Video Lecture on Engineering Mechanics, Prof. K. Ramesh, [IT Madras

Engineering Mechanics
Prof. K. Ramesh

Department of Applied Mechanics
Indian Institute of Technology, Madras

Module — 02
Dynamics
Lecture — 02
Circular Motion

Module 2 Dynamics

Lecture 2 Circular Motion

Concepts Covered

Derivative of unit vectors in Cartesian and Polar co-ordinates, Engineering examples of
fixed-axis rotation, Analogy between rectiinear and angular motions, Detailed
discussion on concept of rotation - a relook, Definition of angular velocity, Example
problems.

Keywords

Engineering

() Cartesian Co-ordinates

Position of the point A
f= Xf + yj

Velocity at the point A

;=ﬁ+ﬁ+ﬁ+ﬁ

V*f*XI.+yj- 7

Path Swus Prss
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So, let us move on to

Circular Motion.
(Refer Slide Time: 00:45)

And let us take a particle
moving along an arbitrary
path. And let us look at
quantities from a Cartesian
coordinates system. | have

the position vector for the

. Now let me find out the velocity | will

do the differentiation of
this; when you do the
differentiation, apply the
product rule properly and
write the all the quantities,
do not leave any quantity

untouched.

So, when | do that, | get
this as N+

and let us look at what

happens when the particle has moved by a small distance to a position A’. | have the new
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position vector as ra- and let us look at what are the base vectors at point A and point A’.
We are looking at the Cartesian coordinate system, when | do that at point A; | get this as
i and j at point A’ also | have this as simply i and j. Please make a neat sketch of all this
even though you know these concepts earlier; clarity is required for further development

of the subject if you have clarity then you do not need any preparation for your

examinations.

So, by virtue of they being

Path S ” Pragsa

Cartesian Co-ordinates identical | can write
Position of the point A e ]

i y i=0,/=0 this makes our

8 - ~ "‘ e v : A A

Al i=0/=0 K life  very simple in

Velocity at the point A Cartesian coordinate

F=Xi+Xi+j+Y] 4 system. So, | simply write

b=kl 43 / the velocity as
V=F=%i+yi

Acceleration at the pointA | <8 Y and when |

0 X

G=F=ii +if want  to get  the

lf" Y acceleration, the

differentiation become

simple because we already

Polar Co-ordinates P == now 1=0/=0that has
? \ ' made our life very simple.
6 ol ,
‘1% (Refer Slide Time: 03:28)
€ /e,
A And | have the vector v can

be looked at as

components vy and vy, then

again  acceleration  as

W) simply d=F=Xi+j g,

this is fairly simple you

have no difficulty at all and this is what we have learnt it in your earlier exposure also.
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(Refer Slide Time: 04:07)

Now, let us move on to polar coordinates you know | make my animation slow; the
reason is that you also make a neat sketch of what we discuss. | have an arbitrary path, I
have the particle A, again | put the position vector, then | also draw the coordinate axis
there | have r direction like this and @ direction like this and let me put the unit vectors

on this direction as er and ey.

So, make a neat sketch of it make a big sketch so that you have clarity and what we
discussed. Then I move from position A to position A’ separated by a distance d6, | have
moved to A’. So, | have this as ra' the distance as the position vector is denoted as ra’
and here again, | can draw the r coordinate system and 6 coordinate system when | have
the polar coordinate system, let us look at how this coordinate change from position to
position.

So, | draw a extension of line ra', | get the r axis perpendicular to the I put 6. And the

diagram is drawn so big for

Polar Co-ordinates 8 : . . .
: et " r you to visualize unlike
Magnitude of |dé |=d6 A\\ely /
0 -
- , what we saw in the
Direction of de, =€, N Ao _ )
o =640 A Cartesian coordinate
Magnitude of |dé,|=do A system. If | put the unit
Direction of d€, =-€, g ; vectors er and eg, they are
dé, = -édo not identical like what we
On re-arranging the above had seen in the Cartesians

coordinate  system. It

remains i and j when |

moved from point to point,
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but here it changes from e, to er; they are not parallel there is distinct difference and we
will analyse these differences ok. Unit vectors change depending on the position; this is

what you have to recognise.

(Refer Slide Time: 06:41)
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So, when 1 recognise this | would also go and put these with a much bigger
magnification. So, | have e, it has changed to er and ey has changed to ey and let me
complete this vector diagram. So, this is the direction 6 this is +6 and when | put a
perpendicular to this, this becomes -r. So, that is very necessary for our discussion later

and | would call this change as der. So, er + der gives me er, €9+ deg gives me eq.

Now, look at how do we designate the magnitude of der; mind you that these are unit
vectors. So, when | say that these are unit vectors the magnitude simply turns out to be
deg, from the diagram it is very clear and we are discussing about der and what is this

direction it is along this direction. So, the unit vector is ee.

Now, let us look at dey before that | have written it @, =6,40 . Let us look at similarly
the magnitude of dey that also turns out to be simply because these are unit vectors, | get
this simply as d@ and what is this direction? It is clearly given in the figure. So, you can

write the direction as - er

is what is you have to be

Polar Co-ordinates 4 - )
{ ANzl careful about; this - er and |
b . b . Xy e thi
o S0 gy = ; can write IS as
do "' do %e,
A x "
On dividing by dt and re-arranging ', 0, =400 . So, let me
gé,_:é ae. 5 rearrange the terms above
- O X .
and I can write
de, . do : g
- - ‘e RIS
dt {dt ﬁ:ép;ﬁ——e
4 dé 0

(Refer Slide Time: 10:02)
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And let us move on and divide them by d t and rearrange it because we are interested as a
& _; %,
function of time in dynamics. So, when | do that; | get dg " df " ggrdt which

6, =08, and & =-9..

could be simply written as +; it is a very important relationship.

Because what you have to recognize is when we move on to polar coordinates which

becomes convenient in certain class of problems. You have to leave it with polar
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coordinates, you cannot always leave it Cartesian coordinate, certain problems are easy
to handle in a polar coordinate system, certain other problems are easy to analyze innt
coordinate or intrinsic coordinate system. So, when you use intrinsic coordinates or polar
coordinates in both of these the unit vectors change, only in Cartesian coordinate system

the unit vectors remain unaltered ok.
(Refer Slide Time: 11:29)

And | have done it for polar coordinates, | would like you to do it independently for the n

t coordinates or the intrinsic coordinates. Now, look at how do we get the expression for

- -

. . .. F=re
velocity and acceleration. Now | can write " and apply the product rule properly

and write the velocity as

Polar Co-ordinates V=F=h é, +re

. And we
o k Il what |
Velocity now very well what Is
0=r?=r'é,+ré' é o 3a
‘ " ; that is given as %, ,
=18, +rbg, )
so | get velocity as
Acceleration - ape
+r

N T T — r 0 ) ﬂllE"; | can also

a=v=(re +re)+(roe,+roe,+roe,) & 46 ) _
6, =-U8  recognize what is the r
v a=(F-rf)é +(ro+2i0), component and 0

component and | extend
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the same for acceleration.

I would like you to differentiate and check your mathematics with my expression
because you know when | make the slide, 1 can also make small mistakes in the
expressions. Because these are usually cut and paste and, in the process, we miss out
something, you apply the product rule, collect all the terms and put them in proper
fashion and check it with my expression.
a

It is a very simple exercise. So, | have ©~ Vand | differentiate this expression employing

G=v=(i8 +18)+(r08, +rfé, +rdé
the product rule properly. So, | get this as { )+ (e, " 2 we have

not left out any term fine.
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You might have used circle motion where the radius is constant, there some terms go to
0. What we are now looking at is a particle is moving along an arbitrary path, r is not
constant it varies as a function of position. When | simplify this, | get the acceleration as
d=(F-r@')é +(ro+2r0)é,

, I am not telling the

A Path o Pridin
Polar Co-ordinates @

y brackets and that s
understandable ok. So, this
v iIS a most general
A expression that | get for

acceleration and velocity if

| employ polar coordinates

to investigate the motion.

@ (Refer Slide Time: 14:50)

And this is finally summarized as | have velocity; it is now represented as a component
in the r direction and a
- — component in the 6

direction, | can visualize
this as Vr and V.

(Refer Slide Time: 15:11)

Spur Gears
— | know it is very important
Bevel Gears T to see in our day to day life
we have many applications
where we come across

rotation from a simple

hanging fan like this or
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impeller blade and you have a gear drive here. See, | made it a point that this is a course
on engineer mechanics when there is an opportunity to bring in engineering aspects, |
would like to show that. | have different types of gears, | have one set of gears here, |
have another set of gears here, | have a third set of gears here ok.
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If you look at these are known as spur gears and these are known as bevel gears and this
is called as warm and warm wheel. And look at in all of these cases how the axes are
aligned? And you can look at here, the gears are rotating like this and you can closely
look at what is the kind of profile that you have on the teeth that profile is known as
involute profile, you learn in later courses and you need that for smooth functioning of
the gear. And in the cases of bevel gear note that | have an axis like this, | have another
axis horizontal they intersect at a point. So, you are in a position to translate rotation

from one direction to another direction using this.

On the hand, you have a warm and warm wheel where you required a very high
reduction in the speed this is used, you will find that this is a warm this is called a warm
and this is the warm wheel the warm wheel will have a very slow rotation. And also look
at the axis I have an axis of worm like this and | have an axis of a worm wheel like this.

And what is common in all these cases? You have a fixed axis around which these

objects rotate.

And I have also

deliberately shown a table

P Motion Along a Circular Path . . .
¢ fan in this fashion table fan
Velocity . .
V=18 +168, has a very interesting
Acceleration motion we will see that

d=(F-r6")é +(ro+2rh)g, later. It also has an axis

For motion along a circular
path, r = constant.

and because in many

applications, you have an
V=rog,

axis above which things
rotate we also cloud our

thinking and we always
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perceive  rotation  with

respect to fixed axis this is a mental blog that we have, but we have to get out of it fine.

And suppose we would like to analyze something in a circle motion like this what is the
kind of mathematics that we have to do? | have the general expression velocity and

acceleration that we have derived just now.
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(Refer Slide Time: 18:10)

If I have a motion along the circular path first definition is r remains constant; it is not
like this is varying in a generic path | have r changing, when I say r remain constant and
| have r dot and r double

Motion Along a Circular Path " dot goes 0 and a circle
Velocity o P ’ motion is simplified simply
V="re, +roe,

Acceleration
d=(F-r")é +(ro+2rh)g,

For motion along a circula{ (Refer Slide Time: 18:50)

path, r = constant.

s s And | have this | have an

vV =roe, : i ) )
v,=0v,=r0 object | have shown this as

d=-r6'6 +roé, a rigid body, | have a

S i g ; )
g, =~ 8,=r9 reason for it | have axis
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above which the body
rotates and | have taken a representative point and pictured its motion like this; this is at
a distance fixed distance r from the point of rotation. And when I look at this expression,

thu:&m=m.

And | also represent v as tangential to the path as ro and | have acceleration this reduces

to @ =-10°¢, +10e, . And | can also visualize it in the diagram a r as pointing towards

a=-rt,a,=rf 1 you know very well you know many

this centre of rotation
times you have looked at these expressions and you should not undermine this

expression; you should know how to use these expressions properly.

Even though | say that we have looked at axis of rotation, even when we solve later our
problems, we will somehow look at this as circle motion about some point which will
make our calculations very simple. Even though there is no deliberate circular motion we
would have instantaneous centre of rotation, all these concepts will develop. So, we
would fall back to these expressions because we are accustomed to this and use this

intelligently for solving different problem situations.
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(Refer Slide Time: 20:53)

Circular Moticn

" And | can also represent
sl this in other fashion, | can

e T ' '&.‘Inotherwords QR’ also recognize this as nt
.. V=ro . .

' ‘ s coordinates and | have just
; a=l=—=Vo ' o ]

i { . 4 shown that this is rotating

In vector form ta=o in clockwise or antic lock

i ! . wise both are possible.
V=woxr 8 =0x(xr)

a, =aox(oxr) >
g at Q Let us compare the
a=axr \-—:—:v

expressions when | write in

expression for v, we
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V=raw

always say it as , how you have learnt it has anybody told you as wr? Usually, we
will call it as re but when | write it as a vectorial form what is that | should do? I have to
do very careful | have to call it as wxr do not make a mistake because you always call it

as ro, in vectorial form it does not become r xw it is w % r ok.

See these are all the usual mistakes students do in a hurry and | have a normal reaction,

normal acceleration and that is given as an=rw? and that is nothing, but

vl
a=ro'=—=vo

r and if | write it in vectorial form, | would write itas @ ~ ox(oxr)

and
this is what | have shown it here; | have a acceleration towards this point.

This is the normal component and | can also write the tangential component; usually you

call it as ra that is what you say ra, but when | write it in vectorial form; | should say it

as @=@xl  gee we would solve problems graphically so that you get better
visualization where we will deal with components there you can easily use rw or ro, you
would also solve the problem by vectorial notation you have to handle those vectors

carefully, @ x r and a % r you should never make a mistake there.

(Refer Slide Time: 23:17)
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And you know you also have a vector triple product when you want to do a vector
algebra; it is also desirable that how do you do this quickly. There is no point in spending
time looking at i j k and then do the long hand calculation for a simple expression. If you

Crada Mot ; look at, I would get the

Vector Triple Product o answer as

ok x [m,i? <(Ci + D}]]I = -4C - mef

ok x{of(Ci-+ 1) =-o{Ci - ol0f The interpretation is what

I get in the triple product is
Minus of the product of the scalars and the direction minus of the product of the

corresponding to the last vector. . .
scalars; please write down

z
it is a very important
property which you might

have not noticed it, it will
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make your algebra faster.

So, it is nothing, but the minus of the product of the scalars and the directions

corresponding to the last

» , fome VeEctor; in a vector triple
Analogy between rectilinear motion and angular motion ) )
product invariably, you

Rectilinear motion Angular motion will get only the answer
08 0% _s like this. So, if you know
dt at ]
the trick you can do the
av i 08 s _do . _d'0 .
i el B mathematics fast and you

R will not come back and say
vav=ads or $d$=8ds wdo=add or 6d6=0do

' question paper is simple,

but it is very long you need
, to apply all these tricks to

opytight © 2018, Prof. K- Ramesh, Indlan Instfute of Technology Madras, INDIA

solve your problem quickly
ok.

(Refer Slide Time: 24:28)

And before we move on to further discussion; let us also look at the analogy between

rectilinear motion and angular motion. The repetition of what you all learnt earlier no

10
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harm in having these equations again in your notes;

Sway ;Pkanx.\
Analogy between rectilinear motion and angular motion

Plane motion

V=V, +at

V=V, +2a(s-s,)

2

vdv = ads or §ds = §ds

. In angular motion it is

(Refer Slide Time: 25:51)

Rotation — A relook!

I a ICopyright © 2018, Prof. K. Ramesh, ndlan Insttute of Technology Mairas, INDIA

1
f= HGH-.:GHEGTJ

Angular motion

o’ =0 +2a(0-06,)

1
§=8,+V,t+ Eat2

opyright © 2018, Prof. K. Ramesh, Indian (nstfute of Technology Madras, INDIA

odo = adf or

ge .
w=""=0
motion is ot and
acceleration is
av . d’s
d= =W¥= - = 5
at at
Here | have
Fi
a=dm=fin or a:d—ﬂzé
dt at’ a

nd you also have another
interrelationship

ddé = dde

And we will also look at
the other expressions and
mind you that these are
derived  for  constant
acceleration; a has to be

V=v,+al
constant :

w=a,+al

t=vi+28(5-5,)

o' =), +2a(f-6,)
and

s=sﬁ+vnr+%ar’

11
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(Refer Slide Time: 26:29)

And you know | am not going to bring in these equations again, for completeness these
equations are necessary, fine. Now, look at what is happening to this line. Observe this
and then visualize these are anything that you can recognise out of this | have just shown
a line. What does it look like? Line is moving in space fine in a plane it is moving, it is

rotation ok.

So, | have given this as | have already shown that this is rotating like this and | am
showing another line like this. What is happening to this line; what is happening to this
line? Let us compare these two, this line is rotating like this line is moving like this; are
they one and the same or different? They are different; | am happy, | want you to say that
| want to provoke you to say that | have done my job ok. Let us look at how these lines
have come about fine, because you are accustomed to this, this looks weird, this looks

different fine.

Let me tell you how | made this animation, | would say before deriving this; this is
rotating with angular velocity w this is also revolving with angular velocity w, they are
not different ok.

Rotation - A relook!
(Refer Slide Time: 28:13)

% £ Let me put the cat out of

al w, the bag; | will see this is
you have pictured it very
clearly this is a rotation |
have a object which is
rotating about a axis and
£, You are able to see this.

Ciprg 1P K et o i o v o O 4 And what | have done in
the second case is; again | am rotating the same object, | have taken a different line that
is all, we are not accustom to that; we have a mental block rotation means it should be
like a spoke in a wheel, am | right. You have to get out of that if you get out of that

feeling, then you can understand general playing motion of a rigid body.

12
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And we have to understand what is the meaning of rotation; we are having a relook at it.
When | say you have to have a relook at it, we will also have to evaluate this, quantify
this, how do | quantify rotation? We all know you say angular velocity how do you

define angular velocity?

Rotation - A relook!
v\ \ (Refer Slide Time: 29:26)

w w
And the next slide shows

to convince you; they are
one and the same | am
showing all of them in one
plot. But you may think
that you showed these
diagrams differently, you

| show everything at all at

the same time let me see this is rotating on this object. This is a line which is again
rotating above this centre of rotation, but the line is different that is all the difference, but
for appearance it looks as if it has a very complicated motion; it is because our eye is not

tuned to it, suppose want to

Rekation ik sl e Make a machine man as a

scientist what is that |

\ bt should do?
A W w
_ I should actually monitor

what is its motion from a

0=aw p=-0 fixed reference. Here we
From properties of triangle .
know that this is € and |
‘ ¢+ p+0=180 .
. On taking time derivative can say ¢ and then do it. If
0=-9=0, @ | have to monitor this, I

! should find out what is the

Copytight © 2018, Prof. K. Ramesh, Indlan Instftute of Technology Madras, INDIA

angle with respect to a fixed reference and monitor as a function of time; what happens

to that ok. And we would also derive, so this becomes 0=0 and here it would result

13
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¢ ==l see here | am measuring it anti clock wise, here I am measuring it clock wise.

So, that makes a difference; so, we will get on to this.

(Refer Slide Time: 30:51)

| have this shown again now look at this we know 0=0 . So, | have this angle 8, now
on this diagram | put this line CD as it is like this here. And you know this is scribed on
this rigid body whatever the angle in this case it appears to be degrees, it need not be 90 |
have just put a generic angle beta that relative variation will always remain same, you
agree with me? That does not change. Now, | put this angle ¢ and from the property of

the triangle what is that |

Now, changing the reference axis get? | get ¢+ '3 +6=180 .
p So, | take the time

derivative 1 get this as

=-0 ﬂz_.’ﬁ:m; is the idea

]

'\w clear? You know your
@ rotation very well, but you
have understood certain

=, aspect of it if something

Copyright © 2018, Prof. K. Ramesh, (ndlan Insttute of Technology Madras, INDIA

: differently shown to you;
you are shaky. Now, you will never be shaky we will again revisit it ok, | will again
explicit it from a different perspective.

(Refer Slide Time: 32:16)

Is there any sanctity that | should measure it only from horizontal? No, the requirement
is | should have a fixed reference in space, if | measure it with phi, it will also go to the

same angular velocity.

(Refer Slide Time: 32:35)



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

Let us take a noncircular object | again have scribed two lines, now you know very well
how to find out what is the definition of w, scribe the line and monitor what happens to
that line fine. And this is having a rotation like this and we want to find out what is the

rotation of this object ok.

For a non-circular object w50, | put a line to that the

idea here is one normally

§=0 :
one normally associates
§=0 rotation with concept of
and so on! centre of rotation as many

Note: One normally associates rotation with concept of center day to day examples are

of rotation as many day to day examples are like that. like that.
For defining angular velocity and angular acceleration one
need not look for the center of rotation. ;
O | do not need to define

Just scribe a line on the body and monitor its motion with
respect to a fixed reference. A

pyright © 2018, Prof. K. Ramesh, ndian (nsttute of Technology Madras, INDIA .‘" ..... Of rOtat I 0 n , it iS en O ug h

rotation based on a centre

that I mark a line on the rigid body and monitor its motion from a fixed reference, then |
can find out what is the angular velocity either this line or the other line this is one and

the same ok. | have measured both of them anti clock wise; when | measured both of
them as anti clock wise | would get $=0 and 90

So, it is a very subtle

Circutar Motion

’VT:PV.LM it 1
Concept of centre of rotation is not involved in the definition concept it is better that we

of angular velocity and angular acceleration. revisit this. For defining

angular  velocity  and
a: )

i angular acceleration one
1

need not look for the centre

of rotation, just scribe a

line on the body and
monitor its motion with
respect to a fixed reference.
You know books do not

pay so much attention on

explaining this; it is a very subtle concept that you need to know.

15
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(Refer Slide Time: 34:25)

And | also have another example you know | have taken a wheel; it is not a rolling it is

just rotating above this axis, | just shown one reference here, another reference here.

Normally, if you are asked to find out what is the angular velocity; involuntarily you will
take a line on the spoke because, you always associate rotation with centre of rotation
and put a radial line, this is how you do it. And this | have measured it as clock wise
angle 6, | can also have another line which is put on it is this portion of the wheel,
another line CD monitor it from a fixed reference. In the same sense if | measure it clock
wise; this also | measure it clock wise and monitor what it is this would also be simply

.

So, the fundamental learning what you learn here is if |1 want to investigate whether the

body is rotating or not;

" ARG Yol scribe a line on the rigid

Particle moving in a circular body, monitor it from a

path.
: 3 fixed reference, whatever

Whatis @ ?

the answer you get you
Can this be called as o of would be able to specify
the particle? No!

that as w or a as the case
Itis the rate of change of the line OA. may be fine.

Angular velocity is defined only for rigid bodies
L]

(Refer Slide Time: 35:49)
Rate of change of orientation of a line in a rigid body

| And before we complete
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this let me go back to a particle moving in a circular path; I have a particle moving in the
circular path and this is what is happening to the particle. And then if | want to define the
motion of the particle at an instant of time, | would have taken the centre, | would have
labelled it as OA and 6.

And tell me what is & can I call this as a o of the particle? What would you do? | have

9'; it is rotating in a circular path can | call this as w of the particle? Tempting, it is
tempting that why not I call it I cannot call it for a particle; particle by definition is a spec

fine.

16
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We have looked at | have a big car which is moving in a straight line without any hit
against a tree, | said | can analyze it as a particle. Have you played with a magic ball
when you are kids you have rubber ball and then you spin it? It will go forward and
backward and come to a halt; it is like a boomerang. You throw it comes back to you, but

you have to spin it, if you do not spin it properly it will not do.

How will you analyze that ball from dynamics point of view? It is very small can you

call it as a particle? You cannot take it as a particle; the moment it has a spinning, you
have to treat it as a rigid body. So, please understand when | say 0 in the contrast of

particle analysis; you have to recognize 0 as a rate of change of line OA, angular
velocity is defined only for rigid bodies. Again, a very subtle concept, we all know about

it, but we do not handle it properly it is a very subtle concept.

And if | have to find out the angular velocity, scribe the line and find out its rate of
change of orientation from a fixed reference. So, you have a recipe | am going to use this

recipe in tomorrow’s class

Clreular Motion

Problem 1 and find out what is
Gear B is attached to the hoist
drum and the pinion A drives it. A
load P is lifted from its rest
position by the hoist, which
acquires a velocity of 3 m/s as
shown in the figure at a height of
0.6 m from the rest position. At
this instant, determine the
following: (a) Acceleration of load Let us move on to solving
P (b) Acceleration of point C on ¢ 6m
the cable in contact with the drum
and (c) Angular velocity and combines linear motion as
acceleration of pinion A

opyright © 2018, Prof. K. Ramesh, Indian Insttute of Technology Madras, INDIA

would like you to look at the gears here. What you see in the first place? What is the

rotation and understand
what is general plane

motion fine.

(Refer Slide Time: 38:35)

simple problem  which

@ well as rotary motion and |

rotation of this; this is rotating anti clock wise, what is the rotation of the other gear? It is
clock wise understand this inter relationships, if you have a gear in mesh; if one is

rotating anti clock wise, other will be rotating in clock wise.

And it moves very smoothly. So, | have teeth engaged on this; this is not the replica of

this | could get some gears moving, | thought you have not exposed to gear it is better
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that something of a physical reality, then you can correlate what happens to these gears; |

can simply replace these gear with a mean radius of the contact at the point ok.

I will not put these teeth when I look at the solving of the problem. And take down the
statement here, what it is gear B is attached to the hoist drum and the pinion A drives it
this is the hoist drum. The gear B is integral with the drum C and I have a smaller gear

you usually call it as a pinion that is the language used in engineering.

Pinion means if | have a 2-gear system smallest gear you call it as a pinion which
acquires a velocity of 3 metres per second, | have a block which is resting here at a
height of 0.6 metre from the rest position. At this instant determine the acceleration of
load P, acceleration of point C on the cable in contact with the drum, angular velocity

and angular acceleration of pinion A; all these quantities you have to find out.

So, it is nice problem combining linear motion and circular motion; | am not quite sure

whether you have solved

2 Given “wskas - gyuch problems earlier it is
L acquires upward velocity of 3 m/s when § = 0.6 m with very simple for you to
constant acceleration. (0

i solve ok.
s,=0
(Refer Slide Time: 41:07)
From equations of linear
motion 6
v ! Just to refresh how to solve
Vi=2as> a= re3ns :
25 ' the equations and | have
3 ——
a= -7.5 m/s’ = e |
206) a=75mgt | replaced the sketch of
Assuming no slipping COﬂditiOl'{, this Wi||[ be these gears as Simp|e

the tangential acceleration of poinfC:
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circles. And the essential

geometries listed | have Vo=0 and % =0 , from equations of linear motion I can write

3 'u'rz 3J
- = a= =7.5 m/s’
this as V' =2as and 28 . | get 2(0.6) please check my arithmetic ok.

That is a reason why | told you that you should bring your calculators, then and there you
check and verify if there is any typographical error please bring it to my attention. And
assuming no slipping condition this will be the tangential acceleration of point C do you
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recognize this? This is a rope which is winding on the drum and this has a particular

acceleration, this is the same as tangential acceleration of point C ok.
(Refer Slide Time: 42:31)

And what is the normal acceleration? | have the dimensions marked and | have this

velocity and | have the

Swabus  EXPression
2 2
a BN 3 -15 m/s’ Gear Band Drum C are integral 2 gt
" r (06) gat

r  =—= =15 m/s*
Acceleration at point C is given by ' r(0.6)

gi= vt A6 i And let me put the angular

accelerations here normal

The velocity and acceleration .
accelerations here and | put

of gear B are given by b
3 o the tangential acceleration
V=ro, o= 06" 5 rad/s W” 0.45m

this is same as linear

—

a=75ms
a,=rq; aﬂ:g'gzus radst O™ acceleration of this block
@ B. So, | get the net

¥ |
- i V| opytight © 2018, Prof. K. Ramesh, Indian Instute of Technology Madras, INDIA

acceleration ac.

v

o o

So, | have a net acceleration of point C as 16.77 metre per second square; from which

what is that I can find out? I can find out the velocity and acceleration of gear, gear B are

given by Y =7 and B and C are integral. So, | get this as 5 rad/s, from this acceleration

value | can also find out the angular acceleration of gear B I have 4 =ra

but 7.5 m/s?.

and is nothing,

a, = L =12.5 radls’
So, | get - 06 and what is common in between these 2 gears the pinion
and the gear you have a common point here at the common point both of them should
have same linear velocity. So, | have gear B as wg and ag shown like this and I have for
gear A; wa like this now you know very well this is anti clock wise this is clock wise that

is how a gear pair operates.

And | have « a like this and | have this velocity vi if I measure it from this gear or this

pinion it should be identical, I use that for me to find out the quantities of interest. So, it
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can have velocity v and acceleration a 1. So, that gives me the requisite expressions to

get the answers.

(Refer Slide Time: 45:06)

'rﬂ
0, =20, =
r So, | get i
o, =2 =15radls
i A “"f 15rads  this is counter
0.45 clockwise motion and |
ra . 2 3
a, = X12.5=37.5radls
r® 045 &) have
ceow 0145 N I _ 0.45 _ ;
a=75ms? 2 ad - rE aﬂ ot D 15 X125 _3?5 rad!s
z 0l6m A -

Please check the

numerical calculation and

alert me if there are any

typographical errors. Let us move on to another simple problem.

(Refer Slide Time: 45:44)

Problem: 2 wwbse 1 have circular disc rotates

A circular disc rotates about its z above the z axis, | have the

axis in a counter clockwise direction.

At a certain instant, the magnitude

of the velocity of point A lying at the

periphery of the discis 4.5 m/s and....

is decreasing at the rate of 9 m/s?.

At this instant determine the angular

acceleration of the disc. Write this

acceleration in vectorial form. Also

determine the total acceleration of millimetres and the
point B, which is at a radius of 100
mm, coinciding with the y axis at this

~ instant.

ICopyright © 2018, Prof. K. Ramesh, (ndian Insttute of Technology Madras, INDIA

point A on the periphery
marked and | have a point
B which is marked at this

point in time along the y

axis at a distance of 100

velocity of point A lying at

the periphery of the disc is

4.5 metres per second.

And it is decreasing at the rate of 9 m/s?. At this instant determine the angular
acceleration of the disc and | would also like you to write it in vectorial form. Also

determine the total acceleration of point B which | have already said on the y axis at a
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distance of 100 perimeter. Again, a very simple problem the idea is to get familiarized

with handling those equations it is fairly straight forward.

(Refer Slide Time: 46:53)

Given:
v, = 45ms y So, what is given is
v, =45mis

a,=-9m/s’ and  you
Angular velocity at point A: have to recognize what is
w=V_A - 04_155 = 30 radls = 30k [adls""“{bom;'n /™2 given as the acceleration as

I : 2

A a =-9mfs
Angular acceleration at point A : : . You have
- A to recognise from the

a=(arL)'=0—$5=—60rad/sz=-60krad’sf g

problem statement the

| value given is a t that is

e

!
1

what you have to recognize ok. This is - 9 m/s?, the mathematics is very simple angular

Copyright © 2018, Prof. K. Ramesh, ndian nsttute of Technokogy Madras, INDIA

v, 45 .
ru=—=m=30rad’s=30kladfs
velocity at point Ais 4 . S0, in vectorial form it is 30 k and angular
o oon mam acceleration at point A is
Acceleration at point B | aA is
a =QxT, +Ox(OxT, a) -9 .
4=a o 0 (@xr) a=Q=ﬁ=mm@=ﬂmM§
~ & A A ~ A r}l . )
g, =-00kx0.1 +30kx(30kx0.1) it is fairly a straight

A0 forward problem.
5, -6 -90] mg P

(Refer Slide Time: 47:54)

And we get the

acceleration at point B. So,

I have to write it as

\ }
| \
WIRES | Copyright © 2018, Prof. K. Ramesh, Indian Institute of Technology Madras, INDIA

a, =axl, +Ox(OxF,)

and you could substitute these expressions the values for these

expressions and we have already seen how to do a triple product. So, when | simplify; |

4, =61 -90j ms*

get this as
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The focus of this example is to interpret the problem statement and in vectorial analysis

putitasa x rand w x r; donotputitasr, r X w orr x « it is the other way you have to

Problem 3

A circular disc of 300 mm radius
rotates about its center O. The
tangential component of
acceleration of a point A on the
periphery of the disc at an instant is
9 m/s. At point B, the direction of
acceleration is known. The tangent
of the angle 6 made by the
acceleration with its radial line BO
is 0.6. Determine the angular
velocity of the disc. Can you
comment on its dirsction?

Copyright © 2018, Prof. K. Ramesh, (ndian Instute of Technology Madras, INDIA

acceleration is given ok.

recognize that.
(Refer Slide Time: 48:51)

Let me move on to a 3rd
problem it is again a very
simple; what | have is |
have disc of radius 300
millimetres. For a point on
the periphery that the
tangential acceleration is
given for another point the

orientation of the

So, the tangential component of acceleration of a point A on the periphery of the disc at

Cireular Motion

the question is can you comment on its direction ok.

Given: tand=0.6

The tangential acceleration at point A is given by

9
(a,)=ra amd a= T 30 rad/s®

x

Copyright © 2018, Prof. K. Ramesh, ndian Insttute of Technology Madras, INDIA

(Refer Slide Time: 49:58)

an instant is 9 m/s®. By
some measurement at point
B only the direction of
acceleration is known and
what other quantity that is
known is the tangent of the
angle 6 made by the
acceleration with its radial
line BO is 0.6. This tangent
of 6 tand is 0.6. Determine
the angular velocity of the

disc and the final part of
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So, tand is 0.6 the interpretation of the statement problem statement | have a B at this

a
tang =% —=06

orientation and | have this as re? and this is ro. So, | get ro' | get o . The

a)=ra i .
(@) =, that is tangential component and |

tangential acceleration at point A is given by

a:i:30 rad/s’
“ get 03 . From
_—

=—=50
0.6

@ this, 1 can go and find out

what is the value of w.

= +/50 =7.07 rad/
0=1:/50 =707 radls (Refer Slide Time: 50:48)

30
. . . ru? = = 50
() could be clockwm.e or cc?gnter clockw'lse depending | get 06 and | get
on whether the root is positive or negative. Both
solutions are admissible. this as @ +/50 =7.07 rad/s

r
So, the idea is to say do not

think if o is given in one
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direction, » will be in the same direction; w is an independent quantity, a is an

independent quantity fine.

So, both the answers are possible; @ could be clockwise or counter clockwise depending
on whether the root is positive or negative; both solutions are admissible, we do not have
additional data to find out which is the direction for this problem. So, you will have to
anticipate at both the solutions are possible. So, respect mathematics; do not say I like

positive | will say w is positive and then deal with it ok.

So, in this lecture we have looked at circular motion basically we looked at nuances of
employing polar coordinates, we saw that the unit vectors change, we develop the
interrelationships. Then we have also looked at what is the meaning of rotation? Finally,
we said if you want to find out the rotation of a rigid body; simply scribe the line and
monitor its motion from a fixed reference, you get the angular velocity and the angular
acceleration of the body. Then we solved certain simple problems and the concept of
rotation is subtle and | hope | have made that idea clear for you to appreciate general
plane motion of a rigid body.

Thank you.
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