,+eml)_ul

m|4-m2

M; (MU Ll4e
ml-l"ml

)+ Yy (_m;—‘e,mn_) —m|U;—mlU;

M, (ma ua (1+€) _maUi1+e)

1

M +Max

iy g, (142 Y (Ba=bi )

M+ Mgy

9-]['55 gpmggjnae aNon & B- Ubgi Ewﬂgﬂéj@ @I\MG—E@

Blolorean) Lo oto B MEa Lo DG DL

""""""

V1 o FQore-s o ogoBesity M, Beny asnoo L @esnon b,
) @m&&m&gsﬂw agolopls My Boory o)ebreoot L Een o185 GLooy

i 9=rrw°31 8!-0"90“ @E’ﬂmmvﬁf G’mngad;as@ @oaw HDuwe e



i a_ o ) = - N
\ BOFBoT B EHMoI B HovPort @) LW ot Wanaol B & (b
@anLOLET O, » X3 OOt 8 6 Mormi BN 300 e ToTroDT .

CLMBoYE® WOt @5 Gemom) sorheot BangGaels V> V2
STl BB BWES BoE o low ki ot 2ot oo0) BE Lo
CEMLLYN® CBr 5B a HomFuo o135 B INoNFY 15 LoeEns

V) s4nB, =0 s e 4

. .
V}wsg,.: U?—‘imdl 2 >(2.)

l@uﬂ)ul_c:;-r @gtns;cmov'!f.uu‘-‘b
v & -—V;LB:'»9; :-@LU;C&SO{;—U;LB'SO{;) —(3)
2 (B8 B2
. y : Ly
2rm oifHmnoerl $5GLUG, .

~ @)
(a3=ts ' Floowt (3) XM

A,)20)
Vi esB = —Mmae (L2 sy =Y s o)

(4) - (5

V) s & (m 42D =Mz Uz 53 of 5 +Mi Uy eSOl +M2€

( Us LOS of, +U, tes A1)

|
| U tes ¢ - (1+e)
| v, w8 6, = : d(m, Ems D)+ M2 U2 (B3 A2 % iy

m p+mM=a

| RweTt (3) XM,

} mLVztejsz—m,v,Lsz-m,ELdg_L&SO(z—- Ulbﬁ:gq’f)-}@

Va2 (B3 65 Cm,-!-ﬂh) =Ua LB'Sd_:z_(_mz_—&m1)+m;U!(—95q;("+9)

|

i

! Us &3 A2 (rﬂg_—em;)-l-m;U;LﬁSOfff,!'f‘e)
I Vo (&8 B2 = s

|

m 4+
oot ® (1), (67 %ww@rﬁ@w; V5 lply GBoooID, B Ll V) I

og Govotes 8) LN LS .

——

vi= [Uyas A g (M —M2)+m,Us (o3 o, (140 )+ U 2ain ? o

| M +m 2
— (99




| Ylootnno (1)

' QE:rruﬂg\ @mﬁ

tanB = U, 440 A
>@®

s

(U, 288, (M-BM2 )4+ m, Uz (84 A, (1+¢D

M, +Ma
Fost (2),(8) spdwaryeny PG seot® &2l Vay o0
FooT1 85 B LN L.

I

Va = Ul(ﬁddz(ml-—eml>+mll)|LB’50(,(|+€JZ+U9_-5|JG0(22
. —>Ul)

m+ma

Foootun® (2) 2 (g ) Bvol 2&SB S -

Ua 4N o
'llangz = -.—-1 ~ .
(sz—'-ﬂo‘:z(mz—ermhm,ul(tmd1@+C)__>U2>,

M+Ma
(12) 2w @warpomn & erooeT ® S roowrLnoUS)

& o BRI B U 15 » o Gooi DWe B |

gmgemmémgwﬁ: G018 BE)LONITLO |

MR UL |

3. Ggpm 8o & B)

1. &> e&mmrﬁ&»ﬂ*b‘—‘; @"f?'ﬁﬂwlz e g;w-?mtou_;w’ 5
'-'-‘-f, m':ml

Floboon Uy Lo g nooot lod® L Lnoot e
m.uzwﬂo{zoﬂa

et &) =
VI ' &m;

Vi (838, = Uz 3 Ay |

HG 5 Gunm:)‘rp_, Vo 3 6g - U, L3 Cﬂ_n

s )y Loy @y - BHTEW 0=0.

2+« U2 =0 O‘.'o‘:rﬂcx\"f Va 20 &>

ESICILEY o oot LT P oV S a7 low ) oD 26,5516 & Lo |
Cen® 2 HWTHD HEoOL - '
w1 108 OFwnLbL Bt G E® |

mim2 (+ed(L) tesof, = Va3 of 2 )

Cm,-;m;_)




BrcolLnawg Canots dosi PootBrees P1GrG FlowngeaLs ]
aBgnBajs BOBES L.

1. 6830l ango\}‘ . | | |
m,, ms Moot ABbnowol L BD 885 r1 11 Ty > 71> 1 ME)8) LG

ok rror@aurt s . 8lo MG ous 6 G

Lrnges Hoon Lok QL ME : ’
@rbgl? & na wJ U|-,U_9_ meqw ‘?lﬂﬂ%ﬁ?’;bi

Bniyro oot g §apmiGorT [oorps
Dest V, s Va Olovtéylo oMol Lo -
%uumgr eFnpomoet B UL,

V;-—-V; = —-@ (UJ_—U] )

2m 5 21 @A ooT o0 Lo anguuly
m,V,+Mx1Vy = mi\lg*""'?;LUa.

2

|
Gmﬁg’@’é@ G oot LB 6 @Ewe B Bbry ooy ll
= ,/2m|u,1-}-l/p_miuz_ |[|

an;oy.w'b@ 15 oot DB AW B Bbro oy -

2
= 1y, mV)* 1), maVa
[ A et A\ LD‘
polrtas oryull PWBE @urpyrpoN lorpry |
- peoulul KE —wgé)k-l} .
2
=l mivy - I/ng_\/:z

Blum

|
|
|
[

= i/j_m;LU:'V') (v ' /2 M2 |

| ® (4 (3) LEPD FOW O, ool nmprolé

Foort b 1
(v, =V (L1 +Va )+l My (v, -U) (U;-IV:.);,

:’/:2. m |

|

|

[

.i = '/lm'(-Ul—Vj’)CU;'J'Vj)—(Ug-V-L)

| =1/, m CUV"VI) [(U,-—Uz)—(V;_-Up )j
=1/ 4

%mrrdw Vo —V) :::-—e.(UQ_——UI )
BrromoN Loy o Lo

|y 1 LOI=VID [Lu=L2) +elva=U) 3
= 2




s ™ § Cuy =~V DAl ~ua ) 4 L1 «¢ )

oot (1), (2) -anm B

MU +Mala +emo (Va-UY)I
Vi = - - ey (6D
ml+m; [
i

FLrmt (6> o (50 gy LBWP G apow 5 Larp e
r ™ Va4 €em Uy - Uy |
m:ﬁu, « Ml e A 2 (Va2 =2 fo) ) li-d
™M, 4+ma .

]
/o

)

-—

= U m, (ml(ul-ul)cl +e)a (U= Y 1-23
m+M2

-

2
R L ST o
2

m;+mMa2

e-= Luy altidunal 1 g oL Goryains S Do .

m,+mMm2
Friw e Sy
M ,mMy Bonry og-noort L. 8B\ Eprrovt my Bovt U,
otevt n7 Qom&@mssrn}abml_w:r resr 86 ooy o - warynber TBwe &
Bompar Daprhesr Olowm SF O oTnETIA G L5 CBmL® Lo

X, ,0fs Sl Q er1cTot ISP T @ o B B et rooor
o LW ) SOt B0 oottt & LS

g)amg-unq:a @ ovtort MFQ@JE@]%@%
g oy , ST W BT

Ua

ang/:,o:l Hrevot [ons 5

G’BBI'TLL‘-?"}"@ @f}ﬂ@gj@
PWEE Pbro PN

CorBoeos BUEonon UpsUa Sra et & LENTE

O, umy o, 5 Uz B3 A2 ooy ®  BHrIme £) Uy

bogotF G oI Lo -
. Bvmmov By
:’/)_ m— ('“91)((}1‘“‘9’50“"(1203'50{1)
f“1|+n‘h)



Unit — I1: Statics, Hydrostatics and Hydrodynamics

Centre of gravity of body- centre of gravity of a solid hemisphere and solid cone —
atmospheric pressure — variation of atmospheric pressure with altitude — height of
homogeneous atmosphere- centre of pressure- determination of centre of pressure- centre
of pressure with rectangular lamina- Metacenter- metacentric height- determination of
metacentric height of ship.

Total energy possessed by liquid in motion- Bernoulli,s theorem- Applications of

Bernoulli,s theorem of liquids, 1. Toricelli’s theorem, 2. Venturimeter

Centre of gravity of body
A point through which the line of action of the weight of the body always passes in

whatsoever manner the body is placed.

Centre of gravity of body of a solid hemisphere

,:lﬂ.‘.ﬂ::!-’:mﬁ m:wn
il e

= il

We can cut hemisphere horizontally into circular slices of thickness dh, each slice at height h
above the base

Each slice at height h has radius

r=sqrt(R*R-h*h)

area of slice= pi*r*r=pi*(R*R-h*h)

centre of mass at h. So,

CG of hemisphere=(1/volume of h.sphere)*(integral h*pi*(R*R-h*h)*dh) h from 0 to R
=(1/(2/3*pi*R*R*R))*pi*(R"4/2-R"4/4)

=R/4*3/2=3R/8

Centroid of hemisphere radius R is at 3R/8.



Centre of gravity of body of a solid cone

v R ey

We can cut cone vertically into circular slices of thickness dx, each slice at height x above the
base

Each slice at height h has radius r=sqrt(R*R-h*h)

area of slice= pi*r*r=pi*(R*R-h*h)

centre of mass at h. So,

CG of hemisphere=(1/volume of h.sphere)*(integral h*pi*(R*R-h*h)*dh) h from 0 to R
=(1/(2/3*pi*R*R*R))*pi*(R"4/2-R"4/4)

=R/4*3/2=3h/4

Centroid of hemisphere radius R is at 3h/4.

Atmospheric pressure

Atmospheric pressure also known as barometric pressure (after the barometer), is
the pressure within the atmosphere of Earth. The standard atmosphere (symbol: atm) is a unit
of pressure defined as 101,325 Pa (1,013.25 hPa; 1,013.25 mbar), which is equivalent to
760 mm Hg, 29.9212 inches Hg, or 14.696 psi.lY! The atm unit is roughly equivalent to the
mean sea-level atmospheric pressure on Earth, that is, the Earth's atmospheric pressure at sea

level is approximately 1 atm.

In most circumstances, atmospheric pressure is closely approximated by
the hydrostatic pressure caused by the weight of air above the measurement point.
As elevation increases, there is less overlying atmospheric mass, so that atmospheric pressure
decreases with increasing elevation. Pressure measures force per unit area, with Sl

units of Pascals (1 pascal = 1 newton per square metre, 1 N/m?). On average, a column of air
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https://en.wikipedia.org/wiki/Atmospheric_pressure#cite_note-icao-1
https://en.wikipedia.org/wiki/Fluid_pressure
https://en.wikipedia.org/wiki/Weight
https://en.wikipedia.org/wiki/Earth%27s_atmosphere
https://en.wikipedia.org/wiki/Elevation
https://en.wikipedia.org/wiki/International_System_of_Units
https://en.wikipedia.org/wiki/International_System_of_Units
https://en.wikipedia.org/wiki/Pascal_(unit)
https://en.wikipedia.org/wiki/Newton_(unit)
https://en.wikipedia.org/wiki/Metre

with a cross-sectional area of 1 square centimetre (cm?), measured from mean (average) sea
level to the top of Earth's atmosphere, has a mass of about 1.03 kilogram and exerts a force or
"weight" of about 10.1 newtons, resulting in a pressure of 10.1 N/cm? or 101 kN/m? (101
kilopascals, kPa). A column of air with a cross-sectional area of 1 in? would have a weight of

about 14.7 Iby, resulting in a pressure of 14.7 Ibg/in?.
Height Of homogeneous atmospheric pressure

Atmospheric pressure is expressed in several different systems of units: millimetres
(or inches) of mercury, pounds per square inch (psi), dynes per square
centimetre, millibars (mb), standard atmospheres, or kilopascals. Standard sea-level pressure,
by definition, equals 760 mm (29.92 inches) of mercury, 14.70 pounds per square inch,
1,013.25 x 10° dynes per square centimetre, 1,013.25 millibars, one standard atmosphere, or
101.325 kilopascals. Variations about these values are quite small; for example, the highest
and lowest sea-level pressures ever recorded are 32.01 inches (in the middle of Siberia) and
25.90 inches (in a typhoon in the South Pacific). The small variations in pressure that do exist

largely determine the wind and storm patterns of Earth.
Atmospheric pressure with altitude

Although you can't derive atmospheric pressure at sea level from the total height of
the atmosphere, you can calculate changes in air pressure from one height to another. This
fact, along with other considerations, including the ideal gas law, lead to an exponential
relationship between the sea level pressure (PO) and pressure at height h (Ph). This

relationship, known as the barometric formula, is:
Ph=PogeMIkT

m = mass of one air molecule

g = acceleration due to gravity

k = Boltzmann's constant (ideal gas constant divided by Avogadro's number)
T = temperature

centre of pressure

The centre of pressure is the point where the total sum of a pressure field acts on a body,
causing a force to act through that point. The total force vector acting at the center of pressure
is the value of the integrated vectorial pressure field.
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Determination of centre of presure

Centre of pressure may be defined as ‘the point in a plane at which the total fluid thrust can be
said to be acting normal to that plane’.
As shown in figure the hydrostatic pressure exerted by a liquid of density p or specific weight w,

at depth h below the surface, is: p=pgh=wh

This is the gauge pressure, due solely to the liquid column of height h. To obtain the absolute
pressure pa at depth h, we must add whatever pressure ps is applied at the liquid's surface,
giving: pa=ps+p=ps+wh

Referring to figure (3), consider an element at start depth y, width dy, then force on element is
given by:=w(ycos(8)—h)Bdy

The summation of moments about the pivot point 0 is given by:
IMo=0
WR3-wB] (y2cos(6)-hy)dy=0

M:WR3=wf(yzcos(0)—hy)dy

Metacentricheight

The metacentric height (GM) is a measurement of the initial static stability of a
floating body. It is calculated as the distance between the centre of gravity of a ship and
its metacentre. A larger metacentric height implies greater initial stability against overturning.
The metacentric height also influences the natural period of rolling of a hull, with very large
metacentric heights being associated with shorter periods of roll which are uncomfortable for
passengers. Hence, a sufficiently, but not excessively, high metacentric height is considered

ideal for passenger ships.

Metacentric height of the ship

Consider a ship or pontoon floating as shown in figure. The center of gravity of

the body is at G and the center of buoyancy is at B. For equilibrium, the weight of the


https://en.wikipedia.org/wiki/Centre_of_gravity
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https://en.wikipedia.org/wiki/Frequency

floating body is equal to the weight of the liquid it displaces and the center of gravity
of the body and the centroid of the displaced liquid are in the same vertical line. The
centroid of the displaced liquid is called the "center of buoyancy". Let the body now be
heeled through an angle 6, B: will be the position of the center of buoyancy after
heeling. A vertical line through B: will intersect the center line of the body M at and
this point is known as the metacenter of the body when an angle 6 is diminishingly
small. The distance GM is known as the metacentric height. The force due to
buoyancy acts vertically up through B: and is equal to W. The weight of the body acts
downwards through G.

Stability of floating objects:
e Metacenter point M: the point about which the body starts oscillating.

e Metacentric height GM : is the distance between the center of gravity of floating
body and the metacenter.

e If Mlies above G a righting moment is produced, equilibrium is stable

and GM is regarded as positive.
e If M lies below G an overturning moment is produced, equilibrium is

unstable and GM is regarded as negative.

Determination of Metacentric height

WGMsin(0) = x

Px
Wsin (6)

GM =

Where x = distance from pontoon centerline to added

weight.

Where W= weight of the vessel including P .

GM = BM + OB — 0G

BM =

<Ir

OB =0.5
L XD
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Where V= volume of displaced liquid

Show the variation of depth of submergence and position of metacentric height under
different loading conditions
Discuss what will happen if the ballast weights were added at the center of gravity so
that the resultant center of gravity was unchanged.
Bernoulli's Theorem:
Definition: Bernoulli’s theorem states that the whole mechanical energy of the flowing liquid
includes the gravitational potential energy of altitude, then the energy-related with the liquid
force & the kinetic energy of the liquid movement, remains stable. From the energy

conservation principle, this theorem can be derived.

AV = mip

Fig. 11.11 : The flow ideal liquid in the tube of non
uniform area of cross section.

According to Bernoulli's theorem, the sum of the energies possessed by a flowing ideal liquid at a
point is constant provided that the liquid is incompressible and non-viseous and flow in streamline.
Potential energy + Kinetic energy + Pressure energy = Constant
P+1/2pv2+pgh=Constant
gh+1/2v2+pP=C
Where C is a constant.
This relation is called Bernoulli's theorem.
Dividing above eqn., by g, we get
h+pgP+1/2gv2=C’


https://www.elprocus.com/what-is-nuclear-energy-its-importance-applications/

Where C is another constant.
For horizontal flow, h remains same throughout.
So,
pgP+2gv2=Constant (or) P+1/2pv2=Constant

P is static pressure of the liquid and 1/2pv2 is its dynamic and velocity pressure.
Thus, for horizontal motion, the sum of static and dynamic pressure is constant. If plvl and p2v2
represent pressure and velocities at two points.
Then
P1+1/21pv12=P2+1/2pv22
Concepts :

e In Bernoulli's theorem P+pgh+1/2ev2= constant.

e The term (p+pgh) is called static pressure and the term 21pv2 is the dynamic pressure of the

fluid.

e Bernoulli theorem is fundamental principle of the energy.

e The equation pgP+21gv2+h=constant

e the term pgP = pressure head

e the term 2gv2 = velocity head

e h=gravitational head.
Derivation of Bernoulli's Theorem :
The energies possessed by a flowing liquid are mutually convertible. When one type of energy
increases, the other type of energy decreases and vice-versa. Now, we will derive the Bernoulli's
theorem using the work-energy theorem.
Consider the flow of liquid. Let at any time, the liquid lies between two areas of flowing liquid Al
and A2. In time interval At, the liquid displaces from Al by Ax1=v1Atand displaces from A2
by Ax2=v2At. Here v1 and v2 are the velocities of the liquid at A1 and A2.

The work done on the liquid is PLA1Ax1 by the force and P2A2Ax2 against the force respectively.
Net work done,
W=P1A1Ax1-P2A2Ax2
>W=P1A1VIAt-P2A2V2At
=(P1-P2)AV
Here, AV— the volume of liquid that flows through a cross-section is same (from equation of

continuity).



But, the work done is equal to net change in energy (K.E. + P.E.) of the liquid, and
AK=21pAV(v12-v22)
and AU=pAV(h2-hl)
~(P1-P2)AV=21pAV(v12—v22)+pgAV(h2-hl)
P1+21v12+pgh1=P2+21v22+pgh2
or P+21pv2+pgh=constant
This is the required relation for Bernoulli's theorem.
~Alv1=A2v2
So, more the cross-sectional area, lesser is the velocity and vice-versa.
So, Bernoulli's theorem,
P1+1/2p1v12=P2+1/2p2v22

Torricelli’s Theorem

Torricelli had interests in various aspects of physics and mathematics and torricelli’s

theorem was one of his biggest achievements. The law explains the relation between fluid leaving a

hole and the liquid’s height in that container.

The relationship can be summarized in the following manner. If you have a container filled with

fluid with small holes at the bottom of the container, the fluid leaves through the hole

with velocity same as it would experience if dropped from the same height to the hole level. If the

liquid is dropped from a height h, it would have a velocity v and this v is the same velocity at which

the liquid leaves the hole when the height of fluid h is same as liquid dropped in the container.

We also assume that it is an ideal fluid which means that the liquid is in compressible, non-viscous

and laminar flow. These factors cannot be neglected since same rules cannot be applied to non-

fluids as their viscosity and flow may not be same across the liquid itself.

__?T“ B e

Torricelli’s Law Derivation


https://byjus.com/physics/velocity/

Assuming that the fluid is in compressible, Bernoulli’s principle states that:

v?/2 + gh p/p = constant

Where,

v is speed of liquid,

g denotes gravitational acceleration,

h shows liquid’s height over reference point,

p is density.

P is equal to atmospheric pressure at the top of the container.

v is considered as O because the liquid surface drops in height slowly compared to the speed at
which liquid leaves the tank.

his 0 and p is atmospheric pressure at opening h = 0.

gh+Patm/p=v2/2+Parm/p

V2 =2gh

V =\2gh

A simple experiment to test Torricelli’s law can also be performed by a soda bottle by puncturing
the bottom with a small hole. As the height in the reservoir decreases, the exit velocity decreases.

Venturimeter

Venturimeter is a device that is used to measure the rate of flow of fluid through a pipe. This
device is based on the principle of Bernoulli’s Equation. Venturimeter is named after G.B
Venturi who developed the principle of venturimeter in 1797 but this principle comes into
consideration with the help of C. Herschel who developed the first venturimeterin 1887.

Main parts of venturimeter :-

1. Covering part : It is the part of the venturimeter where the fluid converges .

2. Throat: It is the portion that lies in between the converging and diverging part of venturi.
In the throat portion the cross section is much less than converging and diverging portion.

When the reaches the throat, its velocity increases and pressure decreases.

3. Diverging part: It is the part of the venturimeter where the fluid gets diverges and the
cross-section area increases.

|H|H Throat —)l i—‘#l

Difwsl g Par
Corverging Fart frging Part

Venturimeter
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Unit- 111: Dynamics and Friction
Moment of Inertia and radius of gyration (Definition only) — Parallel axes theorem and
perpendicular axes theorem — Kinetic energy of a body rotating about an axes through its
center of mass — compound pendulum —Bifilar pendulum (Parallel threads)
Forces of friction — Laws of friction — angle of friction, Resultant reaction and cone of
friction- Equilibrium of a body on a rough inclined plane (with and without force) to the

horizontal — Friction clutch.

Moment of inertia
Moment of inertia is defined as the quantity expressed by the body resisting angular
acceleration which is the sum of the product of the mass of every particle with its square of a

distance from the axis of rotation. ... Moment of Inertia is also known as the angular mass or

. - . L
rotational inertia. I = -

I=inertia
L=angular momentum

w=angular velocity

Radius of Gyration

The moment of inertia of a body about an axis is sometimes represented using the radius of
gyration. Now, what do you mean by the radius of gyration? We can define the radius of
gyration as the imaginary distance from the centroid at which the area of cross-section is
imagined to be focused at a point in order to obtain the same moment of inertia. It is denoted
by k.

Radius of Gyration Formula

The formula of moment inertia in terms of the radius of gyration is given as follows:
l=mk? (1)

where | is the moment of inertia and m is the mass of the body

Accordingly, the radius of gyration is given as follows

k=VIm (2
The unit of the radius of gyration is mm. By knowing the radius of gyration, one can find the

moment of inertia of any complex body equation (1) without any hassle.


https://www.google.com/search?q=Inertia&stick=H4sIAAAAAAAAAOPgE-LUz9U3MDQpyipX4gAxjcuyirW0spOt9FNTSpMTSzLz8_TT8otyS3MSraC0QmZuYnqqQmJecXlq0SNGY26Blz_uCUtpTVpz8hqjChdXcEZ-uWteSWZJpZAYFxuUxSPFxQW3gGcRK7tnXmpRSWYiAOpwmkKDAAAA&sa=X&ved=2ahUKEwjC1eyIp7LuAhUH4jgGHdKMC_0Q24YFMB16BAgxEAI
https://www.google.com/search?q=Angular+momentum&stick=H4sIAAAAAAAAAOPgE-LUz9U3MDQpyipX4gAzDXOTtLSyk630U1NKkxNLMvPz9NPyi3JLcxKtoLRCZm5ieqpCYl5xeWrRI0ZjboGXP-4JS2lNWnPyGqMKF1dwRn65a15JZkmlkBgXG5TFI8XFBbeAZxGrgGNeOtCsIoXc_NzUvJLSXADEkBEyjAAAAA&sa=X&ved=2ahUKEwjC1eyIp7LuAhUH4jgGHdKMC_0Q24YFMB16BAgxEAM
https://www.google.com/search?q=Angular+velocity&stick=H4sIAAAAAAAAAOPgE-LUz9U3MDQpyipX4gAxM9KzDbW0spOt9FNTSpMTSzLz8_TT8otyS3MSraC0QmZuYnqqQmJecXlq0SNGY26Blz_uCUtpTVpz8hqjChdXcEZ-uWteSWZJpZAYFxuUxSPFxQW3gGcRq4BjXjrQrCKFstSc_GSgCgAY6DPvjAAAAA&sa=X&ved=2ahUKEwjC1eyIp7LuAhUH4jgGHdKMC_0Q24YFMB16BAgxEAQ

Consider a body having n number of particles each having a mass of m. Let the perpendicular
distance from the axis of rotation be given by ri, r2, rs,...,r.. We know that the moment of
inertia in terms of radius of gyration is given by the equation (1). Substituting the values in

the equation, we get the moment of inertia of the body as follows
If all the particles have the same mass then equation (3) becomes

|=m[r11+1"21+r32+...+|‘n2}

mn (r 4?4+ nf+ . +nd)

n
We can write mn as M which signifies the total mass of the body. Now the equation becomes

(r?+r2+r3+ .. +r17)

n

From equation (4), we get

(PR PR P R J

MKI:M( n

T T
or, K=

n
From the above equation, we can infer that the radius of gyration can also be defined as the
root-mean-square distance of various particles of the body from the axis of rotation.
Parallel axis theorem

The moment of inertia of a body about an axis parallel to the body passing through its
center is equal to the sum of moment of inertia of body about the axis passing through the

center and product of mass of the body times the square of distance between the two axes.
Parallel axis theorem statement can be expressed as follows:
| =Ic + Mh?

Where,


https://byjus.com/jee/moment-of-inertia/

| is the moment of inertia of the body

Ic is the moment of inertia about the center

M is the mass of the body

h? is the square of the distance between the two axes
Parallel Axis Theorem Derivation

Let Ic be the moment of inertia of an axis which is passing through the center of mass (AB

from the figure) and I be the moment of inertia about the axis A’B’ at a distance of h.

Consider a particle of mass m at a distance r from the center of gravity of the body.
Then,
Distance from A’B’=r+h

| = Ym (r + h)?

I=Ym (1? + h? + 2rh)

[=Ymr? + Ymh? + Y2rh

| =Ic+h2¥m + 2hYmr

| =Ic+Mh?+0

| =Ic + Mh?

Hence, the above is the formula of parallel axis theorem.
Perpendicular Axis Theorem

For any plane body the moment of inertia about any of its axes which are
perpendicular to the plane is equal to the sum of the moment of inertia about any two

perpendicular axes in the plane of the body which intersect the first axis in the plane.

Perpendicular axis theorem is used when the body is symmetric in shape about two out of the
three axes if the moment of inertia about two of the axes are known the moment of inertia

about the third axis can be found using the expression:

Ia:|b+|c


https://byjus.com/physics/unit-of-moment-of-inertia/

Say in an engineering application we have to find the moment of inertia of a body, but the
body is irregularly shaped, and the moment of in these cases we can make use of the parallel
axis theorem to get the moment of inertia at any point as long as we know the center of
gravity of the body, this is a very useful theorem in space physics where the calculation of
moment of inertia of space-crafts and satellites, making possible for us to reach the outer
planets and even the deep space. The theorem of perpendicular axis helps in applications
where we don’t have access to one axis of a body and it is vital for us to calculate the moment

of inertia of the body in that axis.
Kinetic energy of a body rotating about an axes through its center

A rotating object also has kinetic energy. When an object is rotating about its center of mass,
its rotational kinetic energy is K = "4lo?. Rotational kinetic energy = % moment of inertia *
(angular speed)?. When the angular velocity of a spinning wheel doubles, its kinetic energy

increases by a factor of four.

Energy in rotational motion is not a new form of energy; rather, it is the energy associated
with rotational motion, the same as Kinetic energy in translational motion. However, because
kinetic energy is given by K=1/2mv?, and velocity is a quantity that is different for every
point on a rotating body about an axis, it makes sense to find a way to write Kinetic energy in
terms of the variable mw, which is the same for all points on a rigid rotating body. For a
single particle rotating around a fixed axis, this is straightforward to calculate. We can relate

the angular velocity to the magnitude of the translational velocity using the relation v; =or,


https://byjus.com/physics/difference-between-centre-of-gravity-and-centroid/
https://byjus.com/physics/difference-between-centre-of-gravity-and-centroid/

where r is the distance of the particle from the axis of rotation and vt is its tangential speed.
Substituting into the equation for kinetic energy, we find

K=1/2mv?=1/2 m(or)*=1/2(mr?)w?.

In the case of a rigid rotating body, we can divide up any body into a large number of smaller
masses, each with a mass mj and distance to the axis of rotation rj, such that the total mass of
the body is equal to the sum of the individual masses: M=) jmj. Each smaller mass has
tangential speed vjvj, where we have dropped the subscript t for the moment. The total
kinetic energy of the rigid rotating body is

K=Yj1/2mjvj*>=Yj1/2mj(rjwj)?

and since oj=owj=o for all masses,

K=1/2(3jmjr?j)w?.

Compound Pendulum

In this experiment we shall see how the period of oscillation of a compound, or physical,
pendulum depends on the distance between the point of suspension and the center of mass.
The compound pendulum you will use in this experiment is a one metre long bar of steel

which may be supported at different points along its length, as shown in Fig. 1.

Point of suspension

If we denote the distance between the point of suspension, O, and the center of mass, by I ,
the



period of this pendulum is:
_ K2+12 17
T =2n( o )
where k is the radius of gyration of the bar about an axis passing through the centre of mass.

You should derive this expression.
The period of a simple pendulum of length I' is:

T=2p(1¢O g)?

By equating Egs (1) and (2) and solving for | , we may find the values of I such that the
compound

pendulum has the same period as that of a a simple pendulum of length I':

I =1 ¢+ (162 - 4k?)¥2/2)

As you can see, there are two values of | , which we will label | 1 and | 2, for which the
period of

the compound pendulum is the same as that of the given simple pendulum.

There is a value of | for which the compound pendulum has a minimum period. The
minimum

period may be found from Eq. (1) by setting:

dT/dlI=0

One finds:

Tmin = 2p (2k/g)*?

Bifilar Pendulum

The bifilar suspension is used to determine the moment of inertia of a body about an axis
passing through its centre of gravity. The body is suspended by two parallel cords of length
“1”, at a distance “d” apart. If the mass of the body is “M”, then the tension in either cord is
Mg/2. If the system is now displaced through s small angle O at its central axis, then an

angular displacement ¢will be produced at the supports




1
If both angles are small. then £¢5=[£} 6

The restoring force at the point of attachment of the thread B and B will be —

J.:lcf-g
2

sin ¢=MTE¢ { for small ¢ )

Since ¢=[ d;._f } the restoring force = _-‘r,{g%. and the restoring couple is thus — Med % :

~Mgd’8 . . Mgd @
—4F fe, &+ i =

Giving an equation of motion & =

Therefore. the motion is S HM. of periodic time, 7 =271 4”%
Med-
e, poTEl T
lag f
. ] Xk [g . I
Alternatively, T may be expressed as: T =27.— 1III|— Jsince K- = i
5 4

where d is the distance between the wires (m)
£ is the length of suspension (m)
K 1s the radius of gyration of the body about 1ts centre of gravity.

Friction

Forces that resists the sliding or rolling of one solid object over another. Frictional forces,
such as the traction needed to walk without slipping, may be beneficial, but they also present
a great measure of opposition to motion. About 20 percent of the
engine power of automobiles is consumed in overcoming frictional forces in the moving

parts.
Laws of friction:
There are five laws of friction and they are:

» The friction of the moving object is proportional and perpendicular to the normal
force.

» The friction experienced by the object is dependent on the nature of the surface it is in
contact with.

» Friction is independent of the area of contact as long as there is an area of contact.


https://www.britannica.com/science/force-physics
https://www.britannica.com/science/solid-state-of-matter
https://www.merriam-webster.com/dictionary/beneficial
https://www.britannica.com/science/motion-mechanics
https://www.britannica.com/science/power-physics
https://www.britannica.com/technology/automobile

> Kinetic friction is independent of velocity.

» The coefficient of static friction is greater than the coefficient of kinetic friction.

Angle of friction, Resultant reaction and cone of friction:
For the maximum angle of static friction between granular materials, see Angle of repose.

For certain applications, it is more useful to define static friction in terms of the maximum
angle before which one of the items will begin sliding. This is called the angle of
friction or friction angle. It is defined as:

tan 6=ps

where 0 is the angle from horizontal and s is the static coefficient of friction between the
objects.[*”] This formula can also be used to calculate ps from empirical measurements of the

friction angle.

Let ON represent the normal reaction offered by a surface on a body (Fig.14.1). If OX is the
direction in which the body tends to move then the force of friction acts in the opposite
direction i.e, along OE. If the body be in limiting equilibrium the resultant R makes an

angle 2 with the normal ON.

Suppose the body is at the point of sliding in other direction, it is easily seen that the resultant
reaction will make the same angle 1 with the normal. Hence, when limiting friction is offered
the line of action of the resultant reaction should always lie on the surface of an inverted right

circular cone whose semi-vertex is /. This cone is called the cone of friction.


https://en.wikipedia.org/wiki/Angle_of_repose
https://en.wikipedia.org/wiki/Friction#cite_note-47

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Direction of Direction n which
TFriction the body tends to
move

Equlibrium of a body on a inclined plane:

For a body in equilibrium on a rough inclined surface that is acted on only by the weight of
and the normal reaction force on the body, it is the case thatmg8=mgu8,sin cos where 6 is
the angle the surface makes with the horizontal, u is the coefficient of static friction between

the body and the surface, m is the mass of the body, and g is acceleration due to gravity.

When an applied force acts on a body in equilibrium on a rough inclined plane, parallel to the
plane, the magnitude of the friction must equal the sum of the net force on the body due to its

weight and the normal reaction on it and the applied force.

A force that acts on a body in equilibrium on a rough inclined surface that does not act
parallel to the surface changes the normal reaction force and frictional force on the body.
Changing the normal reaction force necessitates that the perpendicular components of the
applied force be equated with perpendicular components of the weight of the body, the
normal reaction force on the body, and the frictional force on the body to determine any of

these forces other than the weight of the body.

The magnitude of the resultant of the weight of a body on a rough inclined plane and the
normal reaction on the body can be greater than the limiting friction between the body and

the plane. If no external force acts on the body, the body cannot be in equilibrium.

An external force acting upward parallel to the plane can maintain the equilibrium of the
body. There are two possible values for the magnitude of this force. These are given
byF=F+LmaxandF=F—L,minwhere F is the magnitude of the resultant of the weight of the

body and the normal reaction force on it and L is the magnitude of the limiting friction.



FRICTION CLUTCH

A clutch is a mechanical device that engages and disengages the power transmission |,
especially from driving shaft to driven shaft. In the simplest application, clutches connect and
disconnect two rotating shafts (drive shafts or line shafts). In these devices, one shaft is
typically attached to an engine or other power unit (the driving member) while the other shaft

(the driven member) provides output power for work.
MAIN PARTS OF A CLUTCH

It consists of (a) a driving member, (b) a driven member, and (c) an operating member.
Driving member has a flywheel which is mounted on the engine crankshaft. A disc is bolted
to flywheel which is known as pressure plate or driving disc. The driven member is a disc
called clutch plate. This plate can slide freely to and fro on the clutch shaft. The operating
member consists of a pedal or lever which can be pressed to disengaged the driving and

driven plate.
TYPES OF CLUTCHES

1) Positive contact clutches i. jaw clutches ii.toothed clutches 2) Friction clutches i.Disc

clutches ii.Cone clutches iii.centrifugal clutches
PRINCIPLE OF CLUTCH

It operates on the principle of friction. When two surfaces are brought in contact and are held
against each other due to friction between them, they can be used to transmit power. If one is
rotated, then other also rotates. One surface is connected to engine and other to the
transmission system of automobile. Thus, clutch is nothing but a combination of two friction

surfaces.



Mechanical clutches 1)Positive contact clutches i. jaw clutches ii.toothed clutches 2)Friction

clutches i.Disc clutches ii.Cone clutches iii.centrifugal clutches.

System Components Flywheel: Transfers engine power to the clutch Input shaft: Transfers
power from clutch to the transmission Clutch Disk (clutch): Splined to input shaft; transfers
power from engine to the input shaft Pressure Plate Assembly: Spring pressure tightly holds

the clutch to the flywheel

Clutch plate with
Friction lining
Flywheel "\\ ¢ Body
L) /  Spring O X’
s
_ﬁ_ = v A

1 AR
Crankshaft - -\ | LA ~

4 ‘\ il
7 - — Pressure plate
S— = Q Hub Thrust
f z ¥

5% Bearing
=02

-
\//
A Driven shaft

17/ Release lever
7 {(withdrawl finger

Driving—
shaft

’ ; » ) “Knifeedge
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Books for study andreference

1. Dynamics — M. Narayanamurthi,N. Nagarathnam, The National Publishing Co. 2002

2. Statics, Hydrostatics and Hydrodynamics - M. Narayanamurthi,N. Nagarathnam, The
National Publishing Co. 1990

3. Enthiravyil- Sundravelusamy, Priya Publicationns 2002
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	Stability of floating objects:
	Determination of Metacentric height
	𝑾𝑮𝑴𝒔𝒊𝒏,(.=𝒙
	GM = ,𝑷𝒙-𝑾𝒔𝒊𝒏 (().
	BM = ,𝟏-𝑽.
	OB =0.5 ,𝑽-𝑳 ×𝑫.
	Bernoulli's Theorem:
	According to Bernoulli's theorem, the sum of the energies possessed by a flowing ideal liquid at a point is constant provided that the liquid is incompressible and non-viseous and flow in streamline.
	Potential energy + Kinetic energy + Pressure energy = Constant
	P+1/2​pv2+pgh=Constant
	gh+1/2​v2+pP​=C
	Where C is a constant.
	This relation is called Bernoulli's theorem.
	Dividing above eqn., by g, we get
	h+pgP​+1/2​gv2​=C′
	Where C is another constant.
	For horizontal flow, h remains same throughout.
	So,
	pgP​+2gv2​=Constant (or) P+1/2​pv2=Constant
	P is static pressure of the liquid and 1/2​pv2 is its dynamic and velocity pressure.
	Thus, for horizontal motion, the sum of static and dynamic pressure is constant. If p1​v1​ and p2​v2​ represent pressure and velocities at two points.
	Then
	P1​+1/21​pv12​=P2​+1/2​pv22​
	Concepts :
	 In Bernoulli's theorem P+pgh+1/2​ev2= constant.
	 The term (p+pgh) is called static pressure and the term 21​pv2 is the dynamic pressure of the fluid.
	 Bernoulli theorem is fundamental principle of the energy.
	 The equation pgP​+21​gv2​+h=constant
	 the term pgP​ = pressure head
	 the term 2gv2​ = velocity head
	 h = gravitational head.
	Derivation of Bernoulli's Theorem :
	The energies possessed by a flowing liquid are mutually convertible. When one type of energy increases, the other type of energy decreases and vice-versa. Now, we will derive the Bernoulli's theorem using the work-energy theorem.
	Consider the flow of liquid. Let at any time, the liquid lies between two areas of flowing liquid A1​ and A2​. In time interval Δt, the liquid displaces from A1​ by Δx1​=v1​Δt and displaces from A2​ by Δx2​=v2​Δt. Here v1​ and v2​ are the velocities o...
	The work done on the liquid is P1​A1​Δx1​ by the force and P2​A2​Δx2​ against the force respectively.
	Net work done,
	W=P1​A1​Δx1​−P2​A2​Δx2​
	⇒W=P1​A1​v1​Δt−P2​A2​v2​Δt
	=(P1​−P2​)ΔV
	Here, ΔV→ the volume of liquid that flows through a cross-section is same (from equation of continuity).
	But, the work done is equal to net change in energy (K.E. + P.E.) of the liquid, and
	ΔK=21​pΔV(v12​−v22​)
	and ΔU=pΔV(h2​−h1​)
	∴(P1​−P2​)ΔV=21​pΔV(v12​−v22​)+pgΔV(h2​−h1​)
	P1​+21​v12​+pgh1​=P2​+21​v22​+pgh2​
	or P+21​pv2+pgh=constant
	This is the required relation for Bernoulli's theorem.
	∴A1​v1​=A2​v2​
	So, more the cross-sectional area, lesser is the velocity and vice-versa.
	So, Bernoulli's theorem,
	Torricelli’s Theorem
	Torricelli had interests in various aspects of physics and mathematics and torricelli’s theorem was one of his biggest achievements. The law explains the relation between fluid leaving a hole and the liquid’s height in that container.
	The relationship can be summarized in the following manner. If you have a container filled with fluid with small holes at the bottom of the container, the fluid leaves through the hole with velocity same as it would experience if dropped from the same...
	We also assume that it is an ideal fluid which means that the liquid is in compressible, non-viscous and laminar flow. These factors cannot be neglected since same rules cannot be applied to non-fluids as their viscosity and flow may not be same acros...
	Torricelli’s Law Derivation
	Assuming that the fluid is in compressible, Bernoulli’s principle states that:
	v²/2 + gh p/ρ = constant
	Where,
	v is speed of liquid,
	g denotes gravitational acceleration,
	h shows liquid’s height over reference point,
	ρ is density.
	P is equal to atmospheric pressure at the top of the container.
	v is considered as 0 because the liquid surface drops in height slowly compared to the speed at which liquid leaves the tank.
	h is 0 and p is atmospheric pressure at opening h = 0.
	gh+patm/ρ=v2/2+patm/ρ
	v² = 2gh
	V = √2gh
	A simple experiment to test Torricelli’s law can also be performed by a soda bottle by puncturing the bottom with a small hole. As the height in the reservoir decreases, the exit velocity decreases.
	Radius of Gyration
	Radius of Gyration Formula


