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lo 'ﬁﬂA l,COﬂfJ\Q o 'XS £ O,Le} f&fﬁ’ﬂ(ﬂ@& of P[alﬁ ®

chrenl o Plaie ok dishance odius. of Flaﬁe B Y. The C@m&ro‘u’cfl of

X L\O n in 1@ o O\T\Ol
de Fciiées?swa} o \L‘TS%ODCS X Hom O.

Volume of Ahin Plaie, dv=1yidx

srvitlay  Al® oBC, 0AD
R¥Y

Fyom

R _h vo
~Y T =7

kdv:ﬂ(.’%’fy&x :T_T_E; & dx

(av=12 (edy mz[ﬁ]k _:_718_1[%3] _ Laeh
© h o L% L3 Je ’}\9,

VX = {x dv

h s N L
- (MR 2|y - TR x"J - TR
VR X poj Y »ﬁ- M Cl')( = /,:(—[ [‘Tf—— o l’l

g- TRWy 3h  _ 3k
Y TTRERS L
I R _3[1‘—1—»

\,J‘i’{f[\ veg])eoL <{‘D +he COUYOL‘AQ:LE onfR X 32 fjoLOCaJ(e ‘w\e
I (;gmiwo?cl of -he M@Q oxea ngown ™ ﬁjuveo

u www.FirstRanker.com
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L'»MMWW" ’ S ,q?;.‘f{%_,_ bB
, o ey o
hi3
/ 3

1h/3

\0
15

—¥ !

I 1 4 g ove Como&?r\c&a ,O’ﬁ the cender of Civcje,cer\:l*{o‘icﬂ
oJlso mugjc have Comol‘\’mgcex KL Q ‘jC Oﬁfev He ConcﬂTJ(Ton [QTOQ
down  9n ,R\e Fvolalem .

The 5@@“ oY e mﬂ be C@“{\S‘icﬂe\feo[ o O YEVLQ@;&

| of STg;z 200MMX |Bom M MINU- A (h‘ianﬂ& oﬁ 5‘:’&@} Joomm X F5mMm

&f\& o C‘j’f&e of dfametey [0OmMm,
t

agz%((ooﬁ 'T,L’T,cl%:ygszﬁx mm
Tolal avea, a= 0,~a; —0, = 30000 — 3350 - 7¥53.9% =18 396mMm-

a = 18396 mmt

b ,
t= b = 2 ojoomm = loot T2 =00+ 200 g

X3 :1(_

_ 150 et _ 35X 95mm 3=
;*%—2%5!"%[%] (jq,’}g* 3 2 C

Y- ¥, = K- oatg o3z
ww.FirstRanker.com
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_ 20000%|00 ~3F50% (66-66 —3%53.98%% Lc
o 20000 - 3F50 —3F¥53.9%

(18396) % +B®532.99D % = 23F5025.
e = 909 Lt:‘rﬂﬁm

Y= Ye = oY, - 09y —0ad3

A~ Qs — O3 195
_ 2 oreox 5 — 3350 K[166+66)— F953.98 K &
20000 — 250 — F¥52.98
\jc _ 1381250 — 3853.98Y,
18396
(18296)Y, + G853.98) Y, = 1781250

Y, = 6 +.85 mm
Center of civcle should be located ok (0.4, 6%.35) So
M thts Fo?ﬂjr will be (;er\ivo‘i’oﬁ of Ahe Yemd?ﬂ?rﬂ S‘r\cu&qp(

oxea wn N q‘%j\u\{@ .

e e e ————

www.FirstRanker.com
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K:ncmochs s ;H'wc branch 03( dv-nowx‘ics dea\s’na/ wH—h mohon
of pavhicles/ bodies, without ﬂvc:%vvfng +o the forces ac«Hng—-
Rectilineay Modion

A Pm%‘clc is said to be n ~ecdilinear modion, if the

path 4vaced b‘ﬂ/ s a 5+~m',’3/h£ line.- Many/ kinemalic problems
can be solved JMS": b\a/ us'mg/ “‘he definifion of d;’s):lacemcn{:,'\/elodﬁ

(mc:l acce lcyahon-

Motion Cuvves

Mofion curves ave the Swaphfca\ ~repvc§cnjm4-{om of Hhe

:disF\acoman-E, vc\oci\LZ/ and accelevakion with ¥me.

gDiSFIO‘CCme{ —Time Cuyve (S-t Cuvve)

D"SP‘OLCCVY)&(\{:_TIM@ cuvve s a cuvve with Hme as
abscissa’ and displacement as ovdinads - At any instant of Hme
H:/ VC\oc‘i\LU/ VvV is given b\a/

y ds

T dt y
-+ E.ié:\/
S L _ o= gt
3

LY

3

o

Q&i}

O

(0]

Timg ———=
f bod?/ is mV?ng/ non- unifoym motion, its d"’SP\acemm{

a’t vavious Hme Itntevval mma/ be obsevved and s-t curve F"OH“‘
of s-t curyve-

EVC)OCVF‘( at Omf Hme mo«{ be found from +he S\Ofﬁ
%VQ‘OCH’% — Time ClWywve (V-1t cuxrve)

Tn ve.loci#%,, Time cuYve dTO‘Lj"KOU’Y),"H"C obscissa chcScnﬁ

. N \ i . 2 -
Hmne oand  oxYdinale "YCP’TCfDE”E% he VCtUCV“T_U‘\L‘%‘:_‘“"M

{ . . ._www.FirstRanker.com
L curve i shown WM F‘g”

i
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Acce\c’n’c&’non s given b\g/ +he slope o e V-1t cuxve
a = _C_i_}{ = ©
at

vel ocj-h?/

eme. S of v-t cuxve
Thus , accelevation at any Hime 3o the s\oPc

at the Hme, as shown N Fig'

ds _

Now , i
de = vdt
5:]'\/(&'{:

dev the cuvve

chccvﬂng io F;g. vdt 15 the elemental ovea un

+h
o Hme t in the interval dt- Hence the Shadacl aveo undev e
~vepve sents da’splacc ment S

curve belween £, and &, shown 0 F'ﬁ' | s
and tz-

' ‘ t
of the movir\a/ boéz/ in the time tnderval be ftween ©
n v—t cuvve

be s\oPe of the cuwve wcfﬂcse.n{:s o cele~ation

2. Avea undcv ‘Hhe cwrve ={an’cscn£5 di’s\:fo«ccmcn{:

ACCﬁiﬁY(}Hoﬂ — Time Cuxve Ca-t curve)

with V“”Z‘“ﬁ accelevoton, s moton
wrve with Hime

is called

if o bod\a/ is moving
can be studied wmove Con\/em'anJchX b{ AVNO'\""% o <

. cuvVve
as absacissa and accelevation as ovdinat . Such @

acCelevotior — Fime Cuyve
www.FirstRanker.com
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@ Now , v o

«E-—-E- -
av = O\CHZ
V= thCHi

Hence +the avea. undey the cuvve *rr,Pfcsanrs \/c\ocﬂﬂdh

N

\
\
\ A

L\

\

K\“i\\E

2LITTTTIT
AN
A

FANINN
TR\

\

AccelevaHor

K
(*
2

P
s

Time ——
Motion with constanl vclocma/
Considey the motion of @ boclg/ mcwfng/ wi+h unifovm

Veloc‘i%/ V. Now,

ds _y

dt
(S :jVCI"Z since V1S COI’\S“‘OJ’){:
S=Vv+t

V-t curve fov such o motion s shown in Fig. Tt can be

‘@asﬂg/ seen +hot the distance tvavelled s, From s%av-HnZ/ point
in Hme t s given by +he shoded area, which s a Yectoangle

? s=vt

Neloct '{mg/

«,-WW;WW.FwstRanker.com
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Motion with constant Accc{&”meioﬂ
Considey +he wmoton of o bodv/ with uur\h%"(m accelevodion

Let u— 1nidal \/c\oc?-l-\a/
v — final \/ﬁ\od‘h{

£ - time token Jov change of ve\ocﬂ-«{ Lyom w oV
Accelevation s defined as the ~ok of Chan&e of «/c\oc‘H—ﬂ?(» Since

it ois un”:::(on(m/ we can wits

oy (ov) V= u+at — ®

+
Dst[accmcn'E s is oaiven b\{
S = Qveroge vclochtta/v‘k Hme

=

‘fiii\lee’c . ®

5ubs¥f~l~u~l~’\r‘>8/ the value of V Lyom Eq/n@ into Eq/n@,

u+u+atxic

S =
2.
2
s- ut + sat 5B
Fvom Egn @ oo Y=M
o

S(AE)S"‘H‘U*HH% + indo Eqn @

2 2

ury | v-uo VY

S = T* o 20
> @

v utr= 2as

2 dant
Thus eq/u&-kons of woton of a boc\z/ mov‘(ng with constan

| Mcci\emkon ave
V= u+at

2
S= ut+ "E.'O"{:

v_ur - 2as

www.FirstRanker.com
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® Accelevotion due to Grvavi

The oaccelevation due to 31&v7jr\3/ 7s constant Lov all

PY&CJrica\ purposes  when we tveat Yhe motion F the bodies near

coxtn's swiace. Tts value s found +o be 9.8 m]s™ and 5

a\waas divected “owards centre of eaxth, i-e '\/c,vif—‘.'mny/ downwayds

| ° ideved, the
Hence, T:( Ve“f“HCOlHZ/ clownwoorc‘ mokon oQCO bocl«a/ 1S consider

R 2 UOQY(J MO"'I’O"\
value of accelevotion ts a-81 m)s™ and if verdically up
fs consideved, then

= — 9= ~q8lm)s
ik

Rate of change of ‘\/cloci#«a/ with "(CSF&C‘(: +o Hime is called

C\Cce\ero\-kon .

dv,
a = dJdt

' . ositive accele-
| The oaccelevation W\cug be +V& oy —ve - The P i+

| . Live
;‘Y&"‘foﬂ 'S simP\X "YCJCCTYC,A oS ac(_elcmd-gon and the negoti

, vaton-
accelevakion s called as ’YC‘[’OL‘(dOCLIOﬂ oY decele |

dv _ d (492

a = CH:'CH:(CH:
_dzs
= Qe

Mo-Hon wi-Hh \/a«/bqng, Accclcm-ﬁor\

no-\> &CCCIC“fC«thJ unigco-{mlwan?H,

He fa{L o]c accelevo -
+Hne

A vehicle s novm&\ha/

i { +hen
?a\l\a/ it starts with zevo accg\@/(ﬂ»(on, - fe
| Hhe de,Sf\YcA S?cccl 1S nco:vmg/,
Hhe +Hme desived sPcch is
g Ttheve arve

f&""foﬂ 0{: alCle-

Hon 7s increased ond when
: { duced- Bz/
R accelsvotion s e '
ols of ) Lrouaht Yo zevo-r Thu
picked up accelevadion T3 8/% 1 f the V&Y
stfuations with '\/o:{\a'm%/ accelevation

1o Hme Ts known,
2, Yes cct
lexation o vdod%{ oY di’stccmcn{: with P

 Ahe & ffeventia
—.sb\:e\n—?*@glerﬂs con be 50\\/&(:‘ uS\n?(
| ds W\léxMFir,stRéi%er:can dv

v Tp o, @rTdE T de e

\ cq/ua%’ ons
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Wihenevey +theve is Charlgc_ tn +he divecHons 03[ an&s/

«vaﬂwags, CUYVES are Ffovidcd to 36‘(: smboth c:hc«lga ovey of
Yhe divection: ”W\ouah vehicle moves with uniform v&\ocj-‘ﬂa/, Hheve

will be occelevation Howavds cendve of 4he civcle The expression

n be devived as

exploined  below g,

gy
o /TN e
N
\ \,\L\’: 66 \IA: \f
"o
de
v
;‘**“* A (by

(&)

Let a boda/ move with unifoym Vc\OCiiy/ 0*\0“2/ o cuvved

PQ"“’\ 0JC vodius ¥ as shown in Fiﬁco‘)' Tn Hme tnderval dt, \C{:
it move 4vom A 1o B: Since the boaz/ hos uniform ’vclociha/, +angen -
Hal \IC\OC”\W Va ot A is CQ/LLOL\ 40 "'Wf\gcn-'r?o\\ \IC\OCH"J/ Vg of B 0

| 's change in divection
Em%“;hde—, SCUJ/ Vo= Vg = V- Howevey there i \9

| { ‘l:es as shown
‘C’—CUJL&( +o As. D%moiny the VCC“'O"{ c‘\cﬁﬂlm of \/dbc:lﬁé

| ; : L, dv at ~ight
ffn Fig( b). we Lind 4-!,\&{ Hheve 15 chomgc in Vclom-tg/ 8*"‘

ém\g\ﬁs +o va Cies in vodial tward divection) of maﬁm-h,(dg dv-
| Now av = vde
dv = v %:_5. = %’(/- ds
' \
Accelevation = F-j—\é = :\":—%f»t = = v
vE
e bud‘a, "»G‘v'c::, Y ok, und fovm vdoci%a/ v odon?/&

cuxved path of ~vadius wyvwiFirstRanker.comia| tnwaxd accelevation of

2
magﬂ?‘{‘udc %—;
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We obsevve that o Pach\c moves o\ongx o cuvyved

FirstRankerleams - M odwm. FitstRankéncam

path £ it is :(-rce\ta/ pvojec-lf.cl in Hhe aiv in +the divection other
than vevdical: These Atclg/ ?xojcc—}ccl pou-)-’{c\es which are \'\owir\%/

the combined effect of a vevlical and o hovizontal component-

'0} “H"\C mO‘HOﬂ is SLLBJ’CC’I'C/CJ ‘}‘0 3‘YC’~V(‘!"&(~1’0{)_

The wve~ J.fca | com ponen ’c

al accclcvahon/vc-}nvdahon while hovizontal

| 1 ojec-
COHS"{’Q(\“:/ {{ a‘(y ,{CSi’s,‘_ance‘ ]"S ﬁeglcc-ltd. The. MO"HOﬂ 0£ [+ FTJ

comene.n“’: YEMpINS

tn vew Hecal and hovizontal

Hile con be analysed i’ncichndcmH
s ¢ gt the total effect

divectons and then combined Su;hbh?/%

/ et US&C)(O""{

A A AV e
e Ro\v‘\ge. ———.‘

Velocil—«?/ of projection

The vcloci’#z/ with which +he pavkicle is projected Ts
called og vdoc(#‘{ of P'Yojec-Hon (w mfs)
A"‘\‘ﬂ‘ﬁ of P’{OjCCH’D(\
The angle, between +he divecton ot FrrojﬁCHof\ and hovizo-

ntal diveckion is called an angle of projection (<)

T:‘fckjcc)romr?/
The poth +vaced 53/ the projeclile s called as Tts
‘H’ajcc*bwf,

HC)“(TZO(\%Q\ Qar\ga oY RWBQ oJC Hhe P’YOjeCH!f—

N i [N |
The hovizontol distance ThYough WeErs

www.FirstRanker.com,
tvavels fn its 3Cl.”a_hf is cancj e e RN zontal Tange-

Ape s‘:rmjccﬁ le
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The +me intevrval ciw(ing which +he pvrojcd-ﬂe 1
rmokon s called ¥he Hme of —fh’gh{'

s in

Moton of bod?/ PYojﬁc¥cd V\O'Yf'zonh“a/

Fay

T
h
|

2
I — Kmﬁsa ——

considey o PQ‘«'HC[C v own horﬁzor\‘\'a\\zz Lyom Poiﬁf A with

a vcloci%w W m/sec as shown in Fiaw At any nstont +he Paﬂrl‘\""
cle s subjected +o :

le Howfzon+a] motion with constant ‘VC\OCi+\{ u m/s

,2’ Veviical motion with inikal VdOCWg/ zewo ond movfng with

accelevadion due to 3‘(&%*\%/ %

Let h be the hcia\njc F A from the gvound

g Coﬂs\’cle:rfnaz vevtical wmoton,
1

i
i

- 1 a4*
s - ut+ 2&4;

2
h= oxt + “2”_9“:
h

i

2
+ 9t

This expvession gives +he Hme of ﬂi’a,hf” Du«ﬁng/ this
peviod , the pcd—ﬁclc moves "‘O"‘oz""“}ﬁ”‘{ wi

u mlss

h unh(o*fm vclocf%

e

Q\,\vv ]ﬂ [ po wr

www.FirstRanker.com
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Trclined Projection on level Gvound

“1’
-
c
PO Maximum He.?ghf
e,
//A/ 7 VA ,;,,’-71.
- R = ch\ﬁa ——ee

Considex +he motion of a PYOJ"ccHla, profected Hrom
Point A with VC‘OCHZ/ of pvojection W and angle of prrejection

=<, as shown n F.‘aw Let Hhe 3Yomd be o hovizontal surface-

The pavrkcle has mokon n vevtcal as well as hovizon-
tal divections.

Vev+ical ™Motion

TInitial Velocijr\j/ =

= W sine upwocrd

Grvavidadional accelevalion = 9= 8 m/s* downwavd
Q= —3: - 9-8l mls"/

Hence ?niJrTaHH/ Hhe Fa’l-h'c\e mMOoves qua-{C] with vclocﬂ—t{

L using and  ~etardakion g-81 m]s™

\/c(oci"ha/ becomes zevo aftey some Hme Coat ¢) and

Hhen the pavicle stavis mov‘mg downwavd with gvavitational

| accelevadion -

Hovizontol -Motion

Hov izontal comPonen{ o ve\oci‘\[vz = W Ccos

Ncglzcerg/ atv Friction, we can say” that he projectile s having
uni fovm vdoci%z/ UCO S duﬂ’ng/ s entive ﬁ.’gbﬁc—

www.FirstRanker.com
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Eq/uaiviorx 0 ¢ ivojectoy

Let PCx,y) “(C.P'Ttseﬂ‘l’. +he position of P'rojccjrﬂc
oftey t seconds. Cons‘ideﬂni the vexdical mokion,
s = ut + -;-:04;2

4= (usin)t - 3987 0

considcvingx hovizontal mo%’oﬂ,

5=Vt

x = (Ucosx)t S — @
) x

t = UCoS

subsﬁ-luling/ tHhis value in Egn O, we 36{:

. X i _X -
8’”—’ Qis‘r“() ACOSL. -y B/C MC05-4)

to 3 ®
- — — e
5- N 2 WFcosy

But l = sec = (14 tan®e)

cosid

Hence E%n@ ~educes +o the fovm

=t L X (14 tank @
Y= Xten - 5 T3 an‘el ) ——>

This g an G’_q/ua\L'\or\ 03[ o PaYanla- Hence +he eq/uakon of

'H)c ‘Fraj&c-l*m?/ s o poxabo‘ov
Maximum, Reight
| When +he thcle veaches moaximum he,‘ig'\n’c, the vexHal

S ) - ° ° \/C_”("’ica‘
- component of the vc\ocﬂﬂf will be zevo. CO“S'JC“““Q/

motion ,
niiiol \zc(oc,ﬂz/ = Usin«

‘Cma\ veloci 1L13/

accelevation = — o

0]

VI

Vi

vz ut= 2as

Using- Yhe 6%0\&\?\ﬁmFir<sﬁ%dﬁ\%M0ﬁf\0kon
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O — (usino()l = ~28h

ursinsd
h = 2—=2—=
oy

i Time 'Yc:cz/u’wcd +o0 ~weach Moximum Hdghf

B

Usinzx 3(%(5"; eq/uajn'on OJC mo%"on CV:U—H:J:), when
LPYOJ€C41'15 veaches Mmaximum 'hc'\’aehjc,

0 = Usink — gt

usind = at
_ Usine
- £
A s s ©
|

Time of jqu%{ of projeckile
Mokon of the projectile tn vevhical meken divecHon
L is given bx{ Egqn O oas

¥ = Cusingyt - éjjcz
At Hhe end of flight, g=0

0 = ((,LSN’\OL){ - -'::3’(:1 =t [usin«(—--;:g{]

t=0
o i ‘l:
oY MS)ﬂo(_ ;9 =0
| 2Usine

I
t=0, gives inikal position O of +e P"fojech(a Hence Hme

2UsiNl
t = —/—/— —"‘_9®

&

www.FirstRanker.com
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Dwr‘mg Yhe Hme of the 3Ciigh%, P"foj&c—H[c moves in
l’\O’ﬁZoﬁ-{u‘ d?'{CC"HOQ with LLﬂ'{:Fo-{m VC(OC”‘% ucosel Hence +Hhe
horizontal distance +vaced b%/ e \vwojcchlc {n Hais ¥me is
iven b
’ \&/ 2UsinX
R = Qucos,,g-t = (uCos,() o7

Usin 2L
R = R )

¥

Mo imum Range

T the Eqn sin 2« can have moaximum value o:§ 1

Hence -he maximum Tonge = .%i _ ®

and  the &r\lg\c of quojed—(om for His s when

sin2«d =1
2« = Q0
L= UE — - ®

Aqglc of onjecjﬁor\ for the ~equived Yange
| In Eqn ®, we have the expression Lo YaNnge as

utrsin 2«

T
? °( 3 R
S 2 - e
in e

R =

since sin 2o = 0 (180-2«)
Theve ave two values of « which give the same vesult

o, = 2K i€, X =X

and anothey s 20l, = 180 — 2 1: € o« = 90 -
T R C R q0°

e area—i ol LS O

=\

o WWW.FifstRanker.com
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Thus +heve ave two angles of projeckion for the vequived

Yange as shown N F‘@"

\),,’V

Renax —————tt

' Taclined projection with point of Frfojccjrion and point of strike
ot diffexent levels

d
N
C‘ .
AlA oL
V77 BT \ .
m P %\y,,.«)m e \l
TS e
usin v |
e o and + - 2UsSing  ve to be used onlla/

| 7

‘ . I ks the SYOMY\A
when the poiat of pvojeckon and Yhe point of ST g

Hhe <ase, when the

of strike

let ws considev

ave ot the same levels Now L
| % above the PO
4

%POMJC of pvojec\LiOﬂ s at o W‘ra'hjc
gas shown n th'

d +
Aﬁyf one of he §o\low:n3/ Hyvee methods con be wse o

H

.;Cma[”se. such cases *

www.FirstRanker.com
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From equakion of motion fn Vevtical medies divection
= (ustne) t - Lot

By PwH‘m?/ w=—1Y, i® the above equation, Hhe Hme /—rcqjufw’ccx

’+o reach B (Hime of :@h’ah%) °o  obteined-

—y = Cusind )+ — —;—;3’01

once Hne Hme of Jfli’a'h)c s known, hovizontal ~ange can be

:(owr\cl f~om the -wre.lo.'Jr’i oN
R = (Ucos )t

MaLivauen he,’\aht above +ne point of pyojection and Hme
‘Yéq/uf"fﬁcl t0 ~eaclh it can be Lound as usual fvom Eq}*@]ﬁo’“s

2.2 .
h - U sin oL ar\d :-t _ L‘\S\no(

23, 3’
Method 2

Total Hwme of :H(ﬁhjc can be SP“% into two Pfl“"'s t, Hme

qu/u’wcd to veach wmaximum hai’a,h{: (po‘infc) and fz,“H‘“C vequi-

ved 40 descend From POf“+ c to B-
Cons’\deﬂing/ the vevdical motion and nojrima/ Ynat vexHcal
CO‘“POﬁeﬂ{ od ve\oci%z/ 1o Zeyo at C, W€ je“:'
0 = usin — 9t
usined
2

Hej&hjc ~veached 10 this +me fnkaa\

t, =

\ Jt?—
h = (usino()-ﬁlf— -9t

W siniL 19 wWrsin’y
= - 2
p a' 2. 3
U sin ol

h = va\g'.gjrstRan ker.com
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While dcsccnc\‘m%VYV%HStB@QKr?&&?mdfshnMVW}%ir%%ankem@oma -

oty Conside«ringf downwaxd mo+Hon
i .

h+m - oxty,t %3%2 N
found. Theyefore total Hme od a[ua,l«{ L=t

Hence t2 can be
Hovizontal ~ange is given b\a/
R = (ucosed) £
M e +hoed 3

e W05,

usin
‘B

o do w0 ports AD § DB wheve

TThe wmolion can be SP\T{T | as A, i\-h.;‘Po‘(n'\:

L e lev
D is +the point on the «Hogcc-kwv/ at the sam

oac pvojec% on -

Foy the P(N«Hor\ AD, the equakions can be wsed.
2 e

; U sin2L

u* s U sined , 2using R =

= 230 s b= ——— —

26 7 ¥ 7 &

Fov the Powi—foﬂ DB

oo lile o int
The. vevical componcr\{: of the '\/clodjr?/ of 4he V‘o’o‘)cc*{ﬂle_ at poin

| - LA,
D will be eq/ua‘ 4o the ve~vical ComPOﬂen{: 4 Hhe \/e\ocvl-«.a/ a
me elevation The

+ Hhe sa
A and D ave « c |
since \ . o

of the Ve\oci*yx yemaing €qia

but downwoxds,

hov{zontal componen t

ot fov 42 i in +he ovHon DB
Hence vey cal motion N P
sined . downwocrcl

= ja | i .1 i
invtial Vcwcnﬂaf =%

et M FirstRankercamn = § - T8 ¢ 4 woxd
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o = 2 2
wheve, £, 15 the Hme daken 4o trovel Po«-Hor\ DRB.

Hovizontal distance moved dwn‘n? Hhis Hme
= QACOS°Q)£1
Total ~esult Moy’ be obhincd by combimngz the motion o the

two povtons-

Projecton on Inclined Plane
AY

<

S - -
A

i \
Let AR be a plane inclined ot angle B to the how&;ﬁjf&
as shown in +the Fca. A pojeckile is Lived up Hne P\ane_ Yom
le < Now, +Hhe

' It

Yange on the inclined p\anc AB and the +ime o ¥

deterymined-

4 COYYEC—
Let 4he tnclined Yonge AB be denoted b\g R. AD be the
SPOhdmg hovizondal ~ange
AD = Rcosp ond DB = R 5N R

The equation of +~rajec+omf oF the Ffojcc-\%\e s given by

| ax*

g = e - T Lrae
Applﬁn?f His cq/uo\Jﬁan +o Po‘m% B, we 5c£

‘ 1 5F810§W3
R sing = Rcosp tond = 5 o

) SCOS‘B — + — 5in
< (E WWW_Firs ke 2m " P
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UWcosoL

R - %_____o___ ( cosp tone ~ sinp)
3@5’“?
QMQ-COS?;( CoSPB sinel — SINRCosL

L 2L Cain(4-p)] s @S
Jos™p
2
R = [5‘062°<~f3)~—5*np] —— (@b

9cosp

since 2c¢0sA sinp = Sin (A+R) — Sin (A-B)

Time o\f tﬁa&r\ﬂ‘t
Let £ be +Hhe +Hme of #lighf-"ﬂne hevizontal distance COVCY—‘

ed dwﬂn% +he )leah't
SAD = Weosd) t

AD R,COS‘3
| t = UCOSed ucos«
3 o u?cose  Sin(«L-B) 2U sin (L-R)
= P, x COSP = C.OSB
Jcos™p UCosel 3 L >®
Fov +the given values of w and B the vange s maximum when:
EaY - _7S+_P.,
24—B) = e 2d—PB = 5 OV &= T
sn(2«-p) =1 P== ®
X
. . .\ 0
Rcfcrm%/ to Flﬁ' Ve beal A0
B e w{f\
7V ..—E..-—P :“73;_"'5:- \>) ﬁ;\({\ Q\Qf\
8' = _[’7 * 2 “ ('(\O.'(Q')ﬁr{“
<
B
ie., the Yange on the given plane fs B\
o
Maximum, when the onglc of PYOJGCF\W\ g -
A HoviZonta |

bisects +Hne om\g‘e; between the vex 4 cal

i N i i
and inclined pPRAnt=s

, @ o @ can be wsed)
T4 the projecton { wwwoRirstRankeRe6m The Ean

but the value of B Should be +oken negative:
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Q0'¥0~\-ion about Fixed  Axis

Rigid bodies motion V\OLVMZ/ vectlinear ov curvilinear
Honslation: Duwihy +ranslation o g—-\-«\{a{gh{ Vine. dvown on the wi’g’id
boch{«ye,ma‘Ins pavallel o it ovigina| ?Osﬂhor\ ot anys Hme- The
motion of boC"{ :YO'LmLinB/ about o fixed axis: Tn such moton
QVCVZ/ pavhicles of “n'gfcj bod?/ move o\\ona/ concentric civeles as

Shown N Fig-

Lol Lo e

Anﬂ“"” Motion

linear moHon and Now
of +he body/
nt ©, where

Tyansiotion has been treated as

. : cement
we +treat votation as angular motion. The displa

i . v displaceme
in votodion (s measured in TE¥YMS of angula P

© s in vadians.

Ty the
moves 4vom position Ato B,

This éfsleac.amcnf 75 a vector
divecHon

When o Pow-Hc\e_ n o boAB/
c\fs?\accmcn{ s © as Shown N F‘g'

2 i > Lon- The
qf‘iﬂﬂ‘kh{ since it has ma_qn\'lucle. as well as divectio

dey clockwise:

www.FirstRanker.com
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The vate of changwwﬂrsw&émomn 3‘o|acc www FirsiRanker.gem ;

called angular ve\ocil\a/ ond s denoted h?, w9 . Thus
do
W= 3t
The Ya'{l of change of angular vclodhj/ with Hme s called
angular @e@‘%{ accelevation and (s denoted ‘05' oL« Thus

dw  d*@
<= gt ~ 4t

The iju‘ouf accelevotion Moy be ex?*csscd n another

‘ uSE:{ul :é‘\fm ) Now
dw dw de

a9t deo ot

Thus o{:uﬁf‘gﬁé

i

{

Re’c&ionsh;P be4wccn A\(\SUL\C\V mokon and Linear tMotion

When +he particle moves From A to B, The distance
vavelled b\{ it 15 5. 1{ 'v'is +the distance o
the centre of ~volotion Hhen

S=v8
The ﬁnjmhal »\/c\oci*\{ of Hhe ?owhc\c

Ve—‘Ocm’ﬂa/ and is denoted 53’ V. Then

, ds _Yd@
V:dt‘ dt

of +he Pculr’:c(e in hngc,nka[ divection

£ the Powjn’ cle from

os called as inear

The linear acce { evotion

ag s given bﬂa/ N dl

A gy | dtt
N\(\" HC&‘L\ﬂgx Hhe CLL'Y'\/‘\W\CQ}’ mo*—lon L
"“"CJC tf v is the "hﬂjen%a( ve ou%a/ +hen theve s vodial accele-

' vation vE
~

't has been showon

. . we get
Senalinas vodial accelevotion by @n, 3
d

2
2~
Op WVWY\/N.FTfStRé:Fﬂ(eI’.00m
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{ +the angular Vcloci#z is unifovm , the aﬂjular distance

moved in t seconds bﬁ o bodg, \'\av‘ing/ omju]mf vc\ocf-l-y w ~vad /s
is given kb}f
e=wt ~adian s
Note thot the uniform angulay vc\oci#z/ rs C'ﬂa“fac“ff'*;a’“‘l by

Zevo angu\a\( OLCCe{C;YOL'HOﬁ-

MO“'\?/ a Hmes the Grlgu\av Vcloahty s given in tevms of
Numbev of wevolution pev minute (¥pm). Since there ove 27
. - +he

todians in one wevolubion and 60 seconds in one minutc,

angular accelevation w ts given by

N is in TPM
2AN
u9 = 7; '{ad/$cc
. . p e Hme +alken FOY one
Since avBulaY vc\ocfw s uniform, 10

YCVO‘u-\-‘ion T s 9iven b%
27

I

2/ = WT Cov) T = w9
Um’:n(o”fmf% ACCC\C,’YOC\‘CA Rotation
Let us considexy the unijcmm\%/ occelevatid mokon with
O“QS‘A‘CW accelevodion «. From the definition

jf = o ¢, ts constant of integvation

w = <t + C
T +he nidial valoc(*gf is W, Hhen
W, = «L%0 + C, Cov) (= Wo
W = W+t —> 0

Again  from “he definikion of ongulav vc!od\ﬂf

dé _ N
at W = uSp + <t Co is constant of

%

. 1 s tetenva +ion
O=Wt+ =% T % -~

www.FirstRanker.com
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Me,asuwinaf Hhe arlguloy disp\accmr_nt from Hhe instont of
*ch:konmg he tntevval of Hme, wc 36{
O z0+40+*Cy

O = Wt + %_—44:1 —> @

{

Fomn Egn = W %f tovy «<d@ = Wdw

~ 4 £
'In@ * nB/, we e Cy 15 constant of
e

o™
(V=3 - + €3 ‘{nQ—cha'Hof\

In'\'l*?okltla/ ©@=0 ond w9= u%

Hence we get, N
Wa” WSo

X0 by M) = T

> L el - 240 > B
<0z g g ) W

Tus  for  wnidove l% accelevated aﬂgu\a\/ motion
W = Wo + oLt
O- wt+Lt”

14_9?"__ Ldo?— = 2«0

www.FirstRanker.com
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Kinemodics of Plane Motion

A bod% is said +o have geneval \::\omc motion £ it
Possesses +vanslogdion and ~otation Sfmu\‘(-ancous\xa/a Common
@meP\cs of such moton are a wheel YO\HHZ/ on styaight line
and @ wod sitding/ at one end against wall and the flooy ok
other end-

Plane ™Motion = Tvanslation + Rotaton

Fov the Gﬂo\\ysfs o{ 3cnc~n1\ plane moton, it is convenient

on coses-The

to SP‘}"E +He mokon into 4vanslation and pure ~otok

amlvfﬁs fov “dhese +two cases is cavried out Se‘mm‘tl\* and m

combined o 3cf the final moton-

Rototion

Plane ™Motion - Translation +

www.FirstRanker.com
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Kinedics s 4he bvanch of dgnomi’cs which deals with
mokion of bodies and considcvingf the Hovces ochnaf on Hhem:

We will consider
I. Bodies ta ~eckilinear translation

2. Bodies Cqui’]incaV Yoan s lotion
3 Bo&’es **(0411‘“(3?/ Obou{: 3@{1&4 oxis

4. Bodies in P\Omc motion

Bod‘i’cs i Qchri’fmeav Tvans ladion

From Newdon's second law, we know

Fovce = mMmass * acc¢lc~faJrion

g ON &

Tnstead of @ sinﬂic, fovee, i a sgs—km of fovces act
law 'YCC’](LCCS 4o '*(CsuH:om’t .Ayvcc i)

paviicle Newton's second .,
in the divection

Gq/lko.l 40 the Fronuc{: oF mass and QCCC!&'YQ'RO‘“
of the ~vesultant Hovce: Vlajrhcmo\%ica\\\{

R=SF =ma _ 0

Hence mana Ymes Newlon's second law is stated as o

Pavticle acted upon by an unbalanced  system of fovces has an

N an u\);“"h +he ’TCSH“&QH'I

aCce,cwrkon clhrcc—Hta/ Fzropow’-\-«fona\ and
Jovee -

French wothemadician Jean le Rond d’ Alembe~ £ Q1F43) proved
Hhat Hhe Newdon’s second low of motion s “PP“C‘*H"‘ not only/
40 +Hthe motion o a Pax-ﬁ'cle but also +o the motion of a bodv, and

looked ot eq/uw'ri'on @, £5om diffr;vcn{ c«r\jlf‘.- The eq/uah’on R=ma

Ma\af be wvyiten as

K—mMa =0 — @
The +erm ‘—mq’ Moy be looked as & ‘[0’1'(16 of m<§9m¥ude mxqa

1 % e + ] 1
Te qivecHon of mofion and 1s teymea os the

OPP“CA in “H')c QPPOS; _
WWW.F:Ifr)EéR?pker.S(gm
fnc-rjrta ﬁwce oY Yevevse e c+ive Tovce-
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D Alerbert  loo wwFirsiRankirca® o5 wwweRystRakendomqui-
iibviunn and stodes that the s%skm of fovces acHngz on o bod.{

i i b with the fnerbia fovee of the
in m0+3'0ﬁ s N Clvnamnc_ e.q/u.liub’num er') i "IO\ oF +h

boclg, This 15 known as D’ Alembevt's Fv\nciP\e

\ y
Fa. / % T \

Y / /

[ @& ! | m

*’ fM e/ / T ,_Na;

| /
V \'\._4»/

(b)
)

| Let the bodax shown in F'B’C“)' be subjected to a 55’5"\‘0“0
of fovces cousing the boA\a/ 4o move with an accelevation o in
the divection of the ~esultant: Ten opply” o fovce equal +o ma
in the vevevsed divection of accelevation os shown in Fig o
Now O\Cco«;d‘.n%/—i—o D' Alembevt’s  p¥in ci?\c, the equations oJC
equilibvium =Ff =0 and S0 may be wused for the sgstem o

Hovces shown 0 Fig (b).

The Inm-ﬁa fovce —mo has a Phystal mcaning-ACCO"’Aiﬁg/

+o Newton's fivst law o}l mojﬁor\, Qa bod%/ continues +o be in He

stode of vest ov of unifoxm mokon in a Shaiﬁh’c line unless
acted ba/ an exdevnpl fovce. That means every boc)g/ has o ‘}tﬂc)cnc?,

fo condinue in s state of vest ov of Unifovm moton: This tendency
lis called fnevtiar Hence fnevHa fovce is +he vesistance offe~ed by

§
¥

!

o bOc:lz/‘i‘o +Hhe Chﬂrgc n t4s state of ~vest ov o unifoym motion.

Many/ scienkists ave cvilical oF D Alembert’s principle -
USU(QH%/ cq/uil{bqium eCUAaﬁons ave QPPHC,C‘ to o 55’5“1’/\’) of :&JYCCS
cm—‘ﬁny on o bodz, Inevtio fovce 15 not QC*'-in?/ on the manng/ bodg/a

Aclrua\\\j/ Tnis 15 Vhe Fovyce exer fed By The movin?/ 'Bo&(g/—fo € 35iot

www.FirstRanker.com
+Hhe c\manﬂc n its stote: d\éncc D Alembert s ~viticeized Loy messing-up
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e conCcF)c of eq/uantions of eq,u'il?\m?um«

Howevey, many’ engincers P*CJ(CY to use D'Alembest’s
evse effective fovce,

eq/u?\ibviun’l and
Vi brium.

www.FirstRanker.com

PﬂndP\c, since just bg/ a‘:‘:\ldin?/ o Yev
+the movin?/ boda{ can be treated as o bodgza’n

con be anal\aéccl using equakions of static equi

Bodies ' Cuvvilinear Tvansloadion
When o bo&g moves with uni Lorm Vdocth.J/ odon?/ o

cuvved path, there is @ ~vodial faward accelevation of magni fude

Q= %;' Tf we O\PF“{ D Alem bext :pﬂnc'i?l& to get equilibrium
i W o= W vE s+ to

condiHon, an nev ko {ovce of m%n.dee Fa= T ¥ mu

| owtward divecHon: This fovece is called as

be applied n ~odia

centridugal fovce.

www.FirstRanker.com
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Pl

(9 | Kinetics of bodies 'YoJmlrm?/ about fixed oxis

considey the wheel shown in Fia»- /
'fo%nLing/ about its axis in clockwise /

divection with an angular accelevation {/

«- Let Sm be mass of an element

at o distance v fronm the axis of ~o+tation -

1f &p 15 Hhe -vcsulfcing/ fovce on ihis element.
SP = dm xag , where o is +av19cn4—i’al accel evokion
But a= re
5;3 = Sm = Yot
Rotational moment &my due to 4his fovce Sp s given ‘03/
SM,,:: dp ¥ = Sm 7%
My = S6Mg = = Em v
-« Zm ~*

Mg = T < ) ®
Wheve T s mass moment of rnevHia of the bodj/ about its

%cu\%o”\cla\ axis.
Note the s‘smi’lmrﬂy between 4he expressions M= T and

i

F-ma. Forces causes ~vechilinear mokon while votational mement

causes angular moton:

The :FOYCC is C-’-q/ual to +he P‘foduc{- of masgs and the linear
?accelcyo}?on where as ~ototional moment Ts the product of mass
EV"\OME,(\{ of Toevtia and e ongular accelevation:

lems 03[ bodies ‘70*0}709/ alaoujc

To solve the kinetic P”{OB
fixed axis accovdin 1o D Alembevis Pﬁndpld we apply ~everse
éefaccchve momf—"\{ M ancl ‘HCQ{ as hc +he bodv/ is tn &%un’tbzum.

www.FirstRanker.com




» FirstRanker.com

A Firstranker's choice _ .
www.FirstRanker.com www.FirstRanker.com

Kinetics o‘JC RO\\MX Bodies
The P\ane motion of © ’vo\ﬁna/ bod?/ coy be SP\?JC into
lnear modion and ~otation about +he geomedric axis. Hence Hhe

S‘ars-}cm of Hfoxces acﬂhn? on the bodbv are equal to an e ffec kive
Yvic centve in the divection of the

) and o votational momeat

fovce W %ﬁ(owgh the geome

I Jﬂ
o 2 Y\

3Cmrces ¢ the clwccjnon of mOotTio
vesultant feckive Lvees ooy’ be

’ ) e C’..JC
n in F,‘_s () The ~YeveYs

with Hhe 5?5"“"\0 o:,F JCUY(.C,S o&:‘ing
be treoked as in equili-

Lov —fomn%/ bodies

To as show
O\PPht,A on tHhe \:socixa/ a(or\za/
on it Fu“g(b)- and then +he Sbfs'\tm mavf
byium - This is the D Alembevt's Pﬂncip\ﬂ
fox the bodies volling

Note : The velation Q= ¥, holds 300c1 on\v
bion s not

, . |
without s\iPPing/.:[{ S\TPP"”g’ tokes place, this vclo

applicable.

www.FirstRanker.com
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® [ Kinetics o:f Geneval Plane Motion

(@) (by (c)

Considey +he bod?/ shown in [:.'3 (a). which bhas got Plome.

motion . The Plane motion of +he 'bodg, may be gP\i’Jc into linear
motion and ~ototion about t+s mass centve: Then the effeckive

fovce on +he bod;’/ 's a Jovce “\Lcji& ot mass cendve and a moment
I« as shown in Fig Cb).

Hence bb/ eq/mhng/ e COMPOﬂcn’c of fovces ac%i’ng on the
5047{ to the ~vespechive components of effective {ovce, %—a, and
""?/Uﬁjrmg moment of the fovce about any point 4o Hat of t‘in(ﬁzc\liv.«;g
“m0men~l: about the same Poinjc,. kinetic eq/uajm“ons mm&’ be formed
ond solved: Anodhey method 1o one can use D' Alembexd’s P*rfncflb)a%
i-e., apphy ~evevse effeclive fovce to o given Fforce s&s%m and |

Solve +Hhe &q/uc\ﬁon ot eq/uiiibfvi’um‘ The sgskm oJC fovce to be

. H ; ce).
consideved in this app'voach are shown in Fig

www.FirstRanker.com
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'%‘l/\.l}m!'k-— Ene:fﬁ’p}/ Q?Pﬂféac’h)‘ is ’qéedv Biad

UNIT-6

\\/e kine ke

problems. This “method xs a&ii}dnhgééus over
D A\embe:fjrs me}hod w‘ncn e ?TOB em vr;,vo[ve,s
V Octjrzcs | 'rc&(—,e;( %an Avccelu*fa‘hon | |

B‘af uswva/ wo«(k-— Encx%‘{ %“Q"L‘Oﬂ o ”W”ECY

’JC kmc,«-\-{c PYOb[ems o«a ‘SO(\/écl

m,Now(k *

—

‘ 'ﬂ"»e ,wm{k clone b«g/ & -)Covcc on Lo movmt{
b@é‘f o deagn&d ﬁs +ht P’Toducé of the ﬁ”‘:a ~

and  the dis%mc;e. move/cl A the df;f@c/ 0‘“ “L %& ~

5343“(66, 2 wo*{kc:lone oy che. >J£ Dtsf\ﬂnce, |

¥ F

Um#g _—% /\},..m Coy) g’bu{¢ TR

b e

k\io Jowlcs kT CkM m)

mdli’ , JOU\&S——— mT (N-mm)

www.FirstRanker.com
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i:e*f%g
Enefw s’ del(mcd as ~H«,e_ C&P&cx-(ﬂ{ 4\~o clc onk

lhe;{e, mfc mamy 3@7m5 JC meﬂ‘aﬂ( \lce her ene;“r@‘j/

Mechamca,{ enevatr/ ac:#nca\ ‘} e,ne:rgtg/s; chem;cal

F’ohﬂ-(-za Ev”\m’gty
\’\ednamccu\ Enw?% <Kand—\c Enc;f?r‘“)/

Po—?cn%o_l emc*rg!y is %e cap&czhg/ -}—o clo uooﬂc A“‘c,'
+0 —{Jﬂe_ Posx-hcm :F +he, bodxa/ |
P E u)h

("Jﬂ efrwvg '

ch»Luc: Lener gy s Fhe c,\{-mg/ +o do me:fk clu,e

o mo%ozn @gc -}Jm, bodtar
K E“,,_i my™
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