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KINETICS OF PARTICLES:
NEWTON’S SECOND LAW OF MOTION

INTRODUCTION

As mfoduced easlier. lanehics 15 a bmadh of
dysarmes that dsals vath the rdabonslep befween the
change in the motion of & body and the forces that
caase such The bans for Janetics 15 Mewton's
fecond Low, an be siated ac follows

“If b redautemd Baree actieg on O pariicie 13 ol o
fhe particle will e e accaliration proporiiona’ fo
Pl gty OF U resiciond aad M e dereciion of
frwis resralicpal Borve © (Beer & Johooton, 2001)

Mewton's second law can be venfied
expenmentally by first conmdenng a patice that 1z
fibgecied 1o & force Fiof consant drechon and
constant magmtode Fi By cbservaticn, the partcle
wall move 11 & srght hine and 10 the aame direchon as
thee ferce By determunung the ponbon of the pasticle at
vanous nstants, nobce that the accelerahon bas a
constant magembads a1 [f the expenmented 18 repeated
with forces of dfferent oaputudes Fi, P, ofc, the
parhcle moves song the s drechion af the force
acting on it and the acod emhons o, m, dic are found
16 be propocticaal 10 the comesponding forces Thus,

ﬂ-'ﬂ- =
@ constaet
The constant of propoatucmalifty 13 kmown as
e mass of the parthcle, denoted Ty m MHewton's
gecond baw may then be expresyed by the relabion
F = nm (X1

which denotes that F and a are direclly proporhonal
and that they have the same derechion mnoe m 13 &
poatve scilar When the pasticle i3 sulnected 1o
peveral forces, equation 2-1 13 mod fied and becomes

LF = pin (1.1

where LF 13 the som (or resultant) of all the forces
acting on the parhce

Ofsgerve that when IF 13 2o, ot follows thad
the accelemtion 13 also Zaro. I the parhde 13 mmbally
at rest, 1t wall remenn &t rest On the other hand, of 18 15
moving wath a constant veloaty, it wall mesntain thal
constant veloaty Flecall that this1s Mewton's Grst law
Therefore, the &rat Laor iz & specal cate of the tecond

w (e, a=0) and @n actumlly be ooutted fom the
Amdareental proaples of medhsn

Unng 51 Uents, the umt af force 1z called the
Meaton (1) wiesch 13 8 denved unst and iz defined
the force which pves an acceleration of | mis?10 a
it of 1 bog Thus, fremEg 21,

L B ={1 kg¥1 av's™) = | kg-mld®

Unng the foot-pound-second system, fores o
expressed m pound (or pound-force, Ib), wisle mass 15
expresied in dag and accderation 1 AsF

The weaght W of a body, whach 15 a foree of

puaty exeried om the body, i alo expresssd in
pewions Ssnce The acceleation of the body sulgected
to i3 own waghl i3 equal 1o the acoderwhon due to

'mT;.r!;l.'htmiﬂ of the body may be wniien, &
termns of Hewton's second law, as

W = nig ()

EQUATIONS OF MOTI0N

Consmader & pasticde acted upen by tew forces
Fiapd FyiFiygpae 1 1) Amorung that the repoltant o
gl Zero, the darection of the comresponding
acceleration wall be the e as the drechon of the
respdtant of the forces

The Bpare on the left represents the free body dagmm
(FBD) of the parhde, whsle the fgure on the nght 15
called the nnetsc dagraon whach praphacally g the
magutuds and durechon of the vecter ma (also pertuns
ko the meton casted by the forcet) The el sgn in
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QIEL A shielll fired from o gem ai s anghe oo the hovinontal exphodes in mid air. The oostre of mass of the shell fragmsenis will
L
is} vertically down
1hi herupontally
f) bty e same parabolic pas of the unesploded el
dy o e Langen 1o the parsholic puth of useyploded shell
Q2L The centre of mass of & sysiem of to paniches i
{a) on the lise poising then and micway between them
ib o the line potnstg thom 2 3 poial whise Sntsace from sach particle i proforonal o e squans of the mass 1 the
ks
ic) om e e pussng them and o 8 point whess distance from cach panicle is proporuonsl isnerely o te mass of
tht i b
iy o ithe R pusing them asal 3l 3 i s distance from cach particle i propertanal ie the mans of el parti e
Q22X OF she twos spsrres. off wame side. mavi and appesrange one i bollow sid oiher i solsd. il e two arg folled doan
e plane wimreksscoudy., then
{a) ollow wplaoie will poach the bomom fir
i eolied sphere sl peach the bonom fire
bt ok woill weach bt iopether
tily wither can reach fir depending upon the sarface of de plane

QR A boadod spriag pan of mass M fees o shor of mass m with o velocty v ol s angle of clevation 8, The gus i isitially
& rest om & horizontal fricionless sarface. After finng. de centre of mas of the pusshol sysem
fah e widhi & veloory vin'h

by mrps Wl & velcity vsl confl o [he Borurontal Srecien
6} romm o ros
WM =m]
5 =
2L, I & s off v M s 10 e growsd from s beight b ssd b contre of s moves & distesce & in o ime tekea by

i o wks & wrlegaty 0 the Borisontal drectos

beem o i B s, the averagie Forse scting on him | asssmeng oonstand ertandation ) is

ia) Mighs ihi Mguh i Mgihini’ il Mgk
Q22h, The meation of the cotre of s of 3 vatem of e partiches i saalloctad by Baeir interval foroes

(x) only il Bk s sty e Bne peaing the particho

ihi wnly if there are ot right anghes io S bne joning the pariche
ic) oaly if dere are obliquely inclined o ihe bne paming the paniche
i) imespective of the scmal diecton of the interal forces
Q2TT. The rataoof the rala of pvration of & crcular disc and a corcular ring of S samse rali dboul o tangesiial auis is
iw) 1:3 iby $:8 £y 2:3 iy 2:1
QIR A muaive conculsr hoop of psdis 1 osciilases i its ews plane showm & horironisl sxis on s dutssce § sbove the oo of
e Baoop. The preriod o v lations is miminum, when © equals
&) b o ) afd i} Terc
QI A et emgine wawks i the principle of conservatson of
...... b} emgy ¢1 litwer muoemnetem [T e pepea——
QM. N roctangular costsner half bl of pesrole (s boing carmied by 3 rss on o horeontsl wsck I the trsin soockeeate, the
warisce of the petrole s the coatsser with espoct ba horisomal serfsce will
() e raesed wpaand Brvem the from by e puised in the madifls
) e ruised wpwand from the bhack dy remain wnchanged
QRN A poud off bemgth L revolves with ssgular velocity s shout an sabs teongh ns centre sad perpendiculsr 1o it leagd. I A4
i thr apew of crons—secibon of the ol and J s denuicy. hen i Kineti enargy will be
) ;_l.- "wld i Sarteld o Saretd i I_ A uld
QAL A particle meoves in u circke with wsiform specd. When its goes from pi A 1o desewically opposie posi B, it
momentum changes by P, - B, =3 kg mis | and the centripetal force acting on it changes by Fy - &, w85 i, The

angular velocity of the partiche is
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Centriputical force = mass x acceleration centriptis the relationship between linear vault vea speed A %o v = %o T, where %o %o %o %o %o = 2& Following the road at steady speed, the car is in uniform circular motion. For our case, this second force is insignificant in comparison with weight. Do they have a significant effect on the production of a
downward forces? For example, we took the case of a ring. If it acts along the speed of speed, it will increase your speed, on the other hand if it acts in opposition to the direction of speed, it will slow it down. This acceleration is called a centrupt acceleration or even radial acceleration and is given by the relationship: a = v2 / r where v is speed. Your
magnitude is called speed and also has a direction. See a collection of examples resolved for this topic on our site Buzztutor.com Velocity is a vector amount. The car directs the constant speed on a hill in which the ridge of the curvature radius, in the vertical plane, is 30a, m, as shown. And this new particle is placed in such a way and has such a mass
which, when triggered by an external force, moves exactly the same way as the system it replaced. Now, if we are able to replace all these particles for only one particle. Secondly, drag and gasoline consumption, which benefits oil companies (at least in the short term). So do not worry! Let's now consider two particles. I do not recommend the
following experiment, but if he can exercise 2A, KN, then he must endure, elastically, the weight of some people on it. Rc.m. (t) = {m1rl (t) + m2r2 (t) + a € "MN RN (t)} / (M1 + m2 + a €" MN) The position of the mass center of A bodied body is a fixed point. (Note: A Web Page It is difficult to use the usual vector note. These are n fun. (This seems
more complex than A©. You are not reading a free view pages 4 to 5 not shown in this view. This route adds extra danger to maneuver, that is only one of the reasons for the p, rarely FAsica, that one should trust the Calculus here, instead of carrying out the experiment. There are two possibilities: first possibility if the speed is constant, the
movement A© called uniform circular motion. In general, there is also a component below the force that the air exerts in the car *. Thus, acceleration and color speed are reorganizing this equation to give the color speed: vcritA¢ = A2 (RG) = 17 m.s'l = 62 kph banknote that, while in contact with the road, the trolley is rotating in the vertical plane
with angular velocity. Obviously, this point is not in the ring. Taking the weight of the car as 20 , a 10% increase in downward force would require the sheet to exercise 2 down. Now the Center down Capital acceleration When the car is at the top of the hill A© V2 /R, and this acceleration can not be greater than g. If you are not behind a web filter,
make sure that the * kastatic.org and * .kasandbox.org domains are unlocked. Let them have masses m1 and m2. Then I will use bold fonts to portray vectors). Other relations p F: Since v = Aw r also ©a second possibility to change the speed of the body in circular motion, a tangential force must be applied. Your weight There is one of these things. A
mass body is moving in a circular path of radius r. At the 3 point, where contact with the road is lost, the forces exerted on the wheels are small, and so are the torques (which we will meet when we arrive at route). The direction of the velocity is along the tangent to the circular path. Rc.m. (t) = {m1rl (t) + m2r2 (t)} / + m2) from above Of 3, for a two
- part system, the center of mass is always between the two parts. Where it is depends on the shape of the body. First, they identify the style of the driver, which may provide a warning to other drivers. So it changes as the body is in different positions p different times. This point may or may not be in the body. Consequently, the car, while in the air,
continues to rotate at this rate. What are the descendants on it? It can change its direction, making it move in the circular path with constant speed. Also ©m is in the line that joins the two parts. Some street cars have a miniature version of this alum role. We can say Then we can write the instant angular velocity as dA 1§ /dt Linear velocity =
Circular path radius x Angular velocity Acceleration mA© dia = Change in angular acceleration / Time interval Linear acceleration = Circular path radius x Angular acceleration Then we find the center of mass of the system. The center of mass will be in its geo-geographic center. * Racing cars often have a large sheet whose effect, at high speed, will
provide a downward force and thus allow greater friction forces for curves, braking and even accelerating. If you are not seeing this message, it means that we are having trouble loading external resources onto our site. Let rl (t) and r2 (t) be the position vectors of the two parts at the instant of time t. And the acceleration along the radius towards
the center. At the top of the hill, its acceleration is therefore descending and its magnitude is © v2/r. Center of body mass AAA Rod Mean point of the rod Ring Center of the sphere Center of the sphere Angular velocity mA© dia = angular displacement / time interval So, if The animation below arap arap iuqa adizudorper ©A e ,ralucriC otnemivoM
olud3Am on adizudortni who might like to view it in slow motion. Consider that there are a number of particles forming a system, such that, when an external force is applied, the complete system moves as on. The position vector Rc.m.(t), giving the center of mass of this system is given by the formula. Now the motion is called non-uniform circular
motion Net acceleration In non-uniform circular motion, speed as well as direction changes continuously. Speed is constant but the direction is changing continuously, so the motion is accelerated. Let's find the critical speed vcrit at which the car loses contact with the road. (See Air resistance to obtain an upper limit.) So, at the top of the hill, the
weight is the only downwards force, and so the maximum downwards acceleration is g, which, as we saw in the Projectile module, is 9.8A Am.s¢AAA2. 9.8A Am.s¢AAA2.
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