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Elasticity
Strain Energy

It points radially inward in accordance with expectations,
W Imagine a disk of radius R is strained so that the displacement of each point
(1.0) on the disk s

D(1,6) =107 (474)
where A is some constant. Find the shear strains and shear stresses.
Write & = —sin(8)i + cos() . Then it is clear that in Cartesian coordinates,

D(x,y) = A (~yi+x)). (475)

From this it s easy to see that the strain tensor vanishes identically as does the
Stress tensor.
Figure 4.4: If at every radius, each point is shifted by an equal amount tangentially,

there is no strain suffered by the material,

"This may seem puzzling, but may be clarified using the following argument, Each
point i displaced by D making the new vector £ = r 4 D). Thus, £ =/ +; then

xi4y J=xi4+yj+\ (~sin(6)i+cos(6)]) r
xityj+h(=yi+x)) (4.76)

x=x-Ayiy =y+h

auval A\

Ok. So, in the last class I gave you this peculiar example of strain suffered by a disc of a
radius r. So, the idea was that. So, this example even though that there is a displacement
that is given namely this. So, each point at r comma theta. So, there is a disc of radius r.
So, it is a two dimensional problem. Small r is the distance from the centre and theta is
the angle from x axis. So, that specifies some point uniquely. Now, that point under some
strain it will get displaced. So, that displacement of that point is suppose it is given by

this formula.

That means the displacement happens tangentially in the direction of theta and it is
proportional to the distance from the centre. So, now, you will see that even though there
is a displacement it does not necessarily mean there is a strain in the material. So, this

particular example is meant to show that displacements can actually lead to zero strain,



which implies therefore, that because there is a displacement and because there is no

strain it means that the whole material has actually rotated by a fixed amount.

So, to see that you can rewrite this in cartesian coordinates. So, you write your theta hat

as minus sine theta i and cos theta j.

(Refer Slide Time: 02:09)

X =X=Ay;y =y+Ax

()-G 7)6)

Elasticity Theory and Fluid Mechanics 11

() A).u’ ! ") @)
A ! Y|

One may sce that MMT = MM = 142, This means M is proportional 10 an
orthogonal matrix, Thus the transformation is nothing but  simple overall otation

of all points by the same angle, followed by an overall scaling of the distance from

the ce resent, different points

have t y different amounts (either radially or tangentially). Here they don't
hence ain vanishes,

W This example s about simple torsion. Imagine a cylinder subject to forces (per
Garg

and Byogrom(r.0,2 ates and G, o

are constants. There n the cylindrical surface. It is further
nown as the modulus of rigidity
The problem as usual, is to
in the cylinder

This means that since bulk forces are absent

V.0=0. @19)
Further,

Fo=0, (4.80)
but for the top and bottom cross sections,

And you will see that this is write writable in a cartesian coordinate like this. So, then
you find out what is the new position of that point. So, the earlier position was x y and
the this was the displacement. So, and that displacement can be written in cartesian form
like this. So, you see the new displacement will become like this xX = x — Ay and
y =7y + Ax. So, this can be written basically as a matrix like this right. And this is

essentially it is a proportional to an orthogonal matrix.

So, what this means is that there is a rotation ok. So, there is an overall rotation by some
angle and there is a shift  mean the distance from the centre is kind of uniformly shifted
in all directions. So, there is a scaling. So, the distance shifts in and there is a uniform
rotation. So, as a result there is no strain in the material. So, strain happens when you
know different parts of the material shift by different amounts, but here the whole
material is shifting the same way in all locations. So, therefore, there is no strain suftered

by the material ok.



(Refer Slide Time: 03:30)

W This example is about simple torsion. Imagine a cylinder subject to forces (per
unit area) on the circular top and bottom cross sections form fy,(r,0,2) = G 0tr9
eylindrical coordinates and G,

and fhoyrom(r,0,2) = =G a.rg, where (r,0,2

n the cylindrical surface. It is further

Known as the modulus of rigidity

shaft. The problem as usual, is to
ents in the cylinder.

This means that since bulk forces are absent,

V.o=0 (4.79)

Further,
#6=0, (4.80)

but for the top and bottom cross sections,

k-6 ="figp(r0,2) (481)
k)+0 = fhoriom(r.9.2) (482)
One could go about finding the tensor ¢ consistent with these constraints in a sys-

tematic manner, but we prefer instead to guess an answer and verify that it works,

We wish to test the following answer,

o(x.y,2) = -Gay(igk+ked+Gax (jok+ko ] 483)
The above notation simply means 6(x,y,z) has a component 6,; which is nothing
but the coefficient of 1@k, which is identical to the coefficient of k ©1 and so on

This formidable guess is made less so by realizing at the outset that this tensor is
uniform in the z-dire

the dot product with

viz. itrespects cylindrical symmetry. Further, if one takes

e get

ko(xy2) = -Gayi+Gaxj=Gar, (4.84)

So, now let us discuss another example which also involves something like twisting. So,
the earlier example seemed like something is getting twisted, but then that twisting does
not result in strain. It just results in overall rotation, but the next example is you have a
twisting which actually results in a in strain and stress. So, this example is this imagine a
cylinder which is subjected to two forces. So, you have a cylinder like this basically what
you do is you twist this cylinder here in this direction and in this direction you twist it in.

So, basically you twist it in opposite direction holding the two ends.

So; obviously, you are causing a strain and that is called torsion. So, that is called
simpler torsion means twisting. So, basically the top part of the cylinder. So, you can
think of this as the bottom I mean I should have written it like this maybe then it would
make sense. So, this is top this is bottom. So, the idea is that you are twisting this. So,
you are applying force per unit area which is in the angular direction so; that means, in

the tangential direction phi hat and it increases as you go away from the centre

So, the cylindrical coordinates are of course, natural here. So, and their coordinates are
basically r theta r phi and z, r corresponds to a distance from the axis the central axis to
the point you are interested in the shortest distance from the central axis to the point you
are interested in and phi is the angle made with some arbitrarily chosen x axis you know

in a plane that is parallel to the top and bottom faces. And the z of course, is along the



central axis. So, now, given those coordinates then we say that imagine that the force that
you apply per unit area on the top face of the cylinder is proportional to r, but in the

twisting direction phi and the bottom you twist it the opposite way.

So, it is minus. So, it is minus G alpha r phi for the bottom plus G alpha r phi for the top.
So, now, obviously, we expect strain and stress here, because you are actually twisting
something I mean it is not reasonable to suspect that this whole material all parts of the
material twisting the same way. In fact, they are not. We expect the centre portion to
remain untwisted, because the top is getting twisted in one direction it is the other, the
bottom is getting twisted in a different direction. Anyway bottom line is that. So, you got

to solve for the stress tensor.

So, the stress tensor obeys a whole bunch of equations that I have pointed out one is the
equilibrium condition. That is that because the cylinder does not move under the
application of this external twisting forces rather it deforms see unlike a rigid body a
rigid body when you apply a force or a torque or whatever it will start to angularly
accelerate, but here the response is different and namely it deforms. So, this is not a rigid
body it is a it is a deformable elastic body. So, it rather than angularly accelerate it

deforms.

So, clearly you need a balancing force. So, in other words you have to make sure that if
there are bulk forces they have to be such that the divergence of the stress plus the bulk
force is 0. We just showed some time back that is the condition that is a necessary
condition for this elastic body to be in equilibrium, means not accelerate. So, clearly now
we are assuming that the weight of this cylinder can be ignored maybe you are doing this
in outer space or in a you know in the international space station you are doing this

experiment.

So, everything is freely falling. So, everything is weight less. So, in that case there is no
there are no body forces. So, then divergence of sigma is 0, rather than divergence of
sigma plus fb being 0 is divergence of sigma is 0, because fb is the force per unit volume
the body force, which is absent. And secondly, this is some assumption that is consistent

with what we have kind of seen earlier that the stresses basically are you know the forces



that you apply are in the angular directions. So, clearly the radial forces are absent,

because you know nothing is being pulled in the radial direction.

So, it is you are pulling it angularly ok. So, there will be components in the z direction,
because you see you are pulling angularly in one way when z is plus | by 2 and you are
pulling angularly in a different opposite way when z is minus | by 2. So, you expect
components along z also, but you do not expect components along r, because you are

pulling the same way for a fixed r it is the same.

So, that is the reason why we assume this [ mean if it is not immediately obvious to you.
Why this is a reasonable statement. You just you know you just go along with what I
have said and then you work backwards and convince yourself that this is in fact, correct

ok.

So, now clearly by definition the, because stress is given I mean we have assumed that
sigma is a stress. So, if stress is it is not really given, but we have assumed we have a
symbol for it namely sigma. So, if stress is denoted by sigma which is a symbol then the
k component of the stress on top of the cylinder or to be equal to the force per unit area
that you are applying on top of the cylinder. So, that is the this relation. So, similarly on
the bottom it has to be this. So, put them all together and then you can convince yourself

that this makes sense ok.

So, this is again I have rewritten in terms of the cartesian just like I did earlier that phi
hat can be rewritten in the cartesian i and j. So, when you do that you will be able to
rewrite it like this. So, this circle with a cross inside it is called a tensor product you do
not have to be scared by this. This all this means is that this refers to the x z component.
So, this is basically I mean this is the x z component. So, this one. So, this is the x z
component of sigma. So, this is the z x component of sigma and this is the j z component

this is the z j component ok.

So, there are all these components. So, this has been you know like this is consistent with

these conditions ok.
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Figure 4.5: A cylinderis subject o twisting force
ends. The displacement vecto

in opposite directions at opposite
cylinder are shown. Note that the

sense at one end is opposite to the sense af the other end, and there is no displace
ment at the center.
whichis as it should be (note that k-1 k = (k-1)k =0, whereas k-k @i = (k-k)i=1).
On the surface of the cylinder /i = %+,
. . X I N
ii-o(x,y.2) = =G oy (=k) +G ax (=k) = 0. (4.85)
’ r

Also it is obvious by inspection that Eq. (4.83) obeys Eq. (4.79). From the stress-
strain relation Eq. (4.16) we get the following formula for strain (since ¢ = Tr(6)
0)

(14v) o .
€ i (~Gay(iok+ke)+Gax(jok+ka j)) (4.86)
This means
a=by =iy mty =y =, 487
and
(1+v),
£y Gay) (4.88)
(14v)
£ =¢ I ~Gax (4.89)

So, now you can go ahead and ask yourself what is the stress on the surface of the
cylinder ok? So, the reason why we need this on the surface of the cylinder clearly you
do not expect stresses. So, the stresses propagate in the z direction. So, there is a twisting
in the phi direction and they propagate in the z direction. So, on the surface it is got to be
0 and we impose this condition that on the surface of the cylinder there are no stresses

ok.

So, on the surface of the cylinder this is what that is. So, if that is the case then you can
rewrite now remember what we wrote about this, this is the strain tensor. So, the strain
tensor was basically related to the stress tensor in what way. So, remember what we
wrote about the strain tensor. So, the strain tensor had a well defined relation in terms of

this stress tensor ok. See namely this ok. let us look at for the most general case.
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V= LL. Therefore,

Mg
Di0): + 90y +0.04 - 7 =0 437

0,0y + 0,0y, + 0.0, = 0,0,y 40,0, + 0.6, = 0 (4.38)

at each point inside the material. At this stage it is clear that of the nine components,
all the shear components of stress and strain vanish in this problem as this is a
question involving only normal stress and strain. Also the component of the stress
-6 on the bottom surface (i = ~k) is nothing but ..k should be the force acting

on the bottom surface per unit area ps = k" assuming it s uniform
Mg
0(2=0) (439)
Li,

Let us assume that all other components of the stresses vanish on the Surfaces. This
means the unique solution to the stress question is
Mgz
6.(2) 1), (440)
LiL'L
and all other components of the stress vanish identically. Using the stress-strain
relation we get,

Ex =€ [ (441
E
(1+ Vv
€ [ F; i (442

Butg=0+0+g;

duy Oy v Mgz

- ( 1) (4.43)
W ELLL
w1 Mgz
g fe 2y (444)
% ELL

The minus sign indicates stretching in one direction also means compression in a
lateral direction (not by the same amount but a fraction v). Thus,

|

€ =(a+b) 0y, [ .13)
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Ve =8y=b0y=b (4.14)

&:=b0y (4.15)

Ths b=~} and a+b = }. This means a Therefore the stress-strain

relation becomes

ad;; (4.16)

Thus the fundamental equations of linear elasticity theory are the relation between
stress and body force (Eq. (4.4)), the surface force equation Eq. (4.5), the relation
between strain and displacements Eq. (4.6), and the linear stress-strain relation
(which is an approximation valid only for linear isotropic materials) Eq. (4.16).

4.1.3 The Stress Function Method

Here we discuss various methods used to solve for the strain with given body and
surface forces. In two dimensions, a systematic method, namely the stress func-
tion method may be used. Of course, what we have in mind is not really a two-
dimensional object but a problem where there is symmetry along one of the direc-
tions so that variations of strain along that direction may be ignored. This situation
is known as plane strain (plane stress is another different possibility, which is rel-
egated to the exercises). This is common, for example, in situations such as a wall
with lateral pressure applied on it, a tunnel or a cylindrical tube with internal pres-
sure, and so on. First we assume that the body forces are derivable from a potential
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(T+V) s b o s
€ i (~Gay(iok+ke)+Gax(Jok+ka j)) (4.86)
‘This means
B = By =& =8y =8y =), (4.87)
and
(I+v) .
[ ] = Gay) (4.88)
a ‘\“('r (4.89)
&=t X 8
E

These may be integrated to give the displacement

(1+v) . 14V
D.=0;D, L Gazy): Dy T(;m: (490)

4.2 Strain Energy

We wish to derive the equilibrium condition,

V.o(x)+f(x) =0 91
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as the consequence of minimizing some function of the displacements which we
then identify with the elastic strain energy. First we make the following observa-
tions. From Hooke's Law, the stress tensor is a linear combination of the compo-
nents of the strain tensor,

6;5(x) = Mgy (x), (4.92)

where sum

on over k, is implied. We further assume that the body forces are
apotential, so that f,(x) = =VV(x). Thus the equilibrium condition

derivable fi
Lol

Yeah this one. So, the strain is related to stress in this way this is the most general one.
So, the stress strain relation. So, if you use that relation. So, you will basically since the
diagonal components are 0 right, because there is no diagonal components of the stress.
So, therefore, the diagonal components of the strain are also 0. So, and the off diagonal
components have this coefficient here. So, which involves the Poisson ratio and Young’s
modulus. So, this clearly shows that all the diagonal components of strain are 0 and

specifically along the x y directions also the strain are 0.

Only the x z and z x components and y z and z y components are nonzero ok. So, now,
you can. So, now, this you know how this is related to. So, this is basically ux by z plus d

uz by x.

So, similarly here this is e + Iy is it not. So, you simply integrate these two
z Yy

relations and you will get this displacement. And this is interesting, because what this
says is basically that at any given point xyz the point I mean no point displaces
vertically. So, that is to be expected, because you are taking a cylinder you are twisting

the bottom portion in a anticlockwise way and the top portion in a clockwise way.



So, there is no reason why anything should shift vertically. So, they will shift
tangentially. So, that is what is happening here. So, the amount by which it shifts in the x
direction is proportional to z and y and it is in one sense. So, it basically it tells you
exactly how that cylinder is getting twisted; means how all the points in the cylinders are
getting displaced. So, this is clearly an example where there is a strain and stress. So, the
strain that appears in the material and the stress is similar. So, because of this twisting

you the material undergoes a strain and the strain undergoes this displacement.

So, it is interesting to know that you can explicitly calculate. So, in other words once you
figure this out. You can actually you know explain what the shape of that cylinder will
look like. You can probably even plot the shape of the cylinder. So, just imagine. So, I
would encourage you to use some software like MATLAB, Mathematica and you know
plot some before and after pictures. So, before you apply any of these twisting forces
what does the cylinder look like and what does it look like after you apply the twisting

forces ok.

So, that is an activity worth doing I encourage you to do that and I think I will leave that
to some of the exercises. So, now, let us revert to some more general statements
regarding the formalism. So, I told you that there are some general constraints obeyed by

the stress and strain tensors.

And one of them is this equilibrium condition, which ensures that the elastic material
does not accelerate upon application of stress rather it deforms. So, the condition that
ensures that is to is the condition which says that the divergence of the stress tensor

should be compensated by the body forces if it does not get compensated in this way.

The material will accelerate in addition to being deformed. So, we will of course, not

consider that possibility. We will consider pure deformation.
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where summation over k, I is implied. We further assume that the body forces are
derivable from a potential, so that fj(x) = = VV/(x). Thus the equilibrium condition
Eq. (491) may be written as,

Vil ey (x) - V3V (x) = 0. (493)

This equation may be thought of as  of a variational principle,
/m‘zau X)) (Vi ey (x) - V¥ (x) =0, (494
o

for each va in the displacement vector of the elastic object. In order to

implify we assume that this variation vanishes on the boundary

Q. is otherwise arbitr rm in the parenthesis should

vanish at each point. Now we rewrite the variational integral

/‘/\ Suj(x)) Vi Mgy (x /xl\\lﬁvm\ )VV(x
o o

/J‘\ 8Viuj(x)) Mgy (x) + /u\m‘m V(X (4.95)
Q ¢

The last relation follows from integration by parts and setting the boundary term to
zero, since the variation in the displacement vanishes on the boundary:

/‘/\ () (M (x) /d\‘ ) (M Vg (x
i Q
./d\q (Meg(x).  (@96)

Here the surface term is set o zero. Since /X = M (Vju;(x)) = Tr (e(x)), and
the strain tensor may be expressed in terms of the derivatives of the displacement

1 [ dug(x)  Ouylx -
)= } @9
2\ dy o

the above equation becomes

/,/ x (86;(x) Mgy (x) + /d‘u‘./,‘m V(x) =0, 498)
o o

This may be rewritten as

So, now, point is that I have been repeatedly telling you that any such you know
differential equation can be thought of as a consequence of an extremum problem; that
means, you take some functional and you minimize with respect to some some other
parameter or some other function and then you ask what is the condition under which
that function becomes or functional becomes minimum and. So, we showed that
Lagrange | mean basically the for example, Maxwells equations can be thought of as the

Euler Lagrange equation of some suitable Lagrangian.

And of course, the Euler Lagrange equations themselves are a consequence of the
extremum principle that is minimizing the action. So, similarly here also this equilibrium
condition can be thought of as a consequence of minimizing some internal stress induced

energy of the system ok.

Elastic strain it is called it is called strain energy ok specifically, because of course, stress
induces strain and strain you know the strain in the material is some kind of a potential
energy. It has a very anthropic relation also; that means, we all know that when a strain
builds up you know when we are stressed we are also strained like psychologically and
the strain that builds up is some kind of a potential energy and then to release strain we

shout at people and that sort of thing.



So, that is the psychological aspect of stress and strain, but here it is a very physical
manifestation, but the parallels are quite striking. So, you have stresses that are applied
on the material, which induce strain and strain builds up and manifests itself as a form of
potential energy. So, now, the question is what we want to do is? We want to find the

potential energy that is you know pent up in the material, as a result of this strain.

So, we make this very general statement that you know any 2 by 2 matrix its components
can if it is linearly related sigma and epsilon are 2 by 2 matrices that are linearly related
and clearly I should be able to write them with some proportionality coefficients, which
this capital M is what that is and then further I assume that the body forces are derived
from a scalar potential that I am means I am assuming conservative body forces typically
the weight of the material itself or if it is a fluid or something it would be some pressure

even if it is a solid it could be some external pressure.

But typically it is the weight of the material. So, I go ahead and substitute these two this
is just the stress strain relation, which just says that stress is proportional to strain and
then I substitute that here and then I substitute the body force there and I get this equals
0. So, now, you see this relation may be thought of as the consequence of some
variational principle. So, what you do is that you multiply this by some delta u which can

be arbitrary you integrate over some region and then you say that is equal to 0.

And then you say that this is this relation is valid for every delta u. So, if this is valid for
every delta u; that means, that this itself has to be 0. So, these two statements are the
same ok. So, now, the reason why I wrote it like this is, because I can go ahead and
rewrite this 4 point 9 4, as a delta of something. So, I want to write this as delta of
something equals 0. So, that will means basically I am minimizing this something. So, I

want to write this as delta of something equals 0.

So, then I do all my integration by parts for this. So, you see I do my integration by parts
and your gradient will come on this and so on and so forth. And yeah and then I have this
gradient, which I split it up into you know this is like a you know the Gauss theorem. So,

this is like the divergence of something. You know this is the divergence of some



something else. So, this is d 3 x, but then this will be the surface integral of that. So,

basically that is what I have done here ok well.

Firstly, right now it does not look like divergence. So, that is why I have to integrate by
parts I have to first differentiate with respect to this. So, if I integrate by parts this
derivative goes and sits here in the middle here, but then this derivative sitting in the
middle means that it will first give me divergence it will also give me some term which
is not a divergence which is this one. So, I have to make sure I subtract that out. So,
when 1 do that, I get these two terms. So, this is a consequence of applying Gauss’s

theorem. So, this was a divergence of M i right. So, which is basically divergence M.

So, I think you should think deeply about this, because some of these steps can be a little
bit tricky. So, I will allow you to think deeply about this, but this is straightforward

calculus. So, there is no physics here it is just calculus

(Refer Slide Time: 23:07)

/,/"wéx,,‘w MM gy (x) + /d\&mm ) V(x) =0 (4.98)
o o

This may be rewritten as

5/ Prii(x) =0 499
i
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where $(x) is the elastic energy density,
! i

U(x 5Eij(X Mgy (x)—Tr(e(x)) V(x). (4.100)

Aliernatively,
1 ,
U(x) = Seij(x)a” (x) = Tr(e(x)) V(x) “.101)
1f body forces are absent then the elastic strain energy density stored in the body is
given by

I
train(X) = 5€ij(x)6” (X (4.102)

4.3 Euler and Navier Stokes Equations

In thi section, we introduce the equations of fuid dynamics. Fluids are elastic me-

dia that do not support shear str The response of an elastic solid to shear stress

f a fluid to shear stress is to move (accele
of a fluid

is 1o deform, whereas the respor

We start w rticle on where we th

X iSdected ¢ EdtPopetes O Dupicate @ Note 0 Flatten

So, now, I go ahead and use my symmetry properties that, because these matrices epsilon
and sigma are symmetric. And furthermore this is this is basically the trace of epsilon is
just divergence of or basically yeah. So, the divergence of u which is the displacement.

And then I also use this general statement about epsilon.



So, when I do all that I substitute all that here and then I will be able to show that this
equation. So, in other words this equation, which becomes this. So, this equation. So, this
equation. So, I substitute instead of this I substitute this and then finally, all this becomes

this and this can be written finally, like this ok.

So, it is. So, that is what I promised earlier that I am going to rewrite this equation,
which see this was my condition the equilibrium condition I multiplied this whole thing
by delta of u and integrated and said. So, these two are the same provided this is valid for

any delta of u.

So, since that is valid for any of delta of u, I can simply rewrite this as the variation of
some something equals 0. So, which is what I was driving at and that something is
basically the elastic energy density which is given by this ok. And since this is equal to

epsilon. So, I can rewrite this as the elastic energy density.

So, it has two parts one is basically the trace of sigma times epsilon times sigma is one of
them and the other is due to the body forces if body forces are absent the strain energy is

simply given by the trace of 1 half of the trace of the strain times the stress.

So, and that is your strain energy density or the elastic energy density. So, that is the
energy density, that is kind of pent up in your elastic material, because it is holding on to
strain ok. So, minimizing this will amount to enforcing the equilibrium condition ok

alright.

So, I think this completes the discussion of elasticity theory. So, I think the bottom line is
that there are many steps in especially in the derivations, that are quite technical and they
are going to be necessarily hard to follow unless you actually sit down and work out all

the steps which is the reason why I have brought out this book.

So, it is imperative that you go through the book and make sure that you work out all
steps and if you have doubts you send me a message asking me how I got from here to
there. So, it is only when you work out all the steps on your own, that you can actually
understand. So, it is impossible for you to simply understand just by staring at some

equation for a few minutes.



So, you have to work it out ok. And that applies to everyone including people who have
worked in this field for a long time ok. So, they also get stuck, because human mind is
evolutionarily not equipped to handle equations you know we were hunters gatherers in
the distant past and our bodies and minds are evolutionarily adapted to do very mundane

things.

So, it is with great difficulty we are able to reach up to this level. So, effort is necessary.
So, you have to put in effort in order to overcome your evolutionary adapted brains ok.

So, I am going to stop here
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U(x) = 5&ij(x)a" (x) = Tr(e(x)) V(x) .101)
11 body forces are absent then the elastic strain energy density stored in the body is
given by

1
Wirain(X) = 5€3j(x)6” (x (4.102)

4.3 Euler and Navier Stokes Equations

In this section, we introdu
dia that d

is to deform,

We start with the partick
individual atoms and then take the continuum limit to derive the relevant equations,

scription where we thinl

4.3.1 Equation of Continuity and Current Algebra

Imagine a collection of N particles each of mass m. The position and velocity of the
i-th particle will be denoted by (r;,v;). By definition, vi(r) = %r;(r). The number
density of particles may be defined as,

prr) D‘w r(t)) (4.103)
i=l

Dimensionally, this is then the number of partcles per unit volume at location r
"The (number) current density, may similarly be defined as

N
Jet) = Yovilt) 8(e i) (4.104)
i=l

‘This is the the number of particles crossing per unit area per unit time in the direc
tion e s
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And in the next class I am going to discuss a new topic, which is Euler basically the fluid
mechanics right. So, I am going to discuss the theory of fluids, which is you know elastic
materials which are also modelled like elastic materials, but then elastic materials that do
not deform under shear stress, but rather accelerate under shear stress. So, in the earlier
case | assume that no type of stress will induce an acceleration in the material. So, that

would correspond to in a perfectly elastic medium.

But fluids are elastic only in some limited sense. If you apply shear stress they will

accelerate ok. So, that is how you define a fluid in elastic medium that suffers



acceleration instead of deformation upon application of shear stress ok. So, I am going to

stop here and in the next class let us discuss fluid mechanics.

Thank you.



