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Module 2 Dynamics

Lecture 17 3D Kinematics I See in 3D Kinematics one

Concants Covetad of the important concepts
—‘“‘w

General motion of 3D bodies, Relative motion analysis, Non-rotating translating axes, that you learn is fixed point
Motion relative to rotating axes, Example problems illustrating the use of rotating axes, . hich h
Rotating axes having fixed axis rotation, Interrelationships between co-ordinates, rotation, which we have

Rotating axes having fixed-point rotation. seen in detail in the
previous class. You know

— in 2-dimensional analysis
eywordas

namics, General motion, Relative motion analysis, Non-
rolating translating axes, Rolating axes.

we have looked at a, non
rotating translating axis,
attached to the body and
we also saw a rotating axis attached to the body, we will now extend it for 3-dimensional

problems.

) General Motion

Nonrotating reference axes  Z 7 z (Refer Slide Time: 01:07)

Choose any point B as the
origin of a translating referenc
system x-y-z.

w So, we move on to general

motion and | am not
For an observer sitting at the
origin of x-y-z, the object will
rotate about point B. ‘
/N

Point A appears to lie on% ]
spherical surface with B as the
centre.

L v calling this as plane

~Y  motion. So, it can be any
motion space and | have a

3-dimensional body, this

The absolute angular motion of the body is \
independent of the choice of the reference point.

K Ramaosh indion I Nogy Madas INDIA

X body has some angular

.00V

velocity and some angular
acceleration, we have never put any restriction on this. And, what you need to notice is,

these could be of different orientations in a 3-dimensional problem.
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Similar to what we have done in 2 dimensions choose a point B, as the origin of a
translating reference system, it is a non-rotating reference axis. So, choose a point B and
attach small x, small y and small z to this point and we have already discussed in detail,
if | attach a non-rotating axis, what way the person would perceive in a 2-dimensional
system. In a 2-dimensional system he said that, he would perceive that it is rotating in a

circular fashion.

Here you are talking in terms of 3 dimensions, here also the object will rotate about point
B, instead of a circle, you would see that as a sphere because, we are looking at 3
dimensions, that is only difference. So, similar to the earlier one, we put the position
vector rg, position vector ra and we are considering a rigid body. So, the distance
between points B and A remains fixed and that is given as the position vector r or you
can also qualify it that as position vector ra with respect to B.

So, the main difference is, point A appears to lie on a spherical surface with B as the
centre. So, that is the only difference between a 2-dimensional analysis and a 3-
dimensional analysis. So, the important concept is, if you sit on a body and translate with
it, you would see that it is rotating and no matter whether | see from point A or point B, |
would still perceive same rotation, there is no change in that, whatever we have
discussed in 2 dimension, naturally extends here, all the vectors will have 3 components,

instead of a circular

motion, it will have the
General Motion ) o
P_p point A would lie in a

Nonrotating reference axes r=lyg
8 spherical surface.
Va=VetVue
V, =V, +axf This we have also
1 discussed in detail in 2-
=d,.+d,, . - .
AL dimensional analysis,

8,=8,+(8,,) +(@,,) whichever point | take, |

will still have the sense of

(@,5), =0x(@xr)

3 Y oast ois the instantaneous angular  rotation preserve, sense of
(a}.‘ e): axr

: "e'°°‘ty°”heb°dy <! rotation does not change.

cOVIGNL © 2018 Prof K Ramesh indian inateyt

And it is a very subtle concept, whatever we have discussed in 2 dimensions, you could

say extended for 3 dimensions.
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(Refer Slide Time: 04:31)

- -

. V.=V +
And whatever the expressions that we have developed, we had # & 48 and the

expressions what we have learned for circular motion again a place, here the vectors

have 3 components. And, w is the instantaneous angular velocity of the body and r is the

A A

position vector, AB

So, similarly you can also write for the acceleration and | here again | can write
comfortably the relative quantity as consisting of a normal component and a tangential
component, here again you use equations developed for simple circular motion. Only
thing is the components are having the vectors will have 3 components in a quasi and
you have to do little more computation, when you do the mathematical part of it.

(@,5), =@x(@xr)

So, | have the normal acceleration as and tangential acceleration as

(a*'ﬁ)*mxr. So, whatever you learn as circular motion used in different ways, at different

parts of the course, the basic equations remain the same, you use it appropriately

depending on the context.
P Motion relative to rotating axes o So, | am in a position to

OXY - Inertial frame of reference

find out the velocity as

Bxy - Rotating frame of reference well as acceleration.

I.=F.+L
A="8 " am (Refer Slide Time: 06:19)

=r,+(xe, + yey)
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Now, we move on to rotating axis. So, here | have an axis like this to emphasize that this

is not a translating axis, |

Ml | S Prasia H H H
» Motion relative to rotating axes = show that it is having a
OXY - Inertial frame of reference Y A rotation. All the symbols
Bxy - Rotating frame of reference Nr/lr=r, ar€Vvery similar, there is no
difference in the symbols

=r,+ .
Fa=Ts+Tuie and here again you have
:r8+(xi+yj) this unit vectors and unit
\ i vectors we will write it as |
izoj ad  j=—d \ l and j later. And instead of
i—wxi and j=wxj "/ <" looking at like this, if you
(3]

look at as product of w
cross the position vector,
then it is easy to employ and use, all these we have done in detail. So, | can afford to go a
little faster. So, you write the basic expression like this and write it in terms of the unit

vectors.
(Refer Slide Time: 07:25)

Then for convenience we replace it as i and j and | said that | can have velocity as well as
acceleration, angular velocity as well as acceleration and whatever we have discussed,
we have derived the expression for velocity, we have also derived expression for

i=0j

acceleration. They remain same and you also know , Which could be written

differently as, 1=Wxi and 1=@XI | this kind of writing is very easy for your mathematical

simplification.

We have also used this when we discussed fixed point rotation, there again you will have
i dot j dot k dot depending on which one is having this as non-zero and you know on 2
dimensional analysis, we have put this as  and | have also returned on these expression

in terms of w.

(Refer Slide Time: 08:37)
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In 3 dimension you know people also give, this as a Q (capital omega). So, | have body

rotating with some angular velocity and you have the axis rotating with an angular

velocity . Just for

: , . convenience, see we solve
Motion relative to rotating axes (3D -case)

: Q (Axes) problems  with  several
Rotating reference axes -

. ) z - omegas and | said that you

1=Qxi should be alert in using the

j=0xj particular omega; it is

A

EotE again a notational change.

wis the absolute angular

There is nothing, different
velocity of the body.

0 .
Qis the absolute angular from the conceptual point

velocity of the rotating axes. of view. So, | have a
rotating reference  axis

attached and you distinguish there could be some part of the 3-dimensional body will be

rotating with some angular velocity, the axis angular velocity, keep it as €2, you reserve
that as a symbol. So, it makes your life simple, when you write those expressions and

substitute  the relevant

Motion relative to rotating axes (3D -case) ~7 quantities.

0 (Axes)

1 4
Rotating reference axes ..

A | have the position vector

V. =V +QxF+V

AT'8 rel v smart and | also see
Qis the absolute angular )
velocity of the axes. i =Qxi just  repeating

X

éA =§B+Qxf+f)x(f)xf)+2ﬁx0lel+ém’

. ;:: f)x i
those expression ] "r,
Coriolis component of

acceleration k'"_ f]x f(‘

a| =4 +dxf+f)x(ﬁxf)+2@x!7l +é|

alxyz ~ % vz lyz
018 Prot K R in instéute of Technology M: IND! @

And you have a similar expression like what you have got in 2 dimensions, from a

(Refer Slide Time: 10:09)

notational point of view we write it as a £ and each of these vectors will have 3
components. So, you have the angular velocity of the axes and | have the angular
acceleration is written down like this.
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So, this is the Coriolis component of acceleration and I can also visualize, | have written
it for acceleration, you can write it for velocity also. Just to emphasize, I choose my
rotating reference axes. So, that | am in a position to easily measure the velocity Vrel,
which is nothing, but, Vxy. here and ar which is nothing but, a small xyz here, another
left-hand side I have referred with respect to the fixed axis, capital xyz. The difference is
in the 2 dimension we had only xy, here | have xyz. Otherwise, there is absolutely no

change.

The mathematics will be little involved and a problem complexity can be little higher,
other than that it is just an extension of what you have learnt in 2-dimensional analysis, |
have written down, this form of expression for acceleration, you can write it for velocity

as well. So, when | say Vrel,

0 7 Sikvam Paatiua

2! |t |S nyz.

(Refer Slide Time: 11:58)

So, let us solve some
interesting problems and
just observe the animation.
So, that you recognize

what are all the motions

o that are available to the
01 P ¢ o odas e oo s 200 @ mechanism.  So,  you
perceive and write them clearly in this sketch, one is | can see that it is rotating about this

vertical axis, it is very clear.

So, | have a rotation about z axis, then observe that this disc is not stationary, this is
rotating which way, this is rotating anti clockwise, that is also very clear and you know
this also has a provision, when | have this motor, this motor can be kept at any angle,
there is also a provision like this for this and you are given the capital XYZ in the
problem statement itself and you are also given small xyz for the problem under

consideration.

(Refer Slide Time: 13:07)
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So, write down the problem statement. So, the motor housing and it is bracket rotate

velocity

the velocity and acceleration of point A at the top of the disk.

The motor housing and its bracket rotate about the Z-
axis at the constant rate of Q = 4.5 rad/s. The motor
shaft and disk have a constant angular velocity of spin
p = 12 rad/s with respect to the motor housing in the
direction shown. If yis constant at 30°, determine the

acceleration of
point A at the
top of the disk.

about the Z axis at the

constant rate of

Q =45 radlsgng you have
the spin of this disc is 12
rad/s and you are also
given what is the rotating
frame of reference, it has
made your life simpler, it
is listed in the problem
statement and this axis
located at an angle gamma,

if gamma is 30°, determine

So, it is a straight extension of what you have done as a 2 dimensional analysis to 3 a

dimensional analysis and you could see very clearly, when | have a motor, when | sit on

point B, I would perceive the rotation very comfortably and | can find out, what is Vie

and arel Very easily. So, even though you do not decide what is the coordinate system that

Interrelationships between co-ordinates

[=i

J = jcosy-ksiny
K = jsiny +kcosy

0

f—

018 Prot

-siny cosy

Kxi=J=jcosy-ksiny

gon . & cosy -siny]|j
Kxj=-icosy 4 Ak

Kxk=isiny
X

into the solution of the problem, thi

you should choose, even
though it is given in the
problem, from the problem
you can understand, that
you are in a position to
find out arr and Vi
comfortably ~ with  this.
Leaving that apart
everything is in 3

dimension, that is all the

@ difference ok. So, let us get

s diagram also we will be repeated again and again.
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(Refer Slide Time: 15:01)

So, that you will have an opportunity to fill in the blanks and one of the important aspect
in this problem because, we have not done that in detail in 2 dimension, | thought I
would at least solve one problem where you have a coordinate axis is inclined and this it
is better that we get the interrelationship between coordinates up front. So, that the

mathematics becomes much simpler.

So, the way the coordinates are aligned the, this plane that small y is a plane is actually
merging with the Y is at plane, it is only at a height of 100 millimetre that is given in the

problem. So, the x axis is small x is aligned to capital X. So, | have f=;, I have not
shown the unit vectors here, for the capital XYZ you have capital 1JK, small xyz | have
small ijk and I would like you to fill in this matrix, do you know that you can write, the
small unit vectors in terms of capital J and K in a matrix fashion ok, please fill in that
and then check your, check your matrix with mine, I will just show that. It is easier way
of writing things ok; | can get small j and k from capital J and K because, what | have is

the axis y and z are rotated about the x axis by an angle gamma.

cosy siny |

Sy €871 1 can also find an

So, you can easily write this as a rotation matrix,
interrelationship between capital J K and small j k, you can do the reverse office also. So,
you just change y to - y, | get this expression. So, the idea is when you have access which
are displaced like this, it is better to find the interrelationship upfront, before you start
doing the mathematical calculation, then you can figure out which way you would

simplify the mathematics.

So, then | can write | have written what is the relation between | capital | to small i, i will
follow the same trend, capital J to small j and k, capital K in terms of small j and k and

you know in the problem you have the rotation about the capital Z axis. So, you will have
necessity to get Kxi and capital K "j, Kxk. So, | also get those relationships upfront.
So, that I can do the mathematical simplification easily and when | look at R*f, small i

J = jcosy-ksiny

and capital | are same. So, | get this as capital J and capital J is . S0, you

can do that for the Kxk
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See normally Kxk i | say, it will be 0, but here it is Kxk fine. So, you have to be alert
you should not switch off your mind and solve the problem, that turns out to be
Kxk=isiny —once I have

these quantities, then the

The velocity of A is given by

~ "

.y 2o s S TN
\ VA-VB+Q><r+Vre,

problem the solution to the

A I problem is fairly
Ve = Qxry A/ \, .
; .~ straightforward.
= 45K x0.525]
=-236] = -2.36] mig  CO-ordinate angular (Refer Slide Time: 19:20)
velocity = Q
0 AT RO Kxj=-1¢87 50, | have this coordinate
QxF = 4.5K x(0.450] +0.180k) Kxk=isiny B
- (-2.025¢0830°)i +(0.81sin30%)i angular velocity is ~. So, |
=-1.35] m/s £\ write each term, what we

have done in the 2

dimension, similarly you do that. So, you write Vs :VB+er+vfef , find out each of these

quantities Vg is the coordinate velocity. So, which you can find out from the diagram

A -~

: L. Vg = 4 . . {x ]
easily so, itis ° Qxry and so, this is the values in numbers. So, | have K”. So,

IK""becomes I. So, | can write this as -2.36i m/s. So, essentially, I am writing all these

quantities in terms of the rotating frame of reference, small xyz.

So, | know what is Vg, then | do Qxf So, the r is you are given this value

F=0.450;+0.180k and you know Q, then you also have this interrelationship which

between the coordinates. So, when | use this, I get Qxf because, | am going to have this,
that is why put what is K*J and K*K and so on and so forth, all that you have. So, I can

easily simplify and this turns out to be an expression like this. So, it just algebra is very

similar, you have to be alert and handle the coordinate system carefully. Then we go and

find out what is Veer. So, %7 is -1.35i mis.

(Refer Slide Time: 21:25)
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PXT 5o, thankfully

the problem statement itself has different symbols for omega, it makes you less burdened

And Vre you can find out based on the spin velocity ok. So, Vier =

in solving the problem ok.

The velocity of A s given by 2 &8

s b g COamn So, | know Vrer. So, when |

Vi=VgtOXF 4V, x B \ -7 substitute for all of these
v, = PxF T quantities, | get the

~12]x(0.450] +0.180K) velocity of point A

=216' mis o~ comfortably as -1.55i m/s.

Thus ko So, one of the challenges

in this problem has been
how to handle the

coordinate system, other

than that it is simple and
straightforward to handle.

(Refer Slide Time: 22:24)

. ik | RARKA
éB+Qxf+Qx(Qxf)+2Qx‘} '+é, Similarly, we move on to
e e

i acceleration. So, have a

a
A

85 = Qx(QxF,) =4.5Kx(4.5K x0.450J) _
mnemonic way of

=-9.11J , _
. " remembering this
=9.11(-jcos30° + ksin30°) .
- R expression, you have to
- - 2
=-1.89)+4.96k mis” , |, remember this otherwise

Q=0 ”’“%m' you cannot solve any
r\'"v;'mm problem and find out the

coordinate acceleration.

Ox(QxF) = 4.5K x(4.5K x[0.450; +0.180K])
ki o~ 2 - -

govich! © 2018 Prof K Ramesh Indian [nstiute of Tachnoloay Madras INDIA SO, thIS |S aB= QX(QX"B)’
we have already written down all these quantities earlier. So, | get this as

4.5K x(4.5K x0.450/) So, that turns out to be ~9.1%W and I always expressed the final

expression in terms of the rotating frame of reference. So, | write it in terms of j and k.

10
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So, similarly you do it for each of the terms, I have a B obtained like this, then | have Q,

this is having a constant angular velocity. So, ©=0 and I have L) So, you have this

expression.

Swivan Paasia

L & g ; . (Refer Slide Time: 23:53)
Qx(QxF)= 45K x (45K x[0.450] + 0.180K])

=4.5K x(-1.35) And you can simplify that
=-5.26] +3.04k m/s’ quite comfortably because,
A
ey we have all the
Sl i : L :
X/ o gTy interrelationships available

Kxj=-icosy KxJand then you also

Kxk =isiny need Kxk that is also

Kxi =J=jcosy-ksiny available. So, | express
everything in terms of
small ijk. So, you look at this interrelationship and finally, you get Qx(Qxr) So, itis very
straightforward and simple provided you handle the interrelationship between

coordinates systematically

fine.

2017, = 2(4.5K)x2.16i =19.44)
=19.44(j c0s30° - ksin30°)
-16.83j-9.72k mis® 240

(Refer Slide Time: 24:39)

gy

‘.f?ff{’m\\( ‘%-,\-y And | have this Coriolis
P

X “-wm - component, which can also

X/

8y = PX(PxP)
=12]x(12) x[0.450] +0.180K])

be written terms in terms
= -25.92k mist Rxi=J=jcosy-ksny of small ijk. So, | get the
: Kxj=-icosy final expression like this
Kxk=isiny and arel you can learn write
it in terms of spin velocity
and there is only constant spin velocity is given. So, z is at find out this. So, when | put

all these quantities, | get the acceleration at point A.

(Refer Slide Time: 25:31)

11
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And we can also find out the magnitude, it turns out to be 28.28 m/s?. So, this is the
straight translation from 2 dimension to 3 dimension, only thing is the coordinates where
little difficult to handle but,

swwkwsyou had solved a similar
é,,=3.68]'—28.04l€m/s2 problem in 2 dimension

[ \

: \\ ’ also. What is the problem
! " [8,]=1(3.68) +(28.04) =28.28 mis’

i Z 0 you solved? You solve the
g Q b 180

R, % y problem when this gamma

: was 90° ok, that is the
problem you solved, when
| change the gamma it
looks a very complicated

problem and thankfully, I

had a good animator who

could make this visually

— . possible ok.
: A thin circular disk of mass 0.3 kg and radius 75 mm is rSta't'i'r:ijm ] ]
" about its z-axis with a constant angular velocity p = 0.8 rads, (Refer Slide Time: 26:19)
and the yoke in which it is mounted rotates about the X-axis
through OB with a constant angular velocity o;= 0.4 rad/s. Then we move on to
Simultaneously, the entire assembly g ] .
foletes about the fixed Yoas another Interesting

through O with a constant angular
velocity @, = 0.4 rad/s. Determine
the velocity v and acceleration a of
point A on the rim of the disk as it
passes the position shown where
the x-y plane of the disk coincides
with the X-Y plane. The x-y-z axes

are attached to the yoke. £
—— . — @ once you understand the

problem, it is a very

-~ interesting problem, a first

observe what is the kind of

A4 dmensions are i om motion this has, what are

all the motions because,

motions first, then you can attempt to make a solution. Let us see what are the things that

you can see easily; | have this rotating about this axis that is the simplest one to see.

So, | have label this as wp, it is rotating about this axis, no difficulty at all anti clockwise
and what way this arm is rotating, that is also anti clockwise, that is also easy to see, it is
also rotating in anti clockwise motion also, it is rotating in clockwise motion you can see,

that it is rotating like this ok, rotating clockwise and look at what way this disk is

12
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rotating, this disk what way it is rotating, at this position, you have to worry only about

what happens at this position.

First observe this mechanism that is rotating clockwise. So, | have given the spin angular
velocity in the symbol p. So, this is a very interesting problem, see we have looked at
when | select the rotating frame of reference, it can just rotate or it can rotate in space
which we have looked at it. Now, you have learnt in 3-dimensional kinematics, | can
have fixed point rotation. So, here | am going to select my rotating frame of reference,
which is also given which is attached to the arm at the centre of the disk. So, this rotating
frame rotates with this sum as well as it has 2 angular velocities, w1 and w2, which are

perpendicular like this.

So, the rotating frame of reference has the fixed-point rotation now. So, you can also
have that, fine that is why | chose this problem and if I sit on this disc here, I just see the
disc simply spinning and it is easier for me to get the Vi and arel. So, to remove your
mental block, | particularly chose this problem, a rotating frame of reference can have a

very complicated motion.

There is no harm in selecting an axis like this as long as | am able to get arel and Vrel, if
you understand this rest of it is very simple. So, you have to appreciate the motions in the
body, these are all you know of fictitious problems where you get trained to look at
different types of motions. See to effect this, it will be a very difficult circus to device the
gadget to have all these motions packed in a small fashion and you are also given the
values of these velocities, the spin velocity p is given as 0.8 rad/s, both w1 and w2 have
0.4 rad/s.

So, you are asked to find out the velocity v and acceleration a of point A on the rim of
the disk as it passes the position shown and in order to have simplicity because, the
problem is complex, the problem statement itself dictates, what is the capital XYZ, what
is the small xyz, even if it is not given you are sufficiently trained how to choose the
rotating frame of reference, The choice is | should get are and Vv, mean V and
acceleration arel comfortably with the quantities specified in the problem, that is possible

only if I sit on this disk and move with it ok.

13
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(Refer Slide Time: 30:52)

Once you understand this, rest of it is straightforward. So, we have fixed point rotation.

So, the angular velocity of

5 Pragin H
The rotating axes has angular velocities in two perpendicular — X Y Z axis, we have already
directions.

seen that | can have a

Angular velocity of x-y-z axis is vectorial addition. So, I put

~

Q= 0+,

~

8 th bol 2 denoti
-] +0,) e symbo enoting

< i that this is the angular
=-0.4j+0.4 rad/s

velocity of the rotating

vB:QXb{ " frame of reference, | have
=-0f*0) )f(b’ w1 and w2 and you should
=—0.35x0.4)k .
1 .x ) __also note that all the axis,
=-0.14km/s, yL ) )
. - @ there is no confusion and

2018 Prof K Ramesh Indian Instiute of Technology Madras INDIA

axis, that is why | chose the problem because, the problem is complex from a different
perspective, | wanted to make other quantities as simple as possible. So, that you get the

idea behind it. So. | have this as ~@ % py 1=hi=

ut, So, | can rewrite as,

-04i +04jradls o you also know how to get the acceleration.

So, whatever you have learnt in fixed point rotation, those concepts you have to stretch
here and then do it systematically. So, | have this disk and this is same as small x as well
as capital X and | have this capital Y axis here and I have the small y axis here, | have the
point B marked at the centre of the disk and | have the point A and this has a spin
velocity clockwise and | can easily find out the Ve as well as arer.

So, you choose the rotating frame of reference, such that you can measure these
quantities or determine these quantities comfortably and | have Vg as the coordinate

velocity. So, this is the position vector | have this as b i and b is also given, it is given as

350 mm. 1 know & when | say Q, I must recognize that it has combination of w1 and
2. SO, | have the expression translated into numbers and finally, 1 miss some
substitutions, please verify this, verify them and if there are any typographical error,
please bring it to my attention. | get Vg as -0.14k m/s.

14
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(Refer Slide Time: 33:54)

And we would also determine, when we find out Vye we will also find out are and | have

to get the coordinate

Co-ordinate Acceleration ~acceleration. So, r as bi so,
a » Y y
F=bi f s A r &
P o, | have this as Salihas”
an"b’*Q"Vs 4 5 .
7 o, .
and | should recognize that

a

By S . a .
Q= wzfx( (”1'””2/) I will have and this | can

=00k Yy el . OV
172 I=hil=d write it in terms of 2 VB,
=(0.4x0.4)k

—<

e

which we have always

=0.16k rad/s2 - (NN .. x been doing to simplify the

calculations and how do |

0
write go back to your
fixed-point rotation. So, | have to have w2 X w, w2 X w1 is what | want but, | can also

write it in terms of this because, this j cross j will go to 0.

So, essentially, 1 get,

Sikvan Paasia ;
Co-ordinate Acceleration - (1)1(02k . So, you should
8, =Qxbi +QxVy recognize even though

L. A ; o these angular velocities are
Qxbi =0.16k x 0.35i :
, constant because, of the
=0.056] o _
directional change you still
QxVy = (-0.4i +0.4])x-0.14k / have “, it is not 0. So, it is

=-0.056]-0.0561 a very nice problem
. i combining the fixed-point
&, =-0.056/ m/s’ _ _

3 rotation and rotating frame
of reference. So, once we
have solved a problem like this, then you have many recipes for you to attack a problem.

So, | have this value substituted and I get this as 0.16k rad/s?.
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(Refer Slide Time: 35:39)

So, all the other quantities I can put V5 and so on and so forth. So, I have this as 0.056j

and | get Qg , the values are substituted and this turns out to be -0.056/-0.056i So, |
finally, get

4, = -0.056i m/s’

so, | have
V, =V +Qxr+v

ﬁ‘, F= 0,075

OxI'= (-@ji +@,))xI]

been able to get the

coordinate acceleration.

(Refer Slide Time: 36:22)

= —rof =~{0.075x0.4)k

V. =mi Then |  have this
=-0.03k ~006/ 5 =0 +OxF+0
=0.06i m/s VA_VB+er+erF the
& f‘_ - é = 21
V=10l =(r, +bay )k m =P standard expression and

A A =il ' m/s2
-0.067 -0.47k mis ==

arﬁ:—rp? I So, the choice of your rotating frame of reference is selected. So, that you

V=i -
@™ 1 can also write

Ve, 0.06i m/s and

comfortably evaluate Vel and arer without any difficulty.

But I can have a very complicated motion of the rotating frame of reference, it has a

fixed-point rotation this time and you can write what is r, it is given in the problem

A

. . Qxr . .
statement what is the size. So, | can get and substitute these values, | get this as -

0.03k m/s. So, | have Va as in terms of expressions, when | substitute the values, | have

this as 0.06/ ~0.17k M/S | have missed some steps, please fill in those blanks, substitute
and then verify that the final expression is correct.

So, we have been able to find out what is Va, in a similar fashion we will also find out
the acceleration, you have to recognize that the rotating frame of reference can have
fixed point rotation, there is no mental block in selecting that kind of a axis of reference,

that is the message in this problem.
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(Refer Slide Time: 38:24)

So, | have this expression for acceleration and | know what is r, detn i and we have
already determined what is ag and we have also determined =016k and when | put

i BT QX can get the value

=8, + T+ Qx(QxT)+20xV +a like this, -0.012 and | have

B

QD>
b

f: i A A ~ = - T
0.075; o i Q expression is also given.

1=0.16k ég=-0'056'? So, | can write what is

-~

(1=-04i +0.4jradls A 2 R
o BE=-00ial e X QxQxF, F s this

OxFf=-003k
OxQxi=-0012j-0.012/

quantity, 2xQxT turns out

V =006
rel

to be like this, then | can

2V, =-0.048k §_=-0048] also write we know what is

a, =-0.08/ -0.06) -0.048k m/s?
Y

of Technoiogy Madras INDIA

Ve, We know what is arel,

d Vel is SO much and arel also

we had determined it earlier. So, | have all these quantities. So, | can easily compute

20V, as well as put the value for a rel. So, 20V, turns out to be -0.048k.

So, when | put all these quantities, | get the acceleration finally, as

8,=-008/-0.06]-0.048k ms*  Sq it is very nice problem which combines rotating frame
of reference and fixed point rotation and if you are systematic, there is no difficulty in
solving this problem, it is fairly straightforward but, you have to be extremely
systematic, like what | have shown intermediate steps, if you develop this kind of a habit,
it is also easy for us to grade your paper. Rather than you write the final expression with,
if the final expression is correct there is no difficulty, if there are mistakes how to give

partial marks it becomes so difficult for us to do that ok.

So, in this class what we have looked at is extension of problems in 3 dimensions, we
have looked at non rotating translating axis attached to the 3-dimensional body, then a
rotating frame of reference attached to a 3-dimensional body. First, we solve the simple

problem, where there was the axis where little difficult to handle.
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So, we have also learned how to handle those interrelationships comfortably, then we
looked at another very interesting problem, wherein we combined fixed point rotation
and rotating frame of reference. The rotating frame of reference can in general have even
fixed-point rotation, there is no necessity that it should be a simpler axis, it can have a

complicated rotation.

Thank you.
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