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Let us move on to our next chapter on plane Kinetics.

(Refer Slide Time: 00:46)

Kinetics

Swon P

d Kinetics of a Particle

About fixed point O And we will start from
Linear momentum = v, kinetics of a particle, move
mass x Velocity = G .

Aoty on to system of particles

YF=mv=G then finally, rigid body and

Angular momentum we would view this about a

fixed point ok, | have a

rxmv=r xé= Ho .
fixed frame of reference
5 X
Hy= Fxmy +Fxmv  Thisis because first term is

0 cross product of two equal
vectors
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and | have an arbitrary path

specified like this, | have a

particle which is moving
along this path and we could also label the positions like a position vector, ry at time t;
and it has a velocity vi.

It moves to some other point and we have this as a generic point, | have this as position

vector r, | have the velocity is nothing but f tangential to the path and it moves to the
another point, at time tz, | call this as rz, | have this velocity as v, at time t.. Many of
these quantities you might have seen earlier in your courses, it is a more of a
recapitulation and today is a day where you will be writing equations after equations, in a

very comprehensive manner that will be good to have notes like this.

So, the particle has a mass m then, | can also define linear momentum, | have this as
mass into velocity and | the standard symbol used for this G. So, do not confuse this with
the center of gravity G. So, learn it from the context, interpret the symbol out of the

context. So, | have G = mv, mass into velocity and | have a net force acting on the
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particle and | can write the acceleration that is Yin this direction and we also have the

relation XF="=C that is rate of change of linear momentum.

So, | have this rate of change of linear momentum written down like this, one can also
write the angular momentum and we have already said that we will do this about fixed
point O, see in this chapter, when we move on to system of particles and rigid bodies, we
would like to look at the mass point G, as well as an arbitrary point V. And, | have
Fxmi= FxG= HO, I get this as angular momentum, these all standard symbols, capital Ho. O
depicts about which point, |1 have would this angular momentum and | can also look at

the rate of change of angular momentum.

So, | can expand this and write it Fxmy +1xMV gng you know very well, this goes to 0. So,

J:fo - Fxmv

| have and from simple mathematics you will know that the first term is

cross product of 2 equal vectors that goes to 0, that is what is shown there.

(Refer Slide Time: 05:34)

Kinetics

%) Kinetics of a Particle

D

can also label this as

momen h
About fixed point O oment apout O that as

V2\

M_= Fxmi=FxF
S o o= IXMV=rxF 55 vou
M,=Fxmv=FxF

can go back to your statics

and then look at meaning

of these expressions and

we get a relationship
moment about O is nothing
but rate of change of
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angular momentum about

(Refer Slide Time: 06:13)
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Now, we move on to system of particles, | have a system of particles like this, | enclose
this by a system boundary, | have a mass point. See many natural phenomena you have
system of particles, you see birds flying, when they go from one migratory location to
another migratory location, they form a pattern. Similarly, fish, they also find within the

sea, they form in a group

Kinetics

=M and then go and look at
() Kinetics of System of Particles e 9

Amazon forest, you have
The moment, a system of

particles is considered one
will have the mass point
represented by G.

animals going in groups,
something drives them to

form into a group and then
It would be of interest to
look at expressions with
respect to fixed point O,
mass point G as well as an
arbitrary point P, (fixed) 2 (arbitrary)

go. You can really see how

the system of particles will

move by looking at what
Abar over the vectors indicate that they referto  * happens at the mass point,

quantities attached to the mass point G. provided no animal is
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because, we you are looking at a system, where the mass remains constant, we are not

looking at the system where mass changes.

So, | have a representative point and we will also have some discipline in labeling them.
So, we are going to develop expressions with respect to fixed point O, mass point G and
an arbitrary point P. For clarity, | will put the arbitrary point outside the object here. So,
that the diagram looks cleaner, when | say arbitrary point, it can be anywhere in, space
that is convenient for us to do the calculations later and you should recognize when 1
have an arbitrary point, that point will have an acceleration, it is not like a fixed point O,
which is fixed in space. So, that is the difference, | have an initial frame of reference
attach to point O, such a restriction is not there for G as well as P. The points can have

accelerations.

So, O is a fixed point and | have the position vector and you have a discipline, whenever
| put a bar that indicates that | am dealing with the mass point. Quantities attached to the
mass point G, we will have a discipline to put a bar over the quantity and any arbitrary
point is located by position vector ri, | can also view this point from G, | can also view

this point from arbitrary point P. So, we will also have to label the position vectors
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appropriately, 1 am following the same symbolism use by Merriam. So, | have this
position vector, represented by p, | have pi, from the mass point G and | have an arbitrary
point P, located at a position vector rp, for clarity | am putting it outside, it can be

anywhere that is convenient to solve a given problem.

So, when | want to find out what is the position vector, | label it with a prime, instead of
simple p, | put this as p’. So, symbolism that is used is, | reserve the symbol r, from the
fixed point. I use p from the mass point, | use p’ from arbitrary point. | can also have a

position vector connecting P and G. Now, | am going to attach this to a mass point. So, |

p-_ So, I am consistent in my symbolism, the

will have a bar over it. So, I will call this as"
symbolism is consistent. So, once you understand the symbolism, you can easily write
down  these  position

vectors comfortably.

Kinetics \
‘,‘3' §.‘1 AYAM PHA%

) Kinetics of System of Particles

(Refer Slide Time: 10:57)
Position vectors from fixed

PO OAETepaEa So, this is reiterated here,

From any other point,

referred as p position vectors from fixed

In addition if a bar is put on point O are depicted as r,

top of them - they refer to
the mass point G.

from any other point

, , referred as p. In addition, if
From the arbitrary point P, O

P
I .
arbitra
the position vector of the (X€d) O
particle is referred as p’

a bar is put on top of them,

,,,,, they refer to the mass point
Copygt 0201, L. K Raes,danste of ety acas, NOA .~ G, p or p’ for the arbitrary
point we put it as p’. From the arbitrary point P, the position vector of the particle is
referred as p’. It better to have a convention so, that you do not get lost; when you have
an array of equations, for you to interpret, we can recall from memory, what way we

have labeled them.

(Refer Slide Time: 11:40)
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So, velocity of any particle

Kinetics

Kinetics of System of Particles === can  be represented by
m‘ ~ ~
Velocity of any particle can V=V+p. )
be represented by : . So, we are going
boundary
. to get advantage of system
V.=V+p, .
: ! of particles, where the
G=ymy. oL—"p mass is not changing. So, |
" (fixed) P (arbitrary) -
S ~ d " me‘v-l-r'{‘}i}
=me(v+p,-)=zm,-v+&zm,-p,- have G as , that
0 a d N
Since it is about G Y MV 4=y mp;
reduces to dt ,

can you see something
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interesting  here?  You
know we are going to do this kind of simplification, again and again. We recognize that

we are looking at from a mass point.

So; obviously, this has to go to 0. Since it is about G, we would be doing the
simplification again and again ok. Some of those things | would skip the steps also, for

saving time and you must be able to figure out from the expressions correctly. So, | have

a very interesting relation, G=mV_ Very well-known expression, it is not something new

to you; we are only

Kinetics of System of Particles = revisiting the expressions

Linear Momentum that you know already.

(Refer Slide Time: 13:25)

Then | go for linear

momentum, G=MV and rate
of change of linear

momentum | get this as

G=mV gng XF=6 . then we
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can also move on to angular momentum about O.
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(Refer Slide Time: 13:48)

& &

So, | have Fy= Zhxmy; So, the position vector is r that is what you refer from O. So,
E-R — T XMV, and when I look at
() Kinetics of System of Particles sl

rate of change of angular

Anguiar Momentum {bout 0) momentum, differentiate a

A = Sixmy, correctly by applying the
Rate of change of Angular product rule, do not
Momentum (About O)

swallow up any terms. So,

when I have

H,= $rxmy +yrxmy,
L ' we

would also simplify this.

This goes to 0 and | have

Copyright © 2018, Prof. K. Ramesh, Indian Institute of Technology Madras, INDIA

this as ° equal to moment about O and | have the identity summation of moment about
O is nothing but rate of change of angular momentum about O. You know, once we
come to a system of particles, we would also look at about point G, as well as point P,

those are all the expression

which are of interest for us

Kinetics of System of Particles to handle them later.

Angular Momentum (About G)

H =35 xmi boundary  (Refer Slide Time: 15:38)

Hemay be expressed in terms
of moments about G of linear
momenta relative to G or 5 5
relative to P (red) . (arbiran)

How do | define angular

momentum about G? So,

look at here, this does not
Relative to G (FIG),E,=z/3,.xm,/3,.: Z[?,-xm,»(/e,--fi ) change, this is again mV
X ook but, the vector, which | use
(el = HotT>2mp =Fg now is pi, instead of ri, it is
SN 21 P i A i i NOR pi. How can | express this
relationship? You have to understand this as a definition, we would also develop another

symbolism, here | have set angular momentum about G, | can also have angular
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momentum (Hg)rel, When | replace this rj as pi, | will call that as (Hg)rel. S0, Hc may be

expressed in terms of moments about G, of linear momenta relative to G or relative to P

These become convenient, when we want to extend it for rigid body mechanics, when |
derive the expressions, we will use these identities cleverly to minimize our
computations but, the final expression which you are going to do for solving problems
are very simple right now, you will have array of equations coming up one after the
other, playing with symbols and so on and so forth, it is good that you have this as the

summary in your notes.

So, relative to G, | define (Hg)re, | have already told you how | am going to define

&

(H

. )= ZAXMp,= oxm{i-1)
(Ho)rer. | would call this as, = ™

, when | have this as angular
momentum about G, | use the appropriate position vector but when | put this as a relative

quantity, | also play with the velocity, | am using a relative velocity. In some cases, it is

- - . . ,‘-J;'J :(J;,'_r
easier to handle relative velocity computations and | would replace ° as because,

ultimately you are going to simplify the expressions and you will get a very nice
simplification here and | am skipping some of those steps, you know you have to expand

this and bring in what are the knowledge that you have and also switch between the

: 7 . L : :
product instead of ~ x , I would switch it, when I switch it, the sign also will change.

So, all that is done and | have the expression like this, I could rewrite this expression in

(=)

this fashion, | have initially written down the definition, replace this d .as , when |
rewrite this | could write it like this, taking on this identity, I can write this as He. Can
you see something interesting here? What is the value of this term? | have a mass point.
So, | have summation of mip; becomes what? That goes to 0. So, you have a very
important relation, (Hg)rel is same as Hg that is identity you get, it is the very interesting
identity, we have now done it with respect to relative to G; we will also do it relative to

point P.

(Refer Slide Time: 19:38)
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So, | have the same expressions here, | have written down what is He. Now, I do it

- . . . . ' = .. m-?.': .. m. ':.—':
relative to P. So, when | write it relative to P, | have this (Fg)y=ZPXMP;= 2P 0 rp). So

PP

| have "is what | am going to do and this could be replaced in terms of the vectors

and you put the product

Kinetics

= and rou the terms
() Kinetics of System of Particles = g. P o
m; appropriately, | can write it

like this.

Angular Momentum (About G)
F’G: Toxmf,

Hs may be expressed in Here again, | get an
terms of moments about G

of linear momenta relativeto o
G orrelative to P. (fixed)

identity,

[3
[ . o
(arbitrary) (H ) =H_ if xsmp ¥
el Ipr' =H H H
a a AN A e k. Z G’ It IS
; =y pxmp'=ypxm(r-r . .. .
Relaive 0P (), =27 XMA;= 27 XM ) a very interesting identity,

X whenever we take

(Hy)y=Hy . xsmp, <A,
advantage of it, we can
Copyright © 2018, Prof. K. Ramesh, Indian Institute of Technology Madras, INDIA . .

compute it from relative
quantities or the definition what is shown here. Please write this down and | hope it is
free of  typographical

errors, if there are any

Kinetics

Swatan Praghs

() Kinetics of System of Particles errors please bring it to my

m:
Angular Momentum (About G) attention.
I:IG =3 /}i X mlfi boundary - -
Rate of change of Angular (Refer Slide Time: 20:55)
Momentum (About G)
e H = jxmf
H=ghpmi+pxmy, o= "p So, I have s XA and
) (fixed) (arbitrary)
SAXME =3 pxM(T +p) X | have rate of change of

g angular momentum. So, |
==rx=ymp;+0=0 ) o )
o differentiate it by applying
ZM =H_ One may use either the absolute or
G G :
the relative momentum!
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the product rule properly
and when | look at this,

this can be simplified further and you have a very interesting relationship here. So, i can

be replaced as (F+p) and finally, the whole thing reduces to 0.
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So, this term goes to 0 that is what is shown here. Please take your time to write down, |
have not done the simplifications step by step, intermediate steps | have skipped, fill in
those steps in your notes later, not now in the class, you can go back and fill in the

missing steps. So, | get

Kinetics

() Kinetics of System of Particles

LT Y R

Angular Momentum (About P)
. X (Refer Slide Time: 22:11)
Hp=xpxmy;

. P So, we will write angular
Hp=3(p+4)xmy, g

. momentum about P and
=pxyMy,+y p.xmy, 0 A )
(fxeq) ~(arbitan) when | say point P, you

All quantities are measured  can imagine that there is a
relative to a nonrotating

system attached to P

=5xm\?+f:IG
z
non rotating axis attached
to P. When | say a non
Copyright © 2018, Prof. K. Ramesh, Indian Institute of Technology Madras, INDIA rOtatIng aXiS attaChed to P!

that axis can have acceleration, you do not lose sight of it, the point P what | take it is not

a static point in space, it can have acceleration.

a

H.=syp'xmr . o .
p=LAXM] , similar simplifications we have done for the earlier case, we

B oo 55,

So, | have

el

i)
get this expression, then

Kinetics of System of Particles wbus - simplify  this  and  then
knock of terms that go to

will continue to do it here. So, I will replace PEh,

| have , | get this

Angular Momentum (About P)
.. 0. So, I can replace from
H, =H,+pxmv ; . .
the earlier definition, this

(H,), =3pxmp! as simply He. So, for an

n = P - - -
=5(p+p)xmp! (g’xe g " (airan) arbitrary point, | can write
~xmi +0+(H,) f):ﬁm this angular momentum,

. 5 3 N consisting of two terms,
(H,) =(H.) +pxmv All quantities are measured
P'rel Grel rel . i .
relative to a nonrotating one from the mass point
* system attached to P

& ~
Copyright © 2018, Prof. K. Ramesh, Indian Institute of Technology Madras, INDIA p x] ”F ]

G, plus
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(Refer Slide Time: 23:54)

So, that is what is rewritten here in an elegant fashion, about a point P, | can write it

as Fig =Fly tpxIT¥ and | can also define what is (Hp)rel. See we have been consistent in

defining these quantities, when | say put relative, | replace by the relative velocity. So,

here it is ”/ is the velocity now and this also can be simplified; | can replace this as

s(p+pxmp!

So, when 1 also bring in another interpretation, you know there is positive of symbols.

=V L . :
When | say P=Vu , do not confuse it with your Vi what you have seen in a rotating

frame of reference. So, these are two different contexts interpret it in the current context,

we are just defining P=Ve ok, the definition is given right here, definition of this

terminologies given right here.

So, | could rewrite this as do the simplification yourself later. So, | get this as

pxmv +U+{.I':I' ) B+ 5xme
2 " So, I have olu=Holy 2, that is a final identity | get. These are
multiple equations; it will look as if it is a bit confusing but, all these are easily derivable

very systematic, it is better

Kinetics
L Swavan Prassa

() Kinetics of System of Particles “ 7 to have all these equations

Moment Equation (About P) ZMG in your notes.

Y F=ma

ZMP =ZMG+[L)XZIE
s, =H_+pxma (Refer Slide Time: 26:26)
n “Hgtps

Moment equation about P can be
expressed in terms of angular
momentum about P, p

So, we will look at the

System moment equation about P.

boundary

(A, =(R,), + pxmir_ e So, I have put the net force

G)rel G .
acting on the system of

a

=(H,)

Prel

H,=(H,),, pxmv pxmv,, pxmv

¢ particles as  2F=" ang
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any quantity I am writing it
with respect to the mass point, | always put a bar. The same convention is used, the

position vector is put with bar, the acceleration is also put with a bar; velocity is also put

10
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with a bar. Whenever | have a bar over it, it indicates that | am talking about mass point
quantities; | also have a moment Mg, that is equal to rate of change of angular

momentum about G.

IM, =3M,+px3F IM, =H;+pxma and we would

So, | have . So, this is nothing but

also rewrite it in multiple different ways, which can be used later for simplification. So,

the moment equation about P, can be expressed in terms of angular momentum about P.

- - -

(RL),, =(Hy), + oxmi,

"and we also know the identity (Hg)y=Hs

We have already looked at

. N . .V
and we have also seen what is the definition of this velocity " , you should not
confuse with the rotating frame of reference, in this context it has a particular
interpretation.
H[_;:{Hg:lrsf:‘:Hp) 1

8

So, | have and take it to the other side, you do the differentiation

properly and write all the terms, then bring in the simplification. So, | get this as

ﬁxmﬁm-ﬁxmﬁm
; , very simple it straightforward | have just differentiated this and then

written it here and this goes to 0. So, | have expression for Hg. So, this could be

substituted in this equation fine. So, that is what |1 am going to do.

s r—— e (Refer Slide Time: 29:40)
0 Kinetics of System of Particles L

:H - -
Moment Equation (About P) LM.=H, | am going to write, we

M, =H,+pxma have seen

=(Hp)re,+/§xm§—/§xm!7m Eﬂ:{p :HG+5)(HT§

a

IM,=(H,), +pxma,

a -

H
replace G, as

{H] +,5><m5-f:><mf?m
B ' This

is just reproduced the

ZMP= (Hp)re/ if .5:0

p and &, ape parallel

equations that | have
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written down in the previous slide and you also have another identity, see when | am

11
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?}| is

looking at a point P, if | have the acceleration a, that is . So, I can write this as

So, | would replace use this and then rewrite the expression in a different fashion. So, |

E. 2 ( :|+pxma

can write . So, the idea is, the point P has an acceleration ap. So, | can

write the moment about point P, in terms of the angular momentum rate of change of

f}xmép .. .
angular momentum about P, plus . This is the most general expression. So, | have

(o)

Mp becomes , iIf any of these 3 conditions are satisfied.

-~ = éP:ﬂ
MP= (Ho), ifl5=0
pand &, afe parallel

So, the second term goes to 0, when any one of these conditions are satisfied, then | have

=(H
p= "}"". See this is nothing but, playing with mathematics, you get multitude of

expressions, we  have

Kinetics

Kinetics of Rigid Bodies ke |ooked at  identities  in

LM

between them, we will use

them judiciously later.
(Refer Slide Time: 32:23)

Now, let us move on to

kinetics of rigid bodies. So,

imagine that | have a rigid

Free Body Diagram  Equivalent Force-
Couple Diagram

Kinetic Diagram,_ body like this, acted upon

by arbitrary system of

Copyright © 2018, Prof. K. Ramesh, Indian Institute of Technology Madras, INDIA

forces Under the action of these forces, we have already seen, that the body will have a

translation as well as a rotation and we call that as a general plane motion, if the body

has translation as well as rotation put together, we call that as general plane motion.

12
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So, this is a free body diagram and that is equivalent to saying that, this as a summation
of forces, as well as a summation of moments, this has a translation, as well as a rotation
and you have this as equivalent force couple diagram and you also bring in another
terminology here, you call something as kinetic diagram and | have this as a kinetic

l

diagram. This has and translation like this and a rotation dictated by % and this is

known as a kinetic diagram so, in many of the problems when we do it in Kinetics.

We would like to have the kinetic diagram properly represented. So, that you visualize
what happens to the rigid body, use those quantities appropriately in doing the
computations. So, | have a basic free body diagram, which could be reduce to a simpler

representation of

Kinetics

K. — — . equivalent force couple
C) Rigid Bodies in General Plane Motion

About G F,

diagram, which can also be

It is known that (ﬂG)relzf}G viewed as a translation and

By Definition a rotation, all respect to the
FZ

. ) _
(Ho)=zhxmp, mass point G.

Computations are easier for
relative velocity!

F, (Refer Slide Time: 34:40)

s _em A F3
Pi=0%p; o S So, we will look at rigid
Hi=lo  IMs=H; X i A bodies in general plane
] G~ 6
=lo=la motion and we will look at
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about G. So, we have these

- s

EF:'_W_ and EMG:HG

body and | have reference axis X and Y, let me take a let me also represent the

identities, . So, | have a system of forces acting on the rigid

accelerations and rotation of this and take an arbitrary point, we have the identity

-

(HG)M=HG . 1 am going to use this, | take an arbitrary point on the rigid body, this mass

. m _ .
point has mass of "and the distance is P

(Hg)er=Hs

and | have already said that, we know

13
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So, instead of writing Hg from the first principle, I will write HG rel that is easier for me

H,)

to write and use the expression by definition, I get () =Z2*M2: S0 this is where we

- -

H.) . =H

use the identity, we have proved earlier, (Hew =He . Now, my interest is Hg but, I will

just estimate H G rel from the definition basic definition and simplify it. Computations

are easier for relative velocity, that is the advantage, | have and | can write from our
o - p=ox
understanding of rigid bodies and general plane motion, "' g,

So, when | substitute here, | can simplify it as Hc the magnitude, turns out to be

a

and when | take the differentiation of that, | have g , | get this as 'IIGm:, w:is nothing but,

lca. This is one way of deriving the expression; we have taken the advantage of our

& -

A

earlier identity, ) -HG . | can also do it from another fundamental prospective, we

will derive this expression from both the ways ok, here | have use this identity and I

. M. =l o L . .
could directly come and say that G ok, that is a final expression that will be of

used to us repeatedly, we

: Knees i will also look at from a
) Rigid Bodies in General Plane Motion , T different prospective.
Taking moment about G
M, =m p?a+(masinp)x, (Refer Slide Time: 37:53)

_(m,écosﬂ)y,

sM.=sm pa+ For clarity | have shown it

G i

asinfymx, little bigger ok. So, make a

-acosfymy.

X neat sketch of it, | have the

Origin of co-ordinates istaken\ representative  point and

w a . .
as the mass centre. . which is located at a

distance of Y i and X i like

Copyright © 2018, Prof. K. Ramesh, Indian Institute of Technology Madras, INDIA

this and the mass point is

put as m i, saying that it is a generic point and | have a acceleration of this as mfa and |

have the force, which is put as ma and this body has a angular velocity, as well as the

angular acceleration and I have this as a.

14
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So, these are all the other components of forces which you get and | can write Mg;, if |
want to find out moment about the point G,

Mg =xmpia+
asinfymx,
-acosgymy.

you have done the Varignon’s theorem, it is nothing but, writing it from the Varignon’s
theorem and we have a very interesting when | sum them up, the terms go to 0, that is
what we are going to look at. So, you know very well, that we are writing this with

respect to the mass point G.

fretcs ‘ So, by definition, we go to

Stvaran Pragha

" ) Rigid Bodies in General Plane Motion

0 and | simply get

- IMe=ke 5o e

e whole idea is, moment

ann

about G, in a rigid body

reduces to your moment of

inertia I into a, a Is your
F Fms® angular acceleration of the
IO R body. We have derived it
T —————— in one way earlier, we have

re derlved it from first prmC|pIes in thls slide, the final result is this, it is a very useful

result.

(Refer Slide Time: 40:47)

And when | have a rigid body in general plane motion, | always recognize YF=ma ang

sM,=l.a

6~ . We will now look at, what are all the simple motions that we know off, we
have looked at translation, we have looked at curvilinear translation, we also have
general plane motion, we also have fixed axis rotation. So, what we are going to do is,

simplify these expressions, for the given context, any one of these simplified motions.
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(Refer Slide Time: 41:39)

And about point P, just emphasize that we have attached a non rotating axes attached to

this point, I can also write

Kinetics

Swwkues  the expressions and for

() Rigid Bodies in General Plane Motion
About P (nonrotating axes attached to this point) generality, you know the
M, =/-’/G+,%Xm§ point P can be on the bodly,
- 7 i
zMP:IGa+mad e B, can be outside. So, | have

ﬁl\&q taken it between the body
P

Also another form can be looked at
here and | represent any

~ 3

M, = (H,),+pxmé, e quantity related to the mass

)|~ lp

N point with a bar.
=l,a+pxma, , o

I, is the mass moment of inertia
about an axis through P.

So, | have lgo, ‘M@ and

Copyright © 2018, Prof. K. Ramesh, Indian Institute of Technology Madras, INDIA - ff]l L3 =
¥M, =H_+pxma
g and I have

:!l ﬁ’+m§d
M=o , d is the perpendicular distance. So, | can write this, simply as

sM=la+mad : : : . :
P it is a very important expression you will repeatedly use it later on in

solving problems, also another form can be looked at. Now, we would like to get
ourselves armed with different forms of these expressions, depending on the context of
the problem, we would invoke one of this and you know I can also recognize that the
point P, has an acceleration a P then, | can put the differently, I can also have Ipa.

M, = .’:f] +pxma
So, 2V = Pply+pxma, , go back and then see which we have derived it earlier, | have

b

invoke thatand ™ i nothing but, Ira., the magnitude of this is nothing but, Ira. So, |

| P is the mass moment of inertia about an axis through P and I can write this Mp as

Ipé+pxma, , where ap is the acceleration of the point P. So, these are again another
representation, either | could use this or I could use this depending on, which way I

would like to solve the problem.

16



Video Lecture on Engineering Mechanics, Prof. K. Ramesh, IIT Madras

(Refer Slide Time: 44:26)

EMP = (Hp}mﬁf;xma"p

And the most general form is this, and | can put this as

[ &+f}x ma
s F P and 1 could
L, " 2 & : : Swavan Prasra

v ngld Bodies in Plane Motion T |ook at Specrflc Conditions’

This is the most general form :='U'
. when * ", P merges

M = g A ~ ; .
Mp= (H,),+pxmé, b m’a,, with G. So, | have this as
SR P
=l,a+pxma, [P;" ¥ MG =1IGEI

, we have also

When p=0; yMg.a . . MG quH
seen it earlier,

When a P = 0, point P

becomes O, the definition

When &,=0; Point P becomes O IM,=lya

W™, =Ho Vectorial form seen earlier

of fixed point is you have

Copyright © 2018, Prof. K. Ramesh, Indian Institute of Technology Madras, INDIA

an inertial frame attached to this, the point does not move.

M. =l
So, ap becomes, when a P become 0; point P becomes O and | have )2 0 0" orand I
" Kinetics b M =H
e SwaPuss hgye ) 0 "0 S0, this

() Interconnected Rigid Bodies
is the most general form of

zﬁzzmé representation.

(Refer Slide Time: 45:51)
M, = Ylga+ymad

And you can also extend it
for interconnected rigid
bodies, you can also put
the kinetic diagram for the

interconnected rigid

sM,= ¥lsa+ymad

bodies. So, | have . So, | have a summation here and | have

Ma, M3, 3nd | have h%and 'iza?, | also have an arbitrary point P located vectors.
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So, in this class, you know we have looked at systematically kinetics of a particle
followed by system of particles and then finally, to rigid body. We have got the most
general expressions and we would reduce them for specify rigid body motions for

translation, curvilinear translation and general plane motion in the subsequent class.

Thank you.
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