Kinematics
Kinematics is & branch of classical mechanics that degcribes the motin

|

ot points, bodiez (0bjeck) , and SySta‘n of bodies (sroups of Objc&s)
Without CODSiduing the moss of each or the forees that cavsed
the mokion -

A Kinematics problem begins by describing the geometry of he St
and by cleclan'rg the initial conditions of any known values of Positio,
Velodty and/or accleration of points within the System 'Th@n,USIFB
arqumments from geometry, the. pasicion ,Velocity and acclotior of
Ny UNKNDWN parts of b System can be determitied .

The Skudy of how forees ack on on Masses fFall within Kinetics, NOt
Kinema.tics

Kinematics s used in astrophysics to deserie. Motion of czlestial bodies
and colleccion of Such bodiez . In Mechanicyd inan'vy,roboUos anad

hioMe chaics Minempatics [6 Used to dascribe the Motion of Systems mposd
of joines parts(mulki -linkedJysenns) Suchos an englne.a. Fobetic Grity or

e homaen Skeleon .




(reomtric trunsformations also calked rigid brugsfomations , ore vied to deseribe the
Movement. 0t companents IN 6. Mechanicad Sysem, Simph'(glrg the derivation of
eyuations of Mokion. |

Kitenatic analysic is the process of measwring Ehe Kinematic guontitie Usta
to gegeribe motion . In a*gimmngﬁm ingtance,, Kinemakic anakysis My be Vo
ko Find bhe ronge of movement for & given mechanigm ,and WOrking in reveze,
USing. Kinematic. Synthesic o desgn d.Mechanism For a_ desireg range. 0F Mokion-
TIn addition, Kinemadcs applies Qlgebraic geomeby ko the Study of Mechanicol
advaﬂh%z oF a_ MeChansm afme{)m:'cal Sﬁsfcm .

RKeetree Distarce and displacement -
Kinematic quankities /

The. position veckor of a partiche. 1S a.vecor draush
frame to the pacticle. {Tt exprsees both the distance O
and ik direction from the 0rigin ) — Displazment-

from the origin of the refeence
f the pomt{:mm the origin

P o= [P 9?,20 = xp?"; (jp:) T 2pK whee Xp Yo Lp AE tie
Cortecian Coodinutes and 1, & are the onit. vecars along bhe X g and 2
Coordinute GXE3 | YESpectively » The Mgt ot the poskion Vethor |F] gives the

distance betwean the point P and the origin.
e The direciien cosine of bhe position Vettor
I PI = \r‘;f’;_:(;-l:ﬁfp pmvi&a /8 q/wmti'tn'n've Meawe ofF dlrco
(Distma rasclied 2, displeamat-) » The trajecieny of a particle (S o vecter
g R ~ . Drstoce function of Eime., P(t) which defines
,_’/_} /\ bhe. Cirve triced by the. particle
VT e pE) = Xe(B)T +Yp(t)] +2¢(t) b
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\/ﬂloc"hj and SFrad
The Velocity of a. particle 15 o Vet quantity bhat describes khe direckion of
Motion and Magn lkude of Mok af,“partf(,m. t’*]a{}rmab’cahy, the rate of
(honﬁe. ot the position vectwr OF & poink With Espect ko LIME S the
\/L’ICL@ of the point - '
Consider the mtio of B diffewxe of twn position vectes divided by
the time inkevad, Which (s called the Averge, Veboiky ove Hat +1me
IDkerved , This velociby is defined o3 Velocity = displicenont

bime take, .

v - QP W Nec P S H’V, C”)(/)ﬁc N POQIn(n Veltor
i » DE IS He Fire INkeved.

In the limit as the time inkaval &t becomes Sraller and Smaller,

e fhline H’lz Gvetge \/eloa@ BECOMEs the I;irm derivative Of Ene POSI'tlm
O 'JJ./ - g.'s«}‘ \/C:}W,

N QAP _dP _ P = X7 +§,5 42,
ot dt

’ﬂ”)us,\/e,locmj iS H’)e kime (ke OpChan(de of POSih'm O{:aPo.'m.
Fu H’),a/ma'c, the \/elocihj 1S Hmac/k\ ko the t’qu:er/) oF the. pouticle
(it evey posit(m the portihe ocepies alerg 1ts path-Tn o

flon - r’(/t'afl'fy Frume of refecesxa bhe d.m'vah'«rj Of the Cocd(nate

directins ore nek Consideed &s treivr divection end Maghitde. ore
(N Stenk .




The Spcad of an Object IS the Magnitude N[ ok its veloeity- Tk 1S
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potick . This o - length troveled b\j Q. putick: 0ve- HMme (S 0.non - decarbing quainty

Heace, 8S (S NODN- Y)chw;iw Which implica Spttd [ also Non - Negative -
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1 Acclecation

| The e locity Veckr an Change I Magnitude and (0 direction or both gk oz - Herce, t2
ncckeation 1S the rate. of chige 0F bhe Magnitude of the velocity Vecto plus tie
ke of Chmgc of dirction of that Vecke » The GcClerakion of 0. porticle 1S tne.
Veckor détined by the rate of Chm&c of the Velociby Vectr . W&Waﬂe
accleation Of &pcrh’ok Ve G kime INtevad 1S defined o4 He ratio
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'ﬁ)z ALLleration of £ e e (< the. |imit_of Ethe O.Ve/uﬂ(, acclerakion oS the time iNtervad

2 ¢c0 Which is the time deavative Nokz. Lo & Non -rytoking Fraume o

approacies
A_= [imn ZXN e _4_\f_ —_—,\} - Ul’; *V,S *Vz.R Wfbvu,&’wr(uclwdnw
Dt 2° Z)t dt
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Acclenaticn 15 the iw&n vakive. of Velocltyvecar (nd 2 rivetive oF [2leS Hin vecte of- thet Portici.




The, maghftUdt. ot AL eroA oy Ofm objgu )'S HM. IMgthdL iA} 0( | S Ore,
VECTdr - T+ S O Sffd(u‘clwﬂ'f‘)

1Al = |v] = dv
gt

Relative position vectrs ( olaie o splacermat)

A relative pasition Vecter 1S a Veckor Hhat defines th, position ofcrzpomt rclative
€0 another. TE |5 the. diffoenc between te potinn of o paits WNICh IS He

ditFernce Rtueen the (cminf/?(,‘yjlj of ‘H"?nr pAItin vecter.
C’L} FOSlbm oF poINt A relotive to QNpto point &3
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Relative Ve locity

The velociky of 0% point iclasive o anpthy- j5 4. di
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4N the Case Whee the veloCity Is close to the  Eime dedvative of e vejo
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Kelative acclesion.

The alllentin of e pont C relatve 10 wngthe ,')o-IWB [§ Hhe o itHermee bihween
thei” asclenstions The Same csuit Cwld be cbhuin d
A C/R - Ac, = A(s bj comp.m'fv) Hoe Seand timy dersfvahve
of the p-v Fa,,

——

Reatilinw- KinNeMaiics With conskent acclention . Ertmwn of mation

@ V = U tat ® | S =Vt + '/za.t? e R"jo.’uuj Mmathematicad relatindsy —
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Kélahcf)d\ P bf’fwcm Veloe ik 05\t an d acclention (i thou-

t.zzg d:_»gndmcé hj Selving Metge acclovtio fo +ipe. (o chay) VeV
\/ ny S (\/ Vv, df ey 7 , j
O ) —L—')’\/ (P‘Fo) Spfc,J X Hm'e,
8 Vo
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In the (as ot accleation cdwags in the direction of the Mok , e angle
WW\«’CLU/} - 0 JSU COSOZQ (X:‘.O)

P -Po| [A] = |V [* =|\Ve|"
|7 l"L - lj @ | 9:4.8-%\*——

W] = Ve +21ALIP-P| &

T)Wis Con bc SimpiichA USingtha Notation for the, magniwd,. of \ectors

ALl =& l[\/II:V “P’Po” = QX wWhee DX (mbcmaanaccwj
path taka o3 the constont
Vl = \/ol X 2 AN S Hf)amﬁdf_{ accleotian 1S opplrcd

dcross He l\ne (.A‘)'f'(m*)

Thic reduces bhe pormmetric eqpations of mation of the
paticke to o. Cactesian relekionShip of Speed Versus position-

This relationship s vsef when time 15 unknown.

Desivakion of S= Uk 1 ‘/za.tl ViQ 3mph.'cd medhod -
v dt which ('S e drea nder O \/ -t 9"11"\-

We Know that &% :J
Area under gruph = Ara. of trupeaium. geeoted Co-foreis-Reot koeold)
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AX  Area of bruge2ium = ( Vo H\/o +at)) =
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Thc Ve locih} Vector 1S bngmt{al to the orbit ,but the acclemtion Vector 1S nat mdin.“s
(NWwd becavse of 1S ﬁxﬂ;fnh'(d compoent Op that Inccases bhe rte of

rotatien s €= V = U ras .‘i'?:";;fré\_“‘l - el
[} = O dt R
N
\/ = a4k Vefo
d = Vi
V=24
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Kipematic Construints. ( examples) Oﬂf)ema.tfc Couplinj.)
. Rolling W' thout S| ipping Wesacily conspeins all S deges of
An abject thak rolls withoot Sipping  Oheys te frcdom.
Condition that the velocivy of its centre of mass -
1S €qual ko the Cmss-prvduf-t of 1S Angulcur ' Frictim
veladily With & vecko trum He pom et contact
ko the Cente oF Mmess

V(r(t) = {1l X & /0

fo- the Case Hhee AN Objccr does hat b’p or
bvn bhis redieey Fo V=

* Tnexxnsible cord -
TNis is the cuse Whee hadies are conmedra by an declied Cord that remainz (N
kension and camnok Change leagth . The. constint 1§ that the. Sum_of te Jengths of all
Seqme/#s of tre cord i the total mgbh ond Gecordingly e timg desivative of Ehis
Sum s 2er0. This S @ d&namfc. hut Not G kinematic pmblem.

eqQmil ' ivm

Kinemakic diogram

4
A wifgmatic diagrm [llvitmtzs boe. Connectivity of 1101s and joints of G Mechaniom 07 Machine

rathes than dimensions o*f}.ofu of tre parts . Often linms o pm&ricd as 8eamb‘ic Objects, ysed

Such 65 lines, briangs o Sqpares that Support Schematic Versions oF the joints of the
Mechanism or Machine .

f'




Kinemetic qrenttie

* Time  Time is a Scalar quunbiticg ond it S Meagued N Seconds « All Kinematic quantiti=s
wt reloted bo Eime

* Distane 7 Disknce is a Scalar quantiny Measuzd (N Metres and is the length of the
path corved. oo

e Displacement is the distance covered in o Spedtic dirzetion (vector 1wntty)

o Speedis detined as the rate of Change o distance With respect ko kime and
1t 1S & Sealarmeasoed [0 m /<

e Veloc f‘_) 1S the rate of Chrmac of c"SPIaa_DMt (With rcspece ko biMme and | § @
Vecte- quantitiey Measuedin M/S .

»  Acclecution o~ deceleration can loe reqocded 6S the yute of Change of velocity with
respect to kime - Measved im M/S2.

— e e e ——————— e e ————

2% . A motorist Starting fram rest acclerates onifomly to a Speed of V myss In 4s . He maintains
Ehis Speed for another 50 & and then applies the bares and deceleries vnifomiy o rest.
His deceleution is nUMariclly equal to 3 times his previoos acdloutin .

() Sketeh o. veloaty time graph

(i) Caloviatz #he. time dwing which the decelerution tanes place.

(i) Griven the total distrce moved is 240 M |, Caleolate the valve of \/

(iv) Calcolake its inibial Gecleration . ‘

Vebcity /M/s




