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See one of the important concepts that you learn in this chapter is actually fixed-point
rotation, if you look at this top it starts with a fixed axis rotation then towards the end, it
shifts to fixed point rotation. And fixed-point rotation is the new concept that you come
across in 3D dynamics ok. So, it shifts to fixed point rotation towards the end.

s TS (Refer Slide Time: 01:11)
Fixed axis rotation i Pe

Velocity g And if you look at fixed
axis rotation, when the top

V=@oxr r=h+b starts rotating more like

fixed axis rotation ok,

ixF=ix(h+b)

some wobbling is there,
V=oxh+dxb but it is very small. And if
you look at the axis, | have

a generic axis put like this

this axis, it is havmg. an: angular veilocuy‘w | And we ae seen already, how do you
define the position vector and how do you visualize the direction of velocity, what is the
expression for velocity and how this can be rewritten in terms of the position vector h
and v, all that we have looked at. But these are the equations for velocity that you have

got is same as what you have done it for simple circular motion ok.

(Refer Slide Time: 02:22)
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And what you need to notice is, when | have this is rotating, | take a particle we visualize
that this is rotating and | visualized this as the cone. You know there was a difficulty
when | use the analogy, where does the cone come from. You identify this as the position

vector r and | have this

3D Kinematics "

Fixed axis rotation p“Pes - angular velocity o and we

have the velocity as .V =",
which is tangential to this

circle. And, we have also

got this expression
V=0XT  And the same
analogy is used to find out
angular acceleration in a

simple case.

Here what we have

3D Kinematics

discussed was imagine
w 2

(‘p q') ! that, this is the transparent

3 b 4= cylinder filled with black

particles. It has a rotation

about this axis w2 and there

B _ is a small precision about
In this specific case acceleration due to

magnitude change is zero
0=0xi =0kx(0) + 0k) =00,] i:a)jxf you would see, when you

take a photograph, you will

the vertical axis w». And

(b=/)f+(oi+a%+(uk; 0=00,] :
@ see a line seen in your

photograph, a snapshot Whereln the black partlcles will form this axis. This is the
instantaneous axis of rotation; any other point will appear blur ok. And if you want to
find out what is the acceleration for this special case where the precision is steady. It

does not have an acceleration about this z-axis ok.

And you look at what you have done in the case of velocity earlier you use the analogy,
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and simply have the expression for a as Q x w. And in this chapter, we would have a
special symbol which will denote the rotation of the axis; rotation of the coordinate axis
is put as Q for simplicity, because when you have multiple omegas you do not know
which o you have to use. So, this comes from analogy this is something like a shortcut,
when | have a steady precision, | can define what is the acceleration straight away from
this.

And, we have also looked at in the previous class, evaluating a by this Q % @ as well as
when | have o = w1 + w2 differentiate, it systematically recognizes the unit vectors have
i dot and j dot is valid. From that route also we have a plane ok. And while employing
this you know books put this @ both are simply w2, because w2 is one which rotates with
the precision of w1 and it is also written as the complete w. Mathematically this is one
and the same because k x k will go to 0 and in solving problems this is also exploited ok,

0= 00

and | get this as !/ . This is a shortcut when I have a steady precision.

If you want to do it systematically from first principle, | can have this as “"z/’z"””f’l”%“ﬁk.

A ~

: . . . ) 0
In this specific example, we have deliberately considered 2 as 0, % as 0 so, though

those terms get knocked off and k dot remains same, and we have learnt a powerful way
of writing | ="

So, when | do that also | get the same expression for acceleration. See you learn multiple
recipes depending on the context you can use it. You can also use it for verification or do
minimal mathematics, the choice is yours. And another way of looking at this is you
know « essentially gives you what | have got as w1 w2 j as nothing but > i dot. So, this
is the magnitude change and this is the direction change. So, you can also visualize this
as an expression that gives you directional change. This is another insight into the

problem fine. We will solve a variety of problem the ideas would become much clearer.

(Refer Slide Time: 07:13)
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And let us compare fixed axis rotation and fixed-point rotation. | have object like this;
this is rotating about the axis nn and this is the fixed axis and | have this angular velocity
all this we have seen. We have a point a on the object, that moves in a circle like this and
I have V = w % r, this expression is same for both fixed axis as well as fixed rotation. See

in fixed axis rotation, we

3D Kinematics s

Rotation about a fixed point S define V=0xTand then

n we also get acceleration as

ézaﬁxfﬂf}x(d)xf).

Instantaneous
Axis of Rotation

If you go back to your two-
dimensional analysis these
expressions where
identically same, we are
moving from two-
@ dimension to three-
dimension, the vectors’would 'have three .components instead of two components. And
another aspect is when | move from fixed axis rotation to fixed point rotation, if you look
at the expressions for velocity and a, the expression still remains the same, but what you
substitute becomes different fine. And, that is what | shown here, when | go to fixed
0 Knanatcs =8 point rotation you see that

Rotation about fixed axis o this also has a precision.

And that precision is
G=0 has only one changing and finally, top

component to reflect the ‘
change in magnitude of | collapses.

.

So, instead of this being

Further, points which lie e _ the fixed axis rotation, this
on the fixed rotation axis

clearly have no velocity becomes the instantaneous

or acceleration. axis of rotation, when |

point. So, that is the subtle dlfference f|ne 'And what areall the other differences we will
also have a look at it.



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

(Refer Slide Time: 09:26)

-

If 1 have a rotation about the fixed axis, o is * has only one component to reflect the
change in magnitude of w. So, in a fixed axis rotation, when | say « that gives you only
ey w»am the magnitude change of

Rotation about fixed point w, because it is rotating
The angular acceleration a=o z

will have a component normal

- to wdue to the change in

-~ direction of was well as a
component in the direction of @
to reflect any change in the
magnitude of o. V=Wxr

about a fixed axis; the axis
is not changing and what

else we see? The points

which lie on the fixed axis

' of rotation clearly have no
Although any point on the

rotation axis n-n momentaril
will have zero velocity-it will )
! have zero acceleration as long o
& as ois changing its direction.

y velocity or acceleration.
That is what you see in a

fixed axis rotation.
(Refer Slide Time: 10:12)

Suppose | move on to fixed point rotation, what happens? You have seen the top
transitioning from fixed axis to fixed point rotation here. The first observation is this axis
becomes instantaneous axis of rotation that is only difference, the expression for velocity
and w, a expression wise they are similar. The angular acceleration « now also talks

about the directional change of angular velocity that is a very important observation.

So, when I am looking at fixed point rotation. | was worry about both magnitude change
of w as well as directional change of w. Although any point on the rotation axis n and
momentarily will have zero velocity, it will not have zero acceleration as long as o is
changing its direction. It is a subtle point when | am coming to a fixed axis fixed point
rotation, there is a directional change of w, that is what you see as precision. So, these
are the differences between fixed axis rotation and fixed-point rotation, but the

expressions are very similar.

(Refer Slide Time: 11:37)
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Let us solve simple problems. You make a neat sketch of it. This is just to give you a
fixed axis rotation problem, wherein you have to do a determination of this vector

product little more

3D Kinematics

srs complicated;  little  more
A timing mechanism consists of the rotating distributor arm AB and

the fixed contact C. I the arm rotates about the fixed axis OA witn  1NVOIved, you will have to
constant angular velocity o = 4(3i + 2j + 6k) radls and if the co- g0 back  to  your
ordinates of the contact C expressed in mm are (25, 100, 150). . ]

Determine the magnitude of the acceleration of the tip B of the d€terminants and then do it

distributor arm as it passes point C. because | have three

components. And this is a
fairly straight forward
problem, | have a rotating
arm and this is the sensor
which senses this. So, this
has a fixed axis rotation in

a three-dimensional sense, you have the axis OA about which this arm rotates ok.

(Refer Slide Time: 12:25)

3D Kinematics

éB=a)xf+a3x(c?)xf) And if you look at the
. expression; expression is
r= .
o straight forward all the

Qs 75 mm from the origin. quantities have three

F=25i +25] +150k components; you have X, y

=0.025(i + ] +6k) m and z components ok. So,

. . Ty we have to find out the
OA rotate with constant angular velocity »

0:(0,75,0) position the vector this is
A A ol X
©=4(3/ +2J+6k) rad/s C:@100.10) ¢ s the position vector

coordinates for me to find out the vector, | have the coordinate O;
C: (25, 100, 150)

of this. So, | have the
0:(0,75,0)

of Technoogy Madias ING

and

So, you can easily find out what is the position vector, when the position vector r is

given as =29 +25/+150k " And you will also have to know this axis OA. So, this is
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simplified to this OA rotate with constant angular velocity « and that is given in your
problem statement itself, what is the expression for the angular velocity. It is given in the

problem statement. So, you

3D Knematics

go back to the problem

Srvan Passia

i
[ =4(0.025)[3
1

k .
A v statement you have this.

6| = 0.6/-1.2j+0.%k m/s

6

—i N —o

(Refer Slide Time: 13:50)

4\’
g s g L4 = Now, | have to simply get
OX(Oxr)=4013 2 6 " A
6 12 1 this expression and @XI

I have to do this and

operate the determinant

4= a= (20674132 +(-19.27 = 37.67misz_ and then find out the value
@ so, | get this value like this.

rol K_Ramesh [ndian Insti T gy Madras INDIA

And | get ax{@xr). So, whatever the discussion that we had specially for two-dimensional
situation you cannot extrapolate it here. You have to do the computation, just to alert you
that you have to handle

three components of each

' Swinrant Paagia

% The 0.9 m arm OA for a remote-control mechanism is pivoted about the horizontal  Other vectors.
y-axis of the clevis, and the entire assembly rotates about the z-axis with a constant
speed N = 90 rev/min . Simultaneously the arm is being raised at the constant rate So, | have this finally,
of 6 rad/s. For the position where = 35°, determine (a) the angular velocity of OA, . . ]
(b) the angular acceleration of OA, (c) the velocity of point A, and () the tUrning out to be this; this

acceleration of point A.

is just to alert you that go
back and look at how to do
the cross product of
vectors when they have
three components,
otherwise the problem is
simple and straightforward
ok. There is nothing great thinking involved | have this as 37.67 m/s?, it is a very
straightforward problem just to alert you that you have to handle the vector products

carefully.

(Refer Slide Time: 15:03)
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Let us move on to the next problem. This gives a very nice animation, what happens to
this rod and only this is animated. See the animation software does not have all the
facilities fine. You will also have to visualize in addition to this motion, the whole axis
also have a rotation like this. So, can you recognise what is the kind of motion here?
There is a rotation of this rod and that axis itself rotates, when | have a combination of
this you could visualise this as a fixed-point rotation fine. So, that is what you will have
to recognize and you are given this angle is 35° and you are asked to find out the angular
velocity of OA, angular acceleration of OA, the velocity of point A and the acceleration

of point A. So, we are asked to find out these quantities.

So, even before you start solving the problem you have a physical appreciation what

happens to this only a part of it is animated you have to imagined that this axis is rotating

Y o= /=6 radls

m— ~ 21N

@ =" -9 42k rad/s
Z 60

about itself. So, the angular

velocity axis is having a
directional change. So, |

have a fixed-point rotation.

(Refer Slide Time: 16:29)

(,“):(by+a“)z:_6j+9_42k rad/s And | have wy that is given

in the problem as

a o ~ a Y .
a=0=0xa Y
2%y (uyuﬂu Gjradfs_ And you

=9.42kx~6=56.52i rad/s® . have to recognize, | have
Soovright © 2018 Prot K Ramesh [ndian nstiute of Technology Madras INDIA ¥ j the aXIS XYZ Ilke thls’
when | am having a clockwise rotation, | put the sign appropriately. 1 am also given the
i, =2N 9,42k rads
rotation w; so, that gives me 0

Now you are asked to find out the angular velocity. Now you get the angular velocity,
because these are all infinity decimal rotations, you have already seen that you can apply

the parallelogram law, they are all vectors. So, | could write this @ as wy + @z, we

D=0 +0, =-6] ”
already have what is wy, and what is w.. And | get this as y+¢,=-6]+d42K radls

You are also asked to find out the angular acceleration, and you could see that this is a
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steady precision. 1 am not having “z | am also not having any acceleration of this

rotation.

So, | could use a simple formula that o as Q X @ here the Q is nothing but your w; and
then small w, either | could substitute this or | can directly take wy, both will
mathematically remain the same. So, depending on the problem context, you take which
is simple for you to do that. So, | get this as 56.52 i rad/s? and the acceleration is like
this.

So, this is something very interesting, see | have the angular velocity like this and | have
angular acceleration at some other direction. This you have to recognize when you
graduate from two-dimension to three-dimension, all these new aspects will come. You
have to look at the mathematics, and look at what is the direction of a. In two-

dimensional problems «

. and o were parallel.
k

j

L V=dx=| 0 6 o4
3
~4 0737 0 0516

Because it is all happening
only in z direction here it is

very generic ok

v (Refer Slide Time: 19:17)

; j P i j i So, just to sensitize you |
“5652 0 0 |+l 0 -6 942
0737 0 0516 -3.096 6942 4422/ this, and you are asked to

what is the position vector r and then | put this @ % r. So, you have to handle

have taken a problem like

find out for the point A.
So, we have to look at

determinants for you to do the vectorial product, | get velocity like this. And | get
acceleration has two terms, and we are given « is available, because you have directional
change. You have to recognize, the angular acceleration has a value, because of
directional change of w.

o,

Even though | do not have * or “ 1 still have « that comes from directional change.

And we have already got those expressions, and when you put them, | get this as two
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determinants for these two products. And you have to do the multiplication carefully do
the mathematics. So, brush up these fundamentals, do some practice. So, that you are
able to handle them
quickly in the

examinations ok.
(Refer Slide Time: 20:53)

So, I am finally, going to
get the expression for
acceleration of point A, |
get this as
8, = -91.92/ -58.32j -18.58k mis?
@ . S0, this is the problem on
ation and fixed-point rotation.

fixed point rotation. We

Now, we will look at another interesting problem, because you know for all construction
activities people use cranes. And here again the animation shows only one motion, it is

the boom is moving in the

3D Kinematics

#=n vertical plane. In addition,
y A revolving crane is shown. The boom OP has a length of 26

m , and the crane is revolving about the vertical axis at the

constant rate of 3 revimin in the direction shown. rotation about this axis.
Simultaneously the boom is being lowered at the constant
rate, /=015 radls Calculate the magnitudes of velocity and
acceleration of the end P of the boom for the instant when it like this fine. The boom

passes the position when
p=45°

the crane also has a

The whole boom can rotate

has rotation like this, boom
moves up and down like
this and whole boom can
have a rotation like this.
So, what is the kind of

rotation that we can

anticipate? This is again fixed-point rotation.

(Refer Slide Time: 21:38)

10
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See fixed point rotation is a new concept you learn in this chapter. So, | thought it is
better that, | solve a variety of problems to give you a practical flavour. And also, you
recognize quickly that this is fixed point rotation. So, you are given the length of the
boom as 26 meters and you are also given about the vertical axis, it is rotating at a

constant rate of 3 revolutions per minute.

And you are also given see this is having a clockwise motion. It is coming down from
vertical position, the boom is coming down and | want to caution you the animation is
showing only one motion. You know the, it is easier to do this if you have to do show the

other animation, it become very complicated we have not been able to get that

opportunity to do that. And you are given this B as 0.15 rad/s and you are asked to

calculate the magnitude of velocity, and acceleration of the end P of the boom.

For the instance when it passes the position when #=45 so, it is lowering down and you

have at #=%"what is the value, it is straightforward problem again fine. And here | have
to choose my reference axis, let us see what is the reference axis; | am choosing, and
what is its Advantage? | can choose reference axis in anyway, | have taken a right-
handed coordinate system,
| take this as X, this as Y

F=0p= (26sind5°) +(26c0845°k and this as Z.
ol /1 ~18.38] +18.38K P o
£ ' (Refer Slide Time: 23:36)
27N ¢ 2

s eI And, when you look at the
0.314k+0.15] radls motion of the boom, the
boom is coming down ok.
From our point of view this
s With respect to the y-axis the boom iS Clockwise bUt from the

V=0xf rotates in anti-clockwise direction. !

)

nattute of Technoiogy Madras. INDIA

:(0.31412.o.1sj)x(18.3ai.1a.33;3 y way | have put the Y axis

what is the rotation? About
the Y axis this is anti clockwise, you have to recognize that ok. These are not trivial
things, do not say instead of putting plus j I have put minus j that is only a small mistake

do not argue like that, you have to solve the problem that is given to you in all its totality.

11
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So, with respect to the Y axis the boom rotates in anticlockwise direction you have to
recognize that, and rest of it is simple. So, this is just to give you practice and so, | have

this position vector r that is given as from the problem statement we can write this so, it

is in the plane X to Z. So, you put we are asked to find out at #=45"so, you write the

vector properly. And | have this as 18-38/+18.38 5o | have the position vector, | have the
o | have directly written; | have the vertical axis rotation plus this is given as 0.15j that is
given in the problem, and I this is what we have discussed whether | should put plus j or

minus j.

From the diagram for us we are finding that it is moving from vertical to down, but when

I look from the axis it is still positive. So, | have the angular velocity written like this and

| also have the expression for V it is nothing but V=057 | have w | have r just do the
multiplication, and | get the answer probably, it is put in next slide. So, this mathematics
you should develops speed. So, please develop speed as you solve many problems. So, |

have this as

0=2.767+5.77]-2.76k ; b (0.314k+0.15])(18.387 +18.38K)

e/ V|=\[2T6F+BTTF+(-2T6F =6.97 mis o

¥
>

9
= 8, =67 +ox(@x7) _
So, when | do this, I get

=d/><f+(Z)X\; UDy thIS

= 45 X\V . .
o (Refer Slide Time: 26:35)

value of V as

s TNy ; B i rad/s? X : 4 -
(1—(0—(UZX(0y—0.314kX0.15j— 0.0471i rad/s V‘2TEI+5??}—2?5": |

GxF=-0. 0471 x(18.387 +18.386)=0865] miz  A\nd you are also asked to

find out, what is the
r

SRS N S @ acceleration, when | get the
magnitude; the magnitude turns out to be 6.97 m/s. And how do | write what is the kind
of precision | have in this problem. See the precision is always slow, that is what we
have seen in problems also. And we have also seen in the case of earth. Its precision
takes 26,000 years approximately. If you do the actual calculation it is 25,920 or
something like that, but when you are talking about such a large number no harm in

saying that has 26,000 years.

So, here I have steady precision. So, | can also write a simpler expression for angular

12
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acceleration. The acceleration is given like this and | need to find “and “ is written as

a. And o | could easily write it as “”“. So, this is the precision cross product of

-

precision, and the angular velocity “ The axis has a precision like this ok.

So, I am in a position to get the value of «. So, this is purely a directional change and

because 1 do not have “Z and “Y I can directly take this as «; the shortcut gives you

directly the value of a. So, once | know this rest of it is simple algebra, which you can

comfortably do. So, I have Grxf=-0.0471 x(18.38] +18.38k)=0.865] m/s?

. So, this product is
fairly easier to do. And I can also do this wxV. So, | have wxV like this. And when |
substitute the quantities, |

get acceleration as

= B R 3=-2.2261 +1.731) -0.414k m/s?
ox0=(0.314k +0.15])«(2.761 +5.77] ~2.76K) ARSI,

4=-2.2261 +1.731]-0.414k m/s? (Refer Slide Time: 28:59)

‘a’_\;’(—2.226)2+(1.731)2+(—0.41;4))2_2.85m/52 Again, fairly a
74 straightforward  problem,
but this gives a very

practical example, you find

cranes are used extensively

y S " "‘ _ @ for construction in India
also. So, you needtoflndoutthe practlal flavour for it and | have also got the
magnitude; the magnitude is given as 2.85 m/s?. So, you should recognize that, a can
come from directional change of w. You should not only say only the magnitude change,
because we are accustomed to only magnitude change in two dimensional problems. In

three dimensional problems directional change does come into play ok.

(Refer Slide Time: 30:13)
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Then we move on to another interesting problem. So, | have a problem like this, | have a
disk, this is having a rod firmly connected to this and there is holder, which is kept here.
And you have this is the brass rod, this is put in a steel sleeve and there is clearance. So,
this rod can freely rotate above this and the problem statement is like this. | have this is |

30 Knanatcs N am rotating this about this

Saran Peagia
The disk of diameter 170 mm rotates about the z-axis. The axis w1 having an angular
angular velocity about z-axis is 0.5 rad/s and the angular
acceleration is 0.3 rad/s2. Determine the velocity and

velocity of w1 and in the

acceleration of point A on the disk. 7 problem statement you are

given, a disk of diameter
170 mm rotates about the
z-axis. The angular
velocity about z-axis is 0.5

rad/s.

In addition, it also has an

angular acceleration of 0.3

rad/s2. So, | also have ¥ hence | have w; as well as % . And on this disk, it is actually
the point diametrically opposite to D. | have a point labelled A and if | take the side view
and look at other dimensions are also given. | have this as 170 mm and this also as 170
mm. And you have to find

3D Kinematics

From the experimental out,  the VeIOCIty and

observation it is clear that
the disk has fixed-point
rotation about O.

acceleration of point A.

Say the problem statement

It is given that the disk is only like this, but if 1
rolls without slipping on z 0=130° have to solve the problem,
the surface.
[ X | should understand, when
This is possible only if 170 . .
. PoSSe: ony " | rotate about this axis
there is a kinematical 170 85
relationship between the Sin%0 _ sind what would happen to this

angular velocities @ and

This gives 6= 30° disk. That is also very very

important, is not it; see,
unless we have a physical appreciation of the problem statement, how will you go about

and solve it and it is not mentioned in this statement, | will mention the statement little

14
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while later.
(Refer Slide Time: 32:42)

So, what I have done was, we have created this fabricated in the workshop and I have the
gadget like this. So, this is what is happening to this; you have this being rotated, you get
the idea? | have a line attached to this disk and you could see that, the disk is also

rotating.

So, what you will have to recognize is, when | rotate this, the disk also rotates and the
problem statement is still not complete, we also make one simple convenient assumption
which is also seen in the actual display of the experiment, this wheel rolls without
slipping on the platform; that is a very important clue only with this will be in a position
to solve this problem or with this we will solve the problem either way you can take it
ok.

And when, | am rotating with hand, | cannot give a constant angular velocity so, I will

also have some angular acceleration. So, the problem is embedded with that | have w1 as

(. - . o
well as % . And when, | have w1 and ¥ , when this roll; this will also have a
magnitudinal change of angular velocity. Directional change is already evident from the
way that you are rotating it the angular at a velocity has a directional change, it also will

have a magnitudinal change.

And another thing, what you will have to visualize is, you have to bring in the
kinematical relationship. There is connectivity between, what is the rotation about the z-
axis and what is the rotation about the axis OB, fine. So, that is what | am going to
summarize it and before that you know, see this is not exactly same as this; the
dimensions are different; | have taken the dimension of the diameter as 170 mm, that is
there in this disk and this length was slightly different, 1 have tweaked the values. So,
that | get nice value of angle; the angle turns out to be 30° just to get this, | have
tweaked these values. So, there is some disconnect between, this experimental
observation and what you have it here ok, but the concept of relative rotations is neatly

perceived in the experiment.

So, from the experimental observation, it is clear that the disk has a fixed-point rotation

15
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about O. We have been discussing fixed point rotation and you are also getting a
physical appreciation of the problem, because the problem is being demonstrated to you.
It is given that, the disk rolls without slipping on the surface. So, you take this also as

part of the problem statement that makes our life simple to analyze this problem.

So, if | say that it rolls without slipping, | must bring in the kinematical relationship
between w1 and w>. | have to establish, | have to go back to the fundamentals, what way

we analysed rolling in two dimensions, bring in that knowledge and then establish first

an interrelationship

This is possible only if there is a
kinematical relationship between the
angular velocities o, and o,. 0 . idea clear, ok.

0Dé,= BDG,
o= (170/85)w, &

between, w1 and wy, is the

(Refer Slide Time: 36:31)

= 204 ) ) )
So, | start with the disk like

this and disk has been
rotated to some other
position for clarity, | have
taken a larger angle for us
! 1o discuss, | will have
some position like this. What is the BD? BD would have rotated to some other position
like this and I will also show you the experiment. | have the experiment starts with this
and then, this has come to some angle like this; see, this is neatly visualized from the
experiment also. So, now, | can find out, what is the distance that, | have travelled and

then, bring in the kinematical relationship.

So, | have this is yeah; this is also very important. | am rotating anti clockwise; | forgot
to alert you, which way this disk is rotating? This disk is rotating clockwise. See, these
are all very subtle things, you cannot understand it, you just problem statement is given;
if you have a prior exposure how to solve the problem you will close your eyes and solve
it in 2 minutes. Because you write it from memory, you are not understanding the

problem statement and doing it.

So, in this problem, the subtleties are, you have to find out that | have to establish a

kinematical relationship that is very important. And you should also recognize while,
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doing it that this is having a clockwise rotation, fine; it is having a clockwise rotation.

So, I have; I will label those angles, | have this has theta 1 and from this angle, I will put

0D, = BDG,

it as 2 so, | can find out, what is the distance travelled? Because, | have , | can

write the kinematical relationship and I have tweaked some of these dimensions. So, that

0= (170585)1 pocause, we have seen that, this

| get an very elegant relationship so, | have
distance is 170 and this, diameters also 170. So, when | look at the radius, it is just half
of it. So, | get a kinematical relationship 0=20;

See, in this experimentation it is not exactly 2, it is slightly less than 2, it is around 2. So,
when you look at this rotation 3 or 4 times, it will not exactly match with this
kinematical relationship because, | have the line, this is what | alerted you earlier, fine.
By from mathematical handling for us to solve, if | have round number, it is easier to do
the calculations. So, that is
the spirit with which, the

problem has been coined.
(Refer Slide Time: 39:52)

So, | have this, | have to
recognize that | have w:

~ a
. A

and 1 and w2and 9. So,
r
0=-0866i o v when | have all of these, |

@ can directly write, “=%"%

~ ~
. .

@, @,
and e as 1 plus wz; as 1

+ wZ. And 6:)1

if I want to do it, | will write it as the individual vectors and also look at
the here in this case, | have k dot as well as | will have i dot. Instead | am going to do it
from a physical appreciation, ok. We have already said that, « comes from two aspects a
magnitudinal change and directional change. You can take either way of solving the
problem; choice is yours.

d, =0+,

So, this is straight forwar is straightforward, we have already learnt this. And,
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~

)
""and you should also write this unit vector

10
we also have the interrelationship ' *
properly and we are also given this w1 as 0.5 rad/s. So, w2 becomes 1, ok these all done

to simplify the mathematics.

So, | have o is now written as /= 0-5k-c0s30i-sin30k ~ Becayse, | have this as
clockwise, you should recognize the sense correctly; sense of this disk is rotating in
clockwise, ok. So, that is why minus comes and since | have w: as 1, if the mathematics

looks very simple and straightforward, ok. So, I get @=-0.866/ so, this is what I said:; if |
have to find out Q x @ for me to get the directional change of acceleration. In this
problem | can directly use this because, | have the number it is one and the same, ok;

mathematically it is one

, 3D Kinematics A .
‘y / Based on Kinematical considerations we know * wheand this same.
(bW
/‘ n n by . .
K @,[=20, (Refer Slide Time: 42:27)
Hencs Now, let us look at the
al=2a acceleration. When | have
2 1
@, =20 10)
2 1. 1
Angular acceleration of the disk , when, I have
about OB is X 170 mm a a

"~

&, - -0.6(cos30i +sin30K)

magnitude

then, & is also fixed, o
gives you only the

magnitudinal change; it has

A

0)

magnitudinal change as well as directional change. You have given ™ so, | can find out,

o, . : . .

2 no issue. And, I can write the angular acceleration of the disk as, | can put the
magnitude as this, | am putting the appropriate unit vector and then, putting this, that is
what, | have done and | am also attaching, what | am writing here as a magnitudinal

change.

Because. in the problem, magnitudinal change is specifically given and | thought | would

discuss as a magnitudinal change as well as the directional change. You can also write it
as, '+ 2 interms of vectors where, | will have 1 plus w: i dot that, kind of expression
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also you can do it. | mean, here I have put this w1 about z. So, | will have k dot there and
for this will have i dot, that

30 Kaanatcs \ is the only difference.

(Refer Slide Time: 43:49)

So now, what | will have

a=0,+0, _ _
is, 1 will also look at the
The acceleration components listed in 9= 30° this is what | said: when |
the RHS must include the change due )
to direction as well as the magnitude. have just put the vector, |

—_ X

The direction of o, is fixed. 170 mm have ~ not  put the

appropriate vectorial
Only for a, the direction as well as

magnitude changes. directions here; when, | put

e

will have to handle the differentiation properly. So, instead, | am arguing it from a

the vectorial directions, |

magnitude and directional change, the RHS must include the change, due to direction as
well as magnitude. And in this case, directional w1 is fixed so, there will not be any
directional change of wq,

30 Kaanatcs ) only the magnitude change

=0, +0 @
1% of 1is there, ok.
The directional change of @,

can be obtained from fixed-

point rotation as (Refer Slide Time: 44:54)

a =Oxd=a, - :
‘direction 2‘ e So, only for w2 which this

Q:(Z)1 disk is rotating, | have to
Mathematically this reducesto ~ * T find out the acceleration

i 9 3 A due to directional change,
ald_ =@, xd), =0.5kx(-0.866/) _
WRph fine. That, we already have

@ a recipe; we already have a

ght © 2018._Pre

recipe and you do not write it as «, but you write it as o specifically of direction, this is

b {ndian Insthy Madras IN

the one change which | am asking you to recognize | am use the same expression Q X w

and | recognize this as, directional change which, we have already discussed.

There are two ways of looking at the same thing and | have chosen to discuss it like this
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and we have o is nothing but w1 and then we already have the expression for w. So, | can

directly write that w, it is DG, so, that reduces to this, ok. Mathematically this, but when

| substituted the w itself directly, if I have to write it mathematically, | will also put the k
component. And the K

; X " 5 wwlss component, k x k will go to
@, =0.5kx(~0.866i)-0.6(cos30i +sin30K)

o N 0 while writing this | have
G-05kx(-0866) d=0+0, used directly the value of
-0.6(cos307 +sin30K)+ 0.3k  ° =30 ¢ ok.

=-0.5196/-0.433]

(Refer Slide Time: 46:17)
\7: Oxf t
) So, | recognize that, what |
7={(0.17-0.17cos60)

\ et from this expression is
+0.17sin60K) m g P

the directional change of
@ w2 contribute in to the
acceleration term. Now you have aII the quantltles finding out « is not difficult. So, w>

f:{o.oasi +0.1472k} m ol

total, I have the; I think this is the directional change and this is the magnitude change.

A ~
" .

So, | have this and then, we have 601 , what it is? So, the a reduces to this 601 is this, this

~
3

. @ . .
is 2; now, | know o; rest of it is straightforward.

| have the expression for finding out the acceleration straightforward expression for you

05196/ -0433] . 4 | haye V= OXF

to do that. | have this o reduces to and we also have

to write the position vector properly; this is the position vector. So, write the position

vector based on the mathematics fine and so, | have this like this. So, you multiply @*" |

7 ={0.0851 +0.1472k} m

| have the value of r is given like S0, getting V is straightforward.

(Refer Slide Time: 47:41)

So, | get v as this is the multiplication, this simplifies to 0.127 j m/s and you also have an
expression for acceleration. See, this expression is very similar to what you have learnt

in two dimensions, what you have learnt in a fixed axis rotation, what you substitute for
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@ and w are different from fixed axis and fixed point, that is the only difference. So,
you are not learning any new equations altogether, we are all one and the same equation

which was seen it umpteen number of times.

So, now | substitute for these quantities, do the mathematics. So, | get this as

-0.084i +0.077j-0.073k gq it

3D Kinematics Sl

is a fairly straightforward
V =-0.8661 x(0.0851 +0.1472k)=0.127] m/s problem  provided you

éAz(bxf+(Z)x((bxf)=dxr“+(2;x\7 /,-\ understand the motion ok,
ko

to aid that you have this

=(-0.5196 -0.433)x(0.085i +0.1472k) "~
+(-0.8661)x0.127] experiment is conducted

) ) ) and you are shown, what is
=-0.064i +0.077j-0.073k ) i

happening to the disk,
when | rotate it about the z-

axis?

So, in this class we have
looked at, what is the distinction between fixed axis rotation and fixed-point rotation and
I have also emphasized in 3D kinematics what you come across as new is fixed point
rotation, and we have looked at how to identify the acceleration. The acceleration will
have two components; one because of magnitudinal change of w, another because of
directional change of w. And we have also solved variety of problems and bulk of them
was on fixed point rotation so, that you get a flavour how you have to handle the fixed-

point rotation properly.

Thank you.
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